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PEEFACE. 


THIS  SUPPLEMENT  brings  the  Record  of  Chemical  Discovery 
down  to  the  end  of  the  year  1872,  including  some  of  the  more 
important  discoveries  which  have  appeared  in  1873  and  1874. 

The  Author  has  much  pleasure  in  stating  tliat  he  has  been  favoured 
with  the  assistance  of  two  of  the  former  Contributors  to  the  Dictionary, 
and  o£  three  other  gentlemen,  who  have  contributed  articles  of  great 
interest  and  importance.  The  following  is  a  list  of  the  Contributors 
and  of  the  Articles  which  they  have  written  : — 

H.  E.  AEMSTEONG,  Ph.D.,  F.C.S.,  Professor  op  CHEMisxnY  at  thf  London 
Ikstitution: 

Phenols.— Sulphur  Chlorides. 

G.  C.  FOSTER,  B.A.,  F.R.S.,  Professor  of  Physics  at  University  Colleoe  : 

M(i[/n<'/ism. 

II.  NEWELL  MARTIN,  M.B.,  D.Sc,  B.A.,  Fellow  and  Lecturer  of  Christ's 
College,  Cambridge  : 

BigesiioH. — Gastric  Juice. —  Glycogen. — Mnsciilar  Tissue. — Proicids,  Bcsjnra- 
tion. —  Urine. 

H.  E.  EOSCOE,  Ph.D.,  F.R.S,,  Professor  of  Chemistry  at  the  Owens  College, 
SIanchester  : 

Light,  Chemical  Action  of. — Spectral  Analysis. 

ROBERT  WARINCtTON,  Esq.,  F.C.S. 

Fodder. — Mai:e.—Malt. — Manure.— Millet.— Oats. — Root-crops. 
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ABIETENS.  A  liydrocarbou  obtained  by  distilling  tlie  resinous  exudation  of 
the  iiut-piiir  (PiiiKs  sabiniana),  indigenous  in  California.  It  has  a  specific  gra\'ity  of 
0-61J1  at  lo°  ;  distils  almost  constantly  at  about  101°;  is  nearly  insoluble  in  water, 
but  dissolves  in  5  parts  of  alcohol  of  95  p.  c.  It  burns  with  a  -white  smokeless  flame, 
and  dissolves  fixed  and  volatile  oils,  except  castor-oil.  It  has  a  pungent  odour  like 
that  of  orange-oil,  and  its  vapour  possesses  powerful  anresthetic  properties.  It  is 
attacked  by  boiling  nitric  acid,  and  gives  substitution-products  with  chlorine.  It  has 
not  bi  :'ii  ai'ialysod  (Wenzell,  Pharm.  J.  Trans.  [3]  ii.  789). 

ABISTIC  ACXD.    See  Colophony. 

ACACSA.  The  seeds  of  tho  Acacia  nilotica,  an  arborescent  leguminous  plant, 
common  in  Egypt,  have  been  examined  by  0.  Popp  {Arch.  P/umii.  [2]  cxlv.  140).  Tho 
tree  produces  innumerable  leathery  pods,  which  ripen  in  March.  Tho  ripe  seeds  aro 
extremely  hard  and  horny,  but  become  soft  by  soaking  in  hot  water.  They  aro  similar 
m  composition  to  beans  and  peas,  and  might  probably  be  used  for  food;  in  tho  dry 
state  they  yield  from  5'3  to  5-5  p.  c.  nitrogen.  Tho  unripe  pods  give  1-8  to  2-0  p.  c, 
the  ripe  pods  I'O  p.  c.    The  ash  of  tho  seed  has  the  following  composition : — 

K=0      Na^O        CaO       MgO       Fe=0^       P=0»       SO'        SrO^       CI  C0= 
3339     5-36      14-21     12-10      0-61      16-23     3-65       1-81     0-35    12-11  =  99-82 

ACSDZAMIM-E.  This  name  was  given  by  Strecker  to  a  base  the  hydrochloride 
of  which  was  said  to  be  produced  by  the  action  of  gaseous  hydrogen  chloride  on  fused 
aootflmide  (i.  2).  Tawildarow,  however  {Dcui.  Chem.  Gcs.  Bcr.  v.  477),  obtained 
by  this  reaction  nothing  but  a  mixtiu-o  of  sal-ammoniac  and  hydrochloride  of  diaceta- 
uiide ;  neither  did  ho  succeed  in  forming  acediamine  by  the  action  of  sal-ammoniac 
on  acetamide,  or  of  ammonia  or  ammonium  iodide  on  acetouitril. 

ACEN-APHTHEOTE.    Seo  Naphthalene. 

ACETAl,  Oir'— CH(OC-ff)^— When  bromine  is  added  by  drops  to  acctal  in 
a  cooled  vessel,  and  the  product  washed  with  water  and  alkalis,  a  heavy,  extremely 
pungent  oil  is  obtained,  which,  when  purified  by  fractional  distillation,  yields  mono- 
bromacetal.  CH-Er.CH(OC^H^)^  This  compound  in  tho  pure  state  has  a  not 
unpleasant  odour  ;  it  is  insoluble  in  water,  and  boils,  with  slight  decomposition,  at  170°. 
Treated  with  alcoholic  potash  at  160°-180°  for  twelve  hours,  it  is  converted  into 
hydroxyl-acotal,  or  glycolacetal,  0W-{0Tl).Cli{OC'^Wf,  a  colourless,  fragrant 
liquid,  boiling,  without  decomposition,  at  167°.  Vapour-density,  obs.  =  66-61  (H=  1), 
calc.  =  67. 

Glycolacetal  is  completely  destroyed  at  common  temperatures  by  strong  sulphuric 
acid  and  by  gaseous  hydrochloric  acid;  glacial  acetic  acid  does  not  act  upon  it  in  tho 
cold;  but  at  100°  slight  browning  takes  place,  and  at  120°  the  decomposition  is  com- 
plete in  a  few  hours.  The  product  contains  a  body  which  has  the  odour  of  aldehyde, 
gives  a  specular  deposit  with  silver  nitrate, and,  when  treated  with  hydrogen  sulphide, 
forms  oily  drops  having  the  characteristic  smell  of  sulphaldehyde ;  but  it  has  not  been 
obtained  in  sufficient  quantity  for  satisfactory  investigation. 

Ethylic  Ghjcolacctal,  or  Glycolacetal  cihr,  CH-(OC-H*).CH(002H'')',  obtained  by 
the  action  of  a  concontratod  solution  of  sodium  othylato  at  160°  ou  bromacotal,  is  a. 
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liquid  having  an  agreeable  odour,  boiling  at  164°,  and  entirely  destroyed  by  strong 
acids. 

Dktkylic  Glycolacetal,  CH(0C-H=)^CII(0C2H=)^  corresponding  to  glyoxal,  is 
obtained  in  like  manner  by  the  action  of  sodium  cthylate  on  dichloracetal ;  it  boils 
at  about  180°  without  decomposition,  and  is  entirely  destroyed  by  strong  acids 
(Pinner,  Beut.  Chem.  Gcs.  Bcr.  v.  147). 

Tricbloracetal,  C"H"CPO. — Of  this  compound  there  are  two  modifications  :  one 
of  -which,  solid  at  ordinary  temperatures  and  melting  at  about  72°,  was  obtained  by 
Paterno,  in  1868,  as  a  secondary  product  in  the  preparation  of  dichloracetal  by  the 
action  of  chlorine  upon  alcohol  {1st  Siippl.  4) ;  while  the  other,  which  is  liquid  at 
ordinary  temijeratures,  is  obtained  by  heating  tetraclilorethyl  oxide,  CCP.CH(0C''H'')C1, 
with  alcohol  in  sealed  tubes  (Wurtz  a.  Vogt,  Compt.  rend.  Ixxiv.  277. — Paterno  a. 
Pisati,  Gazzctta  chiinica  italiana,  ii.  333).  This  latter  modification  is  a  transparent, 
colourless  liquid,  having  a  pleasant  odour,  much  like  that  of  dichloracetal,  boiling  at 
199°-201°  (Wurtz  a.  Vogt) ;  at  204-8°  (eorr.),  under  a  pressure  of  758-9  mm.  Sp.  gr. 
1-2813  at  0°;  1-2655  at  22-2°;  1-617  at  99-96°  (Paterno  a.  Pisati). 

The  mode  of  formation  of  the  liquid  trichloracetal  shows  that  it  has  the  constitution 
CCP.CH(0C2ff)'^: 

CCP.CH{2f''^'  +  HOC^ff  =  HCI  +  CCP.CH 
Tetrachlorethyl  oxide.      Alcohol.  Trichloracetal. 

which  is  confirmed  by  the  mode  of  decomposition  of  the  compound  when  heated  with 
water  or  with  sulphuric  acid,  the  products  of  which,  according  to  Wurtz  a.  Vogt,  are 
alcohol  and  chloral : 

CCP.CH{°^'^'  +  ffO  =  2HOC2H'  +  CCP.CHO. 

The  solid  trichloracetal  appears  also  to  yield  chloral  when  heated  with  sulphuric 
acid ;  at  all  events,  the  distillate,  when  heated  with  potash  and  a  small  quantity  of 
aniline,  gives  off  the  characteristic  odotu-  of  the  carbamines  (isocyanides),  a  result 
wliich  indicates  the  forniation  of  chloroform,  and  thereby  tends  to  show  that  the 
product  of  the  action  of  sulphuric  acid  on  trichloracetal  is  really  chloral.  Nevertlie- 
less,  Paterno  a.  Pisati  do  not  regard  their  experiments  (which  were  made  on  a  small 
quantity  of  substance)  as  quite  conclusive  on  this  point,  but  think  it  possible  that  the 
product  of  this  reaction  may  be  dichloraldehyde,  C^CPH.CHO.  In  this  case,  the 
constitution  of  solid  trichloracetal  might  be  represented  by  the  formula  : 

CCPH.CH{°gg^\  or  by  CCPH.CCl  ggg. 

Tetrachlorethyl  oxide  is  transformed  into  trichloracetal,  not  only  by  alcohol,  but  like- 
wise, though  much  less  completely,  by  sodium  ethylate,  or  a  very  strong  alcoholic  solution 
of  potash.  If,  however,  the  same  compound  be  treated  with  a  10  p.  c.  solution  of  potas- 
siimi  hydrate  in  absolute  alcohol,  a  totally  different  reaction  takes  place,  a  molecule  of 
hydrochloric  acid  being  eliminated,  and  a  compound  being  formed  which  appears  to  have 
the  constitution  CCP  CCl — OC-H*.  The  reaction  takes  place  at  ordinary  temperatures, 
■with  abundant  deposition  of  potassium  chloride.  On  dissolving  out  this  salt  by  water, 
an  oily  liquid  separates,  which,  when  dried  and  purified  by  fractional  distillation,  boils 
at  154-8°  (corr.)  under  the  pressure  of  755  mm.,  has  a  density  of  1-5725  at  0°  and 

1-  2354  at  99-9°,  and  gives  by  analysis  26-45  to  27-53  p.  c.  carbon,  2-93  to  2-98  hydro- 
gen, and  69-55  to  60-59  chlorine  ;  the  formula  C^H^CPO  requiring  27-35  p.  c.  C, 

2-  85  H.  and  60-68  CI. 

This  compound  unites  directly  with  hromine,  the  combination  being  attended  with 
rise  of  temperature,  and  forms  a  liquid  which,  after  washing  "with  water  and  sodium 
carbonate,  is  perfectly  colourless ;  it  is  much  heavier  than  water,  is  decomposed  by 
distillation  under  ordinary  pressure,  but  distils  -without  alteration  under  a  pressm-e  of 
4  centimeters,  and  boils  at  about  135°;  in  a  mixture  of  snow  and  salt  it  solidifies  to 
a  crystalline  mass  which  melts  at  the  temperature  of  the  air. 

This  chlorobrominated  compound  probably  has  the  constitution  represented  by  the 
formula  CCPBr — CClBr.O.C-ff.  It  is  -^nolently  attacked  by  concentrated  alcoholic 
potash,  yielding  a  heavy  oil,  which  may  be  separated  by  distillation  with  aqueous 
vapour  into  the  original  chlorinated  compound,  and  a  substance  which  is  solid  at  the 
ordinary  temperature  (24°),  and  well  crystallised  (Paterno  a.  Pisati). 

ACETA1VII3SB.  C'H^ONH-. — This  compound  is  formed  when  acetic  acid  is 
boiled  with  potassium  sxilphocyanate ;  but  prolonged  heating  is  necessary  to  complete 
the  reaction,  which  mainly  takes  place  a^reprosented  by  the  equation : 

CKNS  -t-  2(C^H30.0H)  =  NH^.C'H^O  4-  COS  +  C^ffO.OK. 
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At  tho  samo  time,  however,  acetomtril,  carbon  dioxide  and  hydrogen  sulphide  are 
formed  in  small  quantity  by  a  secondary  reaction  (Letts,  Beut.  Chcm.  Gcs.  Bcr.  v.  669). 

Acetamide  is  easily  converted  into  acetonitril,  C'^ffN,  by  tho  action  of  ^/ws^:i/2or!<s 
pentasulphide.  The  decomposition  begins  at  ordinary  temperatures,  but  heat  is  re- 
quired to  complete  it.  Hydrogen  sulphide  is  given  off,  and  a  blackish  tumefied  mass 
remains  in  the  retort.  Similar  reactions  take  place  'with  other  amides  (L.  Henry, 
Compt.  rend.  Ixviii.  1273). 

AVhen  acetamido  is  heated  to  180°  in  sealed  tubes  with  ortlioformk  ether,  alcohol  is 
formed,  together  with  needle-shaped  crystals  of  methenyl-diacetyl-diamine,  a  base 
analogous  to  Hofmann's  methenyl-diphenyl-diamine  : 

(■  (CH)'" 

CH(OC»ff)'  +  2NH=(C2H30)  =  3C=H''0+  N=-^(C=H^0)2 

(  H 

At  the  same  time  another  reaction  takes  place,  yielding  acetic  ether  and  methenyl- 
diamine,  CH^N-,  which  maybe  separated  as  a  platinum  salt  from  the  mother-liquor  of 
tho  crystals  above  mentioned : 

CH(0C=H5)'  +  2NH2(C=H30)  =  2(02^0.00^^)  +  C'^WO  +  N^j^'^^f 

(Wichelhaus,  Dent.  Chem.  Gcs.  Bcr.  iii.  2;  Zcif.<!chr.  f.  Chcm.  vi.  307). 

Acetamide  heated  in  sealed  tubes  with  i'fM-oi'c  dc^e^rfe  is  converted  into  benzy- 
leno  diacetamide,  C"H"N20. 

(NH^.CO.CH^  fNH.CO.Cff 
C^ff.CHO  +  \  =      C«H^CH■^  +  H^O 

iNmCO.Cff  (NH.CO.Cff 
Sdehyde.         ^       -^cotamide.  Benzylenc-diacctamide. 

(E.  Eoth,  Zcitschr.f.  Chcm.  [2]  vi.  680). 

A  precisely  similar  reaction  takes  pilaee  with  acetic  aldehyde,  yielding  tho  compound 
CH».CH(NH.C=H30)2,  which  crystallises  in  largo  prisms  melting  at  169°  and  dis- 
tilling ■nith  partial  decomposition.  On  heating  it  with  acids,  the  aldehyde  is  set  free 
(Tawildarow,  Beut.  Chem.  Gcs.  Bcr.  v.  477). 

Acetamide  heated  for  some  time  to  128°-180°  with  anisaldehydc,  yields  a  compound, 
C'-'H^^N^O^  which  forms  nodular  groups  of  needles  melting  at  180°,  soluble  in  water, 
insoluble  in  alcohol  and  ether,  decomposed  by  hydrochloric  acid,  with  separation  of 
anisaldehyde,  not  altered  by  potash-ley,  even  at  boiling  heat  (A.  Schuster,  Zeitschr.  f. 
Chem.  [2]  vi.  681). 

Acetamide  heated  with  salicijlol  in  various  proportions,  yields  a  yellow  neutral 
.substance  insoluble  in  alcohol,  and  containing,  after  washing  with  alcohol,  from  63"3 
to  68-5  p.c.  carbon,  and  5-7  to  8-1  hydi-ogen ;  it  is  soluble  in  aqueous  and  alcoholic 
potash,  and  hydrochloric  acid  added  to  the  solution  tlu-ows  down  a  reddish-brown 
spongy  subsUmce.  Strong  hydrochloric  acid  decomposes  it  with  red  coloration 
(B.  Credner,  Zcitschr.f.  Cltcm.  [2]  vi.  80). 

Acetamide  unites  directly  with  chloral,  forming  tho  crystalline  compound  C'H*NO. 
CHCPO.    (See  CmoEAL). 

When  acetamide  is  heated  with  sodium  cthylate,  both  being  perfectly  dry,  ammonia 
is  given  off,  and  a  crystalline  residue  is  left,  which  is  decomposed  by  water,  yielding 
ammonia  and  acetate  of  sodium.  When  a  solution  of  acetamide  in  slightly  warm, 
absolute  alcohol  is  added  to  a  cold  viscid  solution  of  sodium  ethylate,  large  plates  of 
sodium  ethylate  are  deposited,  enclosing  feathery  crystals  of  acetamide  (W.  N.  Hartley, 
Chcm.  Soc.  J.  [2]  xi.  991). 

Biacetamidc,  (C^H'O)-NH,  is  formed  by  heating  equivalent  quantities  of  acetx)ni- 
tril  and  acetic  acid  to  250°,  or  by  heating  acetamide  with  acetic  anhydride  to  260° 
for  six  hours.    It  melts  at  .59°-60°  and  boils  at  216°.    By  heating  with  zinc  chloride 
it  is  resolved,  •without  evolution  of  gas,  into  acetonitril  and  acetic  acid : 
(C^ffO)-NH  =  C^H'N  +  C^H^O^ 

(Llnnemann,  Wicn.  Akad.  Bcr.  Ix.  [2]  44  ;  Jahrcsb.  1869,  p.  601). 

According  to  Wichelhaus  {Beut.  Chem.  Gcs.  Bcr.  iii.  847 ;  Chcm.  Soc.  J.  [2]  ix.  407), 
triacetamide  is  also  formed  in  small  quantity  when  a  mixture  of  acetic  anhydride 
and  acetonitril  is  heated  above  200°,  and  may  be  dissolved  out  by  ether,  after  the 
excess  of  acetic  anhydride  has  been  removed  by  distillation.  It  crystallises  in  small 
white  flexible  needles,  very  much  hke  diacetamide,  and  melts  at  78°-79°  (dia- 
cetamide at  74°-75°,  acetamide  at  78°).  Diacetamide  and  acetamide  treated  with 
silver  oxide  in  tho  cold,  dissolve  and  form  peculiar  salts;  whereas  triacetamide 
at  first  forms  no  such  compound  ;  when  gently  warmed,  however,  all  three  yield 
silver  acetate.  Acetamide  retains  its  odour  when  dissolved;  diacetamide,  under 
B  2 
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the  same  circumstances,  gives  an  acid  reaction,  and  triacetamide  is  neutral.  Dincote- 
mide  treated  -with  phosphoric  anhydride,  yields  acetouitril  and  acetic  acid  or  anliy- 
dride. 

Chlorinated  Acetamidas  are  prepared  by  allo-wing  the  ethylic  ether  of  the 
corresponding  chloracetic  acid  to  remain  for  some  days  in  contact  with  aqueous  am- 
monia. The  amides  thus  produced  are  but  slightly  soluble  in  water,  their  solubility 
decreasing  as  the  degree  of  chlorination  becomes  greater.  By  distillation  -with  phos- 
phoric anhydride  they  are  converted  into  the  corresponding  cliloraceto-nitrils :  e.ff. 
C^HCPO.Nff  —  H^O  =  C^HCPN  (L.  Bissehoppinck,  Deut.  Chem.  Ges.  Ber.  vi. 
731). 

Monochloracetatnide,  C'B.-CIO.'N'R'',  melts  at  116°,  and  when  subjected  to  a  pres- 
sure of  743  mm.  boils,  with  partial  decomposition,  at  224°-225°  (Bissehoppinck). 
According  to  Menschutldn  a.  Jermolojew  {Zeitschr.  f.  Chem.  [2]  vii.  6),  it  crys- 
tallises in  thick  prisms,  easily  soluble  in  alcohol  and  water,  especially  %vhen  boil- 
ing. It  melts  at  119'5°  and  solidifies  at  about  116°;  sublimes  very  easily,  even  at 
the  temperature  of  the  water-bath,  in  broad,  large  needles;  and  distils  in  very  small 
quantity,  apparently  undecomposed.  Alkalis  and  baryta-water  readily  evolve  ammonia 
from  it  on  warming. 

The  mcrciiry-com^oimd,  (C^H''C10.HN)-Hg,  is  formed  by  adding  precipitated 
mercuric  oxide  to  an  aqueous  solution  of  chloracetamide  so  long  as  the  colour  changes 
to  white,  then  adding  a  large  quantity  of  water,  boiling,  filtering,  and  exhausting  the 
residue  with  boiling  water.  The  air-dried  compound  does  not  lose  weight  over  oil  of 
vitriol,  but  begins  to  decompose  at  100°.  The  compound  is  deposited  from  solution  in 
fine  needles  or  in  warty  masses  made  ujj  of  small  needles.  It  dissolves  •with  great 
difficulty  in  boiling  water,  and  is  nearly  insoluble  in  cold  water.  When  it  is  heated 
to  1 70°,  a  violent  reaction  occurs  ;  chloracetamide  sublimes,  and  mercury  and  carbon 
are  left  behind.  The  silver-compound  cannot  be  obtained  on  account  of  its  instability 
(Menschutkin  a.  Jermolojew). 

DicUoracetamidc,  C^HCl-O.NH-,  melts  at  96°,  and,  under  a  pressure  of  745  mm., 
distils  without  change  at  233°-234°.  Trichloracetamide,  C'^C1''0.NII2,  melts  at  136° 
and  boils  at  238°-239°  under  a  pressure  of  476  mm.  (Bissehoppinck). 

lodacetamidcs  C^H^'IO.NII-,  is  obtained  by  treating  an  alcoholic  solution  of  chlo- 
racetamide with  solid  potassium  iodide  for  a  day  at  the  ordinary  temperature,  with 
frequent  agitation,  and  then  evaporating  the  alcoholic  solution.  The  amide  crystallises 
from  water,  in  whicli  it  is  easily  soluble,  in  fine  colourless  opaque  prisms.  When 
heated  it  melts,  turns  yellow,  and  decomposes,  evolving  fumes  of  iodine  (Men- 
schutkin a.  Jermolojew). 

Ethylacetamide,  C^H'O.NHC-H^,  obtained  by  dehydration  of  ethylamine  acetate, 
boils  at  203°-204°,  and  is  resolved  by  fusion  with  zinc  chloride  into  carbon  monoxide, 
hydrocarbons,  and  ammonia  (Linnemann). 

Pheny  l-acet  amide,  o^c  Acet  anil  ide,  C^H^O.NHC^H',  prepared  from  pure  aniline 
and  glacial  acetic  acid,  crystallises  in  very  thin  rhombohedral  laminae,  melting  between 
112°  and  113°.  It  is  easily  decomposed  by  boiling  dilute  sulphuric  acid,  with  forma- 
tion of  acetic  acid  and  aniline  sulphate. 

To  detect  tolylacetamide  (acetoluide)  in  acetanilide,  the  compound  may  be  dissolved 
in  4  parts  glacial  acetic  acid  and  the  liquid  diluted  with  about  80  parts  of  water, 
whereupon  nearly  all  the  acetanilide  remains  dissolved,  while  the  acetoluide  separates 
and  may  be  puriflod  by  a  second  crystallisation  from  a  small  quantity  of  glacial  acetic 
acid,  or  by  one  or  two  crystallisations  from  hot  water.  Acetoluide  melts  at  a 
temperature  above  140°  (Merz  a.  Weith,  Zeitschr.  f  Chem.  [2]  v.  699). 

Sodium-acetanilide,  C*H'*NaNO,  is  produced  by  tlie  action  of  sodium  on  a  hot 
solution  of  acetanilide  in  xylene  (Bunge,  ibid.  vi.  119). 

ACSTAazXDE-CKSjORAZi.    See  Chxcbal. 

ACETIC  ACEB,  C'll^O-.— Formation. — 1.  By  direct  oxidation  of  acetylene. 
When  a  mixture  of  1  vol.  acetylene  and  20  vols,  air  is  exposed  to  diffiised  daylight  at 
ordinary  temperatures  in  contact  with  dilute  potash-solution,  the  greater  part  of  the 
acetylene  disappears  in  the  course  of  six  months,  together  with  a  volume  of  oxygon 
equal  to  half  that  of  the  acetylene,  and  about  half  the  acetylene  thus  consumed  is 
converted  into  acetic  acid:  C-H-  +  0  +  KHO  =  C-WKO^,  the  remainder  being 
condensed  to  a  bituminous  substance,  also  containing  carbon,  hydrogen,  and  oxygon.— 
The  conversion  of  the  acetylene  into  acetic  acid  is  more  complete  when  pure  chromic 
acid  is  used  as  the  oxidising  agent.  If  only  a  little  water  is  present,  the  reaction  is 
sudden,  violent,  and  attended  with  considerable  evolution  of  heat,  the  products  being 
carbonic,  formic,  and  a  variable  quantity  of  acetic  acid.    To  obtain  the  acetic  acid 
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pure  chromic  anhydride  must  be  added  to  an  aqueous  solution  of  acetylene,  and  the 
solution  left  to  itself  at  the  temperature  of  the  air.  The  liquid  then  gradually  turns 
brown  and  the  acetylene  disappears,  and  on  distilling  and  saturating  tho  distillate 
■with  barium  carbonate,  perfectly  pure  barium  acetate  is  obtained  (Bertlielot,  Comft. 
rend.  Ixx.  266  ;  A7in.  Ch.  Fhys.  [4]  xxiii.  212). — 2.  Together  with  carbonic  acid,  when 
essential  oil  of  orange-peel  is  oxidised  by  boiling  with  a  mixture  of  potassium 
dichromate  and  sulphuric  acid  (AVriglit  a.  Piesse,  Chan.  Soc.  J.  [2]  ix.  118,  7). — 
3.  Together  with  several  of  its  homologues,  by  saponifying  croton  -oil  with  caustic 
soda  (Geuther  a,  Frohlich,  Zcitschr.  f.  Ckeni.  [2]  vi.  649). 

Solidification. — Glacial  acetic  acid  melts  at  16-7°,  and  boils  under  tho  normal 
atmospheric  pressm'e  at  117'8°.  By  slow  cooling  it  may  be  cooled  to  10°-8° 
without  solidifying  oven  on  agitation.  Solidification,  however,  takes  pilaco  im- 
mediately when  a  gi-anule  of  the  solid  acid  is  thrown  into  tho  liquid  cooled  to 
below  16'7°,  tho  temperature  at  the  same  time  rising  to  16'7°.  If  the  solidified  acid 
be  slowly  fused  by  immersing  the  vessel  in  water  of  about  25°,  an  immersed  ther- 
mometer exhibits  the  temperature  of  16"7°  so  long  as  any  considerable  quantity  of  the 
solid  acid  remains  unmolted  :  the  melting  and  solidifying  points  of  the  glacial  acid 
are  therefore  identical. 

When  a  mixture  of  glacial  acetic  acid  and  water  is  cooled,  it  docs  not  solidify  as  a 
whole,  but  the  acetic  acid  crystallises  out,  leaving  the  "water  liquid,  just  as  a  salt 
separates  on  cooling  from  a  saline  solution.  In  determining  the  solidifying  point  of 
aqueous  acetic  acid  of  given  strength,  it  is  necessary — since  the  separation  of  a  large 
quantity  of  acetic  acid  would  alter  the  proportion  between  the  acid  and  water — to  take 
care  that  only  a  small  portion  of  acetic  acid  separates  out.  The  best  way  of  ensuring 
this  condition  is  to  cool  the  liquid  about  a  degi-ee  below  the  approximately  determined 
solidifying  point,  then  throw  in  a  granule  of  the  glacial  acid,  and  stir  with  a  delicate 
thermometer.  The  temperature  then  rises  to  tho  solidifying  point  of  tho  mixture. 
The  results  of  experiments  made  in  this  manner  are  given  in  the  following 
table  :— 


100  parts,  by  weight,                100  parts,  by  weight,  Temperaturo 

of  Acetic  Acid  mixed  with  :        of  the  uiixture  contain  :  of  Solidification : 

0-0  Water.  0  0    AVater.  16-7°  C. 

0-  o  „  0-497  „  15-65 

1-  0  „  0-990  „  14-8 

1-  5  .,  1-477  „  14-0 

2-  0  „  1-9G1  .,  13-25 

3-  0  „  2-912  „  11-95 

4-  0  „  3-846  „  10-6 
50  „  4-761  „  9-4 

6-  0  „  6-600  „  8-2 

7-  0  „  G-642  „  7-1 
80  „  7-407  „  6-25 
9-0  „  8-257  „  5-3 

10-  0  „  9-090  „  4-3 

11-  0  „  9-910  .,  3-6 

12-  0  „  10-774  „  2-7 
15-0  „  13  043  „  0-2 
18-0  „  15-324  „  2-6 
21-0  „  17-355  .,  6-1 
24-0  „  19-364  „  7-4 


This  table  shows  that  tho  proportion  of  acetic  acid,  especially  in  the  more  highly 
concentrated  aqueous  acid,  may  be  determined,  by  means  of  the  solidifying  point,  to 
■svitliin,  1  - 1 0th  p.c. — a  degree  of  acciu-acy  not  attainable  by  any  other  method  yet  proposed. 
Other  substances  act  like  water  in  lowering  the  solidifying  point  of  acetic  acid,  r.^". 
sulphuric  acid,  alchohol.  and  certain  salts  which  dissolve  in  the  acid.  From  a  mixture 
of  100  parts  acetic  acid  (C-H'O-)  and  0-5  sulphuric  acid  (H-SO*),  the  acetic  acid  solidifies 
at  16-4°  ;  from  a  mixture  of  100  acetic  acid  and  1-8  alcohol,  at  15-25°.  The  action  of 
water  may,  however,  be  partly  counteracted  by  addition  of  sulphm-ic  acid.  Thus,  from 
a  mixture  of  100  parts  acetic  acid  and  10  parts  water,  the  acetic  acid  separates  at 
4-3° ;  but  if  2  parts  of  sulphuric  acid  are  added,  solidification  takes  place  at  5-8°  ;  and 
from  a  mixture  of  100  acetic  acid,  10  water,  and  20  sulphuric  acid,  tho  acetic  acid 
solidifies  at  107°. 

The  solidification  of  pure  acetic  acid  may  be  exhibited  -with  certainty,  even  in 
summer ;  namely,  by  immersing  the  vessel  in  cold  water  at  about  10°  or  12°,  tlu-owing 
in  a  fragment  of  the  glacial  acid,  and  agitating,  whereupon  the  acid  .  immediately 
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solidifies.  A  small  quantity  of  tho  solid  acid  is  very  easily  obtained  by  stirring  a 
mixture  of  cold  water  and  sal-ammoniac  ammonium  nitrate,  or  potassium  sulpbocya- 
nate,  -with  a  test-tube  containing  a  few  drops  of  the  liquid  acid.  The  low  tempera- 
ture thereby  produced  causes  the  acetic  acid  to  solidify  (F.  Eiidorff,  Deut.  Chcm.  Ges. 
Ber.  iii.  390). 

Vapour-density. — Horstmann  {Deut.  Chem.  Ges.  Ber.  iii.  78)  has  determined  the 
density  of  saturated  acetic  acid  vapour  by  calculations  based  upon  the  weight  of 
acetic  acid  which  can  be  taken  up  by  an  uncondensable  gas  at  a  given  temperatiire. 
Let  V  bo  the  volume  of  the  gas  at  0°  and  760  mm.  At  tho  temperature  i°  and 
barometric  pressure  P,  this  volume,  after  the  gas  has  become  saturated  with  acetic  acid, 
vapour  of  tension  p,  becomes 

F  =  F    ^^•'^  + 760 
°     273     ■  p 

V  is  also  the  volume  of  the  vapour  taken  up  at  t  under  the  partial  pressure  p.  If, 
then,  d  denotes  the  specific  gTavity  of  this  vapour,  its  weight  W  will  be  given  by  the 
formula  : 

W  =  r  ^  ^  .  0-001293 

273+;;  760 


whence  d 


V  V 

W(P- 

V  .  2)  .  0-001293 


0-001293<^ 

-f)  


The  mode  of  experimenting  was  as  follows  : — A  measured  volume  of  dry  air  was 
passed  first  through  a  flask  containing  acetic  kept  at  a  temperature  somewhat  above 
that  at  which  tho  observation  was  to  be  made,  then  through  a  long  tube  containing 
glass  beads  moistened  with  acetic  acid.  This  tube  was  laid  in  a  large  water-bath 
with  several  walls,  the  temperature  of  which  could  easily  be  regulated  and  kept 
constant.  The  temperatm-e  of  the  stream  of  gas  was  measured  at  the  point  where  tho 
gas,  while  still  within  the  bath,  passed  over  into  the  absorption  apparatus,  where  the 
acetic  acid  was  taken  up  by  potash.  Any  water- vapour  that  might  be  given  off  from 
the  potash  solution  was  stopped  by  calcium  chloride.  In  calculating  the  results  of 
the  experiments,  the  determinations  of  the  vapoiu'-tension  of  acetic  acid  made  by 
Landolt  {Ann.  Ch.  Pharm.  Supjpl.  vi.  157)  were  made  use  of.  These  determinations 
refer  to  acetic  acid  evaporating  in  a  vacuum,  whereas  Horstmann's  refer  to  evaporation 
in  air ;  but  direct  experiments  showed  that  the  errors  thence  arising  were  incon- 
siderable. 

Density  of  Saturated  Acetic  Acid  Vapour. 


Temperature 

Tension 

Density 

Temperature 

Tension 

Density 

12-4° 

13-5  mm. 

1-89 

27-6° 

26-5  mm. 

2-46 

12-7 

13-7 

1-96 

33-3 

33-4 

2-58 

14-7 

15-1 

1-78 

38-5 

41-5 

2-72 

15-6 

15-6 

38-5 

41-5 

2-79 

17-4 

16-8 

2-09 

44-6 

53-1 

2-75 

20-2 

19-0 

2-28 

48-7 

63-0 

21-5 

20-4 

2-24 

51-1 

69-0 

3-16 

22-6 

21-2 

2'29 

59-9 

97-0 

3-72 

25-0 

23-5 

2-42 

62-9 

109-2 

3-11 

26-1 

25-0 

2-32 

63.1 

100-0 

3-19 

Hence  it  appears  that  for  a  pressure  of  about  20  mm.,  acetic  acid  has,  even  at 
ordinary  temperatiires,  nearly  its  normal  density  (2-08).  The  lower  values  obtained 
in  a  few  cases  arise  from  uncertainty  in  the  measurement  of  the  tension.  Below  17° 
the  results  were  v-itiatedby  the  solidification  of  the  acetic  acid,  and  above  60°  constancy 
of  temperature  could  not  be  effectually  maintained.  For  the  boiling  point  (120°) 
Horstmann,  from  former  experiments  {Ann.  Ch.  Pharm.  Suppl.  vi.  66),  had  estimated 
tho  density  of  saturated  acetic  acid  vapour  at  about  3  "3.  It  does  not  therefore  appear 
to  increase  much  after  60°. 

A.  Naumann  has  also  examined  the  vapour-density  of  acetic  acid  vapour  with  the 
following  results  : — 1 .  At  a  constant  temperature  the  quantities  of  acetic  acid  contained  in 
the  unit  of  volume  increase  in  greater  proportion  than  the  pressures. — 2.  The  density  of 
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acetic  acid  vapour,  referred  to  that  of  air  at  tlie  same  pressure  and  temperature, 
decreases  for  a  giveu  quantity  of  the  vapour  in  the  unit  of  volume,  as  the  tempera- 
ture rises.  Now,  as  this  density  must  bo  the  same  for  different  temperatures  if  the 
vapour  of  acetic  acid  at  those  different  temperatures  were  composed  of  similar 
molecules,  it  follows  from  the  second  of  the  preceding  propositions  :  3.  That  the 
molecules  of  acetic  acid  vapour  are  not  similarly  constituted  at  all  temperatures,  but 
that  a  given  quantity  of  acetic  acid  forms  a  smaller  number  of  molecules  at  low  than 
at  high  temperatures. — 4.  It  must  also  be  supposed  that,  as  the  mean  distances  between 
the  molectdes  increase,  the  attraction  between  them  likewise  diminishes  {A7tn.  Ch, 
Fharm.  civ.  325)  ;  {Beut.  Chem.  Gcs.  Ber.  iii.  702). 

Reactions. — Acetic  acid  and  ^licsgcnc  att  on  one  another  at  110-120°,  producing 
acetyl  chloride : 

Cff  .COOH  +  COCP  =  CH^COCl  +  HCl  +  C0=. 

(Kompfif,  /.  j)r.  Chem.  [2]  i.  402.) 

Acetic  acid  heated  under  pressure  to  1S0°-140°  with  flmujl  siilphocyanatc,  forms 
phenyl-diacetamide,  together  with  carbon  dioxide  and  liydrogen  sulphide  : 
CS.CH^N  +  2(C2H30.0H)  =  N(C«H^)(C-H^O)=  +  C0=  +  H'^S. 

(Hofmann,  Deut.  Chem.  Gcs.  Ber.  iii.  770.) 

When  acetic  acid  and  hen-oic  aldehyde  are  heated  in  a  sealed  tube  to  160°,  the 
tube  then  opened  and  hydrochloric  acid  gas  passed  into  the  liquid,  or  zinc  chloride 
added  to  it,  the  sides  of  the  tube  become  covered  vith  small  sliiniiig  crystJils  of  cin- 
niimic  acid,  another  portion  of  which  remains  in  solution : 

C«^^CHO  +  CH'.COOH  =  C'ff.CTP.COOH  +  H-0. 

The  quantity  of  cinnamic  acid  thus  obtained  is,  however,  but  small,  part  of  it  being 
decomposed  by  the  further  action  of  the  hydrochloric  acid  or  zinc  elilorido,  witli  forma- 
tion of  metacinuamene  (SehifF,  Dcitt.  Chem.  Gcs.  Ber.  iii.  412). 

ItXetallic  i^cetates.  Kcspecting  the  action  of  acetates  upon  lead-salts,  see 
Lead. 

Potassium  Acetate,  decomposed  by  the  electric  current,  yields  at  the  positive 
pole — besides  dimethyl  or  ethane,  and  carbon  dioxide — ethylene  (formerly  mi.staken 
for  methyl  oxide,  i.  17)  and  a  mixtiu-e  of  the  vapours  of  methyl  formate,  acetate,  and 
carbonate,  which  condense  when  the  dried  gaseous  mixture  is  passed  through  a  tube 
cooled  by  a  freezing  mixture.  The  ethylene  appears  to  bo  formed  by  oxidation  of  the 
ethane,  according  to  the  equation  C-H"  +  0  =^  C-H*  +  H=0.  The  hydrogen 
evolved  at  the  negative  pole  burns  with  a  distinctly  luminous  flame,  possibly  duo  to 
the  presence  of  traces  of  acetylene  (Kempt  a.  Kolbe,  J.  j)):  Chem.  [2]  iv.  46). 

Sodium  Ac  date. — When  crystallised  sodium  acetate,  C^ffNaO- +  3H-0,  is  melted 
in  a  flask  and  the  liquid  heated  to  its  boiling  point  (120°-123°),  the  flask  closed 
with  cotton-wool  while  the  liquid  is  boiling,  and  then  left  to  cool,  crystallisation  takes 
place  when  the  liquid  is  nearly  cold,  the  crystals,  when  drained  from  the  mother- 
liquor,  having  the  composition  2C''H^NaO-  +  5H-0.  These  crystals  melt  at  about 
126°,  and  the  liquid  on  cooling  yields  crystals  which,  after  draining,  consist  of  the 
monohydrate,  C'-H'NaO-  +  H-0.  Sodium  acetate,  melted  and  boiled  for  a  few  seconds 
only,  yielded,  on  cooling,  crystals,  which  gave  by  analysis  numbers  agreeing  with  tho 
formula  4C^H^NaO-  +  9H-0;  and  by  a  second  melting  crystals  were  formed  con- 
taining 4C-H;^NaO-  +  5H-'0  (Zettnow,  Fotjff.  Ann.  cxlii.  306). 

When  an  aqueous  solution  of  sodium  acetate  turns  mouldy,  oxygen  is  absorbed  and 
a  small  quantity  of  alcohol  is  formed.  A  solution  of  300  grains  of  pure  crystallised 
sodium  acetate,  left  to  itself  from  Feb.  4,  J864,  to  May  20,  1868,  had  lost  6-85  grains 
of  acetic  acid,  and  yielded  0'6  cub.  cent,  of  (pure)  alcohol.  A  small  quantity  of 
formic  acid  was  also  produced  (Beehamp,  Zcitschr.f.  Chcni.  vi.  438). 

Uranizim  Acetates.— Vranio-cohaltous  acetate,  Co"(C=H'0'-)=.2(UO-)"(C=H:^0-)=  + 
6  aq.,  forms  small  yellow-brown  dimetric  crystals,  which  at  130°  give  off  all  their  water 
and  turn  violet  (Eammelsborg,  Pogg.  Ann.  cxlv.  158). 

Uraniccuprio Acetate,  Cu"(C=ffO=)=.2(UO-)"(C-H30=)=  +  4aq.,  is  precipitated  from 
a  mixture  of  the  two  salts  in  green  crystals  belonging  to  the  hexagonal  system 
(Kammolsberg). 

Alcobolic  Acetates.  Acetic  Ethers. — E/hgl  Acetate. — Tho  statement  of  Wanklyn 
{1st  Siippl.  15)  that  the  action  of  sodium  on  ethyl  acetate  is  not  accompanied  by  evolu- 
tion of  hydrogen,  is  corroborated  by  the  experiments  of  Ladcnbm-g  {Deut.  Chem.  Ges. 
Ber.  iii.  305).  Ho  finds  that  acetic  ether  prepared  in  the  ordinary  way,  then  left  for 
several  weeks  over  calcium  chloride,  and  distilled  over  recently  fused  calcium  chloride 
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— whereupon  it  passes  over  at  72°-74° — ^is  not  pure,  inasmuch  as  when  heated  in 
sealed  tubes  to  200-'  and  then  distilled,  it  leaves  a  residue  -which  boils  above  80°,  has 
a  sour  taste,  a  distinct  odour  of  vinegar,  and  effervesces  -with  sodium  carbonate. 
Acetic  ether,  purified  in  the  ordinary -vvay,  is  attacked  by  silicium  chloride  only  on  fii-st 
contact,  and  the  mixture  may  then  be  heated  to  120°  without  any  further  action  taldng 
place.  Acetic  ether  which  is  no  longer  altered  by  silicium  chloride  is  likewise  not 
attacked  by  (metallically  bright)  sodium  at  ordinary  temperatures,  and  only  a  few 
white  specks  are  observed  on  the  sodium  even  after  several  hours'  boiling.  When  sodium 
is  heated  to  100°  in  a  flask  with  acetic  ether  (purified  as  above,  and  freed  by  distilla- 
tion from  the  greater  part  of  the  silicium  chloride),  the  action  begins  only  after  several 
hours'  heating,  and  only  once  in  several  experiments  was  a  very  small  quantity  of 
combustible  gas  obtained.  Acetic  ether  freed  from  water  and  alcohol  by  means  of 
phosphorous  trichloride  is  likewise  not  attacked  by  sodium  till  heated  nearly  to  100°, 
and  no  gas  is  evolved.  Hence  it  is  inferred  that  the  action  of  sodium  on  acetic  ether 
takes  place  only  at  a  temperature  much  higher  than  is  generally  supposed,  and  is  not 
attended  with  evolution  of  hydrogen. 

Tribasic  Acetic  EtJier,  C^H^(OC-H*)',  is  formed  when  sodium  ethylate.  free  from 
alcohol,  is  mixed  with  the  calciilated  quantity  of  dichlorethyl  chloride,  C-H-''C1^  (boiling 
at  72°-76°),  and  a  volume  of  anhydrous  ether  at  least  equal  to  that  of  the  sodium 
ethylate,  and  heated  to  100°-120°  in  a  sealed  tube  till  the  solid  sodium  ethylate  is 
converted  into  pulverulent  sodium  chloride  (in  about  12  hours).  On  opening  the 
tube  a  gas  escaped,  probably  C-H'Cl,  and  on  dissolving  out  the  sodium  salts  with 
water,  shaking  the  ethereal  layer  with  twice  its  volume  of  water,  drying  with  calcium 
chloride,  and  distilling,  there  were  obtained — together  with  ordinary  acetic  ether — 
moiiocJdoroxethyl-ethylene,  C-H'^C1(0C2H'),  boiling  at  about  122°,  and  tribasic  acetic 
ether,  C-H'(OC■^H^)^  boiling  at  142°. 

The  monochloroxethylene  (not  quite  pure)  had  a  specific  gravity  of  1*02  at  22°. 
It  is  a  colourless  combustible  liquid,  insoluble  in  water,  and  having  a  peculiar  agreeable 
odour. 

The  tribasic  acetic  ether,  still  containing  10'2  p.  c.  of  monochlorexethyl-etliylene, 
had  a  sp.  gr.  of  0'94  at  22°.  It  is  a  colourless  combustible  liquid,  having  a  peculiar 
agreeable,  ethereal  odour,  not  like  that  of  ordinary  ethyl  acetate.  Heated  with  water 
to  120°-130°,  it  is  decomposed  into  alcohol  and  acetic  acid  (Geuther,  Jcnaische 
Zeitschrift,  iv.  221 ;  Jahresb.  1870,  636). 

Propyl  Acetate  (normal),  C''JL^''0''  =  GWGWCR\C-WO',  obtained  by  digesting  the 
iodide  with  silver  acetate,  boils  at  102°  (bar.  at  750  mm.),  and  has  a  specific 
gravity  of  0-913  at  O'*  (Eossi,  Ann.  Ch.  Pharm.  clix.  79). 

Amyl  Acetate  {normal),  C'H"O=  =  CH=CH-0H=CH=CH».C2H3O=,  was  prepared  by 
mixing  normal  amyl  iodide  with  silver  acetate  and  glacial  acetic  acid  in  a  flask 
cooled  with  ice,  the  reaction  which  takes  place  spontaneously  on  removing  the 
vessel  from  the  ice-bath  being  completed  by  application  of  a  gentle  heat.  The 
resulting  amyl  acetate,  after  purification  in  the  usual  way,  had  a  sp.  gr.  of  0'8963 
at  0°,  0-8792  at  20°,  0-864:5  at  40°,  and  boiled  at  148-4°  (observed:  correction  for 
mercm'y-coUimn  =  0-7o°)  under  a  barometric  pressiire  of  737  mm.  (Lieben  a.  Eossi, 
Ann.  Ch.  Pharm.  clix.  70). 

Tollylene  Acetate,  C'''S.\G'^'S?0'^)-,  produced  by  heating  an  alcoholic  solution  of 
sodium  acetate  -with  tollylene  chloride  to  150°,  forms  hard  shining  laminte,  having  a 
hot  campliorous  taste,  easily  soluble  in  alcohol  and  ether.  By  distillation  it  appears 
to  yield  the  monoacotate  (Grimaux,  Compt.  rend.  Ixx.  1363). 

Substitution-derivatives  of  Acetic  Acid. 

Bromaectio  Acid,  C^H'BrO^,  is  formed  when  monobromacetylene,  mixed  -nith  an 
indiiFerent  gas,  comes  in  contact  with  moist  air,  or  when  its  alcoholic  solution  is  ex- 
posed to  the  air  :  C=HBr  +  H-0  +  0  =  C=ffBr02. 

Dibromacetic  Acid,  C-H'Br-O-,  is  produced  by  the  action  of  bromine  on  ethyl  acetate 
at  130°  much  more  easily  than  by  treating  acetic  acid  with  bromine.    The  reaction 

.  C^H-O^C-^ff  +  Br'  =  C2H-Br=0=  +  C='ffBr  +  HBr. 

(Carius,  JDeut.  Chem.  Ges.  Ber.  iii.  336.) 

Choracetic  Acid,  C-H^CIO^. — This  acid,  when  heated  with  water,  gradually  decom- 
poses, the  more  quickly  as  the  quantity  of  water  is  greater  and  the  temperature 
higher.    A  solution  of  the  acid  containing  0-324  gram  C-IPCIO-  in  10  c.c.  of  liquid, 


ACETIC  ACID. 


9 


and  corresponding  witli  the  formula  C^H'CIO^  +  164aq.,  was  found  to  remain  unaltered 
for  four  months  at  ordinary  temperature  ;  but,  when  it  was  enclosed  in  a  sealed  tube, 
plunged  into  boiling  water  for  various  times,  and  then  cooled  as  quickly  as  possible,  it 
was  found,  by  trituration  with  a  standard  solution  of  soda  or  barj  ta,  to  have  undergone 
decomposition  to  the  extent  shown  in  the  following  table. 

I.  represents  the  number  of  hours  the  solution  was  heated  :  II.  the  percentage  of 
C=ff  CIO-  decomposed  :— 

I.  0    2     4       6      11    U     16     IS    21      24    27  30 

II.  0-0  G-0  11-0  14-5  23-0  28-0  31'5  35-0  38-0  42-5  45-0  51-5 

I.  33    37     43    48     72    96    120   144    192  332  430 

II.  53'5  56-0  G2-5  G6-0  76-5  82-0  87-o  90-5  93-0  97'0  97-5 
(Buchanan,  Bent.  Chem.  Ges.  Ber.  iv.  340). 

Phcn>/1  c-hloracetate,  C'H'.C-II^CIO''',  is  obtained  by  heating  phenol  with  ehloraeetyl 
chloride  ;  it  forms  silky  glistening  needles,  melting  at  40-2°,  insoluble  in  water, 
soluble  in  alcohol  and  ether.  Heated  with  alcoholic  ammonia  in  a  sealed  tube,  it  is 
converted  into  phenyl  amidacetate,  C'■II^C=II-(NH-)0^  which  crystallises  in 
white  needles,  soluble  in  water,  almost  insoluble  in  alcohol  and  ether  (E.  "W.  Prevost, 
J.  pr.  Chem.  [2]  iv.  379). 

When  an  alcoholic  solution  of  ethyl  cMoracetate  is  heated  \nt\\  potassium  nitrite, 
potassium  etliyloxalate  is  formed  according  to  the  equation  : 

C''H^C=H=C10'^  +  2KN0--  =  KC1  +  WO  +  N^O  +  K(C-n^).C20^ : 

(Stciuer,  Diuf.  Chem.  Gcs.  Ber.  v.  383). 

Sicbloracetic  Acid.  C-H=Cl-0%— When  ethyl  dichloracetato  is  digested  at  a  tem- 
perature below  100°  with  a  solution  of  potassium  cyanide  in  dilute  alcohol  till  it  no 
longer  smells  of  hydrocyanic  acid,  the  filtered  liquid,  after  separation  of  the  alcohol, 
shaken  up  with  ether,  and  the  ethereal  solution  evaporated,  a  substance  is  left  which, 
after  crystallisation  from  alcohol  and  water,  is  scentless  and  tasteless ;  melts  at 
190°-191°;  has  a  neutral  reaction;  is  very  soluble  in  ether,  moderately  soluble  in 
alcohol ;  dissolves  readily  in  hot,  slightly  "in  cold  water,  and  crystallises  from  the 
solution  in  prisms.  Its  aqueous  solution  is  decomposed  by  potash  in  the  cold,  with 
evolution  of  ammonia. 

The  crystalline  compound  has  the  composition  C^H"'N-0^  and  may  be  regarded  as 
an.-imidated  ether,  CH(CONH'')-.COOC-IP, derived  from  an  unknown  acid,CH(C001I)^ 
It  is  probably  formed  by  the  action  of  water  in  presence  of  excess  of  acetic  acid  on 
ethyl  dieyanacetato,  produced  in  the  first  instance  by  the  action  of  potassium  cyauido  on 
ethyl  dichloracetato  in  presence  of  alcohol : 

CH(CN)^C00C2ff  +  2W0  =  CH(CONff  )2.COOC=H5 
Ethyl  clicyanacetate.  Amklated  Ether. 

The  ether  treated  with  potash  yields  oxalic,  malonic,  and  glycollic  acids,  which  are 
also  found  in  the  aqueous  liquid  separated  from  tho  ethereal  solution  of  the  amidated 
ether  iu  tlie  coiu'se  of  its  preparation  (Amato,  Gazsetta  chimica  italiana,  i.  690). 

Trichloracetic  Acid.  CCRCOOH.  (Do  Clermont,  Compt.  rend.  Ixxiii.  112,  501 ; 
Ixxiv.  942  ;  Judson,  Zeifschr.f.  Chem.  [2]  vii.  40). — This  acid  is  easily  prepared  by 
the  action  of  nitric  acid  on  chloral  or  its  hydrate.  AVhen  chloral  hydrate  is  put  into 
a  flask  with  three  times  its  weight  of  fuming  nitric  acid,  and  tho  mixture  left  to  itself 
in  the  sun,  a  continuous  disengagement  of  nitrogen  tetroxido  ensues,  which  ceases 
at  the  end  of  three  or  four  days.  On  distilling  the  mixture,  tho  temperature  rises 
rapidly  to  123°,  at  which  point  a  mixture  of  nitric  acid  and  water  distils  over;  it 
tlien  rises  gradually  to  195°,  and  tho  distillate  consists  of  the  last  portion  of  the 
nitric  acid,  together  v/ith  a  small  quantity  of  trichloracetic  acid ;  the  temperature 
then  remains  steady  at  195°,  and  tho  distillation  proceeds  regularly  so  long  as  any 
acid  remains  in  tho  retort;  the  product  is  a  coloiu-less,  transparent  liquid,  which 
crystallises  at  44-8°.  In  one  operation,  300  grams  of  trichloracetic  acid  may  be  pr(j- 
duced  from  480  grams  of  chloral  hydrate  (Do  Clermont). 

Trichloracetic  acid  boils  at  195°  (Judson). 

The  tricliloracotatos  of  barium,  strontium  and  calcium,  prepared  by  adding  an 
excess  of  trichloracetic  acid  to  the  corresponding  carbonates,  and  evaporating  at 
ordinary  temperatures  over  lime,  have  a  composition  represented  by  the  general  for- 
mula M"(C-CP02)-  +  GH'^O.  Tho  sodium  salt,  similarly  prepared,  consists  of  NaC-CPO-  + 
3II-0  (De  Clermont). 
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The  lead  salt,  Pb(C*CFO-)-  +  H-0,  erj'stallises  in  large  rhombic  prisms,  easily 
soluble  in  water,  less  soluble  in  alcohol,  and  only  sparingly  in  ether.  The  copper  salt, 
Cu(C^CPO-)^+ 6H-0,  forms  fine  crystals,  resembling  copper  sulphate.  In  preparing 
it  an  excess  of  copper  carbonate  must  be  avoided,  or  else  the  acid  will  be  decomposed, 
■with  production  of  chloroform  ( Judson). 

The  following  trichloracetates  have  likewise  been  analysed  by  De  Clermont: — 
Acid  potassium  salt        ....  KC'CPOIC^CPHO^ 

Lithium  salt  LiC-CPO=.2H20 

Magnesium  salt  Mg(C-CP0-)2.4H-0 

Nickel  salt  Ni(C-CPO=)2.4H-0. 

These  salts  crystallise  from  solutions  of  the  respective  carbonates  in  trichloracetic 
acid.  The  magnesium  and  lithium  salts  require  several  months  for  crystallisation ; 
the  crystals  of  both  are  deliquescent,  and  those  of  the  latter  can  be  kept  only  in  sealed 
tubes. 

Jgolutyl  TricMoracetate,  CWG'R{GW)'.C^QVO-,  obtained  by  prolonged  digestion  of 
2  mol,  isobutyl  alcohol,  2mol.  trichloracetic  acid,  and  1  mol.  sulphuric  acid,  distilling, 
washing  with  sodium  carbonate  and  water,  and  drying  over  calcium  clilorido,  is  a 
colourless  liquid  of  agreeable  odour,  heavier  than  water,  boiling  at  187°-189°  (Jud- 
son). 

Trichloracctanilide,  CTI^.C^CPO.HN,  may  be  obtained  by  gradually  mixing  ethereal 
solutions  of  trichloracetyl  chloride  and  aniline ;  it  is  insoluble  in  cold  water  and  dissolves 
very  sparingly  in  boiling  water,  but  easily  in  alcohol  and  ether ;  it  crystallises  in  silvery 
scales  which  melt  at  82°.  Trichloracetoluidide,  prepared  by  an  analogous  process 
from  toluidine,  crystallises  in  fine  six-sided  prisms,  which  are  often  an  inch  long  and 
melt  at  102°  (Judson). 

When  trichloracetic  acid  is  gradually  added  to  a  solution  of  potassium  sulphate, 
sulphurous  oxide  is  first  given  off,  then  carbon  dioxide  and  chloroform.  The  solution, 
boiled  till  it  ceases  to  smell  of  chloroform,  contains,  besides  sulphate  and  hyposulphate 
of  potassium,  a  very  soluble  salt,  CHC1(S0^K)C02K+ liaq.,  which  crystallises  in 
beautiful  perfect  square-based  octohedrons,  with  the  basal  pinacoids  predominating, 
like  the  crystals  of  potassium  ferrocyanido.  These  crystals  remain  unaltered  in  a 
vacuum  over  sulphuric  acid,  but  lose  water  at  100°.  The  salt  begins  to  decompose 
above  166°,  and,  when  heated  sufS.ciontly,  swells  up,  burns  with  a  sulphur  flame,  and 
leaves  a  residue  of  potassium  chloride  and  sulphate,  discolom-ed  by  carbon.  Its  solu- 
tion is  not  precipitated  by  bar3rta -water,  neutral  or  basic  lead  acetate,  or  silver  nitrate. 
This  solution  is  not  altered  by  boiling  with  potash,  but  suffers  partial  decomposition, 
when  kept  for  some  hours  at  140°,  and  if  heated  to  this  temperature  with  potassium 
sulphate,  it  yields  a  considerable  quantity  of  potassium  chloride,  so  that  the  chlorine 
in  the  salt  probably  becomes  replaced  by  hydrogen  or  by  the  group  SO^K  (Rathke, 
{Ann.  Ch.  Pharm.  clxi.  149). 

Cyanacetio  Acid.  Tho  electrolysis  of  this  acid  yields  results  analogous  to 
those  of  acetic  acid  itself,  the  positive  cell  being  found  to  contain  a  deliquescent  acid 
substance,  which  is  separable  by  means  of  ether,  and  agrees  in  physical  and  other 
characters  with  ethylene  cyanide,  C-H*C^N-,  being  solid  at  ordinary  temporatm-es, 
melting  at  37'8°,  and  being  resolved  by  boiling  with  potash  into  ammonia  and  ethylene- 
succinic  acid.    The  decomposition  may  be  represented  by  the  equation : 


fCH-CN  ^  _  jCH'CN 
ICOOH   +  ^'^  -  ICffCN 


+  H-'o  =  -^nijoni;  +  200^  -1-  H=o  + 


being  exactly  analogous  to  the  electrolytic  decomposition  of  acetic  acid  into  carbon 
dioxide  and  dimethyl  or  ethane  (G.  E.  Moore,  Sill.  Am.  J.  [3]  iii.  177). 
Phenyl-acetic  Acid.    See  Toltjic  Acid. 

Thiacetic  Acid,  CH^.COSH,  subjected  to  electrolysis,  yields  acetyl  bisulphide 
(C-H'O)-  S-  (Bupgo,  Bciit.  Chcm.  Gcs.  Bcr.  iii.  575). 
TrimethyS-acetic  Acid.    See  Valeric  Acid. 

ACETIC  BKOBXIDE,  or  ACET-ffS.  BXtOMMSB,  C=H'OBr.— When  this  com- 
pound is  heated  for  some  hours  in  a  tube  to  140°-1.')0°,  with  an  equivalent  quantity 
of  phosphorus  pentabromido,  bromacetyl  b  rom id e,  C-H'-'BrOBr  is  formed  accord- 
ing to  the  equation : 

C^H^OBr  +  PBr=  =  C^H-BrOBr  +  PBr^  +  HBr. 

The  bromacetyl  bromide  passes  over  on  rectification  between  150°-155°  (Samosadsky, 
Zeitschr.f.  Chem  [2]  vi.  105). 
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ACETXC  GKSuORXBE,  or  ACSSTYIi  CHX.02£II>E.  C-H'OCl,  treatea  in  like 
manner  with  phosphorus  pentachloridc,  yields  chloracotyl  chloride,  C^H'CIOCI 
(Samosadsky). 

Trichloracetyl  Chloride,  C-Cl'O  =  C-CI^OCl,  is  formed  by  heating  di-  or  trichloride 
of  carbon  with  sulphuric  anyhdride  to  160°  : 

C^Cl'  +    SO'  =  C^Cl'O  +  SO'- 
C=C1''  +  2S0'  =  C-Cl'O  +  S'^O^CP 

(Pnidhomme,  Compt,  rend.  Ixx.  1137). 

Eespeeting  the  conversion  of  acetic  chloride  into  ethyl  alcohol  by  sodium  amalgam, 
see  Ethyl  Alcohol. 

ACETIC  OXSBE  or  AWHYBRIBE.  {Cm^OyO.  Ecaction  with  Stannic  Acid. 
— When  two  parts  of  anhydrous  acetic  acid  are  heated  with  one  part  of  stannic  (or  of 
metastannic)  acid  to  150^  in  a  sealed  tube,  a  syrupy  liquid  is  obtained,  crystallising 
on  cooling  in  long  needles  which,  after  pressing  between  blotting-paper  and  drying 
over  lime  m  mc?<o,  have  the  formula,  SnO-l  )Q2jj3Q[t)  h. 

Washed  with  anhydrous  ether  till  the  washings  are  free  from  acid,  and  dried  in 
vacuo,  this  substance  is  converted  into  a  body  having  the  formula,  S'iO'^^q'^sq^  0- 

The  first-named  crystals,  when  exposed  to  air,  become  amorphous,  and  are  finally 
transformed  into  a  vitreous  mass  having  the  composition  SnO-^^  H  ^  (Lawrence, 
Compt.  rend.  Isxiv.  1524). 

Reaction  with  Zinc-ethyl. — Acetic  oxide  treated  with  zinc  ctliyl  in  the  nascent  state 
yields  methyl-ethyl  ketone  : 

(COCff)-O  +  Zn(C-ff)=  =  ZnO  +  2C0|[;!]j, 

When  a  mixture  of  2  mol.  ethyl  iodide  and  1  mol.  acetic  oxide  is  added  by 
drops  to  zinc-sodium  in  a  cooled  vessel,  reaction  sets  in  and  is  complete  after  20  or  30 
hours.  On  distilling  and  purifying  the  distillate  in  the  usual  way,  by  treatment  with 
]>iit.iKh,  combination  with  sodium  bisulphite  and  decomposition  of  the  re.sulting 
crystiillino  compound  by  distillation  with  an  alkaline  carbonate,  methyl-ethyl  ketone 
is  obtained,  boiling,  after  dehydration,  between  70° and  80°.  Other  compounds  boiling 
between  100°  and  210°,  are  formed  at  the  same  time,  probably  resulting  from  the 
action  of  the  zinc-ethyl  on  the  methyl-ethyl  ketone. 

Zinc-ethyl,  ready  formed,  acts  with  great  violence  on  acetic  oxide,  evolving  a  largo 
quantity  of  gas,  which  carries  off  with  it  a  considerable  portion  of  the  liquid 
products. 

A  mixture  of  methyl  iodide  and  acetic  oxide  acts  in  like  manner  on  zinc-sodium, 
yielding  common  acetone,  (CH')^CO,  together  with  bodies  boiling  between  70°  and  190° 
(Saytzefif,  Zeitschr.f.  Chcm.  [2]  vii.  104). 

Eespeeting  the  action  of  acetic  oxide  on  carbohydrates,  see  Cellulose,  Gum,  Sugae, 
Staech,  &c. 

Acetobypochlorous  Oxide,  ^  "^c?}}  0'  oi'  Chlorine  Acetate.  CH^COOCl. 

— AVhen  a  slow  stream  of  acetylene  is  passed  into  a  solution  of  this  compound  in  acetic 
oxide  containing  8  to  10  grams  of  C^ffClO-  to  35  to  40  grams  of  CH^O^  the  gas  is 
absorbed,  with  rise  of  temperature,  acetic  acid  and  methyl  chloride  are  formed,  and 
the  acetylene  either  remains  unaltered,  or  forms  a  compound  not  yet  isolated.  But  if 
a  very  dilute  solution  of  acetoliypochlorous  oxide  be  used  (containing  15  parts  Cl'O  to 
100  parts  acetic  oxide),  and  cooled  to  at  least — 10°,  the  acetylene  is  absorbed  wthout 
perceptible  formation  of  methyl  chloride,  and  water  throws  down  from  the  saturated 
solution  a  somewhat  syrupy  liquid,  having  a  peculiar  aromatic  odour  and  boiling  at  120° 
under  a  pressure  of  2  centimeters.   It  has  the  composition  C-H-|^^|q^P^'   and  may 

be  regarded  as  the  acetochlorhydrin  of  the  tetratomic  acetylene-alcohol  C-H''(OH)'. 
Aqueous  potash,  at  the  boiling  heat,  dissolves  it  quickly  (Prudhomme,  Compt.  rend. 
Ixx.  1137). 

Bromacetic  Oxide,  C'H^Br'O',  or  (C-H-BrO)-O,  the  anhydride  of  monobroma- 
cetic  acid,  is  formed  by  adding  monobromacetic  bromide,  C'H'-'BrO.Br,  to  fused  and 
finely  powdered  sodium  acetate,  and  distilling.  The  distillate  yields,  by  rectification, 
acetic  oxide  passing  over  between  137°  and  245°,  and  bromacetic  oxide  at  245°.  The 
reaction  appears  to  take  place  by  two  stages,  aceto-bromacetic  oxide  being  fijst  formed, 
and  subsequently  splitting  up  into  acetic  and  dibroniacetic  oxides,  thus : 
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ACETOBENZIDINE— ACETONE. 


NaJ 


and  2 


C=H-Br01 


C=H-BrOj 


Bromacetio  oxido  does  not  solidify  at.  0°.  Wlien  pourod  into  water  or  exposed  to 
moist  air,  it  is  gradually  converted  into  monobroniaoetic  acid.  In  alcohol  it  dissolves 
with  formation  of  ethylic  monobromacetate  (H.  Gal,  Compt.  rend.  Ixxi.  273,  Chcrii.  Soc, 
J.  [2]  ix.  23). 

ACBTOBSWZIDISJE.    See  Benzidine. 

ACBXOBROMOPHBNOBfB.     See  Acetophenone. 

ACETOCKIiOKAl!.    Syn.  with  Chlokal. 

ACETOCHaOEH-STBSaOSE,  CH^CIO"  =  C«H'(C=H30)<C105  (A.  Colley, 
Compt.  rend.  Ixx.  4:01). — A  compound  produced  by  the  action  of  acetyl  chloride  on 
glucose.  The  action  takes  place  at  ordinary  temperatures,  but  it  is  best  to  enclose  the 
materials  in  sealed  tubes  cooled  by  a  freezing  mixture.  With  5  mol.  acetyl  chloride 
to  1  mol.  glucose,  a  colourless  transparent  mass  is  obtained.    The  reaction  is  : 


On  opening  the  tubes  while  immersed  in  the  freezing  mixture,  hydrochloric  acid  escapes 
with  violence  ;  and  on  dissolving  the  residue  in  chloroform,  agitating  with  sodium 
carbonate,  drying  with  calcium  chloride,  and  evaporating  oflf  the  chloroform,  acetochlor- 
hydrose  remains  as  a  semifluid,  colourless,  transparent,  scentless,  bitter  mass,  insoluble 
in  water,  easily  soluble  in  alcohol,  ether,  and  chloroform,  slightly  soluble  in  carbon 
bisulphide,  nearly  insoluble  in  benzene.  It  turns  the  plane  of  polarisation  to  the 
right :  [a]  =  147°.  It  was  once  obtained,  under  conditions  not  specified,  as  a  perfectly 
dry  crystalline  mass,  the  analysis  of  which  led  to  the  formula  above  given,  which  is 
that  of  the  acetochlorhydrin  of  glucose. 

Acetochlorhydrose  gives  up  the  whole  of  its  chlorine  when  treated  in  alcoholic 
solution  with  silver  nitrate.  Heated  with  sulpliurio  acid  and  alcohol,  it  gives  off  the 
odour  of  acetic  ether.  It  does  not  reduce  Fehling's  solution.  When  heated  with 
water  in  sealed  tubes,  it  blackens  and  decomposes,  but  when  treated  in  the  same 
manner  in  shallow  vessels  exposed  to  the  air,  it  remains  colourless,  and  glucose  is 
reproduced.  It  distils  partially  in  a  vacuum  between  150°  and  240°.  The  distilled 
product  resembles  the  original  substance,  but  has  only  half  its  rotatory  power :  [o]  = 
71°. 

The  reaction  by  which  acetochlorhydrose  is  produced  indicates  that  glucose  is  a 
pentatomic  alcohol  containing  5  hydroxyl-atoms.  The  sixth  oxygen-atom  probably 
binds  together  two  atoms  of  carbon,  as  in  diethylenic  alcohol. 


obtained,  togetlier  witli  several  other  products,  by  the  dry  distillation  of  an  intimate 
mixture  of  the  calcium  salts  of  acetic  and  cinnamic  acids.  It  may  be  separated  by 
repeated  fractional  distillation  of  that  portion  of  the  crude  distillate  which  boils 
between  220°  and  270°.  When  recently  prepared  it  is  a  slightly  yellow  oily  liquid  of 
agreeable  odour,  turning  darker  when  kept.  Sp.gr.  1'008.  Boiling  point,  240°-241° 
(Engle"r  a.  Leist,  Betit.  Cliem.  Ges.  Ber.  vi.  254). 

ACETOBIBSaOfflEOSYSIBSBS.    See  Xylidine. 

ACETO^AS>HTH"5rSHA3«JSIIE.    See  Naphthylamide. 

ACBTOBIE,  C^H^O. — The  formation  of  this  body  by  the  action  of  zinc-sodium  on 
a  mixture  of  acetic  oxide  and  zinc-methyl  has  already  been  mentioned  (p.  11).  It  is 
also  formed  by  oxidation  of  propylene  with  aqueous  chromic  acid  (Berthelot,  Compt. 
rend.  Ixviii.  334),  and,  according  to  Schloemilch  {Ztitschr.  f.  Chem.  v.  336),  when 
aldehyde  vapour  is  passed  over  red-hot  lime. 

Acetone  heated  to  100°-120°  for  some  days  with  liquid  pJwsgene,  yields  a  small 
quantity  of  liquid,  which  appears  to  be  dichloracetone  (T.  Kempif,  J.  pr.  Chem.  [2] 
i.  402). 

When  acetone  is  treated  with  phosphorus  pentasidphide,  a  violent  reaction  takes 
place,  requiring,  however,  the  heat  of  a  water-bath  to  complete  it ;  and  two  layers  of 
liquid  are  obtained,  the  upper  of  which  yields,  by  fractional  distillation,  duplo- 
sulphacetone,  CH'-S-O,  as  a  liquid  boiling  at  183°-188°  (corr.),  and  having  a 
vapour-density  of  5-08  (calc.  6'45).  It  produces  a  burning  sensation  on  the  skin ; 
gives  off  vapours  which  attack  the  eyes  strongly ;  mixes  with  alcohol  and  ether,  but 
not  with  water ;  gives  a  bulky  white  precipitate  with  mercuric  chloride.    The  lower 


Cm'^O"  +  6C^H=0C1  =  C"^H'(C=H''0)'0105  +  C^ffO^  +  4HC1. 


ACBTOCEMOTAMmOlffB,  C"'H"'0  =  CO^ 


-A  ketono  is 


ACETONE. 
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liquid  formed  in  the  above  reaction  consists  chiefly  of  ethereal  compounds  and  a 
small  quantity  of  duplo-sulphacetone  (Wislicenus,  Zcitschr.f.  Chem.  [2]  v.  324). 

Compozmd  of  Acetone  tvith  Mercuric  Oxide. — When  solution  of  mercuric  chloride  is 
slowly  added  to  a  mixture  of  acetone  with  dilute  aqueous  solution  of  potassium 
hydi-ate,  the  mercuric  oxide  first  precipitated  is  dissolved,  with  production  of  a  clear 
colourless  liquid.  This  solution  gelatinises  when  heated  to  ebullition,  or  on  the 
addition  of  acid  in  slight  excess.  On  dialysing  the  alkaline  solution,  the  diffusate,  at 
the  end  of  two  days,  contains  a  large  quantity  of  potassium  chloride,  some  potassium 
hydrate,  and  but  a  very  small  amount  of  mercury.  If  the  process  of  diffusion  be 
continued,  the  diffusate  being  replaced  by  pure  water  twice  each  day,  until  it  no 
longer  affords  a  cloud  when  treated  with  solution  of  silver  nitrate,  the  dialyser  will 
contain  a  pure  colloidal  liquid,  which,  on  careful  evaporation  to  dryness,  yields  a 
resinoi'd  residue  having  a  composition  represented  by  the  formula  2CO{CH^)^.3HgO. 

Water  containing  2  p.  c.  of  this  compound  retains  its  liquidity  for  months ;  a  5 
p.  c.  solution  remains  liquid  for  some  days,  but  produces  a  firm  jelly  on  being 
heated  to  50°.  The  liquid  colloi'd  hydrate  is  the  hydrosol  of  the  new  compound ;  and 
the  gelatinous  liycbate,  the  hydrogcl  (v.  1088).  The  alcosol  may  be  obtained  by 
adding  to  a  1  p.  c.  hydrate  an  equal  volume  of  alcohol,  and  evaporating  the  mix- 
ture over  quicklime  until  most  of  tlie  water  is  removed.  This  cdcosol,  on  being  sub- 
mitted to  prolonged  ebullition,  yields  a  jelly  or  alcogcl  corresponding  to  that  produced 
on  heating  the  hydrate — in  the  former  case  alcohol,  and  in  the  latter  water,  being 
associated  with  the  mercuric  ketone-compound.  The  hydrate,  though  neutral  to  test- 
paper,  appears  to  bo  a  weak  acid,  probably  quadribasic. 

Several  ketones  of  the  fatty  series  are  capable  of  uniting  with  mercuric  oxide  in 
presence  of  alkali,  to  form  compounds  analogous  to  that  obtained  with  acetone,  but 
the  hydrates  or  hydrosols  of  the  mercuric  compounds  are  very  difficult  to  prepare,  on 
account  of  the  insolubility  of  the  higher  ketones  in  water  (J.  E.  Eeynolds,  Proc.  Boy. 
Sac.  xix.  431). 

Bromacetoue.  CTI^BrO. — Monobromacetone  is  readily  formed  by  diluting  ace- 
tone -srith  2-3  vols,  of  carbon  sulphide,  and  adding  a  little  less  than  the  calculated 
quantity  of  bromine.  After  distilling  off  the  carbon  sulpliide  and  excess  of  acetone, 
the  product  is  loft  behind  as  a  dark  viscid  mass.  Freshly-precipitated  silver  oxide  in 
presence  of  water  converts  it  into  a  volatile  liquid,  having  a  sweet  taste,  and  reducing 
alkaline  sohition  of  copper  salts.  This  compound,  which  appears  to  bo  the  alcohol  of 
pyruvic  acid,  could  not  be  obtained  pure,  as  it  seems  to  be  decomposed  by  dehydrating 
Ijodics.  Together  with  it,  a  smaller  quantity  of  an  acid,  C'-H*0"',  is  formed,  which' 
in  the  free  state  forms  a  syrup  having  a  sour  and  bitter  taste,  while  the  barium  salt  is 
a  hard,  amorphous  mass  (Emmerling,  Beut.  Chem.  Ges.  Ber.  vi.  22). 

Chloracetosies. — Monochloracetone  was  first  obtained  by  Eiche,  by  the  electro- 
lysis lit'  a,  mixture  of  acetone  and  hydrochloric  acid.  Borsche  a.  Fittig  {Ann.  Ch.  Pharm. 
cxxxlti.  Ill)  denied  the  existence  of  this  compound,  because  by  passing  chlorine  into 
wcll-ooolcd  acetone  they  obtained  dichloracctone  directly,  without  previous  formation 
of  the  monochlorinated  compound ;  they,  therefore,  regarded  Eiche's  product  as  cpi- 
chlorhydrin,  which  is  isomeric  with  monochloracetone ;  this,  however,  was  disproved 
by  Linnemann  {ibid,  cxxxiv.  170),  who  showed  that  the  product  in  question,  when 
reduced  by  nascent  hydrogen,  yields  acetone.  Kriwaxin  (Zciischr.  f.  Chem.  [2]  vii. 
263),  by  heating  acetone  with  chlorine,  obtained  no  dichlorncotone,  but  only  mono- 
chloracetone and  products  of  higher  boiling  point,  apparently  a  mixture  of  acetone 
and  monochloracetone.  According  to  Glutz  a.  Fischer  (•/.  'pr.  Chem.  [2]  iv.  62),  the 
product  obtained  by  the  action  of  chlorine  on  perfectly  dry  acetone  is  a  mixture  of 
mono-  and  dichloracetono,  the  former  predominating.  C.  Bischoff,  in  like  manner, 
obtained  a  product  which  yielded  byfractional  distillation  a  liquid  boiling  at  110°-125° 
and  containing  39  p.c.  chlorine:  a  portion  of  this  boiling  at  120°  contained  43  p.c. 
chlorine  ;  now  monochloracetone  contains  38"4  p.c.  and  dichloracetone  63'6  p.c.  chlorine ; 
hence  it  appears  that  the  product  obtained  consisted  chiefly  of  monochloracetone. 
Lastly,  E.  Mulder  {Deut.  Chem.  Ges.  Ber.  v.  1007)  finds  that  either  mono-  or  dichlor- 
acetone may  be  obtained  at  pleasure  according  to  the  proportion  of  chlorine  used. 
To  prepare  monochloracetone  he  passes  a  small  quantity  of  chlorine  through  acetone, 
washes  the  product  with  a  little  water,  distils  it  over  a  mixture  of  calcium  chloride 
and  marble  (the  latter  to  saturate  the  free  hydrochloric  acid  formed) ;  subjects  the 
liquid  which  passes  over  between  100°  and  140°  to  fractional  distillation,  and  there- 
by obtains  a  liquid  which  boils  at  about  119°  and  contains  39-3  p.c.  carbon  and  6-9 
hydrogen,  the  formula  C^H^CIO  requiring  38'9  carbon  and  5'4  hydrogen. 

Monochloracetone,  CIP — CO — CH-Cl,  is  also  easily  produced  by  the  action  of  strong 
sidphm-ic  acid  on  opidichlorhycbin,  CH-Cl — CCl — Cfr  (L.  Henry,  Dent.  Chan,  Ges, 
Ber,  V.  965),  and  by  the  action  of  hypochlorous  acid  on  acetone  (Mulder). 
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Monochloracetone,  heated  with  potassium  acetate  and  alcohol,  is  converted  into  the 
corresponding  acetyl-compound,  mono-acetyl-acetone,  CH^ — CO — CH-(OC-H^O), 
a  limpid  liquid  boiling  at  175°  and  having  a  refreshing  smell  and  bitter  taste.  When 
recently  prepared  it  is  neutral,  but  in  contact  with  moist  air  or  water,  in  which  it  is 
readily  soluble,  it  soon  requires  an  acid  reaction.  The  replacement  of  the  acetyl  in 
this  compound  by  hydrogen  would  give  the  alcohol  CH^ — CO — CH-OH,  corresponding 
with  pyroracemic  acid  ;  but  this  transformation  has  not  yet  been  effected  (Henry). 

Monochloracetone  is  converted  fuming  nitric  acid  into  a  compound  C'H'Cl 
(NO^)O,  which  crystallises  readily  from  water-alcohol  and  ether  ; — by  alcoholic  ammo- 
nia into  sal-ammoniac  and  an  oil  having  the  odour  of  naphthylamine ; — by  alcoholic 
potassium  cyanide  into  cya,na,(iQtOTi&,  C^ff(ON)0  ; — with  the  neutral  sulphates  of  the 
alkali-metals  it  yields  metallic  chlorides  and  acetone -sulphonic  acid  (Glutz, 
J.  ]jr.  Clicm.  [2]  i.  U). 

The  reactions  of  monochloracetone  with  hydrocyanic  acid  will  be  described  further 
on. 

Bichloracetone,  C^H'CPO.— Of  this  compound  there  are  two  modifications,  one 
symmetrical  in  structure,  the  other  unsymmetrical,  viz. : 

Symmetrical     ....       CH^Cl— CO— CS^Cl 
Unsymmetrical        .       .       .       CH^— CO— CHOP. 

The  symmetrical  modification  is  obtained  by  oxidising  dichlorhydrin,  CH^Cl  — 
CHOH— CH-Cl,  with  chromic  acid  mixtiu-e.  It  boils  at  170°-171°,  forms  well- 
crystallised  compounds  with  acid  sodium  sulphite,  potassium  iodide,  and  potassium 
sulphocyanate  ;  treated  in  ethereal  solution  with  powdered  potassium  cyanide,  it  is 
converted  into  a  compound  having  the  composition  C'il"Cl''NO'^  (Glutz  a.  Fischer, 
J.  fr.  Cliem.  [2]  iv.  52 ;  Chem.  Soc.  J.  [2]  ix.  922). 

The  unsymmetrical  modification  is  obtained  by  passing  chlorine  into  acetone  till  it 
is  saturated,  the  liquid  being  heated  in  the  water-bath  towards  the  end  of  the  opera- 
tion (Fittig ;— Glutz  a.  Fischer).— E.  Mulder,  {Bcut.  Chem.  Gcs.  Ber.  v.  1007),  passes 
chlorine  in  excess  into  acetone  at  ordinary  temperatm-es,  washes  the  product  with 
water,  distils  it  over  a  mixture  of  chloride  and  carbonate  of  calcium,  and,  finally,  by 
fractional  distillation,  obtains  a  product  which  boils  at  120°  and  contains  65-5  p.c. 
chlorine,  the  formula  C^H'CFO  requiring  55"9. 

Bichloracetone  heated  with  potassium  hydrate  yields  a  glucose-like  body,  CH^O^, 
similar  to  that  produced  by  the  action  of  water  on  sulphacetonate  of  lead,  together 
•with  a  brown  substance,  which  forms  with  lead  acetate  the  compound  Pb(OTl'0*)-. 
The  formation  of  these  two  bodies  is  represented  by  the  equations  : 

C^H'Cr-'O  +  2KH0  =  2KC1  +  C^H^O^ 
and:  3Gm<'0^  —  4W0  -  C'H'oO^. 

Similar  products  are  obtained  by  the  action  of  potassium  sulphydrato  on  dichlor' 
acetone. 

"With  solid  potassium  cyanide  the  Unsymmetrical  dichloracetone  jnolds  a  product 
isomeric  with  that  which  is  obtained  from  the  symmetrical  modification  (Mulder,  BeiU. 
Chem.  Gcs.  Ber.  v.  1007). 

Dichloracetone,  heated  with  excess  of  water  to  200°  for  six  hours,  yields  a  large 
quantity  of  lactic  acid  (Linnemann  a.  v.  Zotta.,  A7in.  Ch.  Pharm.  clix.  247). 

Dichlorodihromacetone,  C^WC\.-'Bv''0,  is  formed,  together  with  the  compound 
C'H'BrCPO  (not  obtained  pure),  by  the  action  of  bromine  or  dichlorhydrin.  With 
water  cooled  nearly  to  0°  it  forms,  with  considerable  rise  of  temperature,  a  crystalline 
hydrate,  O'H^CFBr'O  +  4H-0,  which  may  be  purified  by  pressure  and  recrystallisation 
from  water  and  alcohol;  from  its  alcoholic  solution  it  is  separated  by  water  in  dazzling 
white  crystalline  scales,  or  sometimes  in  larger  crystals.  It  gives  off  its  water  of 
crystallisation  when  left  over  oil  of  vitriol,  or  when  fused ;  in  the  latter  case  two 
layers  of  liqiud  are  formed  at  49°-50'5°. 

Anhydrous  dichlorodibromacetone  is  a  colourless  heavy  liquid,  which  does  not 
solidify  at  10°,  gives  off  vapours  whicli  attack  the  eyes  strongly,  and  is  decom- 
posed by  distillation.  By  exposiwe  to  the  air  it  is  reconverted  into  the  hydrate.  It 
is  decomposed  by  water,  alcoliol,  and  alkalis,  with  formation  of  similar  products  of 
decomposition.  With  alcohol  at  160°  the  products  are — besides  chloride  and  bromide 
of  ethyl — formic  and  glycollic  acids,  together  with  traces  of  carbonic  acid,  acetic  acid, 
and  an  oily  chlorinated  body.  With  barium  hydrate,  formate  and  glycoUate  are 
obtained,  together  with  larger  quantities  of  carbonate  and  acetate.  Oxalic  acid  is  also 
formed,  especially  in  strong  solutions,  together  with  an  amorphous  substance  which 
interferes  with  the  crystallisation  of  the  giyccllate.  With  hydi-iodic  acid,  dichloro- 
dibromacetone appears  to  yield  dichlorhydrin  (Carius,  Z'ch^.  Chem.  Gcs.  Ber.  iii.  393; 
Zeitschr.  f.  Chem.  [2]  vi.  633). 
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When  diclilorodibromacctone  is  acted  upon  by  zinc  and  dilute  sulphuric  acid,  and 
heated  from  time  to  time  to  a  temperature  not  exceeding  40°,  a  slow  reaction  is  set 
up,  which  lasts  for  several  weeks,  the  product  consisting  of  acetone  and  a  brominated 
compound  (probably  isopropyl  bromide),  not  separable  by  distillation  (Lange,  Deztt, 
Chcm.  Ges.  Bcr.  vi.  98). 

Cyanogen-derivatives  of  Acetone.    (Ureeh,  Ann.  Gh.  Pharm.  clxiv.  255). 

1.  Acctone-cyanhydrin,  C^H'NO  =  C^ffO.CNH.— This  compound  is  formed 
by  direct  combination  when  dry  hydrogen  cyanide  is  passed  into  cooled  acetone,  and 
passes  over  for  the  most  part  at  120°,  when  the  product,  after  remaining  for  some 
time,  is  distilled' 

CO  +  HON  =  HO— C— CN 

CW  Cff 
Acctom-cyanhydrin  is  a  very  unstable  compound,  the  addition  of  silver  nitrate 
giving  rise  to  the  formation  of  silver  cyanide  and  the  liberation  of  acetone.  By 
allowing  a  portion  of  the  acetone  which  had  been  satiirated  with  hydrocyanic  acid  to 
remain  for  some  months,  heating  it  in  a  sealed  tube  to  100°,  and  allowing  the  more 
volatile  portions  to  evaporate  spontaneously,  a  yellow  syrup  was  obtained  which  yielded 
ammonia  and  acetonic  acid,  C^H^O^  when  boiled  with  a  dilute  mineral  acid; 
when,  however,  the  heating  in  a  scaled  tube  was  much  prolonged,  a  brown  mass  was 
obtained  which  no  longer  yielded  acetonic  acid.  The  action  of  alkalis  on  it  gave  rise 
to  ammonia,  together  with  a  small  quantity  of  a  substance  crystallising  from  water  in 
efflorescent  prisms. 

Acetonic  acid  is  more  readily  produced  by  the  action  of  nascent  hydrocyanic  acid 
on  acetone,  as  when  slightly  moist  potassium  is  covered  with  acetone,  and  hydro- 
chloric acid  is  added  in  excess  in  aqueous  solution,  or  passed  into  the  liquid  in  the 
state  of  gas.  On  exhausting  the  resulting  brown  mass  with  ether,  evaporating  the 
ethereal  solution,  dissolving  the  residue  in  water,  and  neutralising  with  zinc  carbonate, 
an  abundant  crop  of  zinc  acetonate  is  obtained  : 

Cff  CH^ 
i  I 
CO  +  KCN  +  2HCI  +  =  KCl  +  NH^Cl  +  HO— C— CO.OH 

I  I 
CH'  CH' 
Acetone.  Acetonic  Acid. 

"When,  however,  for  each  molecule  of  potassium  cyanide  present,  only  one  molecule 
of  hydrochloric  acid  is  added,  the  ethereal  solution  of  the  product  deposits  on  evapora- 
tion a  crystalline  substance  which  is  not  acid,  and  has  the  composition  C'H''''NO^. 
Cff  CH'  CH^ 

2    CO  +  KCN  +  HCl  =  KCl  +  HO— C— 0— C— CN 

I  I  I 

CH3  CH'  CH^ 

Diacetoiie-cyanhydrin,  the  product  thus  obtained,  is  easily  soluble  in  water,  alcohol, 
and  ether,  and  crystallises  from  these  solvents  in  thick  shining  anhydrous  prisms.  It 
melts  between  135°  and  152°,  and  sublimes  below  its  melting  point  in  long,  colourless 
needles.  It  is  decomposed  at  the  ordinary  temperature  by  hydrochloric  acid  into 
ammonium  chloride,  acetone,  and  acetonic  acid. 

CH'     CH^  CW  Q.W 

II  II 
HO— C— 0— C— CN  +  HCl  +  2H-0  =  NH^Cl  +  CO  +  HO— C— CO-OH 

II  II 
CH'     CH'  CH'  CH' 

Dlacetone-cyanhydrln.  Acci;one.     Acetonic  Acid, 

If  the  products  of  this  reaction  be  distilled,  a  distillate  is  obtained  consisting  princi- 
pally of  acetone  :  and  when  this  distillate  is  treated  with  quicklime  to  remove  free 
acid  and  water,  and  the  acetone  separated  by  distillation,  a  residue  is  left  containing  a 
body  which  crystallises  in  prisms,  and  contains  the  elements  of  calcium  chloride  with 
two  molecules  of  monacetonecyanhydrin,  CaCl-.2C^H'N0. 

An  attempt  to  form  this  substance  by  the  addition  of  calcium  chloride  to  the 
ethereal  solution  of  the  crude  product  obtained  by  the  action  of  hydrochloric  acid  on 
acetone  and  potassium  cyanide,  led  to  the  formation  of  a  compound  of  diacetonecyan- 
hydrin  and  calcium  chloride,  CaCP.C'H'^NO^  +  bWO,  which  separated  from  its 
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ethereal  solution  in  large  crystals.  When  dried  at  100°  it  contains  CaCP.C'H^NO' 
+  H^O. 

Acetono-cyanhydrin  is  regarded  by  Urech  as  analogous  to  Volkel's  hydrocyanate  of 
benzoyl  hydride,  C'H^O.CNH  (i.  670),  and  the  splitting  up  of  diacetone-cyanhydrin 
under  the  influence  of  hydrochloric  acid  is  analogous  to  that  of  amgydalin  when  sub- 
jected to  the  action  of  the  same  reagent, 

CH^Cl 

MoHochlofacdone-cyanhydrin,  HO— C — CN,  is  formed  by  gently  heating  monochloi'- 

acetone  -vvith  strong  hydrocyanic  acid  and  alcohol  for  24  hours,  and  remains,  on 
evaporation,  as  a  thin  oily  liquid,  which,  when  heated  with  hydrochloric  acid, 
yields  ammonium  chloride  and  monochloraeetonic  acid,  C[(CH2C1)(C0.0H)(0H)CH^)], 
ci-ystallising  in  prisms,  which  have  a  pure  sour  taste  (Bischoif). 

TetraMoro-diacetone-cijanhydrin,  C'E'CPNO-. — Bodies  having  this  composition 
are  obtained  by  the  action  of  potassium  cyanide  on  the  two  modifications  of  dichlor- 
acetone.  The  unsymmetrical  dichloracetono  treated  with  aqueous  potassium  cyanide 
yields  a  compound  crystallisable  from  water  ;  the  symmetrical  dichloracetono  treated 
in  the  same  manner  yields  only  a  brown  tarry  liquid,  which  quickly  turns  black ;  but 
an  ethereal  solution  of  this  dichloraeetone  treated  with  pulverised  potassium  cyanide 
yields  a  body  crystallisable  from  alcohol,  and  isomeric  with  that  which  is  obtained 
from  the  unsymmetrical  dichloracetono.  The  two  modifications  of  tetrachlora- 
diacetone-cyanhydrin  thus  obtained  are  represented  by  the  following  formula  : — 
From  symmetrical  dichloraeetone.  From  unsymmetrical  dichloraeetone, 

CH^Cl  CH-Cl  Off  CH^ 

HO-  —CN  HO— 0— 0— C— CN 

II  II 

CH=C1  CH^Cl  CffCl  CH'Cl 

each  being  formed  by  the  reaction : 

2C^H^CP0  +  KCN  +  H^O  =  KOH  +  C'H'Cl'NO^ 
(Glutz  a.  Fischer,  J.  pr.  C'kcm.  [2]  iv.  52). 

ACET0WE;-SUE.PH0BTIC  ACIH,  C^H'^SO^  =  C0|^22(S0'H)  (Bender, 
Zeitschr.f.  Chen.  [2]  vi.  162;  Bciit.  Chcm.  Ges.  Bcr.  h.  517).— An  acid  produced 
by  the  action  of  alkaline  sulphites  on  dichloraeetone.  When  1  mol.  dichloracotoue  is 
mixed  with  a  concentrated  solution  of  2  mol.  neutral  potassium  sulpliite,  the  liquid 
becomes  hot,  and  the  oily  layer  floating  on  the  top  quickly  disappears.  On  evapor- 
ating to  ch-yness  over  the  water-bath,  and  treating  the  residue  with  boiling  alcohol, 
potassium  acetone-sulphonate,  C^ff  KSO*,  dissolves,  while  neutral  potassium  sulphate 
remains  behind.    The  reaction  takes  place  by  two  stages,  thus  : 

C^H^Cl-0  -1-  K-SO^  +  H-0  =  C^H^CIO  +  HCl  +  K'SO* 
and  C^ffClO  +  IPSO'  =  KCl  +  C^H=KSO». 

The  dichloraeetone  used  in  this  reaction  was  probably  the  unsymmetrical  modification 
^^{cHCl-  symmetrical  dichloraeetone  COIq^oqJ^  would  rather  have 

yielded  acetone-disulphonic  acid. 

The  potassium  salt  separates  from  its  alcoholic  solution  on  cooling  in  white  lamina, 
very  soluble  in  water.  Decomposed  with  an  equivalent  quantity  of  dilute  sulphuric 
acid,  it  yields  acetone-sidphonic  acid,  which  may  be  extracted  with  alcohol  and  purified 
by  neutralising  it  with  lead  carbonate  and  decomposing  the  resulting  lead  salt  with 
hydrogen-sulphide :  it  then  forms  a  colourless  nncrystallisable  syrup.  The  barmm 
salt,  (CH^CO.CH-SO')-Ba  +  aq.,  crystallises  in  colourless  glistening  scales,  which  give 
off  part  of  their  water  over  sulphuric  acid,  the  whole  at  100^.  The  cuprio  salt, 
3(CH'.CO.CH2S03)=Cu  +  aq.,  forms  blue-green  scales,  very  soluble,  andha\-ing  an  acid 
reaction.  The  fcac^  (CH'.CO.CH=SO^)=Pb  +  aq.,  crystallises  in  colourless  scales, 
also  very  soluble,  and  having  an  acid  reaction ;  it  melts  at  140°  and  decomposes 
completely  at  170°.  _  ... 

When  a  dry  mixture  of  potassium  acetone-sulphonate  and  potassium  cyanide  is 
heated,  a  crystalline  body  sublimes,  which  is  insoluble  in  alcohol  and  ether,  but 
soluble  in  water.  This  body  is  a  cyanide,  CH»— CO— CH-— CN,  which  may  be  ex- 
pected to  yield  an  acid,  Cff— CO— CH-— COOH,  homologous  with  pyruvic  acid* 
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fOH 

ACBTOJTIC  ACID,  C^ffO'.oi.' C-^(CH')'  is  formed  by  the  action  of  nascent 
(COOH, 

liydroeyanic  acid  on  acetone,  by  the  spontaneous  decomposition  of  acetone-cyanhydrin, 
and  by  the  action  of  hydrochloric  acid  on  diacetone-cyanhydrin  (p.  16). 

CMoraccionic  Acid,  C^WCW  =  C-  qjj=C1      foi'™'^' '^S^ther  tvith  sal-ammoniac, 

coon, 

when  monochloracotono-cyanhydrin  is  heated  with  hydrochloric  acid  (p.  IC).  It 
crystallises  in  prisms,  which  have  a  sour  taste.  Its  sodium  salt,  obtained  by  saturation 
in  the  cold,  is  a  deliquescent  crystalline  mass.  The  ammonium  salt  crystallises  in 
prisms ;  the  lead  salt,  obtained  by  dissolving  recently  precipitated  load  carbonate  in  the 
aqueous  acid,  dries  up  in  a  vacuum  to  a  vitreous  mass  soluble  in  water  and  in  alcohol. 
The  ethylio  etiu  r  is  an  oily  liquifl,  having  a  faint  but  agreeable  odour,  decomposed  by 
distillation. 

The  chlorine  in  this  acid  may  be  replaced  by  cyanogen,  yielding  the  nitril  of  an 
acid  probably  isomeric  with  oxypyrotartaric  acid  (BischoflF,  Deut.  Chan.  Gcs.  Ber.  v. 
866). 

ACETOirnrE.  The  oxalate  of  this  base  is  best  prepared  by  treating  the  sulpho- 
carbonatc  {\st  Swppl.  29)  with  mercuric  chloride  (and  then  with  sulphuretted  hydrogen), 
wliereby  it  is  converted  into  the  hydrochloride,  and  decomposing  the  latter  with 
excess  of  silver  oxalate  or  lead  oxalate.  Ou  treating  the  product  with  boiling 
aljsolute  alcohol,  the  acetonine  oxalate  dissolves  and  separates  from  the  solution 
as  a  beautiful  silvery  crystalline  mass,  having  the  previously  determined  composi- 
tion C'-'II'^N^.C-'H-O''  +  '2H^0.  It  cannot  bo  prepared  by  the  action  of  oxalic  acid  on 
the  sulphocarbonate,  as  the  acetonine  is  thereby  completely  decomposed  (E.  Mulder, 
Zeiischr.f.  Chem.  [2]  v.  340). 

ACETOWITRH.    See  Cyanides,  Alcoholic. 

ACSTOKYL-UREA,  C^ffN=0=.  (Urech,  Ann.  Ch.  Pharm.  clxiv.  2G4).— When 
hyilroehbjric  acid  is  added  to  commercial  ijotassium  cyanide  (containing  cyanate), 
covered  with  a  layer  of  acetone,  and  the  liquid,  after  the  termination  of  the  reaction, 
is  poured  off  from  the  deposited  crystals  and  evaporated,  crystals  of  potassium  chloride 
are  left,  mixed  with  long  prisms,  which,  after  recrystallisation  from  ether,  and  subli- 
mation, have  the  composition  C^H^N-O-. 

This  compound  is  formed  by  the  conjunction  of  single  molecules  of  acetone,  hydro- 
cyanic acid,  and  cyanic  acid :  C^ffO  +  HON  +  HCNO  =  C'E-'N-O-,  and  may  be 
regarded  as  a  urea  having  two  hydrogen-atoms  replaced  by  the  acetonic  acid  residue 

CO.C<^^^   ,  that  is,  as  acetonyl-urea, 
I     I  ^CH^ 

H^C  CH' 


C  NH\ 

CO  — NH-^ 
or  as  a  dimethylated  derivative  of  hydantoin, 
CH— 

^^CO. 
CO  — NH'' 

Acelonyl-urea  is  easily  soluble  in  water,  alcohol,  and  ether,  and  separates  from 
those  solvents  in  largo  glistening  prisms.  It  has  .a  peculiar  bitterish  taste,  and  melts 
at  175°,  at  the  same  time  subliming  in  long  needles.  With  silver  nitrate  it  forms 
the  compound  C^H"N-0■-.AgNO^  which  crystallises  in  long  prisms,  easily  soluble  in 
water,  and  exploding  wlien  rapidly  heated. 

By  warming  a  solution  of  acetonyl-urea  with  silver  oxide,  a  white  powder  is  pro- 
duced, which,  when  purified  by  solution  in  ammonia  and  precipitation  by  acetic  acid, 
has  the  composition  of  argento-acetonylrurea,  C^H'AgN-'O^  When  acetonyl- 
urea  is  boiled  with  baryta-w.ater,  the  solution,  a:'ter  sopar.ition  of  the  excess  of  Ijaryt.i 
and  .acetonyl-urea,  yields  a  barium  salt  having  the  composition  (C'E'S'-'O-V-'Biil '  > H  ,-. 
or  that  of  the  barium  salt  of  an  acetonuramic  acid.  The  fro-,  .loiil  is  s-  '  u- 
stiible  that  when  it  is  liberated  by  sulphuric  acid,  and  the  solution  is  agitated  with 
ether,  the  ethereal  solution  yields  acetonyl-urea  on  evaporation, 
2nd  Sup.  C 


18 


ACETOPHENONE— ACETYL. 


Acetonyl-urea,  heated  with  hyclroehloric  acid  to  150°  160°,  splits  up  into  carbonic 
anhydride,  sal-ammonjac,  and  o-amido-isobutyric  acid— 

H'C    CH»  H'C  CH^ 

\/  v 

C  NH.  C— 

I  >C0  +  2HC1  +  2H=0=HC1  +  NH^C1  +  C02+  I 

CO  — NH-^  CO.OH. 

The  a-amido-isobutyric  acid  thus  obtained  exhibits  the  characteristic  properties  of  the 
glycocines.  Its  copper  salt,Cii(C''H^NO-)'^  forms  violet-blue  crystals,  easily  soluble  in 
water.    The  silver  salt,  AgC^H"NO=,  crystallises  in  silky  needles  soluble  in  water. 

By  evaporating  to  dryness  the  product  of  the  action  of  hydrochloric  acid  on  aceto- 
nyl-urea and  exhausting  the  residue  with  spirit,  a  hydrochloride  of  a-amido- 
isobutyric  acid,  C*il'N0-H01  +  H'^'O,  is  obtained.  It  crystallises  in  short,  colour- 
less prisms,  exhibits  a  strong  acid  reaction,  is  very  soluble  in  water,  moderately 
soluble  in  alcohol,  and  insoluble  in  ether.  When  its  solution  is  evaporated  with 
platinum  chloride,  crystalline  masses  are  deposited  corresponding  with  alanine 
platinocbloride.  Wlien  it  is  treated  -with  solution  of  potassium  nitrite,  acetonic  acid 
is  formed,  nitrogen  being  set  free  at  the  same  time. 

Synthesis  of  Acetonyl-urea  from  the  Prodiwts  of  its  Decomposition. — AVhen  an 
aqueous  solution  of  sulphate  of  alphamidoisobutyric  acid  is  evaporated  with  potassium 
eyanate,  a  residue  is  obtained,  which,  by  exhaustion  with  alcohol,  evaporation,  and 
treatment  with  sulphuric  acid,  yields  acetonyluramic  acid,  or  alpha-urami- 
doisobutyric  acid. 

v  \/ 

C  NH2  0  NH 

I  +HNCO     =        I  ^CO. 

CO— OH  CO.OH  NH2  / 

This  compound  is  moderately  soluble  in  hot  water  and  alcohol,  but  insoluble  in 
ether.  It  melts  and  gives  off  water  at  IGO'^.  Its  silver  salt,  C^H'AgN^O^  forms  tufts 
of  needles  slightly  soluble  in  water. 

Acetonyluramic  acid,  heated  for  a  long  time  to  130°-140°,  evolves  water  and 
yields  acetonyl-urea  : 

H^O    CH'  H^C  CH' 

\/  v 

C  NH-^  C  NH^ 

I  >C0    =   H^O   -h        I  >C0. 

COOH.NH^  ^  CO— NH  ^ 

ACETOPKSJO-OME.    Coj^jj^'.   Soo  Phentl-methyl  I£etone. 

See  Pipeeidine. 
ACETOSil^CCKAROSS.    See  Sugae. 
ACETOTOI.VIDE. 


AC£TOTOX>UZl>X»rE. 


See  ToLuiDiNE. 


ACETYl.  Acetyl  Chloride,  C^H^OCl,  is  one  of  the  products  of  the  action  of 
chlorine' on  aldehyde  (Wurtz,  p.  35). 

This  compound  is  not  decomposed,  or  but  very  slightly,  by  the  action  of  heat  alone  ; 
on  heating  it  in  scaled  tubes  for  a  long  time  to  nearly  30°  it  gave  only  a  trace  of 
hydrochloric  acid  and  a  brown  substance  (Berthelot,  Bull.  Soc.  Chim.  [2]  xvii.  391). 

Acetyl  chloride  heated  for  several  hours  with  excess  of  'phosphorus  fcntaohloride,  is 
converted  into  carbon  trichloride  or  hexchlorethane,  C'Cl"  (Hiibner  a,  Miiller,  Zeitschr. 
/.  Chem.  vi.  328). 

Bromacetyl  bromide,  C=H=Br0.Br,  treated  with  zinc-methyl,  yields  an  alcohol — 
probably  CH'^'O — which  boils  at  110°-112°  and  when  oxidised  with  chromic  acid 
mixture,  forms  acetic  acid  and  a  small  quantity  of  acetone  (Shdanow,  Deut.  Chem. 
Ges.  Ber.  Yi.  ilQ).  With  zinc-ethyl,  the  same  compound  yields  adecyl  alcohol, 
boilingat  155°-157°  (Auitow,  ibid.). 


ACETYLENE. 
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Tricltloracetyl  compounds. — The  chloride  C-CPO.Cl  is  easily  obtained  by 
the  action  of  phosphorus  trichloride  on  trichloracetic  acid;  after  rectification  it  boils 
regularly  at  118°.  Phospliorus  pentachloride  acts  in  a  similar  manner,  but  with  for- 
mation of  oxyehloride,  which  is  difficult  to  separate :  henco  it  is  better  to  use  tho 
trichloride.  Trichloracetyl  chloride  is  converted  by  water  into  trichloracetic  aud 
hydrochloric  acids  ;  by  alcohol  into  ethyl  trichloracetate. 

Trkhloracetyl  hromide,  C-CPO.Br,  is  obtained  in  like  manner  by  the  action  of  phos- 
phorus tribromide  on  trichloracetic  acid,  as  a  liquid  boiling  at  about  143°  ;  its  re- 
actions are  similar  to  those  of  the  chloride. 

Trichloracetyl  iodide  is  more  difficult  to  prepare.  Trichloracetic  acid  treated  with 
phosphorus  tri-iodide  yields  a  small  quantity  of  a  liquid  boiling  at  about  180°,  and 
decomposed  by  water  and  by  alcohol;  but  its  composition  has  not  been  satisfactorily 
made  out  (H.  Gal,  Comiri.  rend.  Ixxvi.  1019). 

ACETTriiEiri:.  C'^H-. — This  hydrocarbon  is  formed  by  heating  isethionic  acid 
witli  potassium  hydrate : 

C^ffO.SO'K  +  KHO  =  K-SO^  +  1W0  +  C^H^ 

(Bcrthelot,  Comiyt.  rend.  Ixix.  563). 

Acetylene  is  readily  oxidised  by  aqueous  chromic  acid,  yielding  acetic  acid  if  the 
solution  is  dilute,  formic  acid  and  carbonic  acid  if  it  is  concentrated  (Berthelot).  See 
Acetic  Aci-d  (p.  4). 

Acetylene  passed  together  with  i^hosgene-gas  through  a  red-hot  tube,  is  partly 
polymerised  to  benzene,  &c.,  but  does  not  yield  any  chlorinated  organic  compound 
(Berthelot,  Bidl.  Soc.  Chim.  [2]  xiii.  9). 

On  the  reaction  of  acetylene  with  aceio-hypochlorous  oxide,  see  page  11. 

On  the  constitution  of  acetylene,  see  Carstanjen  (/.  ^J?".  Chcm.  [2]  iv.  419;  Chcm. 
Soc.  J.  [2]  X.  231). 

Bromacctylene,  C-HBr,  is  given  off  abundantly  when  dibromethylone,  C-H'-Br^  is 
heated  with  alcoholic  potash  in  an  open  vessel  ;  but  if  the  reaction  takes  place  in  a 
sealed  tube,  the  bromine  alone  is  abstracted  and  acetylene  is  produced  (Fontaine, 
Compt.  rend.  Ixx.  1361).  Bromacetylene  is  like'w'ise  evolved  when  monobromethy- 
lene  bromide,  C'-'H^Br.Br-,  is  added  by  cbops  to  solid  sodium  ethylato  (Alexejeff, 
Zeitschr.f.  Chcm.  xi.  644). 

Bromacetylene  takes  fire  at  ordinary  temperatures  in  contact  with  tho  air,  but 
if  it  be  mixed  with  a  considerable  quantity  of  any  indifferent  gas;  it  merely 
becomes  strongly  heated  on  coming  in  contact  with  air,  and  forms  wliite  vapours  of 
bromacetic  acid  :  C-HBr  +  H-0  +  0  =  C-H^BrO-.  This  slow  oxidation  is  favoured  by 
sunshine,  and  does  not  take  place  in  the  dark  ;  it  is  accompanied  by  a  very  perceptible 
odour  of  ozone  (Fontaine,  Compt.  rend.  Lxx.  1361).  Bromacetic  acid  is  also  formed 
when  an  alcoholic  solution  of  bromacetylene  is  exposed  to  the  air  (Glocknor,  Ann.  Ch. 
Pharm.  Suppl.  vii.  197). 

Dihydrohromide  of  Acetylene,  C^H-.2HBr,  is  formed  by  the  prolonged  action  of 
hydrobromic  acid  on  acetylene.  It  has  tho  same  boiling  point  as  the  isomeric 
hydrobromide  of  bromethylene,  C-H^Br.HBr  (Keboul,  Compt.  rend.  Ixxiv.  944). 

Chlorides  of  Acetylene  (Berthelot  a.  Jungfleisch,  Ann.  Ch.  Phys,  [4]  xxvi, 
472).  Wlien  dry  acetylene  is  passed  into  antimony  pentachloride,  it  is  absorbed  with 
considerable  evolution  of  heat.  If  care  has  been  taken  to  prevent  the  temperature  from 
rising  too  high,  tlie  saturated  liquid  deposits,  on  cooling,  magnificent  plates  consisting 
of  a  compound  of  acetylene  and  antimony  perchloride,  C-H-SbCP.  This  compound  is 
immediately  decomposed  by  water,  and  when  it  is  heated  by  itself,  an  action  takes 
place,  resulting  in  tho  formation  of  antimony  trichloride  and  acetylene  dichloride: 

C'^H-SbCP  =  C-H=CP  +  SbCP. 

If,  however,  a  solution  of  the  crystals  in  antimony  pentachloride  be  heated,  a  more 
violent  action  takes  place,  giving  rise  to  the  formation  of  antimony  trichloride  and 
acetylene  tetrachloride : 

C^H^SbCP  +  SbCP  =  C^II^Cl'  +  2SbCP.  " 

In  practice  both  chlorides  are  produced  at  the  same  time,  by  heating  the  crude  com- 
pound C-H-SbCP  mixed  with  a  certain  proportion  of  antimony  pentachloride,  distilling, 
washing  -^vith  water,  and  separating  the  chlorides  by  fractionation. 

Acetylene  dichloride,  C-H'^Cl-,  is  a  colourless  limpid  liquid,  having  an  odour  like 
that  of  chloroform,  and  boiling  at  about  66°.  "Water  acts  slowly  on  it  at  180°,  with 
formation  of  hydrochloric  acid  and  condensed  products.  With  potassium  hydrate  it 
forms  acetic  acid,  and  when  heated  to  360^  in  a  sealed  tube,  it  is  entirely  resolved 
into  carbon  and  hydrochloric  acid. 
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Acetylene  tetrachloride,  C-H'''C1',  is  a  colourless  liquid,  smelling  and  tasting  like 
chloroform,  and  boiling  at  about  147°.  Water  at  180°  slowly  decomposes  it,  with 
formation  of  hydrochloric  acid.  Chlorine  converts  it  into  carbon  trichloride.  Alco- 
holic potash  converts  it  into  glycollic acid  :  C^H^Cl'  +  SH^O  =  4HC1  +  C-H'O^ ;  but  if 
the  action  be  carefully  regulated,  the  potash  simply  removes  a  molecule  of  HCl, 
leaving  chlor acetylene  dicMoride,  C-HCLCl-,  a  colourless  liquid  boiling  at  88°.  This 
last  reaction  also  take  places  when  the  tetrachloride  is  merely  heated  in  a  sealed  tube 
to  300°  for  fifteen  hoxu-s ;  and  if  the  action  bo  prolonged  and  the  temperature  raised 
to  360°,  another  molecule  of  HCl  is  removed;  the  product  actually  obtained  consists,  how- 
ever, not  of  the  residual  dichloracetene  C-C1-,  but  of  its  polymoride,  Jtdin's  carbon 
chloride,  or  hexchlorobenzene,  C^CP  ;  three  molecules  of  acetylene  tetrachloride  taking 
part  in  the  reaction:  3C^H-C1'  =  6HC1+ C"CP.  This  corresponds  with  the  formation 
of  benzene  by  polymerisation  of  acetylene,  and  explains  the  frequent  formula  of  Julin's 
chloride  in  the  destructive  distillation  of  chlorinated  organic  compounds. 

ACHXIiXiEA.  The  Iva  plant  (AcJiillea  mosehatci)  has  been  chemically  examined 
by  A.  V.  Planta-Eeichenau  (  Ann.  Cli.  Pharm.  civ.  146). 

Iva  oil. — The  herb  separated  from  the  root  yields,  by  distillation  with  steam,  a 
bluish-green  volatile  oil,  having  a  peculiar,  not  unpleasant  odour,  and  tasting  like 
pepperniint-oil.  On  distillation  it  begins  to  boil  at  170°;  the  greater  part  passes  over 
between  180°  and  210°  ;  a  very  small  quantity  of  yellow  liquid  between  21it°  and 
230° ;  a  brown  distillate,  smelling  like  wormwood,  between  230°  and  260°  ;  and  there 
remains  a  dark  brown  viscid,  no  longer  bitter  residue,  which  decomposes  when 
heated  above  200°,  is  not  soluble  in  absolute  alcohol,  even  when  heated,  but 
dissolves  partially  in  other  and  in  turpentine-oil,  leaving  a  carbonaceous  residue. 

Ivaol,  C'-H-^O,  or  C-^H^O-. — This  name  is  given  to  the  portion  of  the  distillate 
which  passes  over  between  170°  and  210°.  It  is  a  clear,  iaintly-yello'vvisli  liquid, 
having  an  extremely  fragrant,  strongly  ethereal  odour,  which  is  very  persistent,  and 
perceptible  a  long  way  off.  The  liquid  has  a  bitter,  heating  taste  like  that  of  pepper- 
mint-oil. Very  small  quantities  dissolved  in  alcohol  impart  to  that  liquid  the  same 
powerful  odour  and  agreeably  bitter  taste. 

The  fraction  of  the  original  oil  which  distils  between  230°  and  260°  has  nearly 
the  composition  of  ivaol.    The  resin  has  the  composition  C'^H-'O. 

Ivain,  C=*H-'^0'. — This  is  a  bitter  substance  contained  in  the  alcoholic  extract  of  the 
plant  previously  exhausted  with  water,  together  with  stearic  acid,  which  separates  on 
cooling  from  the  residue  left  after  distilling  off  the  alcohol.  To  prepare  ivain,  the 
dark  green  filtered  liquid  is  warmed  in  the  water-bath,  with  excess  of  alcoholic  solu- 
tion of  neutral  lead  acetate ;  the  resulting  precipitate  is  separated  by  filtration ;  the 
somewhat  concentrated  filtrate  is  freed  from  lead  by  sulphuretted  hydrogen,  and 
from  alcohol  by  evaporation  over  the  water-bath ;  the  residue  is  repeatedly  treated 
with  acetic  acid  (which  extracts  the  nitrogenous  principles  to  be  hereafter  mentioned) 
till  the  decanted  acid  remains  colourless  ;  then  repeatedly  washed  with  water  till  this 
liquid  also  runs  from  the  tap-funnel  colourless  and  no  longer  bitter,  and  the  oily 
unctuous  mass,  which  at  first  was  heavier  than  water,  floats  on  the  top  of  it ;  this 
mass  is  repeatedly  treated  with  absolute  alcohol,  and  evaporated  till  the  acetic  acid  is 
completely  removed  ;  and  the  alcoholic  solution  is  finaily  treated  with  animal  charcoal. 

Ivain  is  a  somewhat  dark-coloured  mass  of  the  consistence  of  turpentine,  which  does 
not  solidify  at  17°,  dissolves  in  alcohol,  but  not  in  water;  the  alcoholic  solutionis 
extremely  bitter.    Its  composition,  determined  by  analysis,  is  C^H'^O  ;  if  this  formula 
be  tripled,  the  compound  may  be  regarded  as  a  hydrate  of  ivaol : 
C24H^»02  +  H"0  =  C-*H«0^ 

Niiroffenoiis  principles  of  Iva. — The  aqueous  extract  of  the  plant  contains  two 
nitrogenous  bodies,  a chillein  and  moschatin.  To  prepare  them,  the  aqueous  ex- 
tract is  repeatedly  treated  with  absolute  alcohol,  as  long  as  that  liqidd  becomes 
coloured  and  acquires  a  bitter  taste.  The  great  bulk  of  the  aqueous  extract  consists 
of  a  gummy  light  brown  mass,  which  is  insoluble  in  absolute  alcohol,  and  becomes 
more  pulverulent  the  more  it  is  freed  from  achillein  and  moschatin.  The  brown  alcoholic 
solution  is  completely  freed  from  alcohol  by  distillation,  and  distilled  water  is  added 
to  the  residue  in  successive  portions  and  with  frequent  agitation.  The  liquid  becomes 
turbid  from  separation  of  moschatin,  which  at  first  redissolves  in  the  aqueous  solution 
of  achillein,  but,  on  further  addition  of  water,  separates  in  flocks,  wliich  must  be 
washed  with  water.  The  filtrate  contains  the  achillein,  also  a  little  moschatin,  and 
several  acids  not  yet  investigated ;  these  may  bo  removed  by  digestion  for  several 
days  in  the  cold  with  successive  portions  of  lead-hydrate.  The  filtrate,  freed  from 
lead  by  sulphuretted  hydrogen,  is  evaporated  in  the  water-bath  in  small  portions, 
and  with  brisk  stirring ;  the  residue  is  dissolved  in  absolute  alcohol,  to  remove  traces 
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of  a  gummy  substance;  tlio  solution  again  evaporated;  and  tlio  residue  redissolved  in 
■water  to  separate  the  moscliatin.  The  residue  obtained  after  anotlier  evaporation  is 
regarded  as  pure  acliilltin,  if  samples  of  the  brittle  mass  dissolve  completely  in  absolute 
alcohol  and  in  water. 

Achillciii  is  a  brittle,  glassy,  brown-red  substance,  whicli  melts  without  decompo- 
sition at  100°,  absorbs  moisture  very  quickly  from  the  air,  dissolves  readily,  with 
wine-yellow  colour,  in  water,  less  easily  in  absolute  alcohol,  and  is  insoluble  in  ether  ; 
it  has  an  alkaline  reaction,  a  peculiar  odour,  and  a  strongly  bitter  but  not  unpleasant 
taste.  AVhen  dried  at  100°  it  has  the  composition  C'-^H^N-O'*.  It  appears  to  bo 
identical  with  the  achillein  obtained  from  Achillea  millrfolium  by  Zanon  (i.  36),  who, 
however,  did  not  obtain  it  pure,  and  gave  no  analysis  of  it.  When  boiled  continuously 
with  strong  potash-solution  it  gives  olF  alkaline  vapours  having  a  peculiar  odour. 
Chlorine-water  decolorises  achillein  ;  tannic  acid  and  ferrous  sulphate  have  no  action 
upon  it.  Ammonia  dissolves  it,  and  the  solution,  if  exposed  to  the  air  till  it  no  longer 
smells  of  ammonia,  deposits  a  flocculent  mass  less  soluble  than  achillein  itself.  Achil- 
lein is  not  precipitated  by  neutral  or  by  basic  acetate  of  lead.  When  boiled  for 
several  days  with  dilute  sulphiu'ic  acid,  or  even  with  the  acids  which  accompany  it  in 
the  plant,  it  yields  achilletin,  C"H"NO',  which  separates  as  a  dark  brown  powder; 
also  sugar  ;  a  volatile  product  having  a  powerful  aromatic  odour ;  and  apparently  also 
ammonia.  Achilletin  is  insoluble  in  water,  very  slightly  soluble  in  alcohol ;  the  alco- 
holic solution  has  an  aromatic  odour,  hwt  does  not  taste  bitter. 

Moscliatin,  obtained  as  above,  maybe  purified  by  dissolving  it  in  absolute  alcohol, 
evaporating  to  dryness  in  the  water-bath,  warming  the  residue  with  water,  and  finally 
washing  it  with  cold  water  till  the  mass  can  bo  pulverised  under  water.  It  then  has 
the  composition  C^'H-'NO'.  It  melts  under  water  at  the  heat  of  the  water-bath,  and 
separates  again  in  the  pulverulent  fonn  on  cooling;  dissolves  more  easily  in  liquids 
containing  achillein.  It  is  somewhat  more  soluble  in  absolute  alcohol  than  achillein, 
and  has  a  more  aromatically  bitter  taste. 

The  ash  of  the  Iva  plant  contains,  as  constituents  soluble  in  water:  alkaline  car- 
bonates and  chlorides,  small  quantities  of  sulphuric  acid  and  lime,  and  traces  of  mag- 
nesia. The  portion  insoluble  in  water,  but  soluble  in  nitric  acid,  contains  large 
quantities  of  carbonic  acid  and  lime,  together  with  phosphoric  acid  and  a  little 
magnesia.    The  insoluble  residue  consists  of  silica  and  charcoal. 

ACXAMXSES.  (Anna  Wolkow.  Za"foc/»-. /.  Chem.  [2]  vi.  577;  vii.  422;  Dnd. 
Chcm.  Ges.  Bir.  v.  139;  Chem.  Soc.  J.  [2]  x.  147,  413).— This  term  is  applied  to 
certain  bodies  which,  though  formed  on  the  ammonia  type,  yet  possess  acid  characters, 
such  as  the  products  obtained  by  the  action  of  benzoyl  chloride  on  sulphotoluenamidc, 
sulphoxylenamide,  sulphocymenamide,  and  sulphonaphthalenamide. 

The  amides,  N(C'II'SO-)H",  produced  by  the  action  of  ammonia  on  para-  and  mcta- 
toluenesulphonic  acids,  are  not  decomposed  by  boiling  potash-ley  like  amides  in  gene- 
ral, but  yield  crystalline  compounds  in  which  one  hycbogen-atom  of  the  amide  is  replaced 
by  potassium.  These  metallic  derivatives  are  extremely  unstable,  being  decomposed  even 
by  carbonic  acid,  like  the  metallic  derivatives  of  the  alcohols  and  phenols,  their 
ammoniacal  hydrogen  not  having  acquired  acid  characters  under  the  influence  of  the 
acid  radicle  C'H'SO-.  But  by  treating  these  amides  with  the  chloride  of  an  acid 
radicle,  such  as  benzoyl  chloride,  products  are  obtained  having  an  acid  reaction,  and  dis- 
solving in  ammonia,  also  in  alkaline  carbonates,  with  evolution  of  carbonic  anhydride. 
Their  formation  may  be  illustrated  by  the  following  example  :— 


By  the  action  of  phosphorus  pentachlorido,  these  amides  are  transformed  into 
chlorinated  amides  by  substitution  of  CI  for  OH,  c.  g. : — 


fC'ffSO' 
1  W- 


+  C'H'OCl  =  nCU  N   C'ff 0 
i  H 


SulpbotoluenamiJe. 


Bcnzoyl-sulphotoUienamide. 


Benzoyl-sulpliotoluenamide.  Chlorobenzosulphotoluciiatriide. 


For  descriptions  of  the  individual  compounds,  see  Sulphotoluenamidc,  &c. 


ACZBS.  On  the  tliermal  effects  of  the  combination  of  acids  vnth.  bases,  see 
Heat. 
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ACOnrXC  acid,  C'H^O  '. — This  acid,  originally  obtained  by  Kekule,  by  the  action 
of  allcalis  on  dibromopyrotartaricacid: 

C^H^Br^O*  —  2HBr  =  C'R'0\ 

has  been  further  examined  by  F.  Meilly  {Beut.  Ckem.  Gcs.  Ber.  vi.  242).  It  is  vecy 
soluble  in  -water,  ether,  and  alcohol,  and  crystallises  from  the  alcoholic  solution  in 
foliate  groups  of  shining  needles,  melting  at  16-1°. 

From  the  mode  of  formation  of  aconic  acid,  it  might  be  expected  to  be  bibasic  ; 
but  the  constitution  of  its  salts,  M'C^H^O'  and  W{C^WO^y,  sliows  that  it  is  really 
monobasic,  like  its  homologue,  muconic  acid  ;  and  this  conclusion  is  confirmed  by  direct 
titration  of  the  acid  -with  caustic  soda. 

The  aconates  are  easily  prepared  by  digesting  the  corresponding  carbonates  -with 
aqueous  aconic  acid.  They  mostly  crystallise  well,  and  dissolve  very  easily  in  -water, 
excepting  the  silver  salt,  -vvhicli  is  but  sparingly  soluble  ;  a  solution  of  sodium  aconate 
is  not  precipitated  by  the  salts  of  the  earth-metals,  or  heavy  metals.  The  sodium  salt, 
NaC^H'O''  +  3aq.,  forms  shining  plates,  or,  by  slow  evaporation,  well-defined  crystals, 
■which  effloresce  over  oil  of  vitriol.  The  silver  salt,  Ag  C^ffO*,  crystallises  on  cooling 
from  a  hot  solution  in  small  shining  laminae.  The  barium  salt,  Ba(C*H'0^)-,  is  very 
soluble  in  -^vater,  is  precipitated  from  the  aqueous  solution  by  alcohol,  and  crystallises 
from  liot  alcohol  in  slender  needles.  It  shrinks  together  strongly  in  drying,  and  gives 
off  about  2,i  mol.  -water  at  150°.  The  copjier  salt,  Cu(C'^H^O*)'^ -i- 4aq.,  crystallises  in 
shining  blue  prisms,  -which  give  off  their  water  -with  diflBculty,  acquiring  at  the  same 
time  a  dirty  green  colour.  The  zinc  salt,  Zn(C^H'0'j^  + 8aq.,  crystallises  in  large 
measurable  crystals -with  strongly  shining  faces,  melts  below  100°  in  its  water  of 
crystallisation,  and  then  swells  up  strongly  in  drying.  Methyl  aconate,  CH^.C^H'O'', 
is  formed  by  treating  the  silver  salt -with  methyl  iodide,  the  action,  which  begins  in 
the  cold,  being  completed  by  heating  the  mixture  to  1 00°  in  a  sealed  tube.  The 
resulting  methyl  aconate  is  dissolved  out  by  ether,  and  crystallises  from  the  residue  of 
the  ethereal  solution  in  long  needles  melting  at  85°,  easily  soluble  in  ether,  mode- 
rately in  alcohol,  sparingly  in  water. 

Aconic  acid  boiled  for  some  hours  -with  baryta-water  is  resolved  into  formic  and 
succinic  acids,  -with  intermediate  formation  of  a  body  having  the  composition  of 
oxyitaconic  acid,  C^H^O^: 

and  C'H»0'  H-  H^O  =  CH^O^  +  Q'WO*. 

This  decomposition  of  aconic  acid  is  similar  to  that  of  its  homologue,  muconic  acid, 
under  the  same  circumstances  ;  the  latter,  when  boiled  -with  baryta-water,  being  con- 
verted into  succinic  and  acetic  acids. 

The  formation  of  aconic  acid  from  dibromo-pyrotartaric  acid,  its  monobasicity,  and 
its  decomposition  under  the  influence  of  baryta-water  may  perhaps  be  represented  as 
follows : 


CH=Br— CBr— COOH 

Lh^-cooh 

Dibromopyrotartaric  acid. 

A 

HC— C— CO 

Acomc  acid. 

HOHC— C— COOH 

H^C— COOH 
Oxyitaconic  acid. 


Hcz:c- 

H^C— COOH 

Aconic  acid. 


-CO 


+    H^O  = 


ffO 


HOHC-C— COOH 

H^C— COOH 
O.xjitaconio  acid. 


H^C— COOH 

ni-cooH 

Succinic  acid, 


COOH 

Formic 
acid. 

The  constitutional  formula  here  assigned  to  aconic  acid  represents  it,  on  the  one 
hand,  as  a  monobasic  acid  ;  on  the  other,  as  an  anhydride  analogous  to  lactide.  A 
similar  constitution  has  been  assigned  by  Delbriick  to  muconic  acid  (j.y.) 

ACOSrSTB  AXiKAXiOlDS.— 1.  Aconiiinc —Thia  name  appears  to  hdve 
been  hitherto  applied  to  several  substances  differing  in  their  physical  properties  and 
physiological  action,  .  SchxoS  {Schwei:s:.  Pharm.  Wochenschrift,  1865,  205  and  213)  dis- 
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tinguished  an  acrid  and  a  narcotic  principle  in  aconites,  tlie  former  existing,  with 
little  or  none  of  the  latter,  in  the  Aconitum  fcrox  of  Nepal,  ■whereas  all  the  European 
aconites  contain  more  or  less  of  the  narcotic  principle,  the  acrid  principle  being,  how- 
ever, greatly  predominant  in  Aconitum  Napellus.  The  narcotic  principle  of  aconite 
has  been  shown  by  T.  and  H.  Smith  to  be  identical  with  narcotine  (formerly  called 
Acondliiie  (see  1st  Siqyjjl.  p.  64).  But  even  the  acrid  alkaloid,  the  aconitine,  does 
not  appear  to  be  always  the  same  when  obtained  from  different  sources.  According 
to  Schroff,  from  8  to  10  milligrams  of  English  aconitine  (said  to  have  been  prepared 
by  Morson  from  AconiUi7ii  fa-ox)  killed  a  rabbit  in  six  minutes,  whereas  400  milli- 
grams of  a  German  aconitine  had  previously  been  given  to  the  same  rabbit  without 
killing  it,  and  with  production  of  different  morbid  symptoms. 

According  to  Hubschmann  {Arch.  Pliarm.  cxxxv.  266),  Swiss  aconitine  (prepared 
by  Geiger's  process,  in  the  same  way  as  atropine  from  belladonna  root,  i.  474)  is  a 
white  amorphous,  somewhat  coarse-grained  powder,  which  does  not  adhere  to  paper, 
and  has  a  strongly  bitter,  but  scarcely  burning  taste.  It  becomes  soft  and  plastic  in 
boiling  water,  and  hardens  to  a  brittle  substance  on  cooling ;  dissolves  in  2  parts  of 
other,  2'6  of  chloroform,  and  4"25  of  alcohol,  these  solvei\ts  leaving  it  on  evaporation 
as  an  amorphous  mass  having  a  vitreous  lustre.  Cold  benzene  unites  it  into  resinous 
drops  and  slowly  dissolves  it;  on  heating  the  liquid,  it  dissolves  quickly,  and  does  not 
separate  on  cooling.  English  aconitine,  on  the  other  hand,  is  a  fine  dirty  white 
powder,  which  adheres  very  strongly  to  paper,  and  has  a  burning,  but  not  bitter  taste. 
When  immersed  in  boiling  water,  it  remains  pulverulent  and  does  not  melt.  It 
requires  for  solution  more  than  109  parts  of  boiling  ether,  which,  moreover,  leaves  a 
Viri3wn  siibstuncc  undissolved  :  the  solution  deposits  small  white  crj-stals.  One  part  of 
this  aconitine  dissolves  in  230  parts  of  chloroform  and  20  parts  of  boiling  alcohol, 
from  which  solution  it  likewise  crystallises.  Cold  benzene  colours  it  dark  and  leaves 
it  in  the  state  of  powder  ;  on  heating  the  liqiiid,  the  aconitine  dissolves  and  separates 
on  cooling,  partly  in  crystals,  partly  in  the  state  of  powder. 

The  term  '  crystallised  aconitine '  is  applied  by  Duqucsnol  (CoJiqH.  rend.  Ixxiii. 
207)  to  the  active  principle  of  Aconitum  Napclhis,  prepared  as  follows  : — 

Selected  roots  are  pulverised  and  mixed  with  ^l^th  part  of  tartaric  acid,  and  the 
whole  is  exhausted  with  strong  alcohol ;  the  extract  obtained  is  distilled  out  of  contact 
with  air,  and  at  a  temperature  not  exceeding  60°  ;  and  the  residue  is  taken  up  with 
water  to  separate  fatty  and  resinous  bodies.  The  aqueous  solution  of  impure  aconi- 
tine tartrate  thus  obtained  is  treated  with  ether  to  remove  colouring  matters,, 
precipitated  by  an  alkaline  bicarbonate,  and  again  treated  with  ether,  which  dissolves 
the  alkaloid ;  from  this  solution  the  base  is  obtained  in  crystals  by  evaporation,  after  ad- 
dition of  light  petroleum  oil,  the  crysfcils  being  colourless,  rhombic  or  hexagonal  tables. 

Neither  the  alkaloid  nor  its  salts  with  mineral  acids  are  affected  by  a  temperature 
of  100°  or  lower,  either  in  the  dry  state  or  in  contact  with  water;  but  at  100°,  in 
contact  with  air  and  its  own  peculiar  extractive  liquor,  it  partly  or  wholly  disappears. 
It  is  almost  insoluble  in  wator,  but  readily  soluble  in  dilute  acids,  oven  in  carbonic 
acid  solution ;  it  is  not  volatile  at  100°,  but  at  130°  it  begins  to  decompose,  and, 
apparently,  to  volatilise.  It  is  soluble  in  ether,  alcohol,  benzene,  and  especially  in 
chloroform  ;  insoluble  in  glycerin  and  petroleum  oils,  both  light  and  heavy.  It  rotates 
the  plane  of  polarisation  to  the  left,  and  is  amorphous  when  obtained  by  precipitation 
of  its  salts  by  alkalis  ;  in  this  condition  it  contains  water  of  hydration, 'which  is  lost 
at  100°,  without  change  of  appearance  ;  it  has  a  feeble  alkaline  reaction. 

Duquesnel  finds  in  aconitine,  prepared  as  above,  60'21  p.c.  carbon,  7  "44  hydrogen, 
2-61  nitrogen,  and  2974  oxj-gen ;  whence  he  deduces  the  improbable  formula 
C-'E'^'NO"'.*  Ho  regards  it  as  aglucoside,  and  considers  that  this  view  explains  tho 
spontaneous  deterioration  of  various  pharmaceutical  preparations  of  aconite  on  keeping. 

From  experiments  by  Greliant  and  Duquesnel  {Compf.  rend.  Ixxiii.  209 ;  Clum. 
Soc.  J.  [2]  ix.  948),  it  appears  that  small  doses  of  aconitine  subcutanoously  injected 
are  analogous  in  their  physiological  effects  to  curarinc,  destroying  the  motor  power  of 
nerves. 

2.  Napclline. — This  is  an  alkaloid  obtained  by  Hiibsehmann  (N.  Eeport,  PJiarm, 
vi.  421)  from  crude  aconitine.  The  crude  base  is  treated  with  the  smallest  quantity  of 
ether  that  will  suf&ce  to  dissolve  out  the  aconitine  ;  the  filtered  solution  is  precipitated 
with  neutral  lead  acetate  ;  excess  of  lead  is  thrown  down  by  hydrogen  sulphide  ;  and 
tho  filtrate  is  evaporated  to  dryness  with  addition  of  potassium  carbonate.  The 
residue  is  then  exhausted  with  absolute  alcohol,  and  the  alcoholic  solution  is 
decolorised  with  animal  charcoal  and  evaporated  to  dryness.'*  Napelline  thus  obtained 
is  a  white  electric  powder,  having  a  bitter,  afterwards  burning  taste,  and  an  alkaline 

*  According  to  v.  Plaiita's  analysis,  aconitine  contains  G7'07  C,  8-70  H.,  3-42  N.  and  lS-82  0.,  lead- 
ing to  the  generally  received  formula  C"'H'"NO'  (i.  eS). 
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reaction.  It  evolves  nitrogenous  vapours  when  burnt;  neutralises  acids  completely ; 
dissolves  in  water  more  easily  than  aconitine  ;  and  is  therefore  not  precipitated  from 
dilute  solution  by  ammonia.  It  also  dissolves  more  easily  than  aconitine  in  weak 
spirit,  but  loss  easily  in  other. 

3.  Acolyctinc  and  Lycoctonine. — These  alkaloids,  first  obtained  by  Hiibsch- 
mann  from  the  root  of  wolfsbane  {Aconituvi  Li/coctonwm,  1st  Suppl.  65,  793),  have 
been  further  examined  by  SchroiF  (N.  Report.  Pharm.  xx.  611,  705),  whose  description 
of  acolyctine  agrees  with  that  given  by  Hiibschmann.  Lycoctonine  crystallises, 
according  to  Schroff,  in  white  prisms  and  needles,  having  an  intensely  bitter  taste, 
soluble  m  alcohol,  chloroform,  ether,  benzene,  amylic  alcohol,  petroleum  spirit,  oil  of 
almonds,  and  oil  of  turpentine ;  only  sparingly  soluble  in  water  (1  part  in  800  at  1 7°) ; 
its  aqueous  solution  gives,  with  bromine-water,  a  yellow  precipitate  of  microscopic 
needles,  and  with  potassio-mercuric  iodide,  a  thick  precipitate  becoming  crystalline  on 
standing. 

From  a  large  number  of  physiological  experiments  made  on  men,  rabbits,  and  frogs, 
it  appears  that  the  action  of  acolyctine  and  of  lycoctonine  is  analogous  to  that  of 
aconitine,  and  about  one-third  as  energetic  as  that  of  napelline. 

On  the  Alkaloids  of  Aconite,  see  ajso  Fliickiger,  Arch.  Pharm.  [2]  cxli.  196;  Jahrcsb. 
1870,  836. 

ACOBUS  OISi.    See  Oils,  Volathe. 

ACBIDms,  C'^H'N  (Graobo  a.  Caro,  Ann.  Ch.  Pharm.  elviii.  265).— A  basic 
substance  obtained  from  crude  anthracene.  When  the  semi-solid  portion  of  coal- 
naphtha,  which  boils  between  300^  and  360°,  is  treated  with  dilute  sulphuric  acid,  and 
the  acid  solution  is  precipitated  with  potassium  dichromate,  a  dirty  brown  precipitate 
is  obtained  which  dissolves  on  repeated  treatment  ■with  boiling  water ;  and  the  result- 
ing solution,  after  filtration  and  cooling,  yields  orange-yellow  crystals  of  acridina 
cbromate.  Those,  when  freed  from  mother-liquor  by  washing,  and  heated  with 
ammonia,  yield  the  free  base,  which  may  be  purified  by  converting  it  into  hydrochloride, 
recrystallising,  and  again  precipitating  -with  ammonia. 

Acridine  crystallises  in  small,  brownish-yellow,  transparent,  four-sided  rectangular 
prisms  of  the  rhombic  system,  often  having  their  edges  only  narrowly  truncated  by 
the  vertical  prisms  ooP,  and  terminated  by  obtuso  domes.  This  combination  (fig.  1) 
is  represented  by  the  formula  coP  oo,  oo    oo.  f  co.  <»  P. 

Pig.  1. 
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■.h:c 

=  0'6556  :  1 
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=  113°30' 
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=  143°0' 
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108°30' 
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6  =  00  P  c 
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Acridine  melts  at  107°,  distils  without  alteration  at  a  temperature  above  360'^, 
and  sublimes  even  below  its  melting  point  in  large  broad  needles.  Its  vapour-density 
is  by  experiment  6-10,  agreeing  nearly  with  that  required  by  the  formula  C'^ffN: 
12  .  12  +  9  .1  +  14    ^  .0.0693  =  S  So  (Graebe,  Deut.  Chem.  Gcs.  Ber.  v.  15).    It  is 


almost  insoluble  in  cold,  and  but  slightly  soluble  in  boiling  water ;  but  ■ 
readily  in  alcohol,  ether,  carbon  bisulphide,  and  hydrocarbons.    The  dilute  solutions 
show  a  beautiful  blue  colour  by  reflected  light. 

Acridine  exerts  a  slight  but  distinct  alkaline  reaction  on  litmus.  When  inhaled, 
either  in  dust  or  in  vapour,  it  causes  sneezing,  and,  in  a  large  quantity,  coughing ; 
the  irritating  action  of  the  higher  fractions  of  coal  naphtha  is  probably  attributable 
to  acridine.  It  is  exceedingly  stable,  not  being  altered  by  potassium  hydrate,  whether 
melted  in  an  open  vessel  or  heated  to  280°  with  a  small  quantity  of  water,  o  by  concen- 
trated hydrochloric  acid  at  the  same  temperature.  It  may  bo  distilled  unaltered, 
»  Kraut  (Gmelin's  Ilanciliook,  xvii.  177)  asks, '  What  becomes  of  the  potassium  acetate  f 
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over  either  ignited  zinc  or  soda-lime.  It  is  equally  tmaffected  by  oxidising  agents ; 
readily  attacked  by  sodium-amalgara.  Potassium  dichromato  and  sulphuric  acid 
convert  it  into  a  brownish-red  substance,  which  does  not  yield  any  crystalline  body. 
Ethyl  iodide  simply  adds  itself  on  to  acridine,  but  without  effecting  a  substitution. 

The  salts  of  acridine  crystallise  readily,  but  are  not  yery  stable,  splitting  up  partially 
or  wholly  when  boiled -nith water;  thus  the  acetate  is  completely  decomposed  when  its 
aqueous  solution  is  evaporated,  and  even  the  sulphate  and  hydrochloride  are  partially 
decomposed  on  boiling. 

Acridine  does  not  form  a  carbonate,  and  may  be  precipitated  in  the  free  state  from 
solutions  of  its  salts  by  sodium  carbonate.  There  appear  to  be  two  series  of  salts,  all 
of  which  are  yellow.  The  composition  of  some  of  these  salts,  and  that  of  hydroacri- 
dino  {inf  ra)  might  lead  to  the  conclusion  that  the  true  formula  of  acridine  is  C'-^H'^N^, 
but  the  vapour-density  shows  that  it  is  C'-H''N. 

The  %(^?-ocWo?-2c;?f,  C'-H"N.HC1  +  H-0,  is  formed  by  direct  combination  of  acridine 
with  hydrochloric  acid,  tlio  latter  being  in  excess,  and  crystallises  from  water  on  cool- 
ing in  brownish-yellow  prismatic  crystals,  often  several  inches  long.  It  must  be 
washed  with  dilute  hydrochloric  acid,  as  it  readily  gives  up  hydrochloric  acid  to 
water.  It  effloresces  over  sulphuric  acid,  and  at  the  same  time  its  lirown-yellow 
colour  becomes  pure  yellow ;  the  effloresced  salt  still  contains  two  molecules  of  water, 
from  which  it  cannot  be  freed  without  loss  of  hydrochloric  acid.  It  also  loses  acid  by 
long  standing  in  the  exsiccator.  It  is  readily  soluble  in  water,  but  more  easily  in  hot 
than  in  cold ;  its  solubility  is  decreased  by  the  presence  of  hydrochloric  acid.  In 
alcohol  it  dissolves  but  sparingly. 

Iho  ■fdatinochloridc,  2(C'-H'-'N.HCl).PtCP,  is  precipitated  from  a  solution  of  acridine 
in  excess  of  liydrochloric  acid  by  platinic  chloride,  as  a  yellow  crystalline  precipitate 
consisting  of  microscopic  needles.  It  is  scarcely  soluble  in  water,  and  is  gradually 
decomposed  by  boiling  with  water.  The  aurocMoride,  C'^H'N.HCl.AuCP,  is  prepared 
in  a  similar  manner.  The  mcrcurochloride,  2(C'^H''N.HUl).IIgCl-,  is  a  yellow  crystal- 
lino  precipitate. 

Acridine  periodide,  2(C'^H'°N.HI).P,  is  obtained  as  a  brownish-red  crysfcilline  preci- 
pitate by  adding  an  alcoholic  solution  of  iodine  to  a  solution  of  acridine  hydriodide, 
and  may  be  purified  by  repeated  rocrystallisation  from  hot  alcohol.  It  forms  brownish- 
red  tables,  which,  by  slow  crystallisation,  may  bo  obtained  very  large,  and  then 
appear  almost  black.  In  powder  it  appears  light  brownish-rod.  It  is  easily  soluble 
in  hot  alcohol,  less  so  in  cold.  Water  precipitates  it  from  its  alcoholic  solution  as  a 
brown  crystalline  precipitate  ;  the  precipitate  is  slowly  decomposed  by  boiling  with 
water,  iodine  being  liberated  and  acridine  hydriodide  passing  into  solution.  The 
same  decomposition  is  produced  by  treating  the  finely-powdered  salt  with  a  solu- 
tion of  sulphurous  acid.    A  compound  containing  even  more  iodine  appears  to  exist. 

By  heating  acridine  "vvith  ethyl  iodide,  two  compounds  are  obtained,  which,  however, 
are  difficult  to  purify,  and  have  not  yet  been  acciu-ately  examined. 

The  nitrate  is  readily  soluble  in  water,  and  crystallises  in  yellow  needles. 

sulphate,  2C'-H''N.II-'S0'-t-Il-0,  precipitated  from  a  boiling  solution  of  acridine 
in  dilute  sulphuric  acid  on  cooling  (the  sulphuric  acid  not  being  in  great  excess), 
forms  golden-yellow  needles  ;  by  slow  crystallisation  it  is  obtained  in  tolerably  large 
prismatic  crystals  ;  they  effloresce  over  sulphuric  acid,  but  still  retain  one  molecule  of 
water  of  crystallisation,  which  is  not  given  up  till  the  temperature  is  raised  to  90°  or 
100°,  and  then  acridine  sublimes.  This  salt  is  readily  soluble  in  hot  water,  less  so 
in  cold,  and  very  little  soluble  in  alcohol.  The  ami  sriJphate,  '1C'-H°N.3H'-'S0^,  is 
precipitated  by  alcohol  from  a  strong  sulpihuric  acid  solution  of  the  base,  in  tlie  form 
of  yellow  needles.  It  is  readily  soluble  in  water,  and  difficultly  in  alcohol ;  by  re- 
crystallisation  from  water  it  is  converted  into  the  neutral  salt. 

The  acid  chro-mate,  C'^H''N.II=CrO^  is  the  compound  employed  in  obtaining  acri- 
dine ;  its  preparation  has  been  already  described.  It  is  soluble  in  a  large  volanie  of 
boiling  water,  but  nearly  insoluble  in  cold  water.  By  recrystallisatiou  from  water 
which  does  not  contain  an  excess  of  potassium  dichromate,  a  chromous  compound 
is  obtained.  If  the  dry  salt  bo  heated,  the  base  volatilises  unaltered,  leaving  chromic 
oxide. 

Uitro-aerldines.  Acridine  warmed  with  nitric  acid  of  sp.  gr.  about  l-4u,  is 
readily  at  lacki  d,  yielding,  according  to  circumstances,  mono-  or  di -substitution  products, 
generally  1  lotli  together.  These  compounds  are  readily  separated,  as  tetranitro-acridine 
does  not  unite  witli  acids.  On  diluting  with  water,  the  dinitrated  compound  separates 
as  an  orange-red  precipitate,  while  the  mononitro-compounds,  of  which  there  are  two, 
remain  in  solution  ;  the  last-mentioned  bodies  may  bo  precipitated  by  ammonia,  and 
separated  by  rocrystallisation  from  alcohol. 

a-Nitroacridinc,  C'-iI"(NO=)N,  which  is  the  loss  soluble  of  the  two,  crystallises 
from  alcohol  in  golden-yellow  plates,  resembling  chloranil ;  it  melts  at  214°  and  may 


26 


ACROLEIN— ACRYLIC  ACID. 


he  sublimed  unaltered  in  plates.  It  is  insoluble  in  water,  slightly  soluble  in  cold 
alcohol,  rather  more  so  in  boiling  alcohol,  slightly  in  ether,  and  with  moderate  facility 
in  chloroform.  It  forms  salts  with  acids,  which  resemble  the  acridine  salts,  but  in 
dilute  solution  they  do  not  exhibit  the  beautiful  blue  fluorescence.  The  sulphate 
separates  from  a  hot  aqueous  solution  in  golden-yellow  crystals  either  acicular  or 
prismatic ;  it  is  readily  soluble  in  hot  'water,  less  so  in  cold  water.  The  hydro- 
chloride forms  yellow  prismatic  crystals,  easily  soluble  in  water.  The  hydriodide 
is  similar  to  the  hydrochloride,  and,  like  acridine  hydriodide,  forms  a  hyperiodide. 

fi-Nitroacridine  crystallises  in  hard  plates  or  tables,  frequently  in  warty  masses, 
especially  when  not  quite  pure.  In  hot  alcohol  it  is  readily  soluble  ;  less  so  in  cold 
alcohol,  and  insoluble  in  water.  It  melts  at  154°.  With  acids  it  forms  salts  which 
resemble  those  of  the  preceding  body. 

Dinitroacridine,  C'-H'(NO-)^N,  obtained  as  above  described,  or  in  greater  quantity 
by  heating  acridine  with  a  mixture  of  sulphuric  and  nitric  acids  for  some  hours  in  the 
water-bath,  and  is  precipitated  on  diluting  the  acid  liquid  with  water.  After  washing 
with  hot  water,  and  recrystallisation  from  glacial  acetic  acid,  it  is  obtained  in  reddish- 
yellow  tables.  In  alcohol,  ether,  and  benzene,  it  dissolves  with  difficulty,  more  easily 
in  boiling  glacial  acetic  acid. 

Hydroacridine,  C-^H'°N^,  is  formed  by  the  action  of  sodium-amalgam  on  an 
aqueous  or  alcoholic  solution  of  acridine,  and  may  be  piu-ified  from  acridine  by  treat- 
ment with  acid  and  solution  in  alcohol,  the  latter  dissolving  the  hydroacridine,  and 
leaving  a  white  body,  called  '  insoluble  hydroacridine.'  Hydroacridine  crystallises  in 
colourless  prisms,  slightly  soluble  in  cold  alcohol,  easily  in  hot  alcohol  and  ether,  but 
insoluble  in  water.  It  melts  at  169°,  and  may  be  sublimed  in  prismatic  crystals  ; 
when  fiu'ther  heated  it  distils,  but  not  without  decomposition.  It  is  not  attacked  by 
dilute  acids,  dissolves  in  cold  concentrated  sulphuric  acid,  and  is  precipitated  un- 
altered on  the  addition  of  water.  If  the  sulphuric  acid  solution  be  heated  to  100° 
and  then  diluted,  no  precipitation  takes  place,  but  a  yellow  sohition  is  formed,  from 
which  ammonia  precipitates  acridine.  When  it  is  oxidised  with  dilute  solution  of 
potassium  dichromate  and  sulphuric  acid,  acridine  chromate  is  precipitated,  and 
chromium  sulphate  remains  in  solution.  Sodium-amalgam  converts  the  boiling  alco- 
holic solution  of  hydroacridine  for  the  most  part  into  the  above-mentioned  insoluble 
hydi'oacridine.  Hydroacridine  treated  with  concentrated  hydriodic  acid  yields  a  salt 
of  acridine  and  a  second  base,  which  is  either  fluid  or  has  a  low  melting  point. 

Insoluble  hydroacridine,  C-''H-'''N-(?)  does  not  dissolve  in  alcohol,  ether,  benzene, 
carbon  bisulphide,  or  chloroform ;  it  is  slowly  dissolved  by  boiling  nitrobenzene, 
but  is,  at  the  same  time,  converted  into  acridine.  It  dissolves  in  concentrated  sul- 
phuric acid  when  gently  warmed,  but  is,  at  the  same  time,  oxidised  to  acridine. 
AVhen  heated  it  sublimes,  but  the  sublimate  is  soluble  in  alcohol,  and  consists  of  a 
mixture  of  acridine  and  hydroacridine. 

ACSOljEIW.  C^H'O. — Acrylic  aldehyde.  According  to  Glaus  (Dewi.  Chem.  Ges. 
Bcr.  iii.  404),  the  product  obtained  by  the  action  of  zinc  and  sulphuric  acid  on  acrolein 
consists  mainly  of  allj'l  alcohol,  C^H^O  (compare  Linnemann,  Ist  Suppl.  55).  By 
sodium-amalgam,  acrolein  is  almost  wholly  converted  into  the  polymeric  compound, 
hexacroleic  acid,  C>»ff<0=  (iii.  151). 

Acrolein  absorbs  cyanic  acid  with  avidity,  and  on  treating  the  product  with  hydro- 
chloric acid  and  leaving  it  to  cool,  the  trigenic  acid  of  the  allyl  series,  C^H'N'O-, 
separates  in  coloiuiess  needles,  which  dissolve,  with  some  difficulty,  in  water : 
C^H'O  +  3CNH0  =  CO^  +  C'WWO^ 

(Melms,  Zci/echr.  /.  Chem.  [2]  vii.  27). 

When  hydrogen  sulphide  is  passed  into  tlio  acid  distillate  obtained  by  heating 
glycerin  with  potassium  sulphate,  a  pale  yellow  oil  separates,  which  coagulates  to  a 
resinous  mass  on  treatment  with  hydrochloric  acid.  It  gave  by  analysis  40-4  p.  c. 
carbon,  675  hydrogen,  and  23'55  sulphirr,  numbers  which  do  not  lead  to  any  simple 
formula  (E.  Mulder,  Zeitschr.f.  Chem.  v.  69). 

The  basic  product  which  Glaus  obtained  by  distillation  of  acrolein-ammonia 
{\st  Suppl.  66),  appears,  from  further  investigation,  to  have  been  a  mixture  of  picoline, 
CH'N  (obtained  by  Baeyer,  \st  Suppl.  944),  and  a  base,  decomposed  by  distillation, 
which  is  either  isomeric  with  acrolein-ammonia,  or  intermediate  between  that 
compound  and  picoline  {Ann.  Ch.  Pharm.  clviii.  222  ;  Chem.  Soc.  J.  [2]  ix.  637). 

ACR-srXilC  ACID.  G3H<02  =  GH=IZGH—GO'-H.— This  acid  is  formed:  1.  By 
heating  1  mol.  a-iodopropionic  acid  with  2  mol.  potassium  othylato  in  a  flask  placed  in 
a  water-bath  and  provided  with  an  upright  condenser : 

CH^— CHI— CO=H  -1-  KG^H^O  =  KI  +  Cm^O  +  GH-r:CH— GO'^H 


(von  Scimeidel  a.  Erlenmeyer,  Detif,  Chem,  Gcs.  Bcr,  iii.  339). 
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2.  By  heating  /B-iodopropionic  acid  -with  lead-oxido  : 

2(CffI— CH'^— CO=H)  +  PbO  =  PbP  +  H=0  +  2(CH==CH-C02H). 
On  tlie  otlior  li.ind,  acrylic  acid  is  completely  converted  into  j9-iodopropionic  acid 
by  heating  it  for  thrco  hours  to  100°  with  concentrated  hydriodic  acid  (Wislicenus, 
A»7i.  Ch.  Pharm.  clxvi). 

3.  Together  with  normal  propyl  alcohol  and  other  products,  by  heating  allyl 
alcohol  with  potassium  hydrate  (Tollens,  Zcitschr.f.  Chcm.  [2]  vi.  467)- 

4.  By  oxidising  the  dibromide  of  allyl  alcohol,  C^H'Br'O,  with  chromic  or  nitric  acid, 
whereby  it  is  conrertod  into  dibromopropionic  acid,  C'H*Br-0-,  and  debromiuating 
this  body  with  zinc-dust  (Tollens,  ibid.  vii.  305) : 

CH-Br  CH-' 

I  II 
CHBr     —    Br2    =  CH 

I  I 
COOH  COOH. 

Pure  acrylic  acid  prepared  from  the  lead-salt  has  a  peculiar  pungent  cdoui',  and 
boils  at  140°-150°.  On  cooling  it  to  15°,  half  of  the  liquid  solidifies  to  quadratic 
tables  (Caspary  a.  Tollens,  Dcut.  Chcm.  Gcs.  Bcr.  v.  560). 

According  to  Linncmann  {Ann.  Ch.  Pharm.  clxiii.  95),  acrylic  acid  boils  at  nearly 
the  same  temperature  as  propionic  acid,  but  is  conTorted  into  a  crystalline  mass  at 
+  7°,  and  moreover  has  a  tendency  to  pass  into  a  \i-liito  amorphous  mass,  analogous 
in  properties  to  disacryl.  It  comlilip  s  wiili  liy^lii'Mlir,  hydrobromie,  and  hydrochloric 
acids,  forming  substituted  propinnh'  m.'I.Is.  Tin:  ciiiiijiound  with  hydriodic  acid  is 
identical  with  iodojyropionic  acid  o^tAmiml  from  glycerin;  that  with  hydrobromie 
acid  is  identical  with  the  isohromoproiiionic  acid  of  Eichter,  obtained  -with  bromine 
and  idopropionic  acid;  but  the  hydrochloric  acid  compound  melts  20°  lower  than 
0-chloropropionic  acid,  Wichelhaus  giving  the  melting  point  of  glycerin  chloropro- 
pionic  acid  at  65° ;  and  Eichter,  that  of  the  acid  from  iodopropionic  acid  and  chlorine,  at 
68°;  while  the  acrylic  acid  derivative  melts  at  40"5°  (corrected).  The  ethylic  ether  of 
this  acid  also  boils  at  a  higher  temperature  than  the  chloropropionic  ether  of  Wichel- 
haus. 

The  sodium-salt  prepared  from  acrylic  acid,  purified  by  fractional  distillation,  remains 
unaltered  on  exposure  to  the  air.  The  aqueous  solution  of  silver  acrylatc  may  bo 
boiled  and  even  ev.aporatod  to  dryness  at  100°  withoxit  reduction  of  the  silver. 
There  are  two  basic  acrylatos  of  lead,  which  are  soluble  in  water ;  the  normal  lead- 
salt  contains  water  of  crystallisation  which  is  not  removed  by  drying  over  sulphuric 
acid  (Linnemann,  ibid.  369). 

Ethyl  acrylatc,  C^H'(C=H^)0-,  is  easily  prepared  by  the  action  of  zinc  and  sulphuric 
acid  on  an  alcoholic  solution  of  ethylate  dibromopropionate :  C^H^(C^H*)Br-0'^  +  Zn 
=  ZnBr=  +  C^n^(C-ff)0-.  It  is  a  colourless  liquid  boiling  at  100°-101°,  and  having 
an  extremely  penetrating,  Init  not  unpleasant  odoiu-  (Caspary  a.  Tollens). 

ADiiMEIiXiOGRAKZTE.  A  rock  belonging  to  the  Adamello  group  in  the 
Tyrol  (south  of  the  Ortlcr).  It  is  regarded  by  v.  Eath  as  a  peculiar  species  ;  but 
according  to  Baltzer  {Deut.  Chcm.  Gcs.  Bcr.  v.  983),  it  is  a  variety  of  granite. 

The  mica  contained  in  it  gives  by  analysis  (after  drying  at  100°): 

SiO"-.       Fe=0'.        Al'O'.        FeO.  MgO.        CaO.        K~0.  Na=0. 

36'43      16'71       14-40       17-40        6-87       1-66       6-54     0-03  =  99'04 

The  oxygen  ratio  is  MO  :  M^O^  :  SiO-  =  4  :  5'88  :  972,  whence  it  may  be  inferred 
that  the  mica  is  included  in  the  general  formula  of  the  magnesia  micas — 
m  (2MO.SiO=)  +  H(2M=0^3SiO^), 

and  that  it  exhibits  the  hitlicrto  unobserved  case  in  which  m  =  2,  «  =  1,  so  that  its 
formula  is — 

2(2M0.S102)  -1-  2M=0'.3Si02. 

It  is  therefore  a  ferrous  magnesia  mica,  allied  to  Soltmann's  lepidomelane  (iii.  574), 
in  which  m  —  \,  n  —  \,  and  to  Scheerer's  magnesia  mica  from  the  zircon-syenite  of 
Norway  (m  =  3,  n  =  1). 

A3JAMIWE.  4ZnO.As'0^  +  IPO.— This  mineral,  first  obtained  from  Chanar- 
cillo,  in  Cliilc,  and  analysed  by  Pricdel  {Ist  Siqrpl.  67),  has  also  been  found  at  Cape 
Garonne  (Departomeut  du  Var)  in  small  crystals  of  the  form  ooP.  Pco  ,  rarely  with  P, 
agreeing  exactly  in  their  angles  with  those  of  the  Chilian  mineral  measured  by 
Des  Cloizeaux.    The  finest  crystals  are  rose-red,  others  incline  to  green,  grey,  and 
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broYm  tints,  and  a  few  are  wliite.  Lenticular  grains  and  crystalline  aggregates  like- 
wise occur.  One  of  these  latter  (Analysis  A)  agrees  exactly  in  composition  with  the 
formula  of  adamino ;  another  aggregate  (B),  containing  a  considerable  quantity  of 
copper,  exhibits  a  transition  to  olivenite,  with  which  adamine  is  isomorphousand  with 
which  it  often  occurs  intergrown  (Pisani,  Compt,  rend.  Ixx.  1001).  Analysis  C  is  by 
Damour  {ibid.  Ixvii.  1124) : 


As=0= 

ZnO 

CuO 

CoO 

CaO 

A. 

38-50 

62-50 

3-92 

3-57  =  98-49 

B. 

39-85 

31-85 

23-45 

0-52 

0-87 

3-68  =  100-22 

C. 

89-24 

49-11 

1-75 

5-16 

4-25  =  99-51 

The  specimen  C  also  contains  traces  of  ferric  oxide. 

ABXFXC  ACIB.  C«H'°0  '.— The  ordinary  or  a  modification  of  this  acid,  (CH.CH')^ 
(COOH)",  which  Wislicenus  obtained  in  small  quantity  by  the  action  of  finely  divided 
silver  or  copper  on  /8-iodopropionic  acid  {1st  Sttppl.  58),  is  produced  miich  more 
abundantly  by  similar  treatment  of  a-bromopropionic  acid.  With  silver  the  action 
takes  place  at  ordinary  temperatures,  and  is  attended  with  considerable  evolution  of 
heat ;  with  copper  application  of  heat  is  necessary.  The  reaction  in  either  case  having 
been  completed  at  150°-160°,  the  adipic  acid  may  be  extracted  from  the  product  by 
water,  and  pm-ifiod  by  neutralising  with  ammonia,  precipitating  with  basic  lead 
acetate,  and  decomposing  the  lead  salt  -with  hydrogen  sulphide.  The  filtrate 
evaporated  over  the  water-batli  leaves  a  strongly  acid  syrup,  which  exhibits  signs  of 
incipient  crystallisation  only  after  standing  for  some  months  over  oil  of  vitriol.  The 
solution  of  the  neutral  ammonium  salt  gives  off  on  evaporation  a  large  quantity  of 
ammonia,  and  is  converted  into  the  extremely  soluble  acid  salt ;  when  recently  pre- 
pared, this  solution  gives  a  gummy  precipitate  with  ferric  salts,  and  a  flocculent 
precipitate  with  lead  salts.  The  lead  salt,  which  soon  becomes  denser,  has  the  com- 
position CHTbO'  (Wislicenus,  Dcut.  Chcm.  Gcs.  Ber.  ii.  720). 

The  same  acid  is  readily  formed  by  treating  hydromuconic  acid,  CH'O*,  with  water 
and  a  large  quantity  of  sodium-amalgam  (Limpricht,  Ann.  Ch.  FJiarm.  clxv.  253). 

Adipic  acid  is  also  produced,  together  with  acetic  and  carbonic  acids,  by  oxidation 
of  phorono  witli  cln-omic  acid  (Kachler,  ihid.  clxiv.  76) : 

C»n"0  +  0'     C«H'»0«  +  C^H<02  +  CO'. 

Bromadipic  acids. — Monobromadipic  acid,  C^H'BrO',  is  obtained  by  heating 
1  mol.  adipic  acid  with  2  atoms  bromine  to  160°  in  sealed  tubes.  It  is  a  solid,  dark- 
coloured  body,  having  an  odour  of  camphor,  very  soluble  in  ether,  and  partially 
decomposed  by  water.  By  boiling  with  potash  it  is  converted  into  a  d  i  p  o  m  a  1  i  c  acid, 

Dibromadipio  rtctcZ,C<'H*Br'0\is  produced  by  heating  1  mol.  adipic  acid  with  4  at. 
bromine,  in  sealed  tubes,  to  170°  ;  if  this  temperature  is  exceeded  the  mass  becomes 
carbonised.  It  is  a  yellowish,  pulverulent,  unstable  substance  smelling  like  camphor; 
dissolves  easily,  but  vrith  decomposition,  in  water,  and  after  two  crystallisations 
retains  only  9-3  (instead  of  52-6)  pure  bromine.  AVhen  heated  with  water  to  150° 
for  some  hours,  it  is  converted  into  adipotartaric  acid,  C^H'^O"  (H.  Gal  and 
.J.  Gay-Lussac,  Compt.  rend.  Ixx.  1175). 

•The  same,  or  an  isomeric  acid,  is  contained  in  the  mother-liquors  of  bromhydro- 
muconic  acid  (produced  by  adding  bromine  to  a  hot  aqueous  solution  of  hydromuconic 
acid),  and  is  obtained  in  larger  quantity  by  adding  bromine  to  a  hot  saturated  solution 
of  bromhydrom.uconic  acid.  It  has  not  been  isolated  from  these  liquors,  but  its 
existence  was  proved  by  the  action  of  silver  oxide  on  its  aqueous  solution  whereby  it 
is  converted  into  dioxyadipic  acid,  G°H'°0''  (Limpricht). 

Isodih  romadipic  acid  is  formed  by  adding  bromine  to  a  warm  solution  of 
hydromuconic  acid  in  glacial  acetic  acid.  It  is  readily  soluble  in  alcohol,  ether,  and 
hot  water,  sparingly  in  cold  water,  and  crystallises  in  nodular  groups  of  white  needles. 
Between  175°  and  190°,  it  melts  and  decomposes  with  ebullition.  The  barium  salt, 
C'lI^Br-BaG*  +  H^O,  is  an  indistinct  crystalline  mass.  The  acid  heated  with  water 
and  sodium-amalgam  is  reconverted  into  hydromuconic  acid  (Limpricht). 

Trihromadipic  acid,  C"^H''Br'0*,  is  formed  by  adding  bromine  to  a  solution  of 
hydromuconic  acid  heated  on  a  water-bath.  A  coloui-less  oil,  smelling  like  pepper,  then 
separates  out,  and  the  watery  liquid  on  standing  deposits  trihromadipic  acid  in  small 
white  needles,  melting  at  177°-180°.  Its  solution  boiled  -with  baryta-water  yields  the 
barium  salt  of  trioxyadipic  acid,  CH^O'  (Limpricht). 

Tctrabromadipic  acid,  C'=II''Br'0',is  formed  in  small  quantity  when  1  mol.  of 
bydromuconicacid  is  heated  with  3  mols,  bromine  and  some  water  to  100°  for  seven  hours ; 
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a  large  quantity  of  carbon  dioxide  and  the  pungent  oil  above  mentioned  are  formed 
at  the  same  time.  The  acid  dissolves  sparingly  in  water,  easily  in  alcohol  and  ether, 
and  is  decomposed  when  its  alcoholic  solution  is  boiled,  yielding  a  volatile  compound 
wliieh  has  an  ethereal  odour.  When  heated  to  200°-211°,  it  melts  and  blackens 
(Limpricht). 

Osyadipic  s.ci&s.~Mono xy  adipic ,  or  Adipomalic  acid,  C'^H"'0^  = 
C''11"(HU)0',  is  prepared  by  treating  monobromadipic  acid  with  potash,  decomposing 
the  resulting  potassium-salt  with  hycbochloric  acid,  and  extracting  with  alcohol,  and 
remains,  on  evaporating  the  alcoholic  solution,  as  a  light  yellow  acid  liquid,  which, 
after  some  time,  is  partly  converted  into  an  indistinctly  crystalline  mass.  The 
aqueous  solution  gives  with  lead  acetate  a  white  precipitate,  which  melts  when  the 
liquid  is  heated,  and  solidifies  on  cooling  to  a  somewhat  hard  brownish  mass.  This 
lead  salt  dissolves  in  a  small  quantity  of  a  hot  solution  of  lead  acetate,  and  separates 
therefrom  in  nacreous  scales  having  the  composition  C'*H"PbO^  + 5H-'0.  When 
decomposed  with  hydrogen  sulphide,  it  yields  aviscictmass  exactly  like  the  original 
acid.  The  ammonium  salt  crystallises  imperfectly ;  the  potassium  salt  not  at  all 
(Gal  a.  Gay-Lussac,  loc.  cit.). 

Bioxyadipic  a  cid ,  C°H"'0'^,  is  produced,  as  above  stated,  by  the  action  of  silver 
oxide  on  the  aqueous  solution  of  dibromadipic  acid,  and  remains  on  evaporation  as  an 
uncrystallisable  syrup  soluble  in  alcohol  and  ether.  The  barium  salt  is  formed  by 
boiling  a  solution  of  dibromadipic  acid  with  baryta -water.  It  is  very  soluble  in  water, 
and  is  precipitated  by  alcohol  as  a  hygroscopic  crystalline  powder,  CH^BaO"  -I-  4H'''0, 
which  loses  half  its  water  at  150°,  and  begins  to  decompose  at  1G0°.  Its  solution  is 
precipitated  by  lead  and  silver  salts  (Limpricht). 

An  acid  isomeric  -svith  this,  and  called  adipotartari c  acid,  is  produced  by 
heating  pulverulent  dibromadipic  acid  with  water  to  150°  for  several  hours,  and 
evaporating.  It  tastes  like  the  fruit-acids,  is  moderately  soluble  in  alcohol  and  ether, 
much  more  soluble  in  boiling  than  in  cold  water,  and  always  separates  from  solution 
in  well-defined  monoclinic  laminae.  It  has  no  action  on  polarised  light.  Its  solution, 
agitated  with  potash-ley,  yields  a  crystalline  precipitate  resembling  cream  of  tartar. 
With  ammonia  it  forms  salts  which  crystallise  with  facility  (Gal  a.  Gay-Lussac). 

Trioxyadipic  acid,  C"H'"0'. — The  barium  salt  of  this  acid  is  formed  by  boil- 
ing tribromadipic  acid  with  baryta-water.  It  is  very  soluble  in  water,  and  remains  on 
evaporation  as  an  amorphous  transparent  mass,  and  is  precipitated  by  alcohol  as  a 
light  white  powder,  4C''H*BaO'  -f  3H'-0,  which  loses  one-third  of  its  water  at  85°, 
being  reduced  to  2G'^H''BaO'  +  H-0.  Its  aqueous  solution  gives  white  precipitates 
with  lead  and  silver  salts,  reddish-yellow  with  ferric  salts. 

The/zYC  acid,  separated  from  the  barium  salt  by  sulphuric  acid,  is  readily  soluble  in 
water  and  in  alcohol.  By  adding  alcohol  and  benzene  to  its  concentrated  aqueous 
solution,  and  leaving  it  to  evaporate  slowly,  it  is  obtained  in  prisms.  Its  alcoholic 
solution  turns  red  on  evaporation,  without  yielding  crystals,  and  the  aqueous  solution 
becomes  yellowish-brown  and  colours  the  skin  intensely  yellow  (Limpricht). 

aiSCUSilEr,  C'^H"^0'-',  and  SISCU-IiETIET,  CffO^  (Schiflf,  Beut.  Chem.  Ges. 
Bcr.  iii.  366  ;  iv.  472). — iEsculin  is  converted  by  acetic  anhydride  into 
lioxacetylffisculin,  C"'H"'(C-ffO)'^0'',  and  by  aniline  into  trianilifisculin, 
C'^H'"0"(C''II^N)^. — .flisculetin,  treated  with  acetic  anhydride,  yields  wcll-crystallised 
triacetylsesculetin,  C"H^(C'''ffO)^0*,  a  compound  previously  obtained  by  Nach- 
baur  (^Ann.  Ch.  Pharm.  cvii.  248).  Aniline  acts  readily  on  sesculetin,  and  by  heating 
the  two  bodies  together  to  200°  trianila5sculetin,  C''I^«0(C'*H^N)^  is  ultimately 
obtained  in  the  form  of  a  brown  amorphous  powder  soluble  with  red  colour  in  alcohol. 

Paraesculetm  {1st  Siippl.  59)  has  the  properties  of  an  aldehyde,  and  acts  as  a 
powerful  deoxidising  agent,  reducing  alkaline  cupric  tartrate,  indigo,  silver-salts,  &c., 
in  the  cold.  It  is  acted  upon  by  aniline  more  easily  than  sesculetin,  likewise  yielding 
trianilKSCuletin  as  ultimate  product.    It  is  not  acted  upon  b.y  acetic  anhydride. 

Tlie  above  reactions  may  be  explained  by  the  following  constitutional  formulce  : — 
.Ssonletin.  Paraffisouletiu. 


fCH.O 
I  C.OH 
I  C.OH 
I  OH 


CH.O 
CH.O 
CH.O 
OH 


In  the  conversion  of  paraaesculetin  into  trianilaesculetin,  the  3  atoms  of  aldehydic 
oxygen  are  directly  replaced  by  the  bivalent  imidogen  group  NC'ff,  whereas  in  the 
case  of  sesculetin,  the  alcoholic  groups  C.OH  must  first  be  converted,  under  the  influence 
of  the  high  temperature,  into  the  aldehydic  groups  CH.O  :  hence  the  greater  facility 
of  the  transformation  in  the  former  case. 
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By  fusion  with  potash,  sesculetin  is  conYerted  into  formic  and  protocatechuio  acids, 
according  to  the  equation : 

The  eoastitution  of  (Ssculin  may  be  represented  by  the  formula 
fCH.O 

fCOH 
(CH.O 

AGARIC.  Some  agarics  contain  mannito  ;  others  mycose  or  trehalose  (iii.  1068) ; 
others  again  contain  both  these  sugars  in  very  variable  proportions  ;  and  some  contain 
niannite,  trehalose,  and  another  sugar,  the  nature  of  -which  has  not  yet  been  fully 
determined.  Botanical  analogy  affords  no  guide  to  the  kind  of  sugar  present,  for  in 
species  closely  allied,  growing  in  the  same  soil  and  under  the  same  conditions,  some 
contain  mannite  only  and  others  trehalose  only  (A.  Muntz,  Compt.  rend.  Ixxvi.  649). 

Agaricus  fxtens  contains,  according  to  Taci  {ibid.  605),  67'20  p.  c.  -water,  0-60 
mannite,  0-09  pectic  acid,  4-65  fibrin,  l'o5  bassorin,  20'09  ligneous  matter,  0-68  fat, 
acids,  colouring  and  odorous  matter,  and  6-13  ash. 

The  larch-agaric  {Boletus  Laricia)  pulv-erised,  dried,  and  treated  -with  pure 
anhydrous  ether,  yields  t-wo  substances,  viz.  :  1.  A  red-bro-wn  amorphous  sub- 
stance, called  agaric  resin,  soluble  in  alcohol,  -wood-spirit,  chloroform,  and  acetic 
acid,  insoluble  in  benzene  and  carbon  bisulphide,  and  said  to  have  the  composition 
C^'n'-O'". — 2.  Agaricic  acid,  which  crystallises  in  tufts  of  needles,  melts  at 
146'7°,  gives  off  water  and  tiums  brown  at  a  somewhat  higher  temperature.  It  dis- 
solves very  easily  in  alcohol,  less  easily  in  chloroform,  very  sparingly  in  ether  and 
acetic  acid,  still  loss  in  carbon  bisulphide  and  benzene.  When  the  alcoholic  solution 
is  distilled,  the  acid  volatilises  with  the  alcohol  vapour.  Its  sodium-salt  is  precipitated 
by  alcolipl  in  amorphous  flocks  which,  in  the  course  of  24  hours,  change  to  long 
needles,  often  united  in  concentric  groups.  Metallic  salts  give,  -with  the  dilute 
solutions,  mostly  crystalline  precipitates  (Fleury,  J.  Pharm.  [4]  x.  202). 

AGOXTXASXSS'.  A  non-azotised,  crystalline  bitter  substance,  extracted, 
together  with  tannic  acids,  resins,  &c.,  from  Agoniada  bark  (the  bark  of  Plumeria 
lancifolia),  which  is  used  in  Brazil  as  a  remedy  for  intermittent  fever.  It  separates 
from  dilute  solutions  in  stellate  groups  of  needles  having  a  silky  lustre ;  from  concen- 
trated solutions  in  warty  groups  of  crystals.  It  melts  when  heated,  but  does  not 
sublime.  It  is  inodorous,  very  bitter,  nearly  insoluble  in  ether,  easily  in  ether- 
alcohol,  carbon  bisulphide,  and  hot  alcohol.  Cold  water  dissolves  only  traces  of  it ; 
boiling  water  dissolves  it  immediately,  and  deposits  it  in  white  flocks  on  cooling.  It 
dissolves  easily  in  potash  and  ammonia.  Strong  sulphiiric  acid  dissolves  it  -with 
gold-yellow  colour,  which  after  a  while  passes  into  greenish.  On  addition  of  fuming 
nitric  acid,  this  solution  passes  into  dark  yellow,  and  deposits  yellow  crystalline 
flocks.  Dilute  sulphuric  acid  dissolves  agoniadin  only  when  warmed ;  the  solution 
becomes  coloured  on  boiling,  and  then  exhibits  the  reactions  of  sugar.  Agoniadin  is 
allied  in  composition  to  arbutin,  but  not  identical  -with 'it.  From  an  analysis  by 
Geuther,  it  appears  to  have  the  composition  C"'H'''0''  (Peckolt,  Arch,  Pharm,  [2] 
cxlii.  34). 

AI.AW1WB,  or  AnXXBOXiACTXC  ACID,  C^H'NO=,  is  produced,  together  with 
lactic  acid,  by  boiling  a-chloropropionic  acid  -with  aqueous  ammonia,  See  Lactic 
Acid. 

AZiBETE.   See  Felspar. 
AI.BVI«Xir.    See  Peoteids. 

AXiCOKOXiS.  1.  Simultaneous  distillation  of  Water  and  certain  Alcohols 
insoluble  in  Water. — -When  a  mixture  of  amylic  alcohol  and  water  is  submitted  to 
distillation,  ebullition  begins  at  96°,  and  remains  remarkably  constant  at  this  point ; 
so  long  as  these  temperatures  remain  constant,  the  volumes  of  water  and  of  amylic 
alcohol  condensed  during  any  given  time  are  invariably  in  a  constant  ratio,  viz.  2  to 
3,  and  the  temperature  does  not  begin  to  rise  until  either  the  water  or  the  alcohol  has 
wholly  distilled  over,  leaving  a  surplus  of  alcohol  or  of  water  (as  the  case  may  be) 
in  the  retort ;  if  the  water  was  originally  more  than  two-tliirds  of  the  volume  of  the 
alcohol,  the  temperature  rises  to  100°  as  soon  as  the  whole  of  the  alcohol  has  distilled 
over ;  but  if  less  than  the  two-thirds  of  water  was  originally  present,  the  boiling 
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point  rises  to  130°  as  soon  as  the  wliolo  of  Uio  water  has  distilled  ovei-j  ainylio 
alcohol  only  being  then  left. 

Butylic  alcohol  gives  precisely  analogous  results,  the  volumetric  ratio  in  this  case 
being  1  of  water  to  5  of  alcohol ;  the  boiling  point  of  the  mixture  is  perfectly  con- 
stant at  90-5°,  i.e.  9-5°  below  the  boiling  point  of  water,  and  17'&°  below  that  of 
butylic  alcohol ;  fourteen  experiments  gave  absolutely  the  same  numbers  in  each 
instance. 

When  a  mixture  of  water,  butylic,  and  amylic  alcohols  is  used,  the  temperature  of 
ebiillition  is  not  constant,  but  regularly  rises  ;  the  temperature,  however,  always  lies 
between  90'5°  and  96°,  being  higher  the  larger  the  projjortion  of  amylic  alcohol 
present;  the  relative  volume  of  water  that  distils  over  also  continually  increases, 
being,  however,  always  greater  than  ^tli  of  the  total  volume  that  passes  over,  and  less 
than  gths — i.e.  lying  between  the  relative  numbers  found  with  butylic  alcohol  and 
water,  and  with  amylic  alcohol  and  water  (Pierre  a.  Puchot,  Com'pt.  rend.  Isxiii.  699). 

2.  Oxidation  of  Tertiary  Alcohols. — In  the  oxidation  of  these  alcohols,  as  in  that 
of  the  ketones,  the  simplest,  or  one  of  the  simplest  of  the  three  alcohol-radicles 
present  remains  united  to  the  carbon-atom  which  binds  together  the  whole  group, 
forming  an  acid  C''H-'°0^,  while  each  of  the  other  two  alcohol-radicles  is  separately 
oxidised,  yielding  (if  it  is  a  primary  radicle)  an  acid  containing  the  same  number  of 
carbon-atoms  as  itself ;  formic  acid,  however,  in  this,  as  in  similar  cases,  is  not  actually 
eliminated,  but  is  further  oxidised  to  carbonic  acid. 

Dimethyl-ethyl  carbinol  yields  in  this  manner,  acetic  acid  and  carbon  dioxide  : 

C(II0){[.9JP'  +  0"  =  2C=ir'0-  +  CIFO^  +  IPO. 

Mcihyl'dicihyl  carbinol  yieMs  notliing  but  acetic  acid: 

C(H0)|JJ.^2,^„+  O''  =  3C-H'0=  +  H-0. 

Vimethyl-pro'pyl  carbinol  gives  acetic  and  propionic  acids,  together  with  formic 
or  carbonic  acid : 

C(HO){J.^J')'  +  0»  =  C^H^O^  +  C^H«0-  +  cir-o=  +H-0. 

Wethyl  carbinol  gives  acetic  and  propionic  acids  : 

C(HO)(C=ff)'  +  0'=  =  2G-W0'-  +  C=WO^  +  WO. 

Exceptions  to  this  law  of  oxidation  appear  to  be  furnished  by  trimethyl  carbinol 
and  dimethyl-isoproiryl  carbinol-,  the  former  of  which  yields  acetone,  acetic  acid,  and, 
according  to  former  experiments,  propionic  acid  {\st  Sup2}l.  66),  while  the  latter  yields 
nothing  but  acetone.  The  formation  of  acetone  from  trimethyl  carbinol  may  be 
regarded  as  an  intermediate  stage  in  the  oxidation,  thus  : 

(1)  C(H0)(CH3)"  +  0'  =  C0(CH3)=  +  CH=02  +  H=0. 

(2)  CO(CH^)"-  +  03  =  C'-H'02     +  CH-02. 

In  the  case  of  dimethyl-isopropyl  carbinol,  the  oxidation  of  the  simpler  alcohol- 
radicle  appears  to  stop  at  the  first  stage — that  is  to  say,  at  the  formation  of  acetone 
and  the  more  complex  radicle  ;  the  isopropyl,  being  a  secondary  radicle,  is  likewise 
oxidised,  not  to  an  acid,  but  to  acetone ;  hence  acetone  is  the  only  product : 

C(H0){g^^'^23)2  +  0=  =  2C0(CH^)=  +  B?0. 

The  formation  of  propionic  acid  from  trimethyl  carbinol,  which  would  be  com- 
pletely at  variance  with  the  law  above  stated,  was  inferred  in  the  earlier  experiments 
from  the  composition  of  a  silver  salt;  but  subsequent  examination  has  shown  that  the 
supposed  propionate  of  silver  was  really  a  mixture  of  acetate  and  isobutyrate.  The 
formation  of  isobutyric  acid  is  not  at  variance  with  the  above  law ;  it  is  formed  by  a 
molecular  change  corresponding  to  that  by  which  Linnemann  has  Jfound  that  deriva- 
tives of  trimethyl  carbinol  are  obtained  from  isobutyl  alcohol  (Butlerow,  Zcitschr.  f. 
Chem.  [2]  vii.  48t). 

3.  Formation  of  Monatomic  and  Hexatomio  Alcohols  from  Glucose  and  MilJc- 
sugar. — When  glucose  is  treated  witii  sodium-amalgam  containing  3  p.  c.  sodium,  and 
the  alkaline  liquid  is  neutralised  witli  sulphuric  acid,  then  distilled  and  Ireated  -vnth. 
potassium  carbonate,  an  oily  layer  is  obtained,  consisting  of  ethylic,  isopropylic  and 
hexylic  alcohols.  The  liquid  remaining  in  the  retort  contains  a  largo  quantity  of 
mannite. 
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Milk-sugar,  similarly  treated,  yields  ethylic,  isopropylio  and  liexylic  alcohols,  the 
residiie  containing  dulcite.  Inverted  milk-sugar  yields  the  same  products,  together 
v/ith  mannite  (G.  Bouchardat,  Compt.  rend.  Ixxiii.  108). 

■1.  On  the  formation  of  Alcohols  from  the  corresponding  Fatty  Acids,  see  Butyl, 
Ethyl,  and  Propyl  Alcohols. 

5.  On  a  class  of  bodies  intermediate  between  Alcohols  and  Aldehydes,  see 
Aldehyde-alcohols. 

6.  On  the  Thermal  Effects  of  the  combination  of  Alcohols  with  Bases,  see  Heat. 

AliBAUB.  A  term  proposed  by  Eibau  {Compt.  rend.  Ixxy.  98)  to  designate  pro- 
ducts formed  by  the  union  of  two  or  more  molecules  of  an  aldehyde,  with  elimination 
of  water— f.^.  crotonio  aldehyde,  C''H"'0-  =  .3  mol.  acetic  aldehyde,  minus  I  mol. 
water.  The  prefixes  di,  tri,  &e.,  may  be  used  to  denote  the  number  of  aldehyde 
molecules  thus  condensed — e.g.  diacetaldane,  triacetaldane,  divaleraldane,  &c. 

AiDEHYBS,  CH'.CHO,  is  formed :  a.  By  oxidation  of  ethylene  with  aqueous 
chromic  acid  at  120°  ;  at  ordinary  temperatures  no  action  takes  place  (Berthelot, 
Compt.  rend.  Ixviii.  334). 

/3.  By  inverse  substitution  from  chloral,  CCP.CHO,  when  clippings  of  zinc  are  intro- 
duced into  a  solution  of  that  substance  slightly  acidulated  with  sulphuric  or  hydro- 
chloric acid.  Considerable  quantities  of  the  polymerides  of  aldehyde,  especially 
paraldehyde,  are  formed  at  the  same  time  (Personne,  Compt.  rend.  Ixxi.  227). 

7.  In  the  electrolysis  of  sugar-solutions  acidulated  with  sulphuric  acid  (H.  T.  Brown, 
Chcm.  Soc.  j;  [2]  X.  578). 

•    6.  In  vinous  fermentation.    See  Fermentation. 

Aldehyde  occurs,  together  with  metaldehydo  and  paraldehyde,  in  the  '  first  runnings' 
obtained  in  the  manufacture  of  alcohol  from  sugar-beet  and  from  potatoes  (Kramer  a. 
Pinner,  Beut.  Chem.  Ges.  Bcr.  ii.  403  ;  Kekule,  ibid.  iv.  718).  Kramer  and  Pinner 
also  find  acetal  and  crotonio  aldehyde  in  these  runnings  {ibid.  iii.  75).  They 
attribute  the  formation  of  the  aldehyde  to  oxidation  of  the  alcohol  on  the  carbon 
fJters.  Kekule,  on  the  other  hand,  attributes  it — at  least  in  the  case  of  alcohol  from 
sugar-beet — to  the  oxidising  action  of  nitrates  which  are  present  in  considerable 
quantity  in  the  liquors.  To  this  Kramer  and  Pinner  reply  {ibid.  iv.  787)  that  the 
oxidation  of  the  alcohol  to  aldehyde  cannot  be  due  in  all  cases  to  the  action  of  nitrates, 
since  the  quantity  of  those  salts  in  some  cases,  as  in  the  fixst  runnings  from  potato- 
spirit,  is  too  small  to  account  for  the  quantity  of  aldehyde  produced.  Moreover,  con- 
siderable heating  of  the  carbon-cylinders  is  observed  on  passing  the  spirit  through 
them  (compare  \st  Suppl.  p.  213). 

Aldehyde,  mixed  with  pyrogallic  acid  and  hydr6chloric  acid  and  gently  warmed, 
produces  a  red  coloration,  becoming  violet  on  addition  of  an  alkali.  A  mixture  of 
aldehyde  and  phenol  also  gives  a  red  colour  when  warmed  with  sulphuric  acid 
(A.  BUyer,  Daut.  Chem.  Ges.  Ber.  v.  25). 

Aldehyde,  heated  with  acctamide  in  sealed  tubes,  yields  the  compound  CH'CII(NH. 
0-H^O),  which  crystallises  in  large  prisms,  melts  at  169°,  distils  with  partial  decom- 
position, and  gives  up  the  aldehyde  when  treated  with  acids  (Tawildarow,  Beut.  Chem. 
Ges.  Ber.  v.  477). 

On  the  action  of  bromine  on  aldehyde,  see  page  36  ;  on  the  action  of  chlorine,  see 
Cbotonic  Chloral, 

Polymeric  modifioations  of  Aldehyde. 

Five  of  these  modifications  have  been  described  by  different  chemists,  viz. : — 1.  A 
liquid  modification  boiling  at  94°,  accidentally  obtained  by  Liebig. — 2.  A  modification 
called  elaldehyde,  melting  at  4- 2° and  boiling  at  94°,  which  Fehling  accidentally 
obtained  by  exposing  aldehyde  to  a  winter  temperature. — 3.  A  liquid  modification 
boiling  at  125°,  which  Weidenbusch  obtained  by  the  action  of  very  dilute  sulphuric 
acid  or  nitric  acid  on  aldehyde,  and  for  which  Gerhardt  suggested  the  name  paral- 
dehyde.— 4.  Infusible  but  sublimable  metaldohyde,  discovered  by  Liebig,  and 
further  examined  by  Fehling  and  Weidenbusch. — 5.  Acraldehyde,  produced  by  the 
action  of  zinc  chloride  on  glycol  or  aldehyde,  first  obtained  by  Wurtz,  further  ex- 
amined by  Bauer  (i.  109 ;  iv.  349  ;  \st  Suppl.  76). 

Eecent  investigations  have,  however,  considerably  reduced  the  number  of  these 
modifications.  The  liquid  called  acraldehyde  has  been  shown  by  Kekul^  to  be  re- 
solvable by  heat  into  water  and  crotonic  aldehyde  ;  and  Wurtz  has  recently  shown  that 
it  is  not  a  true  polymeride  of  aldehyde,  but  a  compound  intermediate  in  properties 
and  constitution  between  aldehyde  and  alcohol;  it  will  bo  described  in  a  separate 
article  under  the  name  of  aldol.  The  modifications  described  by  Fehling  and  by 
Weidenbusch  have  been  shown  by  Gouther  a.  Cartmel  {-Ann.  Ck.  Pharm.  cxii.  16), 
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and  by  Lieben  {ihid.  Suppl.  i.  14)  to  be  identical  -with  eaeli  otlier  and  \ritli  the 
modification  (paraldehyde)  melting  at  10-12°  and  boiling  at  124°,  which  the  former 
chemists  obtained  by  the  action  of  sulphurous  acid,  the  latter  by  that  of  ethyl  iodide 
upon  aldehyde ;  and,  finally,  it  has  been  shown  by  Kekule  a.  Zincke  {Ami.  Chcm. 
Tharin.  clxii.  141  ;  Bcut.  Chein.  Ges.  Bcr,  iii.  468),  that,  besides  ordinary  aldehyde, 
there  are  but  two  distinct  modifications,  viz. — 1.  IParaldehyde,  fusible  and  dis- 
tillable; — 2.  Metaldehyde,  infusible,  but  sublimable.  Those  chemists  find,  in 
accordance  with  the  observations  of  Geuthor  a,  Cartmell,  that  carefully  purified  alde- 
hyde suffers  no  change  either  by  long  keeping  or  by  continued  heating  or  cooling, 
polymerisation  being  due  in  all  cases  to  the  presence  of  some  foreign  substances 
which  appear  to  exert  a  kind  of  fermentative  action.  In  most  cases  both  modifications 
lire  formed  together,  metaldehyde  chiefly  in  the  cold,  paraldehyde  at  ordinary  or  at 
higher  temperatures. 

Paraldehyde.  In  presence  of  a  very  small  quantity  of  hydrochloric  acid,  chlorocar- 
bonic  oxide,  or  sulphurous  anhydride,  aldehyde  gradually  becomes  hot,  the  temperature 
frequently  rising  to  38°  or  40°.  Both  zinc  chloride  and  sulphuric  acid  act  in  tlio  same 
way,  the  addition  of  a  drop  of  the  concentrated  acid  causing  explosive  ebullition 
of  the  aldehyde  ;  tlio  action  of  the  dilute  acid  is  less  energetic.  In  all  these  reactions 
an  almost  complete  transformation  into  paraldehyde  occurs,  as  is  indicated  by  the 
change  in  specific  gravity  (0'986  at  15°),  but  the  pure  substance  cannot  be  directly 
separated  from  the  product  by  rectification,  as  much  aldeliyde  is  then  regenerated. 
The  best  method  of  separation  is  to  cool  the  liquid  to  0°,  when  the  paraldehyde  crys- 
tallises out,  and  may  be  collected  and  purified  by  distillation. 

Paraldehyde  is  a  colourless  liquid  of  peculiar  odour,  resembling  that  of  acetal.  It 
boils  at  124°,  and  crystallises  when  cooled  below  10°,  forming  large  transparent  prisms, 
which  melt  at  10'5°.  Its  specific  gravity  at  15°  is  0'998,  and  its  vapour-density  three 
times  that  of  ordinary  aldehyde.  It  is  less  soluble  in  hot  than  in  cold  water,  100  parts 
of  the  latter  dissolving  12  parts  at  13°.  Distillation  with  sulphuric  acid,  hydrochloric 
acid,  zinc  chloride,  or  chloroearbonic  oxide,  reconverts  it  into  aldehyde.  When  sub- 
jected to  the  action  of  phosphorus  pentachloride,  it  yields  ethylidene  chloride,  as  ob- 
served by  Geuther  (ZcjVscAr./.  Chem.  1865,  32),  and  with  hydrochloric  acid  it  gives  the 
same  ethylidene  oxychloride  that  Lieben  obtained  from  ordinary  aldehyde  {Ann.  Chcm. 
Fharm.  cvi.  336). 

The  so-called  chloracetene,  isomeric  with  vinyl  chloride,  C-ffCl,  which  Har- 
nitzky  obtained  some  years  ago  {Ann.  Chcm.  Fharm.  cxi.  192),  by  the  action  of  p)hos- 
geue  on  aldehyde,  appears,  from  the  exi^eriments  of  liekule  a.  Zincke,  to  be  nothing  but 
a  mixture  of  aldehyde  and  paraldehyde  with  a  small  quantity  of  phosgene,  and  is 
completely  converted  into  aldehyde  by  passing  its  vapour  over  heated  quicklime. 

Metaldehyde.  This  modification,  hitherto  obtained  only  accidentally,  has  been 
shown  by  Kekule  a.  Zincke  to  be  formed  from  aldehyde  at  a  low  temperature  by  tho 
same  reagents  that  cause  tho  formation  of  paraldehyde  at  a  comparatively  high  tem- 
perature. To  prepare  it  in  quantity,  a  few  bubbles  of  hydrochloric  acid  or  sul- 
phurous acid  are  passed  into  aldehyde  cooled  in  a  freezing  mixture,  the  metaldehyde 
which  crystallises  out  on  standing  is  removed,  and  the  mother-liquors  are  submitted 
to  distillation,  the  distillate  being  collected  in  a  well  cooled  receiver ;  more  metaldehyde 
is  then  deposited,  which  is  again  removed,  and  the  distillation,  &c.,  repeated  as  above. 
Calcium  chloride  elFocts  the  same  transformation  at  the  ordinary  temperature.  Metal- 
dehyde crystallises  in  fine  white  needles,  and  that  produced  by  calcium  chloride  in 
short,  thick  transparent  prisms  belonging  to  the  quadratic  system.  It  is  insoluble  in 
water,  and  but  slightly  soluble  in  alcohol,  ether,  chloroform,  or  benzene.  When  heated 
it  sublimes,  but  ordinary  aldehyde  is  always  formed  at  tho  same  time.  Heated  to 
112°  to  115°  in  a  closed  tube,  it  is  completely  converted  into  aldehyde,  and  tho  same 
change  is  produced  by  distillation  with  dilute  sulphuric  acid.  With  phosphorus  pen- 
tachloride it  forms  ethylidene  chloride. 

As  the  vapour-density  of  metaldehyde  cannot  be  determined,  on  account  of  its  par- 
tial conversion  by  heat  into  ordinary  aldehyde,  and  as  none  of  its  known  reactions  give 
any  information  as  to  its  molecular  weight,  it  is  impossible  at  present  to  form  any 
definite  idea  of  its  constitution.  But  the  formation  of  ethylidene  chloride  and  the 
ready  conversion  into  aldehyde  render  it  probable  that  this  modification  consists  of 
several  (perhaps  two)  aldehyde  molecules  united  into  one  by  their  oxygen-atoms. 

As  paraldehyde  has  three  times  the  vapour-density  of  aldehyde,  its  molecular 
formula  is  CH'-O',  and  its  reaction  with  phosphorus  pentachloride,  with  hydrochloric 
acid,"  sulphuric  acid,  and  gouorally  with  all  ferment-like  bodies,  which  easily  convert  it 
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into  aldehyde,  suggest  that  the  three  aldehyde  molecules  contained  in  it  are  united 
into  a  ring  through  the  medium  of  thoir  oxygen-atoms. 
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Condensatwn-iiroducts  of  Aldehyde. 

I.  Condensation  with  separation  of  Water.  (Kekule,  Ann.  Chem.  Pharm, 
clxii.  92-124.)  —  The  formation  of  crotonic  aldehyde  by  heating  acetic  aldehyde  with 
zinc  chloride,  is  mentioned  in  the  First  Supplement  (p.  613),  where  crotonic  aldehyde 
is  represented  Ly  the  formula  CH"~CH — CH- — CHO.  Kekule,  however,  now  takes 
a  somewhat  different  view  of  the  mode  of  transformation,  leading  to  the  representa- 
tion of  crotonic  aldehyde  by  the  formula  CH'' — CH~CH — CHO,  as  shown  by  the 
following  equation,  in  which  the  eliminated  atoms  are  enclosed  in  brackets : — ^ 

Cff— CH(0)  CH'— CH 

-  WO    =  II 
CH(H2)— CHO  CH— CHO 

Two  mol.  of  Acetic  Aldehyde.  Crotonic  Aldehyde. 

The  same  transformation  is  effected  by  tlie  action  of  hydrochloric  acid,  other  pro- 
ducts being  however  formed  at  the  same  time,  viz.,  chlorobutyric  aldehyde  C^'H'CIO, 
resulting  from  the  combination  of  part  of  the  crotonic  aldehyde  with  hydrochloric 
acid — the  same  compound  being  in  fact  producible  by  saturating  crotonic  aldehyde 
with  hydrochloric  acid  gas  ;  and  a  clilorinated  compound  C'°H'*C1^0^,  besides  higher 
condensation-products.  The  manner  in  which  these  several  compounds  are  obtained  is 
as  follows : — 

When  aldehyde  is  saturated  in  a  cooled  vessel  with  hydrochloric  acid,  and  then 
left  to  itself  for  about  two  days,  two  layers  of  liquid  form,  tlie  lower  of  which  consists 
of  aqueous  hydrochloric  acid.  On  removing  the  upper  layer  and  distilling  imme- 
diately, torrents  of  hydrochloric  acid  gas  escape,  and  a  pungent  oil  heavier  than  water 
passes  over,  whilst  a  large  portion  remains  behind  as  a  non-volatile  viscid  mass.  If 
the  upper  layer  be  washed  wath  water  previous  to  distillation,  the  general  course  of 
the  action  is  the  same,  but  the  quantity  of  viscid  residue  is  less.  Still  better  results 
are  obtained  by  distilling  tlie  washed  oil  in  a  stream  of  hydrogen,  and  adding  marble 
to  neutralise  the  free  acid. 

Crotonic  aldehyde  is  easily  obtained  from  all  the  distillates  by  rectification ;  its 
quantity  is,  however,  relatively  small,  and  smaller  as  the  aldehyde  saturated  with 
hydrochloric  acid  has  been  loft  to  stand  for  a  longer  time.  If  the  crude  oils  have  been 
washed  with  water,  considerable  quantities  of  tolerably  pure  crotonic  aldehyde  may  bo 
obtained  from  this  water  by  distillation. 

If  the  distillation  of  the  oil,  after  washing  with  water  or  with  alkali,  be  performed 
by  means  of  steam,  the  viscid  residue  deposits  needle-shaped  crystals  of  chloro- 
butyric aldehyde  C^H'CIO;  the  quantity  ct  which  increases  on  adding  alcohol,  and 
leaving  the  liquid  to  itself  for  some  days. 

If  the  receivers  be  occasionally  changed  during  the  distillation  with  steam,  the 
earlier  distillates  contain  chiefly  crotonic  aldehyde,  the  latter  ones  an  oil  which  sinks 
in  water.  The  oil  of  the  last  distillates,  deposits,  sometimes  immediately,  sometimes 
after  a  few  days,  laminar  crystals  of  the  chlorinated  compound  C'^H'^Cl'^O';  the 
empirical  relation  of  which  to  aldehyde  may  bo  represented  by  the  equation : 

SC^H^O  -1-  2HC1  --  2H=0  =  Ci»H'»CPO'. 

This  compound  forms  broad  nacreous  rhombic  plates  or  tables,  sometimes  larger 
well-developed  crystals.   It  melts  at  98°,  and  volatilises  easily  with  vapour  of  water. 
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It  13  insoluble  in  water,  but  slightly  soluble  in  cold  alcohol,  easily  soluble  in  hot  alco- 
hol and  in  ether. 

Higher  Condensation-products. — Both  the  liquid  of  higher  boiling-point  which  re- 
mained after  distilling  off  the  crotonic  aldehyde  as  above  described,  and  a  product 
obtained  by  heating  crotonic  aldehyde  with  twice  its  weight  of  aldehyde  and  some 
zinc  chloride  to  100°  for  96  hours,  yielded,  by  distillation  with  steam  and  subsequent 
rectification,  an'oily  product,  boiling  at  about  172°,  and  having  nearly  the  composition 
CH'O.  On  exposing  small  quantities  of  this  oil  to  the  air,  crystalline  needles  were 
formed,  and  on  boiling  it  with  water  and  silver  oxide,  a  crj'stallino,  difficultly  soluble 
silver  salt  was  produced,  containing  an  amount  of  silver  closely  corresponding  with 
the  formula  C^H'AgO-.  This  oil  was  probably  the  triple  condensation-product  of 
aldehyde  :  SC^H^O  —  211=0  =  C"H»0.  On  rectification  of  the  products  of  still  higher 
boiling-point,  an  oil  was  separated,  having  nearly  the  composition  CH'^O  =  4C-'H^0 
—3^0. 

The  mode  of  action  of  zinc  chloride,  and  of  the  numerous  other  salts  which  exert 
the  above  described  condensing  action  on  aldehyde,  may  be  explained  on  the  other- 
wise probable  assumption  that,  in  an  aqueous  solution  of  zinc  chloride,  there  are 
present  besides  the  hydrated  molecules,  a  certain  number  of  anhydi-ous  molecules, 
these  latter  being  always  in  motion,  and  constantly  changing  their  condition,  the 
hydrated  molecules  becoming  anhydrous,  the  anhydrous  molecules  becoming  hydrated, 
in  such  a  way,  however,  that  a  mean  condition  of  equilibrium  is  always  preserved. 
If  then  bodies  are  J)resent  from  which  the  elements  of  water  can  be  withdrawn,  a 
certain,  although  probably  small,  proportion  of  those  molecides  which  are  in  ths  act 
of  taking  up  water,  cause  the  separation  of  water  from  these  substances,  and  combine 
with  the  water  thus  separated,  so  that  in  coirrse  of  time  a  very  small  quantity  of  such 
an  agent  is  capable  of  performing  a  largo  amount  of  work.  It  is  evident  that  heat  is 
not  absolutely  necessary  for  the  production  of  such  reactions,  although  an  increase  of 
temperature  has  an  accelerating  influence.  In  fact,  aldehyde  mixed  with  zinc  chloride 
undergoes  the  same  change  in  a  few  weeks  at  summer  tomperatiu-o,  and  in  some  months 
at  autumn  and  winter  temperatures,  as  when  heated  for  several  hours  to  100°.  The 
action  of  zinc  chloride  and  similar  salts  might  also  be  referred  to  the  presence  of 
hydrochloric  acid  :  for  an  aqueous  solution  of  the  former  may  be  supposed  to  contain 
free  hydrochloric  acid  and  free  zinc  oxide. 

Similar  considerations  apply  to  the  decomposition  of  complex  compounds  with 
assumption  of  the  elements  of  water.  Thus,  that  of  the  glucosides  in  presence  of 
traces  of  sulphuric  acid  may  probably  be  referred  to  an  action  of  the  same  nature. 

According  to  Paterno  a.  Amato,  aldehyde  is  converted  into  crotonic  aldehyde  by 
heating  with  ethylidene  cldoridc  (I.  Suppl.  613).  According  to  Kokule,  however, 
{Deut.  Chem.  Ges.  Ber.  iii.  135),  this  is  the  case  only  when  the  ethylidene  chloride 
contains  free  hydrochloric  acid.  Pure  ethylidene  chloride  has  no  action  whatever  on 
aldehyde,  but  a  mere  trace  of  hydrochloric  acid  is  sufficient  to  produce  the  condensa- 
tion. This  conclusion  is  confirmed  by  the  experiments  of  Kramer  a.  Pinner  {ibid.  76 
and  390),  who  find  that  ethylidene  chloride  heated  -with  aldehyde  does  not  undergo 
the  slightest  alteration. 

Chlorinated  Condensation-products. — Kramer  a.  Pinner  (Atm,  Chem.  JPharm,  clviii. 
37),  by  passing  chlorine  into  aldehyde,  at  first  cooled  by  a  freezing  mixture,  but 
heated  to  100°  at  the  close  of  the  reaction,  obtained  in  about  24  hours  a  semi-solid 
brown  mass,  which,  when  distilled,  yielded  between  160°  and  180°,  a  liquid  from 
which,  by  subsequent  fractional  distillation,  trichlorocrotonic  aldehyde  or  cro- 
tonic chloral  C'H^CPO  was  obtained,  boiling  at  163°  to  165°.  The  chlorine  first 
takes  hydrogen  from  a  portion  of  the  aldehyde,  forming  hydrochloric  acid ;  this  acts 
on  the  rest  of  the  aldehyde  in  the  manner  above  described,  forming  crotonic  aldehyde ; 
and  the  latter  is  converted  by  the  excess  of  chlorine  into  trichlorocrotonic  aldehyde 
(I.  Suppl.  p.  513).  By  adding  fragments  of  marble  so  as  to  remove  the  hydrochloric 
acid  as  fast  as  it  is  formed,  a  distillate  is  obtained  exhibiting  the  properties  of  ordi- 
nary chloral  (Pinner,  Beut.  Chem.  Ges.  Ber.  iv.  256). 

Wiu:tz  {Ann.  Chem.  Phys.  [3]  xlix.  58),  by  passing  chlorine  into  aldehyde  obtained 
acetyl  chloride  and  a  body  C^H'CIO-,  containing  the  elements  of  acetyl  chloride  and 
aldehyde,  and  producible  by  their  direct  combination.  Kramer  a.  Pinner  were  not 
able  to  obtain  these  substances,  but  Wiirtz  (Coot^j;!.  r«8f?.,  Ixxiii.  528)  has  recently 
made  further  experiments  which  corroborate  his  former  results. 

By  passing  chlorine  through  an  ice-cold  mixture  of  carbon  perchloride  and  one- 
tenth  of  its  weight  of  aldehyde,  in  sunshine,  till  the  liquid  becomes  strongly  yellow, 
he  obtains  a  jiroduct  wliich,  on  agitation  with  mercury  and  distillation,  gives  off 
hydrochloric  acid,  and  yields,  after  fractionating  several  times,  a  liquid  boiling  below 
70°,  and  another  boiling  at  about  120°.  The  first  is  a  mixture  of  acetyl  chloride  and 
D  2 
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carbon  perehloride ;  the  second  contains  tlie  compound  C'H'CIO-,  whicli,  treated  with 
water,  yields  acetic  and  hydrochloric  acid,  and  apparently  also  aldehyde,  whence  it 
appears  to  contain  the  elements  of  aldehyde  and  acetyl  chloride  condensed ;  probahly 
thus 


eithei"  as 


II.  Condensation  witb  Addition  of  Hydrogen.  (Kekule,  Ann.  Chem.  Pharm. 

clxii.  305-320). — When  an  acidulated  dilute  aqueous  solution  of  aldehyde  is  treated 
with  sodium  amalgam,  butylene-glycol  C^II'°0- is  formed  in  small  quantity,  ac- 
cording to  the  equation  2C-H''0  +  H-  =  C'II"'0=,  the  reaction  being  analogous  to 
that  by  which  benzoic  aldehyde  C'H^O  is  converted  into  hydrobenzoin,  C'^'H'^O'-. 

The  butylene-glycol  thus  obtained  is  different  from  ordinary  butylene-glycol ;  it 
boils  at  203-5°-204°,  and  yields  by  oxidation  with  nitric  and  crotonic  aldehyde,  acetic 
acid  and  oxalic  acid,  whence  it  is  inferred  to  have  the  constitution  represented  by  the 
formula  CH^OH)— CH^— CH(0H)CH3.    (See  BuTyLENE-cosiPOUKDs.) 

Substiiution-products  of  Aldehyde. 

SibromaldeJiyde,  C^H^Br-O,  is  produced  by  the  regulated  action  of  bromine 
on  aldehyde.  It  crystallises  in  long  needles,  soluble  in  water,  alcohol,  and  ether,  has 
a  pungent,  tear-exciting  odour,  and  reduces  silver  nitrate.  The  action  of  bromine  on 
aldehyde  under  slightly  diiferent  circumstances,  gives  rise  to  dibromacetie  acid  (Haar- 
mann,  Beui.  Chcm.  Ges.Ber.  iii.  758). 

Monocbloraldehyde.  C^H^CIO  (Glinsty,  Zeitschr.  f.  Chem.  vi.  647).— This 
compound  is  produced  by  the  action  of  hypochlorous  acid  on  vinyl  chloride  C-ffCl 
(I.  Suppl.  76).  Wlien  this  gas  is  passed  into  a  cooled  mixture  of  hypochlorous  acid 
and  mercuric  oxide,  the  latter  being  added  by  siiccessivo  portions  when  required,  and 
the  liquid,  after  being  filtered  or  mixed  with  a  sidScient  quantity  of  hydrochloric  acid 
to  dissolve  all  the  mercuric  oxide,  is  distilled,  the  first  portion  of  the  distillate  passes 
over  in  oily  drops,  after  which  the  distillation  may  be  continued  as  long  as  the 
liquid  which  passes  over  becomes  turbid  on  addition  of  potassium  cyanide.  Both 
these  distillates  contain  a  hydrate  of  monochloraldehyde,  which  solidifies  when 
pure  ;  it  is  most  easily  obtained  from  the  second  distillate.  This  liquid  is  saturated 
with  sodium  sulphate,  and  agitated  with  ether ;  the  ether  is  distilled  off  from  the 
ethereal  extracts ;  the  residue  is  fractionally  distilled,  the  portions  going  over  between 
85°  and  95°-100°,  being  collected  apart ;  and  both  these  distillates  are  dehydrated  by 
suspending  lumps  of  calcium  chloride  over  them  ;  whereupon,  the  hydrate  of  chloral- 
dehyde  separates  in  the  solid  state.  Both  this  hydrate  and  the  liquid  decanted  from 
it  exhibit  similar  phenomena  when  rectified,  the  greater  part  distilling  over  between 
85°  and  95°,  the  smaller  portion  between  95°  and  100° ;  the  former  solidifies  on  cool- 
ing ;  the  latter  remains  liqmd  for  the  most  part,  as  also  does  the  small  residue  which 
boils  above  100°. 

The  hydrate  of  chloraldehyde  has  the  composition  2C-H^C10.H^0.  By  evaporation 
of  its  ethereal  solution,  it  is  obtained  in  groups  of  flat  tabular  crystals,  which  melt  at 
74°-75°.  AVhen  exposed  to  the  air  it  volatilises  and  oxidises  at  the  same  time.  In 
dilute  solution  it  smells  like  rotten  apples  or  grapes,  but  its  concentrated  solutions 
have  a  pungent  odour  and  give  off  a  vapour  which  attacks  the  mucous  membranes. 
It  has  a  sweetish-sharp  taste,  and,  when  placed  on  the  skin,  produces  spots  which 
give  no  pain,  and  are  scarcely  visible  at  first,  but  afterwards  become  orange-yellow, 
and  remain  till  the  cuticle  peals  off.  The  hydrate  reduces  ammoniacal  silver  solution, 
producing  a  specular  deposit.  Sulphuric  acid  quickly  converts  it  into  a  thick  brown- 
yellow  oil.  With  potassium  cyanide  it  forms  an  oil  which  is  converted  by  acids  into 
chlorolactic  acid  (See  Lactic  Acid).  It  unites  with  acid  sodium  sidphite,  forming  the 
compound  2(C-H^C10.NaIIS0^).H-0  ;  which  separates  from  the  solution  in  boiling 
alcohol,  as  a  bulky,  white,  crystalline  powder. 

The  products  of  higher  boiling-point  obtained  in  the  preparation  of  the  hydrate," 
appear  to  contain  nothing  but  condensation-products  of  chloraldehyde.  The  portion 
boiling  between  95°  and  100°,  dissolves  for  the  most  part  in  water,  and  the  insoluble 
portion  gives,  by  analysis,  a  quantity  of  chlorine  agreeing  approximately  with  the 
formula  2C=II'C10  —  H'-O.  The  higher  the  boiling-points  of  these  secondary  products 
the  less  soluble  are  they  in  water;  the  aqueous  solution  of  the  higher-boiling 
products  does  not  yield  any  oil  with  potassiiun  cyanide.    They  all  have  a  pungent 
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odour,  a  sweetish,  burning  taste,  and  do  not  combine  with  acid  sodium  sulphite.  That 
these  oily  secondary  products  are  formed  from  the  solid  hydrate  of  chloraldehydo 
appears  from  the  fact,  that,  on  distilling  the  perfectly  dessicated  hydrate,  a  portion 
boiling  at  85°-90°  and  another  at  90°-94°  were  obtained,  both  of  which  quickly  solidi- 
fied, but  were  no  longer  perfectly  soluble  in  water ;  insoluble,  oily  drops  remaining, 
which  exhibited  the  properties  above  described.  It  does  not  appear  possible  to 
obtain  anhydrous  monochloraldehyde  by  continued  distillations ;  a  product  thus  ob- 
tained contained  but  little  more  chlorine  (41-69  p.c.)  than  the  hydrate  (40'57  p.c). 

Siilphaldehyde.— When  hydrogen  sulphide  is  passed  into  an  aqueous  solution  of 
.aldehyde,  an  oil  is  formed,  which,  when  treated  with  acids,  yields  a  solid  substance 
having  the  composition  of  aldehyde  with  the  oxygen  replaced  by  sulphiu*.  Hofmann, 
however,  finds  that  its  vapour-density  agrees  with  the  triple  formula  CH'-S^ ;  it  is 
very  easily  formed  from  paraldehyde  {Zcitschr.f.  Ckem.  [2]  vi.  699). 

The  oil  formed  by  the  action  of  hydrogen  sulphide  on  aldehyde,  was  said  by 
Wcidenbusch  (i.  107)  to  have  the  composition  6C-H''S.H-S,  and  to  give  off  hydrogen 
sulphide  when  treated  with  acids.  According  to  Pinner,  however  ( Dcut.  Clicm.  Gcs. 
Ber.  iv.  257),  these  statements  are  incorrect.  The  oil  is  a  compound  of  aldehyde  and 
sulphaldehyde,  C-H''O.C'^H^S,  and  when  treated  with  an  acid,  yields  a  precipitate  of 
sulphaldehyde  CH'^S^,  and  a  solution  of  aldehyde,  without  any  evolution  of  hydro- 
gen sulphide.  By  passing  sulpliydric  acid  gas  through  tlie  strongly  acid  filtrate,  a 
large  quantity  of  sulphaldehyde  may  be  directly  obtained.  In  like  manner,  a  strongly- 
acidulated  solution  of  aldehyde  yields,  with  sulphydric  acid,  not  the  oil  above  men- 
tioned, but  solid  sulphaldehyde. 

The  oil,  C^H'O.C^H^S,  solidifies  at-  8°  and  liquefies  again  at-  2=.  Its  vapour-density 
was  found  to  be  between  61-3  and  59-4  (H  =  1).  Now,  supposing  that  the  oil  is  resolved 
}iy  heat  into  monomolecular  aldehyde  C'-H*0  and  trimoleeular  sulphaldehyde  CH'-S', 
its  vapour-density  should  be  61 '2°,  which  agrees  with  the  experimental  number 
(Pinner). 

AI.SEHYDE-AI'.COHOS.ATJa.  C-H'O.C=ffO.— A  compound  identical  with 
liydroxyl-cthyl-oxido  (See  Etiivl  Oxide). 

iSLl.BE2IYBE-EXB:irii-CH2.0Ks:i>E.  C'-H'0.C-II=C1.— Identical  with  mono' 
chlorethyl  oxido  (See  Ethyl  Oxide). 

AZiBEKYBSS.  Reactions  with  Phenols. — Acetic  aldchi/dc,  mixed  with  pyrogallol 
and  hydrochloric  acid,  and  gently  warmed,  produces  a  red  coloration,  becoming 
violet  on  the  addition  of  an  alkali.  Bitter  almond  oil,  heated  -vvith  pyrogallol,  pro- 
duces a  colom-less  body,  crystallisable  from  ether,  and  having,  when  dried  at  120°,  the 
composition  :  C=«H-''0'  =  2C'H«0  +  2C'=ffO^— ffO.  Heated  to  200°,  this  product  loses 
hydrogen,  forming  a  red  body,  C-''H"'0'  soluble  in  alcohol,  while,  on  treating  it  with 
hydrochloric  acid,  alcohol,  and  zinc,  hydrogen  is  added,  and  a  crystalline  white  body, 
C'-"H^'0',  is  formed,  soluble  in  acetone,  but  insoluble  in  alcohol  and  ether.  Eesorcin 
behaves  with  bitter  almond  oil  in  a  similar  manner  to  pyrogallol;  and  a  phenol  dyestuff 
is  produced  on  adding  strong  sulphuric  acid  to  a  mixture  of  phenol  and  bitter  almond 
oil.  Aldehyde  or  chloral  with  phenol  and  sulphuric  acid  ;  furfurol  with  resorcin, 
phenol,  or  pyrogallol  and  a  trace  of  hydrochloric  acid ;  salicylous  and  pyrotartario 
acids  with  phenols :  all  give  colouring  matters  (A.  Bayer,  Dcut.  Chem.  Ges.  Ber.  v.  25). 

Condensation-products  of  Aldehydes  {Aldancs,  p.  32).— Many  aldehydes  when 
treated  with  sodium  yield  condensation-products,  witli  elimination  of  water.  Thus, 
valeral  C'H'»0,  yields  an  aldehyde,  C'°H'''O  =  2C*H'»0—H=O,  which  boils  at  195°, 
combines  with  sodium  bisulphite,  and  is  converted  by  oxidation  into  an  acid,  C'°H''0^, 
and  by  nascent  hydrogen  into  the  alcohol  C'^H'-'-'O. 

CEnanthol,  similarly  treated,  is  converted  into  two  polymeric  modifications  :  one  a 
liquid,  the  other  a  crystalline  solid,  both  of  which,  on  distillation,  yield  cenantliol 
and  condensation-products,  with  abstraction  of  water  (Borodin,  Beut.  Chcm.  Ges.  Ber. 
V.  480). 

On  the  Thermal  Effects  of  the  Combination  of  Aldehydes  with  Bases,  see  Heat. 

AliBEHYBms.  C8H"N.— This  base,  discovered  by;Ador  a.  Bayer  {1st  Suppin), 
is  regarded  by  them  as  a  homologue  of  picoline,  CH'N. — It  is  produced  directly  from 
iSehiff's  tetraldine,  which  again  is  formed  by  the  union  of  2  mol.  crotonic  aldehyde 
witli  ammonia  {Jahresb.f.  Chcm.  1869,  707). 

AXBOS..  C'H'O-  =  CH^— CHOH— OH^— CHO  (Wurtz,  Compt.  rend.  Ixxiv. 
1501  ;  Issvi.  1165).    A  compound  polymeric  with  acetic  aldehyde,  and  regarded  by 
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Wurtz  as  bolongmg  to  a  class  of  bodies  intermediate  in  properties  and  constitution 
between  the  aldehydes  and  the  alcohols.  It  is  formed  by  the  action  of  hydrochloric 
acid  and  water  on  aldehyde  at  low  temperatures :  1  part  of  aldehyde  is  mixed  with 
1  part  of  water  and  2  parts  of  hydrochloric  acid,  and  the  mixture  is  left  to  itself  for 
several  days  at  a  temperature  of  15°  to  20°  ;  in  winter  it  must  be  placed  in  a  stove.  As 
soon  as  it  has  acquired  a  tawny  colour,  and  smells  but  slightly  of  aldehyde  and  par- 
aldehyde, it  'must  be  neutralised  with  crystals  of  sodium  carbonate,  and  agitated 
several  times  with*  ether.  The  ethereal  solution  distilled  in  the  water-bath  leaves  a 
transparent,  slightly-coloured  liquid,  which  becomes  syrupy  on  cooling;  and  this 
product,  distilled  in  a  vacuum,  gives  off,  first  ether,  then  water,  then  between  90°  and 
105°,  under  a  pressure  of  2  centimeters,  aldol,  in  the  form  of  a  colourless  liquid, 
which  remains  soluble  while  hot  and  even  when  recently  cooled,  but  when  left  to 
itself  gradually  becomes  viscid,  giving  out,  at  the  same  time,  a  considerable  quantity 
of  heat.  Thus  a  quantity  of  freshly -distilled  aldol,  perfectly  limpid  at  11°,  gradually 
rose  in  an  hour  to  the  temperature  of  54°,  after  which  it  slowly  cooled,  till,  at  the  end 
of  tliree  hours  more,  its  temperature  was  30°  :  it  was  then  viscid.  This  viscid  aldol 
probably  bears  the  same  relation  to  mobile  aldol  that  paraldehyde  bears  to  ordinary 
aldehydes,  the  polymeric  grouping  being,  however,  less  stable  than  that  of  paraldehyde. 

Aldol  at  0°  is  so  viscid  that  it  does  not  run  out  when  the  tube  containing  it  is 
inverted.  Its  specific  gravity  is  1-208  at  0°,  1-1094  at  16°,  and  1-0819  at  49-6°.  It 
is  strongly  refractive,  its  index  of  refraction  being  1-458  for  the  yellow  ray,>and  1-455 
for  the  red.  It  has  an  aromatic  and  bitter  taste,  mixes  in  all  proportions  witli  water 
and  alcohol,  dissolves  also  in  ether ;  when  pure,  it  forms  a  clear  solution  with  water. 

Aldol  bears  a  heat  of  100°  without  sensible  alteration,  and  distils  undecomposed 
at  90°,  under  a  pressure  of  2  centimeters  ;  but,  when  heated  above  100°,  under  the 
ordinary  pressure,  it  begins  to  decompose  at  135°  into  water  and  crotonic  aldehyde 
(C'H^O^  =  H"0  +  C^H'O),  and  at  150°  nothing  remains  in  the  vessel  but  a  small 
quantity  of  viscid  liquid.  The  same  decomposition  takes  place  when  aldol  is  heated 
with  glacial  acetic  acid.  The  formation  of  crotonic  aldehyde  by  the  action  of  hydro- 
chloric acid  on  ordinary  aldehyde  (p.  34)  is  probably  preceded  by  that  of  aldol. 

Aldol  possesses  the  reducing  powers  of  the  aldehydes  ;  it  throws  down  cuprous 
oxide  from  a  cuprico-potassic  solution,  and  reduces  ammoniacal  silver  nitrate,  forming 
a  fine  silver  speculum. 

Nitric  acid  attacks  aldol  with  great  violence,  giving  rise  to  acetic  aldehyde,  oxalic 
acid,  and  several  other  acids  not  yet  examined.  Chromic  acid  likewise  exerts  a  violent 
Oxidising  action.  The  action  of  silver  oxide,  on  the  other  hand,  is  more  moderate. 
When  1  mol.  aldol  is  treated  with  2  mol.  moist  silver  oxide,  the  mixture  becomes 
hot,  and  metallic  silver  is  deposited.  If  the  liquid  bo  then  boiled,  filtered  and  con- 
centrated, a  silver  salt  separates  out  in  long  interlaced  noodles  ;  which,  when  recom- 
posed  with  hydrogen  sulphide,  yields  j8-oxy  butyric  acid. 

CH'— CH(OH)— CH'— COH  +  0  =  CH»— CH(OH)— Off— CO^H 
Aldol  |3-osybutyric  acid. 

Aldol  therefore,  as  pointed  out  by  Kolbe  {J.  pr.  Cliem.  [2]  v.  451),  is  the  aldehyde 
of  /3-oxybutric  acid.  Its  formation  from  two  molecules  of  acetic  aldehyde  is  repre 
sented  by  this  equation : 

CH'— C(HO)  CH'— CHOH 

C(H)H-— CHO  CH2— CHO 

and  its  resolution  into  water  and  crotonic  aldehyde  by  the  equation : 
CH^— CHOH  CH'— CH 

I  =  H^O  H-  II 

CH^— CHO  CH— CHO. 

By  nascent  hydrogcn&l^ol  is  converted  into  one  of  the  modifications  of  butylene- 
glycol,  C<H'"0^  A  4  p.  c.  aqueous  solution  of  aldol  is  heated  at  0°  with  sodium- 
amalgam  containing  5  p.  c.  sodium,  the  soda  formed  being  continually  neutralised 
with  hydrochloric  acid.  The  reaction  is  very  slow,  and  the  liquid  must  be  decanted 
every  evening,  as  otherwise  it  might  become  alkaline  during  the  night,  and  the 
experiment  would  then  be  lost  in  consequence  of  the  formation  of  resinous  substances 
and  condensation-products.  As  soon  as  the  absorption  of  hydrogen  ceases,  the  liquid 
is  to  be  shaken  several  times  with  ether,  which  removes  condensation-products 
soluble  in  water,  the  ethereal  solution  separated,  and  the  remaining  liquid  evaporated 
at  40°.  The  residue  is  treated  "wdth  alcohol,  which  leaves  the  greater  part  of  the 
sodium  chloride  undissolved ;  the  alcoholic  solution  is  evaporated,  and  the  residue 
treated  with  absolute  alcoliol,  which  separates  a  further  quantity  of  sodium  chloride. 
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The  alcohol  is  then  distilled  off,  and  the  remaining  liquid,  -which  distils  betwoon  200° 
and  220°,  yields,  by  rectification,  a  thick  saccharine  liquid,  boiling  at  201°-203°, 
identical  with  the  butylene-glycol  which  Kekule  obtained  as  a  secondary  product  in 
the  hydrogenation  of  aldehyde  (p.  36).  The  formation  of  this  glycol  from  aldol  is 
represented  by  the  equation  : 

CH'— CH(OH)— Cff— CHO  +  R-  =  CH'— CH(OH)— CH^— Cn=(OH). 

When  a  civrrent  of  ammonia  gas  is  passed  into  an  ethereal  solution  of  aldol,  a  syrupy 
colourless  body  is  precipitated,  which  dries  in  a  vacuum  to  an  amorphous  transparent, 
semi-resinous  mass,  consisting  of  ammonium-aldol,  C'H'(NII*)0'-=.  This  compound 
is  very  soluble  in  water,  and  has  an  odour  resembling  that  of  aldehyde-ammonia. 

When  a  current  of  hydrochlork  acid  gas  is  passed  at  10°  to  the  bottom  of  a  concen- 
trated aqueous  solution  of  aldol,  the  aldol  turns  yellow  and  a  thick  liquid  is  deposited, 
insoluble  in  water,  and  probably  containing  monochloraldol  (CH' — CHCl — CH" 
— CHO). 

Hydriodic  acid  produces  with  aldol  a  thick,  yellow,  unstable  liquid.  PJiospliorus 
pentacMoride  acts  very  strongly  on  aldol,  forming  phosphorus  oxychlorido  and  a 
chlorinated  body,  probably  having  the  composition  C^H'CP. 

Aldol,  heated  for  several  days  in  the  water-bath  with  3  times  its  weight  of  acetic 
anhydride,  combines  with  it,  and  water  added  to  the  product  throws  down  an  oily  body, 
which,  when  distilled  immediately  under  reduced  pressure,  is  resolved  into  two 
acetates,  one  boiling  under  a  pressure  of  2  centimeters  at  160°-100°,  tho  other  at 
160°-160°.    The  former,  which  has  the  composition  : 

c'ii'0(C2n^o-)  or  CH^— cn(oc^ii'O)— cff— cno, 

is  a  viscid,  coloui'less,  sensibly  neutral  liquid,  insoluble  in  water,  soluble  in  alcohol, 
decomposed  by  water  at  100°,  with  formation  of  acetic  acid,  and  resolved  by  baryta- 
water  at  the  same  temperature  into  acetic  acid  and  yellow  flocks,  probably  consisting 
of  aldehyde-resin.  The  second  acetate,  which  distils  in  vaciw  at  150°-160°,  has  the 
composition  C'H°(C-H^0=)2,  and  may  bo  regarded  as  the  diacetate  of  erotonic  alde- 
hyde; it  is  a  thick,  yellowish  liquid,  which  stains  paper  like  a  fixed  oil,  but  not  per- 
manently ;  is  insoluble  in  water,  and  gives  up  acetic  acid  to  that  liquid  when  boiled 
with  it.  Saponified  with  baryta-water,  it  yields  the  resinous  body  above  mentioned 
and  2  molecules  of  acetic  acid. 

Anhydride  of  Aldol,  C»H''0^  =  (C^H'O)^©  =  2C<II«0^-  — H^O.— If  the  liquid  obtained 
by  heating  aldehyde  with  water  and  hydrochloric  acid,  as  above  described,  bo  allowed 
to  stand  till  it  acquires  a  brown  tint  and  opaline  appearance,  and  be  then  neutralised 
and  treated  with  ether  as  before,  the  ethereal  solution  leaves  nacreous  scales  which  may 
be  separated  from  the  mother-liquid  by  means  of  Bunsen's  vacuum  filter.  Tho  pro- 
duct thus  obtained  is  tho  anhydride  of  aldol,  and  is  probably  related  to  aldol  in  tho 
same  manner  as  ether  to  alcohol.  It  distils  at  137°  under  a  pressure  of  2  centimeters, 
forming  a  colourless,  very  viscid  liquid,  soluble  in  alcohol  and  ether,  slightly  soluble 
in  cold  water,  more  soluble  in  boiling  water,  which  on  cooling  deposits  it  in  crystals 
melting  at  155°.  It  easily  reduces  ammoniacal  silver  nitrate  and  Fehling's  cuprico- 
potassic  solution. 

Aldol  also  loses  water  when  heated  for  several  hours  to  60°  in  a  current  of  dry  air ; 
it  then  thickens  and  solidifies  on  cooling  to  a  colourless,  transparent,  viscid  mass, 
insoluble  in  water. 

Aldol,  by  its  reducing  power  and  by  the  readiness  with  which  it  unites  with  acids, 
exhibits  considerable  resemblance  to  the  sugars.  The  aldehydes  may,  indeed,  play  an 
important  part  in  the  formation  of  glucose  and  similar  bodies  in  the  vegetable  organism. 
The  simplest  of  tho  aldehydes,  namely,  formic  aldehyde,  H.CHO,  may  possibly  be 
formed  in  tho  processes  of  vegetation  by  tho  partial  reduction  of  a  molecule  of  water 
and  a  molecule  of  carbon  dioxide  :  CO-  4-  H-0  -  0=  =  CH-0  ;  and  the  condensation  of 
several  molecules  of  formic  aldehyde  may  give  rise  to  carbohydrates  in  the  same  manner 
as  aldol  is  produced  liy  the  condensation  of  two  molecules  of  acetic  aldehyde.  The 
condensation  of  two  molecules  of  formic  aldehyde  would  yield  the  first  aldehyde  of 
glycol,  CH^ — OH— CHO,  which  is  isomeric  with  glucose. 

Benzoin  C"H''-'0-,  is  formed  by  the  condensation  of  two  molecules  of  benzoic  aide- 
'wie'.just  as  aldol  by  that  of  two  molecules  of  acetic  aldehyde.  If  the  two  reactions 
are  similar,  the  constitution  of  benzoin  may  be  represented  by  the  formula  CH' — 
CHOH-C»H'-CHO. 

Borodin  (Bcut.  Chc?n.  Gcs.  Ber.  v.  480)  by  treating  acetic  aldehyde  with  hydrochloric 
acid  obtained  a  compound  resembling  Wurtz's  aldol,  but  yielding  "by  distillutiou  chiefly 
acetic  aldehyde,  instead  of  water  and  erotonic  aldehyde. 
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AEiIZABlKT.  Preparation.  —  For  the  preparation  of  pure  madder  alizarin,  the 
following  process  is  reeommended  by  "Wartha  {Deut.  Che7n.  Ges.  Ber.  iii.  545,  673). 
Stuffs  dyed  with  Turkey  red  are  exhausted  at  the  heat  of  the  water-bath ;  with  hydro- 
chloric acid  and  alcohol ;  the  solution  is  precipitated  with  potash ;  and  the  precipitate 
is  decomposed  -vvith  dilute  hydrochloric  acid  and  sublimed.  Or  the  stuffs,  after  being 
freed  from  fatty  matter  by  ligroin  (light  petroleum  oil)  may  be  exhausted  with 
alcohol  and  hydrochloric  acid,  and  the  colouring  matter  precipitated  by  water.  Pure 
alizarin  may  also  be  obtained  by  macerating  the  stuffs  for  two  or  three  minutes  in 
strong  sulphm'ic  acid,  precipitating  with  water,  and  treating  the  precipitate  with 
potash. 

Madder  alizarin  sublimes  between  130°  and  140°;  artificial  alizarin  between  280° 
and  300°,  For  the  sublimation  of  alizarin  (and  of  anthracene),  Wartha  recommends 
the  use  of  a  wide  glass  tube  exhausted  by  a  mercury  or  water  pump. 

The  peculiar  fiery  colour  of  fabrics  dyed  with  Tittkey  red  is  attributed  by  Wartha  to 
a  peculiar  fatty  acid  compound  of  alizarin,  which  may  be  extracted  with  ligroin  and 
ether. 

With  reference  to  Wartha's  observations,  BoUey  (fiM^Z.  polyt.  J.  cxcvii.  357)  remarks 
that  the  methods  of  separating  madder  colours  from  dyed  fabrics  were  described  long 
ago  by  himself  and  others. 

Isalizarin  C»H"0*  (Eoclileder,  Deut.  Chem.  Ges.  Ber.  iii.  292;  Zeitschr.f.  Chm. 
[2]  vi_.  573). — Madder  which  has  been  heated  with  mineral  acids,  contains,  besides 
alizarin  and  purpurin,  certain  yellow  crystallised  substances  which  are,  perhaps, 
present  in  the  root  in  the  form  of  glucosides.  Their  quantity  is  small,  many  thousand 
pounds  of  madder  being  required  to  yield  a  few  ounces  of  them.  The  material,  a 
waste  product  of  a  manufacturing  operation,  was  obtained  in  the  form  of  yellow,  hard, 
light,  easily  pulverisable  lumps.  It  dissolves  with  red  colour,  in  caustic  soda ;  and 
the  solution,  treated  with  hydrochloric  acid,  deposits  dirty-yellow  gelatinous  flocks, 
which  shrink  and  lose  their  gelatinous  character  when  boiled  with  water,  so  that  they 
can  then  be  easily  washed  on  a  filter.  The  substance  thus  obtained  dissolves  in 
bai-yta-water,  a  nearly  black  powder  remaining  behind.  The  blood-coloured  solution, 
neutralised  with  hydrochloric  acid,  yields  a  yellowish  precipitate,  which  dissolves  when 
toiled  with  glacial  acetic  acid,  forming  a  reddish-yellow  solution,  which,  if  the 
quantity  of  acetic  acid  used  was  only  just  sufficient  to  dissolve  the  precipitate,  solidi- 
fies on  cooling  to  a  cake  of  small  crystals,  which  must  be  washed  on  a  filter  with 
glacial  acetic  acid  as  long  as  the  liquid  which  runs  through  exhibits  the  coloiir  of  a 
saturated  solution  of  potassium  dichromate.  By  this  treatment  an  amorphous  resi- 
nous body,  easily  soluble  in  cold  acetic  acid,  is  removed,  while  only  a  small  quantity 
of  the  other  constituents  passes  into  solution.  The  lemon-yellow  mass  remaining  on 
the  filter  is  separated  into  its  constituents  by  fractional  crystallisation,  first  from  dilute 
acetic  acid,  then  from  hot  alcohol,  partial  solution  in  alcohol,  and  partial  precipitation 
of  the  alcoholic  solutions  with  water. 

The  compound  which  is  present  in  largest  quantity  in  the  mixture,  after  removal, 
of  the  resinous  body  above  mentioned,  is  isaliaarin,  a  body  having  the  same  com- 
position as  alizarin,  but  distinguished  from  it  by  the  blood-red  colour  of  its  solutions 
in  caustic  potash  and  soda,  and  the  red  colour  of  its  solution  in  baryta-water.  In  the 
solid  state  it  has  a  colour  nearly  intermediate  between  that  of  alizarin  and  that  of 
purpurin.  It  does  not  dye  calico  mordanted  with  iron  or  alumina.- 
;  The  isalizarin  is  accompanied  by  small  quantities  of  three  other  bodies,  viz. :  a.  A 
body  bearing  a  very  close  resemblance  to  isalizarin,  and  having  the  composition 
QujjioQi.  0.  Hfjdrisalizarin  C^^H'"0*,  which  has  a  somewhat  lighter  yellow  colour 
than  isalizarin,  dissolves  -with  dark  brown  colour  in  a  boiling  solution  of  ferric  chlo- 
ride, and  separates  therefrom  partly  on  cooling,  partly  on  addition  of  a  few  drops  of 
hydrochloric  acid,  in  light  yellow  flocks,  which  exhibit  the  same  composition.  7.  A 
body,  C^°II2''0'',  which,  when  heated  for  a  long  time  to  118°-120°,  gives  off  a  molec^lle 
of  water  and  assumes  a  darker  colour. 

Distinction  between  Alizarin  and  Purpurin.  —  Wheu  cloth  dyed  or  printed  with 
madder  is  boiled  for  a  short  time  with  a  strong  solution  of  aluminium  sulphate,  a 
liquid  is  obtained  which  appears  red  with  a  bluish  tinge  by  transmitted  light  and  ex- 
hibits a  gold-green  iridescence  by  reflected  light.  This  appearance  is  due  to  purpurin, 
A  solution  of  alizarin  exhibits  slight  fluorescence  only  when  a  beam  of  light  is  thrown 
into  it  by  a  lens.  Alizarin  separates  from  the  solution  in  aluminium  sulphate  in  the 
course  of  twelve  hours ;  purpiu-in  does  not.  A  solution  of  aluminium  sulphate  serves 
in  this  manner  to  detect  the  presence  of  purpurin  and  therefore  of  madder-colour. 
Alizarin  may  be  detected,  in  presence  of  purpurin,  by  repeatedly  boiling  the  red  colour 
with  potassium  carbonate,  which  dissolves  the  compound  of  alumina  and  purpurin.  If 
the  coloiu"  does  not  afterwards  appear  bleached,  the  presence  of  alizarin  may  be 
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inferred  ;  in  that  case  also  tlio  coloiu-  is  turned  -yiolet  by  immersion  in  baryta-water 
(W.  Stein,  Zeitschr.f.  Clicm.  vi.  479)." 

Artificial  Alizarin. — The  foUo-ffing  method  of  preparing  alizarin  from  anthra- 
cene paranaphthalene  and  their  homolo^ues  is  given  by  A.  Girard  {Bull.  Soc.  ind.  da 
Mulhousc,  xliii.  64 ;  Dingl.polyt.  J.  cciv.  490).  The  material  used  is  that  which  distils 
between  290°  and  360°;' it  is  purified  by  distillation  and  pressure,  the  portion  which 
passes  over  between  300°  and  335°  being  collected  apart.  This  mixture  is  treated 
with  potassium  chlorate  and  hydrochloric  atid,  whereby  it  is  converted  into  tetrachlori- 
nated  products.  These  are  oxidised  either  by  nitric  acid  in  the  water-bath,  or  by  a 
metallic  oxide  (red  or  brown  oxide  of  lead),  and  sulphuric  or  acetic  acid.  In  the  first 
cise,  a  mixture  of  dichloranthraquinone  and  chloride  of  chloroxyanthranyl  are  ob- 
tained. These  substances  are  treated,  in  presence  of  a  metallic  oxide  (zinc  oxide,  cupric 
oxide,  or  litharge),  with  an  alcoholic  solution  of  sodium  acetate.  The  metallic  oxide 
removes  the  last  atom  of  chlorine  from  the  sodium  chloroxyanthranilate,  and  converts 
it,  like  the  dichloranthraquinone,  into  alizarin. 

The  purification  is  elFected  by  means  of  benzene,  petroleum,  &c.,  which  dissolve  out 
the  foreign  matters,  and  by  successive  precipitation  from  the  alkaline  solutions  by 
mineral  acids.  The  foreign  matters  may  also  be  separated  by  means  of  a  little  alum, 
when  it  is  necessary  to  work  with  neutral  potash  or  soda  salts. 

The  following  method  has  been  patented  by  Dale  a.  Schorlemmer  {Bcut.  Chem.  Gcs. 
Bcr.  iii.  838) :— 1  pt.  of  anthracene  is  boiled  with  4  to  10  pts.  of  strong  sulphuric 
acid,  then  diluted  with  water,  and  the  solution  neutralised  with  carbonate  of  calcium, 
barium,  potassium  or  sodium.  The  resulting  sulphates  having  been  removed  by  fil- 
tration or  crystallisation,  the  solution  is  heated  to  180°-260°  with  caustic  potash  or 
soda,  to  which  a  quantity  of  potassium  nitrate  or  chlorate  has  been  added,  about  equal 
in  weight  to  the  anthracene — as  long  as  a  blue-violet  colour  is  thereby  produced.  From 
this  product  the  alizarin  is  separated  in  the  usual  way  by  precipitation  with  acid. 

On  Artificial  Alizarin,  see  also  Dcut.  Chem.  Ges.  Ber.  iy.  978 ;  Chcm.  Soc.  J.  [2] 
X.  621,  622. 

On  a  Secondary  colouring  matter  produced  in  the  manufacture  of  Alizarin  from 
Antliracene,  see  Antheapurptjein. 

Ecd  Colour-printing  with  Ariificial  AlUarin. — A.  Miillcr  {Chem.  Ccntralhlait,  1871) 
304)  obtains  a  red,  similar  in  tint  and  purity  to  Turkey  red,  from  anthracene-alizarin 
by  a  process  of  direct  printing. 

The  pigment  (containing  much  anthrapiu-pm-in)  in  a  pasty  form,  and  having  25  p.c. 
of  dry  material,  is  dissolved  in  boiling  spirit  in  the  proportion  of  1  :  5,  and  immediately 
mixed  with  a  concentrated  solution  of  aluminium  chloride  of  which  the  pure  APCP  is 
to  the  weight  of  the  colouring  matter  as  1  :  3.  The  liquid  is  thickened  with  a  little 
tragaeanth,  and  for  every  half  litre  of  this  mixture,  30  c.  c.  of  a  solution  of  the  best 
olive-oil  in  sulphuric  acid  and  a  little  spirit  (15  :  1  :  15)  is  stirred  in.  This  solution 
must  be  as  thin  as  possible,  but  thick  enough  to  withstand  the  capillarity  of 
the  cloth.  The  cotton  cloth  with  which  this  colour  is  to  be  used  is  first  impregnated 
with  a  solution  of  aluminium  acetate  of  about  8^  B.,  and  after  drying  and  two  days' 
airing,  is  passed  through  a  soap-bath  containing  30  grams  of  Marseilles  soap  to  the 
litre  of  water,  then  well  washed  out  and  dried. 

The  cloth  printed  with  the  above  mixtiu'e  is  now  exposed  to  strongly  ammoniacal 
steam  at  a  moderately  high  piressure,  passed  through  a  weak  soap-bath,  washed  in  a 
stream,  and  passed  through  the  following  series  of  liquids  : — 1.  Cold  nitric  acid,  3  e.  c. 
to  1  litre  water.  2.  Washed  in  stream.  3.  Cold  nitric  acid,  5  c.  c.  to  1  litre  water. 
4.  Tin  salt,  \  gram  tin  salt  to  1  litre  water  at  30°  C.  S.  Washed  in  stream. 
6.  Liquor  of  Javelle,  15  c.  c.  of  8°  B.  to  1  litre  water,  cold.  7.  Thorough  washing.  The 
colour  is  now  thoroughly  developed,  and  behaves  to  light,  air,  and  soap  like  ordinary 
Turkey  red.  In  preparing  the  aluminium  chloride  (by  addition  of  barium  chloride  to 
aluminium  sulphate)  it  is  absolutely  necessary  to  avoid  an  excess  of  the  barium  salt. 

Bromalisarin,  C'H'BrO^,  is  formed  by  heating  alizarin  and  bromine  together 
with  carbon  sulphide  to  170° ;  in  the  dry  state  the  two  substances  do  not  act  upon 
each  other.  By  crystallisation  from  glacial  acetic  acid,  the  bromalizarin  is  obtained 
in  orange-red  needles  ;  it  dissolves  in  caustic  alkalis  with  a  blue-violet  colour,  similar 
to  that  obtained  with  alizarin,  and  giving  a  similar  absorption-spectrum.  Bromaliza- 
rin dyes  a  redder  violet  with  iron  mordants,  and  a  browner  red  wth  alumina  mordants 
than  alizarin  (Perkin,  Chemical  News,  xxvii.  317). 

Biacetyl- alizarin,  C'»H>=0s  =  C»H«0=|q^,'^3^  isomeric  with  diacctyl-anthra- 
fla^-ic  acid,  is  formed  by  heating  alizarin  with  acetic  anhydride  for  some  hours  to  160° 
in  a  scaled  tube.  It  separates  on  cooling  as  a  yellow  crystalKno  substa,nc6,  which  may 
\)0  purified  by  heating  it  with  water,  drying,  and  recrystallising  two  or  three  times 
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from  alcohol.  It  Is  then  obtained  as  a  pale  yellow  substance,  crystallising  in  "flat 
needles  or  plates.  It  melts  at  160°,  or  68°  lower  than  diacetyl-anthraflavic  acid,  and 
is  much  more  soluble  than  the  latter  in  alcohol  and  in  glacial  acetic  acid.  By  heating 
■vdth  alcoholic  potash,  it  is  decomposed,  with  formaiion  of  potassiiun  alizarate  (Perkin,  i 
Chem.  8oc.  J.  [2]  xi.  21).  .  .  . 

Wlien  diacetyl-alizarin  is  added  gradually  and  in  small  quantities  to  nitric  acid  of 
sp.  gr.  1-5,  a  solution  is  formed,  which,  on  being  slowly  added  to  a  large  quantity  of, 
cold  water,  deposits  a  precipitate  which  dissolves  in  glacial  acetic  acid,  and  crystallises 
therefrom  in  needles.  This  substance  dyes  alumina  mordants  a  bright  orange  colour,' 
and  iron  mordants  of  a  very  rod  purple.  The  coloiu-s  are  superior  to  those  produced 
by  the  nitro-derivative  obtained  in  like  manner  from  anthrapurpurin.  It  dissolves  in 
alkalis  with  a  purple  colour,  and  the  solution  gives  a  spectrum  showing  a  considerable 
absorption  in  the  orange,  which  appears  to  consist  of  two  indistinct  bands.  It  does 
not  appear  to  be  identical  with  the  nitroxyalizarin  obtained  by  Strecker  {Bull.  Soc. 
C/dm.  [2]  xi.  260),  as  that  substance  forms  red  solutions  with  alkalis  (Perkin,  Cke77i. 
Soc.  J.  [2]  xi.  430). 

Methyl-alizarin,  C'5Hi«0'  =  C'^H«(0H)(0CIP)0^  — This  compound  may  be 
prepared  by  treating  artificial  alizarin  with  a  mixture  of  methyl  iodide,  caustic  potash, 
and  a  little  methyl  alcohol  in  closed  tubes,  at  a  moderate  temperature,  evaporating 
the  contents  of  the  tubes  to  dryness,  and  treating  the  residue  successively  with  water, 
alcohol,  and  dilute  caustic  potash.  The  second  residue,  which  was  found  to  consist 
mainly  of  the  potassium  compound  of  methyl-alizarin,  C"II°(OK)(OCH^)0'^,  is 
treated  with  hydrochloric  acid,  and  the  insoluble  orange-coloured  flocks  dissolved  in 
boiling  alcohol.  Tlie  alcohol,  on  cooling,  deposits  crystalline  needles  of  methyl  alizarin. 

Methyl-alizarin  crystallises  in  long  reddish-yellow  needles, which  are  almost  insoluble 
in  boiling  water,  but  readily  soluble  in  oil  of  vitrol.  It  volatilises  entirely  by  heat,  yield- 
ing a  sublimate  of  lustrous  yellow  scales.  It  dissolves  without  decomposition  in  a  boiling 
solution  of  caustic  potash,  but  when  carefully  fused  with  that  alkali,  it  is  converted  into 
alizarin.  It  differs  essentially  from  alizarin  in  the  appearance  of  its  spectrum,  its 
solution  in  caustic  potash  showing  no  trace  of  absorption-bands,  but  only  a  general 
obsciu'ation  of  the  green  part  of  the  spectrum.  The  solution  in  strong  sulplniric 
acid,  however,  shows  an  absorption-band  between  the  green  and  the  blue,  similar  to, 
but  less  distinct  than  that  exhibited  by  a  solution  of  anthraflavic  acid.  It  differs  also 
from  alizarin  in  not  being  capable  of  dyeing  mordanted  cloth,  while  it  resembles  an- 
thraflavic acid  in  its  capability  of  forming  crystallisable  potassium  and  sodium  com- 
pounds (Schunck,  Chemical  News,  xxvii.  171). 

A.IiXZARZSf-SITIiPHOM'XC  ACXD.  Alizarin  heated  with  fuming  sulphm'ic 
acid  forms  a  sulpho-acid,  whoso  salts  are  aliout  as  soluble  as  the  corresponding  sul- 
phates.   When  fused  witli  potash  it  yields  alizarin. 

AKKAXiZSi  *0n  Alkanna-red  as  a  test  for  Alkalis,  see  Alkanna. 

Respecting  tlie  determination  of  Alkalis  in  silicates,  see  Silicates. 

On  the  heat  evolved  in  the  electrolysis  of  Alkaline  Bases,  see  Heat. 

AIiKAIiOISS.  Bom-goin  {Bull.  Soc.  Chhn.  [2]  sii.  438)  has  examined  the  action 
of  the  electric  ciu-ront  on  tlie  neutral  and  acid  sulphates  of  atropine,  brucine,  codeine, 
quinine,  and  strychnine,  with  the  following  results  : — 

1.  The  current  decomposes  the  salts  of  organic  bases  in  the  same  manner  as  in- 
organic salts — that  is  to  say,  the  basic  element  goes  to  the  negative  pole,  while  the 
remaining  constituents  of  the  salt  are  eliminated  at  the  positive  pole. 

2.  In  an  acid,  and  also,  though  less  easily,  in  a  neutral  solution,  the  same  colour  is 
produced  by  the  action  of  the  current  as  by  addition  of  nitric  acid,  whence  it  follows 
that  these  colours  are  quite  independent  of  the  production  of  a  nitro-compound. 

3.  The  gas  evolved  at  the  positive  pole  does  not  consist  entirely  of  oxj'gen,  but 
contains  also  carbon  monoxide  and  dioxide,  sometimes  in  equal  volumes. 

4.  Besides  tliese  gases,  various  products  are  formed,  chiefly  compound  ammonias, 
formed  by  decomposition  of  the  alkaloids  under  the  influence  of  oxygen,  which  pro- 
duces a  gradual  combustion,  more  energetic  as  the  solution  is  more  acid. 

Bcaction  of  Alkaloids  with  Sugar  and  Sulphuric  acid. — Morjphine  \%  at  onco  coloured 
a  beautiful  purple-red,  when  a  small  quantity  of  the  mixture  of  the  base  (or  its  salts) 
with  6  or  8  pts.  of  sugar  is  treated  with  concentrated  sulphuric  acid.  No  browning 
of  the  sugar  is  observed.  The  colour  lasts  from  ^--J  hour,  then  gi-adually  becomes 
blue,  violet,  dirty  blue-green,  and  lastly,  dirty-yellow.  This  series  of  colours  can  be 
rapidly  produced  by  adding  a  little  water.  O'OOOOl  gxam  can  be  clearly  indicated  by 
this  reaction.  Dilute  solutions  of  morphine  are  to  have  about  as  much  sugar  added 
as  will  dissolve  in  them,  and  then  to  bo  brought  in  contact  with  sulphuric  acid,  when 
a  beautiful  rose-red  zone  will  develope  itself  where  the  two  liquids  moot. 
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Codeine  closely  resembles  morphine,  except  that  the  reaction  succeeds  best  when  the 
sulphuric  acid  is  not  the  most  concentrated.  Codeine  is  distinguished  from  morphino 
by  being  readily  taken  up  by  chloroform  from  an  alkaline,  solution. 

Aconitinc  is  coloiired  a  beautiful  rose-rod,  soon  becoming  dirty  violet  and  brow. 
The  aconitino  is  to  bo  stirred  with  a  drop  of  sulphuric  acid,  and  then  a  drop  of  con- 
centrated sugar-solution  brought  in  contact  with  it.  There  is  a  certain  degree  of 
resemblance  between  the  reactions  of  aconitine  and  those  of  morphine  and  codeine. 
It  is  distinguished,  however,  from  them  by  Dragendorff's  process  for  separating  the 
alkaloids  ;  codeine  and  aconitine  are  taken  up  by  benzene  from  an  alkaline  solution, 
but  not  morphine;  aconitine  is  quite  insoluble  in  water;  codeine  dissolves  easily, 
especially  in  hot  water. 

Del'phinine,  intimately  mixed  with  a  drop  of  sugar-solution  on  a  porcelain  plate, 
gives  also  a  characteristic  reaction,  when  a  small  drop  of  sulphuric  acid  is  dropped 
into  the  middle  of  it.  The  acid  becomes  yellow,  then  yellowish-brown  with  a  dirty- 
green  border,  and  on  addition  of  a  smal'  drop  of  water,  assumes  a  magnificent  green 
colour,  which  soon  passes  into  a  dirty  green,  and  then  into  brown. 

The  behaviour  of  narcotine,  narceinc,  cinchona-bases,  strychnine,  brucine,  atropine,  col- 
chicine, emetine,  and  picrotoxine  is  not  characteristic  (R.  Schneider,Po^^.  Ann.  cxlvii.  1 28). 

Beactions  with  Ceroso-ceric  oxide. — This  oxide  exhibits  characteristic  colours  with 
several  alkaloids,  especially  with  strychnine.  Wlien  strong  sulphm'ic  acid  is  poured 
upon  strychnine,  and  then  a  small  quantity  of  ceroso-ceric  oxide  added,  a  fine  blue 
colour  is  produced,  similar  to  that  which  strychnine  exhibits  with  potassium  bichro- 
mate, but  much  more  permanent.  The  blue  colour  gradually  changes  to  cherry-red, 
and  then  remains  unaltered  for  several  days.  This  reaction  is  capable  of  detecting 
1  pt.  of  strychnine  in  a  million  pts.  of  liquid.  Brucine,  similarly  treated,  acquires 
an  orango-coloiu-  gradually  changing  to  yellow  ;  morphine,  olive-brown,  finally  brown  ; 
narcotine,  brown  cherry-red,  finally  wine-red ;  codeine,  olivc-groen,  finally  brown ; 
quinine,  pale-yellow ;  cinchonine  and  thcinc  remain  colourless  ;  vcratrine  becomes 
reddish-brown ;  atropine,  dingy  yellowish-brown ;  solanine,  yellow  at  first,  finally 
brownish;  emetine,  brown;  colchicine,  first  green,  then  dirty-brown ;  aniline,  after  a 
long  time,  acquires  a  blue  colour  extending  from  the  edges  inwards ;  conine  becomes 
light-yellow.  Pipcrine  colours  the  sulphuric  acid  blood-red,  and  is  turned  dark-brown, 
almost  black,  by  the  cerium  oxide  (Sonnenschoin,  Bcut.  Chem.  Gcs.  Ber.  iii.  632). 

Eeaction  with  Cyanides. — According  to  Pliickiger  {Chem.  Centr.  1872,  741),  the 
hydrocyanides  of  the  alkaloids  cannot  be  prepared  by  double  decomposition  with 
metallic  cyanides  or  by  the  action  of  hydrocyanic  acid  on  their  alcoholic,  aqueous,  or 
alkaline  solutions,  the  precipitates  so  formed  consisting  only  of  the  piu-e  bases. 

Ecactionwith  Picric  acid. — According  to  Hager  {Zeitschr.  Ann.  Chem.  ix.  110),  this 
acid  is  a  very  good  precipitant  for  alkaloids,  aflfbrding  a  very  delicate  test  for  many 
of  them,  and  may,  perhaps,  also  serve  for  separating  them  one  from  another.  The 
precipitation  takes  place  even  in  solutions  containing  a  large  excess  of  sulphuric  acid, 
and  is  sometimes  complete.  Precipitated  are :  brucine,  strychnine,  veratrine,  quinine, 
quinidino,  cinchonine,  most  of  the  opium  alkaloids,  aconitino  (?) ;  not  j)i^ccipitatcd : 
morphine,  atropine  (English) ;  pseudo-morphine,  caifeine,  and  all  glucosides. 

Compounds  of  Alkaloids  with  Bile-acids. — The  gall  of  oxen,  pigs,  and  dogs,  and  the 
sodium  salts  of  glyco-,  hyoglycyo-_,  and  tauro-cholic  acids,  give  crystalline  precipitates 
with  some  alkaloids,  amorphous  with  others  ;  the  precipitates  usually  contain  excess  of 
acid,  and  are  decomposed  by  difiusion,  and  dissolved  by  hydrochloric  acid,  re- appear- 
ing on  neutralisation  ;  excess  of  bile  or  bile-acids  also  dissolves  them.  The  salts  of 
strychnine,  brucine,  quinine,  cinchonine,  veratrine,  emetine,  and  quinidine  give 
difficultly  soluble  compounds,  while  those  of  morphino,  nicotine,  and  conine  are 
easily  soluble ;  the  strychnino  and  quinine  compounds  are  about  as  energetic  physio- 
logically as  the  nitrates  and  hydi-ochlorides  of  these  bases  respectively  (AV.  F.  de 
I'Ai'bre,  Chcni.  Centrbl.  1872,  231). 

AltKAXrirA.  Bottger  {J.  pr.  Chem.  cvii.  146)  recommends  alkannin  or  alkanna- 
red  as  a  very  delicate  test  for  alkalis,  especially  for  ammonia.  Strips  of  paper  dyed  red 
with  alcoholic  solution  of  alkannin  are  instantly  turned  blue,  when  moistened,  by 
mere  traces  of  ammonia.  The  same  papers,  turned  blue  by  a  dilute  solution  of  sodium 
carbonate,  serve  for  tho  detection  of  the  smallest  traces  of  free  acid.  The  papers  may 
be  preserved  unaltered  for  any  length  of  time  in  glass  vessels. 

J.  B.  Enz  {Jakresb.  1870,  935)  prepares  these  red  papers  by  exhausting  dried 
alkanna  root  with  about  4  parts  of  ether  at  ordinary  temperatures,  filtering,  and 
dyeing  strips  of  Swedish  filter-paper  with  the  splendid  ruby-coloured  solution. 

AX.KOPH-S-ZIE.    See  Peptones. 

AI.1.A.NZC  ACIO,  Cmm'0\  (E.  Mulder,  Ann.  Ch.  Pharm.  clix.  853).— An  acid 
produced  by  the  action  of  nitric  acid  on  allantoin.    It  is  best  prepared  by  gradually 
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adding  powdered  allantoin  to  red  fuming  nitric  acid  in  a  -well-cooled  porcelain  dish 
till  the  whole  is  dissolved.  On  leaving  the  solution  to  stand  for  some  time,  till  a 
crystalline  crust  forms  on  the  surface,  and  reerystallising  this  crust  from  water, 
allanic  acid  is  deposited  in  beautiful  stellate  groups  of  needles,  consisting  of  a  hydrate 
C<ffN'0=.H=^0  isomeric  with  nitrate  of  allantoin  C^H'N^O'.HNO^ 

Allanic  acid  has  an  acid  reaction,  is  sparingly  soluble  in  cold  water,  and  decom- 
poses gradually  when  its  aqueous  solution  is  evaporated.  The  crystals  give  off  their 
water  gradually  at  ordinary  temperatiu-es,  more  quickly  when  heated  in  a  test-tube  to 
about  90°,  becoming  dull  at  the  same  time. 

Allanic  acid  decomposes  at  2 10°-220°  without  fusion  or  evolution  of  red  vapours. 
It  chars  when  heated  on  platinum-foil.  It  does  not  bleach  indigo-solution  when 
mixed  with  hydrochloric  acid,  or  give  off  gas  with  nitric  acid  containing  nitrogen 
tetroxide.  It  does  not  give  a  precipitate  with  calcium  chloride,  even  on  addition  of 
ammonia.  It  is  precipitated  by  silver  nitrate  on  addition  of  ammonia,  and  by  basic 
lead  acetate,  but  not  by  the  neutral  acetate. 

Allanic  acid  is  monobasic.  It  dissolves  readily  in  ammonia  at  ordinary  temperatures, 
and  the  solution  on  standing  deposits  well-formed  prisms  of  the  ammonium 
salt  C*H^(]SfH'')N^O'.  From  the  concentrated  solution  of  this  salt  allanic  acid  is  pre- 
cipitated in  stellate  needles  of  the  hycbate  above  described.  Allanic  acid  decom- 
poses potassium  carbonate,  and  the  solution,  after  a  while,  deposits  prisms  of 
potassium  allanatc.  Th«  silver  salt  is  obtained  on  adding  silver  nitrate  to  ammonium 
allanate,  as  an  amorphous  precipitate,  which  dissolves  in  warm  water,  and  is 
deposited  on  cooling  in  crystals  having  the  composition  C^H^AgN^C*  -t-  H-0 :  its 
ammoniacal  solution  is  decomposed  by  exposure  to  light,  and  deposits  metallic  silver. 
It  does  not  detonate,  even  when  heated.  The  nctUral  lead  salt,  Pb(C^H^N^O^)-.II'0,  is 
obtained  by  gradually  adding  neutral  lead  acetate  to  a  satirrated  solution  of  allanic 
acid,  as  a  warty  mass  which  does  not  lose  weight  at  130°.  A  basic  lead  salt  is  obtained 
by  adding  basic  lead  acetate  to  an  excess  of  allanic  acid;  after  drying  at 
100°  in  a  stream  of  dry  air,  it  has  the  composition  Pb(C^H^N*0')^PbH-0-. 
Another  basic  salt,  containing  2Pb(C^H'N^O'^)'^.5PbH-0-,  perhaps  a  mixture  of 
Pb(C;ffN^Os)2.2PbH202  and  Pb(C<H"N*0^)^  3PbH=0^  is  obtained .  by  precipitating 
allanic  acid  with  excess  of  basic  lead  acetate,  and  drying  the  precipitate  at  100°  in  a 
stream  of  air.  The  barium  salt  crystallises  with  difficulty;  the  magnesium  salt 
apparently  not  at  all. 

Allanic  acid  appears  not  to  have  the  constitution  of  nitro-allantoi'n,  C  'H'(NO^)N''0^, 
inasmuch  as  it  is  not  reduced  by  hydrogen  sulphide  in  a  strongly  ammoniacal  solution ; 
moreover,  it  is  less  easily  reduced  than  allantoin  by  a  strong  solution  of  hydi-ogen 
iodide ;  and  its  silver  salt  is  not  explosive. 

AXiIiABrTOI C  ACXS.  C'E^lSr^O''  (E.  Mulder,  Ann.  Ch.  PJiarm..  elix.  362).— An 
acid  produced  by  addition  of  the  elements  of  water  to  allantoin  (C*II''N''0'  +  H'-'O) ;  it 
was  obtained  in  an  impure  state  by  Schlioper,  who  called  it  hydanto'ic  acid  (iii.  177) ; 
that  term,  however,  is  now  more  appropriately  applied  to  the  acid  CffN^O^,  formed 
by  hydration  of  hydantoi'n  (\st  Sitppl.  702). 

A  solution  of  allantoin  in  aqueous  potash  which  has  stood  for  some  days,  no  longer 
gives  a  precipitate  with  acetic  acid  even  after  some  time ;  but  if  acetic  acid  be  added 
to  acid  reaction,  then  a  little  alcohol,  and  the  liquid  be  left  in  an  exsiccator  over 
lime,  the  potassium  salt  of  allantoic  acid,  C''H'KN'0'',  gradually  separates  in  hard 
crusts,  composed  of  stellate  crystals,  which,  after  recrystallisation,  exhibit  a  neutral 
reaction.  The  solution  of  this  salt  gives  crystalline  precipitates  with  neutral  lead 
acetate  and  silver  nitrate  ;  no  precipitate  with  barium  chloride  till  alcohol  is  added, 
whereupon  a  curdy  and  very  hygroscopic  precipitate  is  formed. 

.a.XiIiAXJTOZia'.  C^H^N^03(E.  Mulder,  Ann.  Ck.Pharm.  clix.  349). — In  preparing 
this  compound  by  Liebig  a.  Wohler's  method,  namely,  oxidation  of  uric  acid  with  lead 
dioxide  (i.  130),  the  yield  is  found  to  be  increased  by  using  about  one  litre  of  water 
to  every  25  grams  of  uric  acid,  instead  of  the  smaller  quantity  usually  recommended. 
The  gi'eatest  yield  is  obtained  by  effecting  the  decomposition  at  the  ordinary  tempera- 
tm'e.  100  grams  of  m'ic  acid  are  stirred  up  with  1  to  2  litres  of  water,  a  small 
quantity  of  acetic  acid  is  added  to  start  the  reaction  ;  the  necessary  quantity  of  lead 
dioxide  is  gradually  introduced;  and  the  mixture  is  exposed  to  bright  daylight. 

Por  100  grams  of  uric  acid  the  dioxide  from  1'5  kilogram  of  red  lead  is  required  ; 
both  the  dioxide  and  the  uric  acid  are  employed  in  the  dried  state.  The  decomposi- 
tion being  ended,  the  whole  is  heated  and  filtered,  and  the  residue  is  repeatedly  ex- 
hausted with  warm  water ;  the  filtrates,  to  which  a  small  quantity  of  acetic  acid  is 
added,  are  evaporated  and  filtered.  On  cooling,  the  allantoin  separates  out,  and  a 
ftirther  quantity  is  obtained  on  concentrating  the  mother-liquor.  100  grams  of  lU'ic 
acid  thus  treated  yield  30-32  grams  of  pure  allantoin. 
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Tlio  formation  of  allantoi'n  is  usually  expressed  hj  tlio  equation  : 
C^IPN'O^  +  11-0  +  0  =  C^IPN'O'  +  CO-. 

Uric  acid.  AUautoiii. 

according  to  -which  100  grams  of  uric  acid  should  yield  92  grams  of  allantoi'n,  and  the 
loss  is  supposed  to  be  due  to  further  partial  oxidation  by  the  peroxide.  Mulder  finds, 
however,  that  allantoi'n  is  not  perceptibly  decomposed  by  lead  dioxide  at  the  ordinary 
temperatm-e,  and  only  with  extreme  dif&culty  on  heating.  Ho  believes  that  the  for- 
mation of  dialiu'ic  acid  precedes  that  of  allanto'in,  probably  according  to  the  equa- 
tions : 

a.  2C^H^N'0'    +  4H=0  =  2C*H^N20^  +  2CH^N20. 

Uric  acid.  Dialuric  acid.  Urea. 

^.  2G^H^N=0'  +  H'O  +  0-  =  C^ffN^O'  +  2C=H=0'. 
Dialuric  acid.  AUantoin.       Oxalic  acid. 

In  this  case  100  grams  of  uric  acid  should  yield  46  grams  of  allanto'in.  It  has,  in 
fact,  been  shown  by  Gibbs  that  dialiu'ic  acid  may  be  converted  into  allanto'in  by 
oxidation,  viz.  by  the  action  of  nitrous  acid  (I.  Snppl.  544). 

8ehlieper  (Ann.  Ch.  Pharm.  Ixvii.  214)  prepares  allanto'in  by  oxidising  nrie  acid 
with  potassium  forricyanide,  the  uric  acid  being  dissolved  in  potash.  The  yield 
is  about  the  same  as  when  lead  dioxide  is  used,  and  the  quantity  of  the  red 
prussiato  required  is  in  accordance  with  the  equation  above  given  for  the  formation 
of  allanto'in  from  iiric  acid.  The  formation  of  the  red  body  from  which  Schlieper 
found  it  difficult  to  piu-ify  his  allanto'in,  is  easily  avoided  by  using  less  water  than  ho 
directs,  and  neutralising  with  acetic  acid.  By  the  further  action  of  potassium  ferri- 
cyanide  on  allanto'in  in  presence  of  potash,  Schlieper  obtained  his  lantanuric  acid, 
CH^'N^O'  (iii.  467).  Mulder  was  not  able  to  obtain  this  compound  (see  the  next 
Article). 

AUantoin  nitrate,  C''ffN''0'.HNO',  isomeric  with  hydrated  allanic  acid  (p.  44),  is 
obtained  by  leaving  a  mixture  of  2  grams  allanto'in  and  3  grams  ordinary  nitric  acid 
to  stand  for  some  weeks  over  lime.  It  appears  to  bo  amorphous,  and  is  decomposed 
by  water  and  by  alcohol,  with  separation  of  allanto'in.  Allanto'in  combines  also  with 
sulphuric  acid. 

Potassium-allantdin,  C^H'KN^O^,  is  obtained  by  adding- potassium*  hydrate  to  finely 
powdered  allanto'in  suspended  in  water,  until  complete  solution  is  effected.  The  solution 
mixed  with  alcohol  and  .  left  over  lime,  deposits  the  salt,  whch,  after  re-crystallisation 
from  aqueous  alcohol,  forms  a  silky,  glistening,  bulky  mass,  extremely  soluble  in  water, 
and  having  an  alkaline  reaction ;  the  solution  mixed  with  acetic  acid  yields,  after 
some  time,  a  precipitate  of  allanto'in. 

AXiSia-ETTOSSABTIC  A-CXD.  C^H'N^O''  (van  Embdon,  Ann.  Ch.  Pharm.  clxvii. 
39). — An  acid  produced  by  the  oxidising  action  of  potassium  ferricyanide  on  allan- 
to'in dissolved  in  caustic  potash  : 

C^ffN'O'  +  0  =  NH"  +  C^ffN^O'. 
The  colour  thereby  produced  disappears  quickly  at  first,  more  slowly  afterwards ; 
potash  must  be  added  from  time  to  time  or  the  oxidation  will  not  go  on.  Ammonia 
is  evolved  during  the  whole  of  the  reaction,  and  sometimes  a  crystalline  precipitate  of 
potassium  ferrocyanide  is  formed,  which  may  be  dissolved  up  by  water.  As  soon  as 
the  colour  becomes  permanent — which  takes  place  when  1  mol.  ferricyanide,  KTe'-'Cy''-, 
has  been  added  for  every  molecule  of  allanto'in — the  liquid  must  be  acidified  with 
acetic  acid.  It  then  deposits  a  crystalline  precipitate  of  acid  potassium  allantoxanate, 
C'H-KN'O'',  which  may  be  purified  byrocrystallisation  from  hot  water.  The  same  salt 
is  produced  when  potassium  allantoxanate  is  oxidised  in  like  manner  by  potassium 
ferricyanide. 

Acid  potassium  allantoxanate  dissolves  in  116  pts.  of  cold  water.  By  fractional 
precipitation  -with  neutral  lead  acetate,  it  yields  neutral  lead  allantoxanate,  C  'HPbN^O^ 
The  silver  salt,  prepared  in  a  similar  manner,  has  the  composition  C''H-AgN^O^ 
The  neutral  bariurnsalt,  C'HBaN^O',  is  formed  by  precijjitating  the  acid  potassium  salt 
with  baryta-water.'  Prom  the  composition  of  these  salts  the  acid  appears  to  be 
bibasic. 

The  hydrogen  salt,  m  free  ««'(^,  obtained  by  decomposing  the  lead  salt  with  sul- 
phydric  or  sulphuric  acid,  is  capable  of  crystallising,  but  is  very  unstable,  its  solution 
evolving  car]  ion  dioxido  even  at  ordinary  temperatures. 

AS.I.AWT?JRIC  &.GZJSI,  C'H'»N806  (?)  (E.  Mulder,  Ann.  Ch.  Pharm.  clix.  359).— 
This  acid,  discovered  by  Pelouzo  (i.  132),  is  obtained  in  small  quantity,  together  -with 
allanic^  acid,  by  the  action  of  dilute  nitric  acid  on  allanto'in.  'When  allanto'in  is 
heated  on  the  water-bath  with  nitric  acid  of  sp.  gr.  1-36,  it  quickly  dissolves,  and  on 
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evaporating  the  solution,  a  sticky  substance  is  left  which  solidifies  on  cooling  to  a  hard 
transparent  amorphous  mass.  This  mass  rocrystallised  from  -water  gives  stellate 
crystals  of  allanic  acid,  and  on  leaving  the  mother-liquor  to  stand  in  an  exsiccator,  a 
further  quantity  of  allanic  acid  crystallises  out,  together  with  urea  nitrate,  gas  being 
evolved  at  the  same  time.  The  syrupy  residue  having  been  repeatedly  washed  with 
cold  water  till  no  further  deposition  of  crystals  or  evolution  of  gas  took  place,  the 
solution  was  fractionally  precipitated  with  basic  lead  acetate,  whereby  a  series  of 
precipitates  was  obtained,  one  of  the  later  of  which  gave  by  analysis  10-6  p.  c.  nitrogen 
and  10-9  p.  c.  carbon  (nearly  equal  quantities),  and  17'1  p.  c.  load.  This  is  nearly 
the  composition  of  the  lead  salt  of  an  acid  containing  C'H"'lir''0'.  Its  formation  may 
bo  represented  by  the  equation : 

2C<H«N^03  +  H-0  =  CH^N-'O^  +  CON^H^ 
Allantoin.  AUantiirio  acid.  Urea. 

Pelouze  assigned  to  this  acid  the  formula  C'H^N'O',  but  his  analysis  gave  less 
nitrogen  than  that  required  by  this  formula.  Gerhardt  {Chimie  organique,  i,  628) 
proposed  the  formula  C^H''N^O^. 

Allanturic  acid  is  also  formed,  but  apparently  without  allanic  acid,  by  evaporation 
with  hydrochloric  acid.  The  lead  salt  of  the  resulting  acid  gave  10-8  p.  c.  carbon 
and  10-8  nitrogen.  The  qiiantity  of  allanturic  acid  obtained  by  either  process  is, 
however,  very  small. 

jmOPHAWB.  A  specimen  of  this  mineral  from  Dohn,  near  Limburg  in  Nassau, 
examined  by  G.  vom  Eath  {Pogg.  Ann.  cxliv.  69i),  consists  of  a  principal  stalactite 
8  centimeters  long  and  about  4  thick,  to  which  are  attached  a  number  of  smaller 
ones  from  5  to  10  mm.  long.  It  is  perfectly  transparent  and  colourless  ;  has  a  strong 
lustre  inclining  to  fatty ;  a  conchoi'dal  fracture  ;  and  is  very  brittle.  The  analysis  of 
the  mineral  dried  at  25°  and  ignited,  gave  the  following  results : — 

Li=0      A1'0=      CaO  H=0 
Ignited        37-28    59-76    3-05     —  =100-09. 
Dried  at  25°  23-53    37-73    1-92    36-86  =  100-04. 

Eeekoning  the  small  quantity  of  lime  as  silicate,  2CaO,SiO=,  these  numbers  lead  to 
the  formula  APO^SiO-,  or  Al-SiO^^  for  the  anhydrous,  and  Al'^SiO^SH'^O  for  the 
hydrated  mineral.  About  half  the  water  is  given  off  at  100°;  nearly  half  the 
remainder  by  prolonged  heating  to  200°-220°  ;  the  rest  at  a  red  heat,  but  not  quickly, 
except  at  the  heat  of  a  lamp  urged  by  the  blowpipe. 

The  specific  gravity  of  the  mineral  in  its  natural  state  is  2-079  ;  that  of  the  ignited 
mineral  2-466, 

AJtttOTiS.A.tJ  boiled  with  solution  of  sodiimi  nitrate  and  a  little  acetic  acid  is  con- 
verted into  sodium  oxalurate,  which,  by  prolonged  boiling,  is  resolved  into  oxalic 
acid  and  urea. 

Barium  alloxanatc  treated  in  the  same  manner  yields  not  quite  pure  barium 
oxalate. 

AUoxantiii  boiled  with  sodium  nitrate  and  acetic  acid  is  oxidised  to  alloxan  (Uibbs, 
Sill.  Am.  J.  [2]  xlviii.  215). 

AI.X-srX.,  or  I}rA3.S.-sr£.  C«Hi»  =  C=H».G'H«.— Wagner  a.  Tollens  {Bad.  Chem. 
Ges.  Ber.  vi.  688)  obtained  this  hydrocarbon  in  attempting  to  prepare  allyl-bonzone 
by  heating  together  48  pts.  of  allyl  bromide,  66  pts.  bromobenzene,  102  pts.  ben- 
zene, and  23  pts.  sodium  to  60°.  An  energetic  action  took  place  v/hich  had  to  be 
moderated  by  cooling  ;  and  by  subsequently  distilling  the  product  over  a  naked  flame, 
a  liquid  was  obtained  consisting  principally  of  benzene  and  allyl,  but  not  containing 
any  allyl-benzene.  In  another  experiment  the  distillation  was  effected  over  the  water- 
bath,  and  the  residue  was  treated  with  alcohol ;  the  addition  of  water  then  caused  the 
separation  of  an  oily  substance,  which,  on  distillation  in  a  current  of  steam,  yielded  a 
small  portion  of  a  distillate  containing  diallyl,  but  no  allyl-benzene,  and_  a_  thick 
residue  smelling  of  cinnamene,  which  deposited  crystals  apparently  consisting  of 
diphenyl.  Wagner  a.  Tollens  think  it  probable  that  this  thick  oil,  which  combined 
with  bromine,  contained  a  polymeride  of  allyl-bonzene. 

The  diallyl  formed  as  above  yielded  a  tetrahromide,  CICBr',  which,  after  purifica- 
tion, melted  at  62-5°-63-6°.  Now  this  compound  is  generally  said  to  molt  at  37°. 
To  reconcile  this  difference,  diallyl  was  prepared :  a.  By  the  action  of  sodium  on  a 
mixture  of  allyl  bromide  and  benzene.  j8.  By  Oppenheim's  method  of  treating  mer- 
curic iodallylide,  C'H^Hgl,  with  potassium  cyanide  (p.  61).  7.  By  the  action  of  finely 
divided  silver  on  allyl  bromide,    Diallyl  from  these  several  sources  was  found  to  boil 
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at  58°-60°  and  its  tetrabromide,  after  purification,  molted  at  60°-63'6°  agreeing, 
therefore,  witli  that  obtained  by  the  first  method. 

The  boiling  point  of  diallyl  appears  to  indicate  that  it  is  analogous  in  structure 
rather  to  di-isopropyl  than  to  normal  di  propyl,  its  constitutional  formula  being  probably 

cn^  cm 


I 


I 

cm. 


AI.X.YX.  AI.COHO&,  C^H'^O,  or  CH^^CH— CH=OH,  is  formed  by  the  action  c  f 
sodium  on  dichlorhycb-iu  (Hiibuer  a.  Miiller,  Zcitschr.f.  Chem.  vi.  344) : 
C^ff.OH.CF  +  Na2  =  2NaCl  +  CH^OH. 

According  to  Tollons  {Ann.  Ch.  Pharm.  clviiL  104),  pure  allyl  alcohol,  carefully 
dohydratod  with  lime,  boils  at  96°-97°,  a  somewhat  higher  temperature  than  that 
previously  given  by  the  same  chemist  (I.  Sup  pi.  9).  Its  specific  gravity,  doterminad 
at  different  temperatures,  is  as  follows  : 


Temp. 

0° 

47'5° 


Sp.  gr. 
0-8079 
0-86045 
0-85074 
0-83107 


Temp. 

62° 

75-5° 
87-5° 
93-0° 


bp.  gT. 

0-81832 
0-80631 
0-79353 
0-78832 


These  mimbers  give  for  the  expansion  of  allyl  alcohol  by  heat,  the  following 
formula : — 

Vt  =  Vo  +  0'000879i;  +  0'0000026i=. 

This  gives,  for  the  specific  gravity  of  allyl  alcohol  at  97"^  compared  v.-ith  that  of 
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agr&:e  well  with  the  theoretical  value  calculated  by  Kopp,  namely  73-8.  Ilonce  it 
may  be  inferred  that  the  oxygen  of  allyl  alcohol,  which  is  present  as  hydroxyl,  enters 
with  the  atomic  volume  7'8  ;  whereas  the  oxygen  of  the  isomeric  body  acetone,  which 
is  present  as  CO,  has  the  value  1 2-2*. 

The  boiling  point  of  allyl  alcohol  is  the  same  as  that  of  normal  propyl  alcohol ;  the 
boiling  points  of  the  chloride,  bromide,  iodide,  formate,  acetate,  and  other  ethers  of 
allyl  have  likewise  been  found  by  Tollons  to  agree  with  those  of  the  corresponding 
normal  propylic  ethers.  The  agreement  between  the  boiling  points  of  the  corresponding 
allyl  and  propyl  compounds  (except  diallyl)  may  therefore  be  looked  upon  as  general. 

Allyl  alcohol  oxidised  with  chromic  acid  mixture  gives  oflT  an  odour  of  acrolein,  and 
yields,  on  distillation,  formic  but  no  acetic  acid  (Rinne  a.  Tollons,  Zcitschr.  f.  Chem, 
[2]  vii.  250). 

Allyl  alcohol  unites  with. hypochlorous  acid,  forming  monochlorhydrin,  C^H'(0H)-C1; 
the  yield  is  however  but  small,  as  the  greater  part  of  the  alcohol  undergoes  oxida- 
tion (L.  Henry,  Beut.  Cfiem  Gcs.  Ber.  v.  449). 

Allyl  alcohol,  heated  with  an  equal  weight  of  potassium  hydi-ata  to  105°  in  a  flask 
-with  inverted  condenser,  takes  up  hydrogen  and  is  partly  converted  into  normal  propyl 
alcohol,  while  ethyl  alcohol,  formic  acid,  and  acrylic  acid  are  obtained  as  secondary 
products.  The  formation  of  normal  propyl  alcohol  by  this  reaction  shows  that  allyl 
has  the  constitution  CH'^=CH— CH-'OH,  as  indicated  by  tho  equation : 


cu- 
ll 

CH 
I 

CH'OH 
Allyl  alcohol. 


CH- 
I 


CH^OH, 

Propyl  alcohol. 


Another  allyl  alcohol  is,  however,  possible,  namely,  that  represented  by  tho  formula 
H" 

I  ^^CHOH.    This  is,  perhaps,  the  isoallyl  alcohol  which  Berthelot  obtained  by 


H=  C^ 
treating  allylene  with 


ihuric  acid,  and  distilling  tho  product  with  water. 


*  According  to  Bnfi  (Deut.  Chem,  Ces,  Ber.  iv.  617),  the  above  determination  of  the  atomic  volume 
of  alljl  alcohol  is  not  quite  exact. 
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The  dichlor.ide  allyl  alcohol,  C^H^OCF,  which  Tollens  obtained  by  direct 
addition  of  chlorine  to  allyl  alcohol  {\st  Stippl.  91 ),  is  likewise  produced :  a.  By  addition 
of  hypochlorous  acid  to  allyl  chloride  (v.  Gegerfeldt,  An7i.  Ch.  Pharm,  cliv.  247 ; 
I>etit.  Chem.  Ges.  Ber.  vi.  720). 

CH=  CffOH 

II  I 
CH      +   ClOH     =  CHCl 

CH=ci  in^ci. 

$.  Together  with  the  isomeric  compound,  dichlorhydrin,  CH^Cl— CHOH— CH^Cl, 

by  passing  dry  hydrochloric  acid  into  a  mixture  of  glycerin  and  glacial  acetic  acid. 
The  two  isomcridesmaybe  separated,  though  not  completely,  by  fractional  distillation, 
dichlorhydrin  boiling  at  17-1°,  allyl  alcohol  dichloride  at  about  182°.  The  latter  is 
best  prepared  by  the  action  of  dry  chlorine  on  allyl  alcohol  dehydrated  with  lime 
(Hiibner  a.  Muller,  Ch.  Pharm.  clix.  168).  It  is  a  viscid  oil,  having  a  faint 
ethereal  odour,  and  a  specific  gravity  of  1-365  at  17'5°,  soluble  in  alcohol  and  in  a 
large  quantity  of  water  (v.  Gegerfeldt). 

Both  dichlorhydrin  and  allyl  alcohol  dichloride,  when  treated  with  caustic  soda- 
solution,  wiaich  abstracts  hydrochloric  acid,  yield  one  and  the  same  epichlorhydrin, 
boiling  at  118"-119°.  This  is  easily  explained  by  the  following  equation,  in  which 
the  eliminated  chlorine  and  hydrogen  atoms  are  bracketed : — • 

CH^Cl  CH^Cl  CH=C1 


CH(Cl)      and  CI 

Ah20(H)  CH=(C1)  ^Cff 


CH(Cl)      and      CHO(H)   —   HCl  =    Oc—  CH 


Allyl  alcohol  Dichlorbydrin. 
dichloiide. 

This  transformation,  therefore,  does  not  enable  us  to  decide  which  of  the  two 
isomerides  is  represented  by  the  symmetrical,  and  which  by  the  unsymmetrical 
formula  ;  but  the  formation  of  allyl -alcohol  dichloride  by  direct  addition  of  chlorine 
to  the  alcohol  leads  to  the  conclusion  that  it  has  the  constitution  CH-Cl — CHCl — • 
CH^OH,  which  is  further  corroborated  by  its  analogy  to  the  dibromide. 

Allyl-alcohol  dibromide,  C^H^Br-O,  oxidised  with  chromic  or  nitric  acid,  is 
converted  into  dibromopropionic  acid  C'H'Br-0^,  which,  when  treated  with  zinc-dust,  is 
converted  into  acrylic  acid  C'H^O^.  This  reaction  loads  to  the  conclusion  that  dibro- 
mide of  allyl  alcohol  contains  the  group  CH'^OH,  and  is  represented  by  the  formula 
CH^Br  —  CHBr  —  CH^OH,  which  is,  moreover,  in  accordance  with  its  formation  from 
allyl  alcohol  by  direct  addition  ef  bromine  : — 

CH2  CH-Br  CH-Br  CH^ 

II  I  I  II 

CH  CHBr  CHBr  CH 

I  I  I  I 

CH^OH  CH^OH  CO  OH  COOH 

Allyl  alcohol.  Dibromide.       Dibromo-propionic  acid.     Acrj'lic  acid. 

(Tollens,  Zdtschr.f.  Chem.  [2]  vii.  305.) 

Allyl-alcohol  dicyanide,  Cm\CW)-0  C'ff(CN)20H,  is'obtained  by  passing 
cyanogen  gas  for  some  time  into  allyl  alcohol,  washing  with  salt  water,  drying  with 
calcium  chloride,  and  fractional  distillation.  It  is  a  colourless  liquid  boiling  at  150°- 
161°,  and  having  a  not  unpleasant  odour,  resembling  that  of  pure  ethyl  cyanide 
(Tollens,  Beut.  Chem.  Ges.  Ber.  v.  621). 

Di-isoallyl  alcohol,  CH'^O^ (Hubrier  a. Miiller,  ^mm.  Ch.  Pharm.  clix.  384).— 
When  dry  epichlorhydrin  is  added  drop  by  drop  to  sodium  immersed  in  anhydrous 
ether,  the  ether  distilled  off  at  the  end  of  the  reaction,  the  residue  treated  with  water 
to  remove  the  excess  of  sodium,  the  whole  then  evaporated  to  dryness,  the  residue 
digested  in  absolute  alcohol,  and  the  alcoholic  solution  evaporated,  a  syrupy  liquid  is 
left  which  distils  with  partial  decomposition  at  218°-225°.  It  has  the  composition 
CH'-O-,  and  appears  to  be  a  polymeride  formed  from  two  molecules  of  isoallyl 

alcohol,  I  ^^CHOH  (p.  47)  arranged  in  a  ring.  The  action  of  the  sodium  on 
the  epichlorhydrin  first  forms  the  compound  CH'^Na^O",  and  on  treating  this  compound 
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witli  -water,  the  sodium  is  replaeeJ  by  hydrogen,  so  that  the  final  result  may  be 
represented  by  the  equation: 

i-Cir-)      ■•,                                 CH-  CH- 
I         0                                 I  ^ 
CH  j       ■  +  2U-  =  2CH1  +  CHOH  CHOH 
I'H-Cl                                   CW  CH- 

Kpiclilorliyilrin.  Di-isoallyl  alcohol. 

AX.X.-irX.  ETHERS.  Tlio  h}-oy,iidc,  C^IPEr,  or  CTPi=CH  —  CH'-Br,  is  formed, 
together  with  dibromhydriii.  I13'  thoaction  of  )ilHis|ilii]riins  bromide  on  slightly  warmed 
syrupy  glycerin  (L.  Henry,  Z('(/.w7; /•../■.  €///■„/.  [L'j\i.  .'ijo).  It  is  also  produced  from 
thciodide  by  the  action  of  cupric  bromide  in  ;i  lc(.liuli.i  Milution,  a  precipitate  of  cuprous 
iodide  being  formed  at  the  same  time,  and  bromine  set  free : 

20uBr-  +  2Cm^l  =  2C^H^Br  +  Cu-1-  +  Br^. 

Part  of  till'  lilirrated  bromine.  howcviT,  unites  llie  .'illvl  l)romide,  so  that  the 

latter  is  nnt  , .1  il ;i incd  piu'e  (Opponhclui,  /></,/.  Chrm.  (i,s.  l;,r.  lii.  442). 

Ally!  lironildii  heated  in  a  sealcil  inli,'  ;it  liio  '  Imi-  h  minutes  with  highly  con- 
centrated lij-drobromic  acid  is  almost  wholly  cimvirlcd  info  a  mixture  of  two  isomeric 
bodies  C^ffBr-,  separable  by  fractional  distillation.  One  of  these  is  propylene 
(mothyl-ethyleno)  bromide  Cff — CHBr — CH-Br,  which,  when  treated  witli  excess 
of  potash,  yields  only  allyleno  ;  tlie  other,  which  boils  at  a  higher  temperature  (1G0°- 
163^  at  719  mm.,  uncorrected),  is  trimethylcne  bromide,  CH-Br — CH- — CH-Br, 
which  with  alcoholic  potash  forms  allyl-ethyl  oxide.  With  barium  hydrate  this 
bromide  yields  trimothyleno  glycol  CH-OH— CH-— CH-'OH,  a  thick,  sweet- 
tasting  liquid,  boiling  between  208°  and  218°:  it  is  the  alcohol  corresponding  to  ethyleue- 
lactic  and  malonic  acids  (Geromont,  Ann.  Ch.  Pharm.  clviii.  369). 

Dittllyl  tetrabromide,  C^H^Br',  heated  with  solid  caustic  potash,  yields  a  product  con- 
taining dihromodiallyl,  C°H'Br-.  This,  when  hooted  with  an  alcoholic  potash  solution, 
is  converted  into  diallyline,  CH",  an  isomeride  of  benzene.  It  is  a  very  refractive 
liquid,  boiling  at  about  85°.  It  burns  with  a  luminous  and  smoky  flame,  and  com- 
bines explosively  with  bromine.  With  an  aqueous  solution  of  silver  nitrate,  it 
gives  a  white,  amorphous  precipitate  insoluble  in  ammonia  and  exploding  wlien  heated 
below  100°  (Henry,  Deut.  Chcm.  Gcs.  Be;:  v.  449). 

Allyl  trichloride,  C^H^CP,  is  very  slowly  acted  on  by  chlorine.  On  dissolving 
iodine  in  it,  and  passing  dry  chlorine  into  the  heated  solution  in  sunshine,  a  small 
quantity  of  white  crystals  gradually  separates,  consisting  of  perchlorethane,  C-Cl". 
The  action  of  chlorine  on  trichlorallyl  consists  therefore  in  a  destruction  of  the  mole- 
cule (Oppenhcim,  Dcut.  Chcm.  Gcs.  Bcr.  iv.  669). 

Allyl  cyanide,  C^ffN  =  C^H^CK— Eiune  a.  ToUens  {Zcitschr.  /.  Chcm.  [2]  vii. 
2.)  1)  prepare  this  compound  by  heating  allyl  iodide  with  potassiiim  cyanide  to  110° 
for  two  days,  washing  the  product,  again  hc.ii  in^  \\  it  h  yi  <\  ussium  cyanide,  and  fraction- 
aling  after  treatment  with  a  few  di'ops  of  niirie  ari.l.  It  has  a  not  disagreeable 
alliaceous  odour,  boils  at  116°-118°,  and  is  converted  by  aqueous  or  alcoholic  potash 
into  crotonic  acid  melting  at  71°-72°.  Tlie  allyl  cyanide  thus  prepared  is  therefore 
itlentical  with  that  which  Will  and  Korner  obtained  by  decomposition  of  niyronicacid 
{\H  Biippl.  525). 

A  mixture  of  allyl  chloride  with  a  solution  of  potassium  eyanido  in  allyl  alco- 
hol heated  to  100°  in  a  sealed  tube,  yields  a  small  quantity  of  tho  compound 
C''H''CN.3C'H"0  analogous  to  the  ethyl-compound  C-ffCN.C-H«0,  which  Gauticr 
obtained  {Bull.  Soc.  ('linn.  |  ■_!  |  ix.  2),  together  with  pwopionitril,  by  heating  n  mix- 
ture of  potassium  etliybsiilpli  iie  and  potassium  cyanide.  This  allyl-compound  boils 
at  9o°-96° ;  it  hiis  an  (  xirenn'ly  pungent  odour  when  first  prepared,  but  after 
pui-iticnliou  by  re]it;ile,|  \i .i-l, , witli  dilute  hycbochloric  acid  and  with  water,  it 
smells  move  like  mns!;ird.  lleiited  to  130°  with  hydrochloric  acid,  it  yields  a  thick 
oil.  t..-etliei-  with  s;il-;inine.ni:e'. 

A  roiniHmn.l  ol'  .illyl  ry.nii^le  ^vith  <  //,///  o/.rJiol,  C^H'^CKSC'-H^O,  is  produced  by 
diiresline-  a.  iiiixinve  (if  :ilhl  ioilide  and  alniliul  with  excess  of  potassium  cyanide, 
and  may  I'e  s.-paraleil  liy  iraeiional  .  list  i  1  lat  inn.  It  is  a  liquid  having  an  agree- 
alile  odnui-  like  lliat  n|' 'allyl  eyanide- ;  lioils  at  173°-174r°.  It  is  decomposed  by 
di^ri'slinn  willi  ]iiila>li,  vieMiiii;  erotonic  acid,  ammonia,  and  alcohol,  but  no  ethyl- 
ariiine  (Rinni',  /Af /.  ('/'„„<.  Grs.  Bo:  vi.  389). 

All  i/f-f  /  li  i/l  -ii.viilc,  C'I^OC■-H^  agitated  in  a  cooled  vessel  with  cold  dilute  hypo- 
chloi-nns  aeid'.  Inrms  OX e t hy  1  - c h  1  o Hi y d r i n,  or  (CH^)"'C1(0H)(0C-IP),  a  thick 
colourless  li(|ul.l  boiling  at  183°-18'j"  (Henry,  loc.  cit.). 
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Allyl-mcthyl  oxide,  C'H'OCH',  obtained  by  tlie  action  of  sodium  metliylate  on 
allyl  bromide,  Is  a  liquid  boiling  at  46°.  Its  dibromide,  CH^OC^ffBr-,  boils  at  185<^, 
^  and  yields  by  distillation  oTcr  solid  caustic  soda,  methyl-monohromallyl  oxide,  boiling 
at  115°-116°,  together  vv'ith  some  mcthyl-propargyl  oxide,  CH^OC'ff. 

Allyl- flienyl  oxide,  C^H^OC^ff,  is  produced  by  the  action  of  sodium  plienylate 
upon  allyl  bromide.  It  is  a  colourless,  strongly  refracting  liquid,  boiling  at  192°-19o°, 
and  having  the  same  density  as  water.  It  combines  'with  bromine,  but  products  con- 
taining brominated  phenyl  are  formed  at  the  same  time  (Henry). 

Bromallyl  and  Chlorallyl  Alcohols  and  Ether s  {H^mj,  Bout.  Chem.  Ges. 
Ber.  V.  186,  449). 

Monohromallyl  acetate,  C^H^Br.C-H-0-,  is  produced  by  the  action  of  dibromoglycide 
or  epidibromliydrin,  C'H'Er-  (-which  may  be  regarded  as  bromallyl  bromide,  C^H^lir.Br), 
upon  potassium  acetate.  It  is  a  mobile  liquid,  boiling  at  163°-164°,  and  having  a 
pleasant,  refreshing  odour  ;  it  is  not  acted  upon  by  the  chlorides  of  phosphorus.  Dy 
distillation  -with  caustic  soda  it  yields  monohromallyl  alcohol,  CH-.CBr.OH-.OH,  a 
mobile  liquid  boiling  at  155°,  and  having  also  an  agTeeable  odour.  By  the  action  of 
phosphorus  pentachloride  the  alcohol  is  converted  into  imnohromallyl  chloride, 
(CTI^Br.)Cl,  a  heavy  liquid  boiling  at  120°,  and  most  probably  identical  with  Eeboul's 
chlorliydrobromoglycide. 

By  heating  the  alcohol  with  an  alcoholic  potash-solution,  a  distillate  is  obtained 
showing  the  reactions  of  the  propargyl-compounds,  and  containing  most  probably 
■propargyl-alcohol,  CH^OH,  which,  however,  could  not  be  isolated. 

Dibromoglycide  treated  with  silver  nitrate,  yields  monobromcdlyl  nitrate,  C-^H'BrlN  0^, 
a  liquid  having  an  agreeable  odoiur  and  sweetish  pungent  taste ;  C'H''BrBr  +  AgNO^ 
=  AgBr  +  C'H'Br.NO'. 

By  the  action  of  potassium  acetate  upon  dichloroglyeide,  a  mixture  of  several  pro- 
ducts is  obtained,  among  them  being  a  small  quantity  of  monochlorallyl  acetate ;  and 
when  dichloroglyeide  is  heated  with  potassium  sulphocyanate,  pure  monochlorallyl 
sulphocyanate  is  produced. 

Monochlorcdlyl  sidphocyanaic,  (C^H'Cl)SCN,  produced  by  the  action  of  potassium 
sulphocyanate  on  dichloroglyeide  (chlorallyl  chloride),  is  a  colourless  liquid  boiling 
at  185°,  and  having  a  very  pungent  smell,  like  that  of  mtistard-oil.    It  combines 

t  NH- 

quickly  with  ammonia,  yielding  monoehlorothiosinnamine,  CSjj^jj  C^H'C]  coloiu'- 
less  crystals,  melting  at  90°-91°.  Monohromallyl  sulphocyanate  boils  at  200°  and 
yields  a  tliiosinnamine  melting  at  110^-111°. 

Monohromallyl-ethyl  oxide,  C^H-'BrOC-H^,  is  obtained  by  distilling  ethyl-dibrom- 
hydrin,  C^ffBr'^OC-H',  with  caustic  soda.  It  is  a  colourless  liquid  having  a  pleasant 
smell,  and  boiling  at  130°-136°.  It  is  easily  transformed  into  propargylether, 
CffOC^H'*,  by  heating  it  with  an  alcoholic  potash-solution. 

Monochlorallyl-ethyl  oxide,  C^H'CIOC^H",  is  formed  by  the  action  of  alkalis  upon 
ethyl-dichlorhydrin  ;  it  boils  at  120°. 

The  formation  of  these  substituted  allyl  compounds  is  analogous  to  that  of  mono-, 
clilorpropylene  from  propylene  dichloride.  They  contain,  therefore,  the  chlorine  or 
bromine  combined  with  the  middle  carbon  atom  of  the  allyl  group.  This  is  further 
proved  by  the  fact,  that  by  the  action  of  sulphuric  acid  upon  pure  epidichlorhydrin, 
monocliloracctone  is  formed,  whilst,  as  Oppenheim  has  shown,  acetone  is  obtained  by 
acting  with  sulphuric  acid  upon  monochloro-propylene. 

A.Iili'S'Xi&N'E.  CW. — On  the  constitution  of  this  hydrocarbon,  see  Carstanien, 
{J.  pr.  Chcm.  [2]  iv.  419  ;  Chem.  Soc.  J.  [2]  s.  231).  Allylene  is  converted  into 
propionic  acid  by  the  action  of  aqueous  chromic  acid,  in  the  same  manner  as  acetylene 
into  acetic  acid  (p.  4).  The  reaction  appears,  however,  to  take  place  by  two  stages, 
the  allylene  being  first  converted  into  allylene  oxide,  C^H-'O,  and  this,  by  addition  of 
H^O,  into  propionic  acid. 

Allylene  oxide,  which  is  also  produced  by  the  action  of  chromic  anhydride  on 
isoallyl  alcohol  (prepared  by  treating  allylene  witli  sulphuric  acid,  &e.),  is  a  mobile 
neutral  liquid,  having  a  pungent  odour  and  boiling  at  62°- 6  3°.  It  is  extremely 
stable,  not  being  acted  on  by  baryta-water  at  150°,  or  when  heated  in  a  sealed  tube 
with  syrupy  potassium  hydi-ate  to  220°  or  oven  to  300°.    It  reduces  silver  nitrate. 

Hydrohromides. — xillyleno  unites  directly  and  rapidly  in  the  cold,  with  a  con- 
centrated aqueous  solution  of  hydrobromic  acid  employed  in  gi-eat  excess.  With  an 
acid  marking  66°  Baume,  and  at  0°,  the  process  is  complete  in  five  or  six  hours.  The 
oily  body  obtained  is  dihydrohromide  of  allylene,  C-'HMl-Br-,  with  a  small  quantity  of 
the  monoliydrobromide.  On  rectification,  a  liquid  is  obtained,  having  a  density  of 
l-87o  at  10°,  and  boiling  at  lll°-llo°.    This  body  is  isomeric  with  propylene 
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bromide,  C'R^Bv-,  but  hns  a  much  loss  fragrant  odour,  aud  appears  to  bo  identical 
with  Linnemann's  niethylbromacctol,  or  dimcthyl-dihromo7nctkane  C(CH')-I5r".  Tho 
(lihydrobromido,  submitted  to  the  action  of  alcoholic  potash,  loses  one  molecule  of 
hydrobromic  acid,  and  is  reduced  to  monohydrohromidc,  C^H'.HBr,  -which  has  a  density 
of  1'39  at  9°,  and  boils  at  48°-49°.  Allylene  hydrobromide,  though  isomeric  with 
bromopropylone,  is  quite  a  distinct  body,  having  a  lower  boiling  point,  and  being  much 
more  readily  acted  upon  by  a  concentrated  solution  of  hydrobromic  acid  (Keboul, 
Cojnpt.  rend.  Ixxiv.  669). 

Tho  monohydrobromido  is  also  formed  by  the  action  of  alcoholic  potash  on  bromo- 
propylone hydriodide,  C^H^Br.HI.  It  unites  with  hydriodic  acid,  forming  allylene 
hydrobromiodide,  C^H^.HBr.HI,  which  boils  at  1J:7°-148°,  and  is  identical  with  tho 
hydriodide  of  bromopropylene.  The  combination  of  hydriodic  acid  with  allylene 
hydrobromide  takes  place,  however,  much  more  energetically  than  that  of  the  same 
acid  with  bromopropylene.  Probably  tho  hych-iodic  acid  in  tlie  latter  case  first  trans- 
forms the  bromopropylene  into  allylene  hydrobromide,  aud  then  unites  with  tho  latter. 
Allylene  dihydrobromide,C^H^2HBr,  is  identical  with  liromopropylene  hydrobromide, 
CTI^Br.HBr,  both  these  bodies,  when  treated  with  potash,  yielding  allylene  mono- 
hydrobromido (Eoboul,  Com])t.  rend.  Ixxiv.  669,  94i). 

Hy drochlorides.  —  Allylono  also  unites  directly  in  the  cold  with  concentrated 
hydi'ochloric  acid,  but  much  less  rapidly  than  with  hydrobromic  acid.  The  oily 
product  is  a  mixture  of  mono-  and  di-hydroehlorido  of  allylene,  in  Avliich  the  latter 
largely  predominates.  On  rectification  the  dihydrochloride  is  found  to  boil  at  69°- 
70^,  and  is  probably  identical  with  Friedel's  methjdchloracotol,  or  dimethyl-dkhloro- 
mcthcme,  C(CH7-Cr-  (Eeboul). 

A.I.I.YX.IIjr,    CH'^O^  =  (C^ff)'"!^^^^^'^  (Tollens,  He;;?.  Chem.  Ges.  Bcr.v.68), 

— Obtained  from  the  syrupy  liquid  which  remains  after  the  rectification  of  crude  allyl 
alcohol,  prepared  by  distilling  glycerin  with  oxalic  acid.  It  is  a  viscid  liquid  boiling 
at  225°-240°,  soluble  in  water,  pa.rtly  decomposed  by  distillation,  with  formation  of 
allyl  alcohol.  Bromine  dropped  into  its  aqueous  solution  unites  with  it,  forming 
allylin  dibromide,  CH'^O'Br-,  which  separates  as  ,an  oil. 

Allylin  is  distinguished  from  glycerin-ether,  (C'II^)-O^ — likewise  a  by-prodnct  in 
the  preparation  of  allyl  alcohol,  and  regarded  by  Linnemann  and  v.  Zotta  {Ann.  Ch. 
Pharm.  Siippl.  viii.  252)  as  identical  with  it — both  by  its  composition  and  by  its 
reactions,  glycerin-ether  not  being  decomposed  by  distillation,  and  not  combining 
with  bromine. 

AI.X.-8-X.MEKCURIC  COMPOVlfDS.  Mercuric  iodaUylidc,  C^H^Hgl,  is 
best  obtained  by  shaking  morcury  with  a  mixture  of  eqnal  volumes  of  allyl  iodide  and 
alcohol.  It  crystallises  from  carbon  bisulphide  and  acetone  in  white  scales,  which 
soon  turn  yellow.  It  is  not  acted  upon  cither  by  phosphorus  tribromido  or  by  acetyl 
chloride  or  benzoyl  chloride.  On  adding  it  to  a  solution  of  zinc-ethyl  in  ctiicr,  :in 
energetic  reaction  sets  in,  tho  products  being  mercury,  zinc  iodide,  mercuric  cthide, 
and  diallyl : 

2C^H=HgI  +  Zn{Cmy-  =  Ilg  +  Hg(C'^H'^)-  +  Znl-  +  (C^IP)". 

A  solution  of  potassium  cyanide  acts  on  mercuric  iodallylide  quickly  in  tho  cold, 
according  to  the  equation  : 

2C'ffHgI  +  2KCN=  Hg  +  2KI  +  Hg(CN)2  +  {Cm^y. 

Besides  these  products,  two  mercury-allyl  compounds  are  probably  formed,  one  of 
which  is  liquid,  and  explodes  when  the  distillation  of  the  diallyl  is  not  stopped  in 
time. 

The  mercury  compounds  of  allyl  attack  the  skin,  but  tho  action  becomes  perceptible 
only  after  6-8  hours,  when  painful  blisters  appear  (Oppenheim,  Deut.  Chem.  Ges.  Ber. 
iv.  670). 

Mercuric  iodallylide  heated  to  100°  in  a  sealed  tube  with  ■,v[VLQOUfi  potasshim  iodide, 
yields  metallic  mercury,  potassio- mercuric  iodide,  and  diallyl : 

2C=H^IIgI+2KI  =  Hg  +  2KLHgP  +  CH'". 

^Vhcn  a  mixture  of  mercuric  iodallylide  and  allyl  iodide  is  heated  with  iron  tvrniiigs  to 
100'' for  three  days,  the  greater  part  of  the  mercuric  iodallylide  remains  nn:iltored, 
and  only  a  .small  quantity  of  a  substance  smelling  like  diallyl  is  produced.  If  the 
s:ime  mixture  is  heated  for  a  day  with  granulated  zinc,  a  gas  is  formed  which  burns 
with  a  bright  flame.  AVhen  moist  silver  oxide  is  added  to  mercuric  iodallyliilc  under 
alcohol,  and  the  mixture  is  shaken,  silver  iodide  is  formed,  together  with  an  alkaline 
solution  (doubtless  containing  tho  base  C-'H"HgOH),  which,  when  evaporated  over 
E  2 
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sulphm-ic  acid,  yields  crystals  soluble  in  water,  together  -n-itli  a  large  quantity  of  oil ; 
but  the  reaction  is  slow  and  incomplete.  The  alkaline  solution  neutralised  with  acids 
yields  crystalline  salts.  The  chloride  C^H^HgCl  is  sparingly  solulsle  and  is  precipi- 
tated on  adding  hydrochloric  acid  to  tho  alkaline  solution  (Krasowsky,  Zc'(7*c7i;-./. 
Chcm.  vi.  527). 

AZ.I.YX.-PHSN'O]^.    Bee  Phenol. 

A.I.XiYX.-PKEN'VX.-FORIWXC  ilC£3>.    See  Formic  Acid. 

AX.I.YX.'SVX.PKOXrXC  ACZB,  C^HMI.SO'.— Wlien  neutral  potassium  sul- 
phite, dissolved  in  a  small  quantity  of  water,  is  boiled  with  its  own  weight  of  allyl 
iodide  till  the  latter  disappears,  the  liquid,  on  evaporation  on  the  water-bath,  leaves 
a  crystalline  residue ;  and  on  exhausting  with  boiling  alcohol  and  cooling,  a  white 
salt  is  obtained,  which,  after  washing  with  alcohol,  has  the  composition  of  a  mixture 
of  potassium  iodide  and  allyl-sulphite,  6KI.7K(CTi*)SO^  On  addition  of  ether  to 
the  alcoholic  mother-liquors,  a  salt  of  similar  appearance  is  precipitated,  which  has 
the  composition  2KI.3K(CTI^)SO^  On  addition  of  lead  acetate  to  the  aqueous  solu- 
tion of  these  salts,  lead  iodide  is  precipitated ;  the  filtrate  decomposed  by  hydrogen 
sulphide,  evaporated,  extracted  with  alcohol,  and  precipitated  with  ether,  yields  a  salt 
not  quite  free  from  iodine ;  but  a  pure  salt  having  tho  composition  K(C'H^")SO^  is 
obtained  by  decomposing  the  double  iodised  compound  with  warm  sulphuric  acid, 
evaporation  of  most  of  the  excess  of  acid,  extraction  with  alcohol  after  neutralisation 
witli  potassium  carbonate,  and  precipitation  with  ether ;  tho  product  thus  obtained 
is  white,  indistinctly  crystalline,  and  readily  soluble  in  water. 

Barium  allylsulphonate  is  a  hygroscopic  white  mass,  soluble  in  water  and  alcohol, 
but  not  in  ether ;  the  lead  salt  crystallises  from  alcohol  in  golden  crystalline  plates 
(A.  V.  Ead.  Aiin.  Ch.  Pliarm.  clxi.  218 j. 

AIiIiYloTTRETHANES.    See  Sulphocakbonic  Ethebs. 

AKOES.  The  two  varieties  of  this  dinig— namely,  Barbadoes  aloes,  or  Liver  aloes. 
Aloe  hepatica,  and  Cape  or  Natal  aloes,  Aloe  liicida  {\st  8uppl.99),  contain  different 
crystalline  principles,  which  may  be  distinguished  as  barljaloi'n  and  nataloin. 

Barbalo'in,  C'H'^O',  -which  is  the  variety  discovered  by  T.  and  H.  Smith,  and 
examined  some  years  ago  by  Stenhouse  (i.  1-18),  may  be  prepared  by  dissolving  Bar- 
badoes aloes  in  boiling  water  slightly  acidulated  with  hydrochloric  acid,  and  evapo- 
rating the  filtered  liquid  to  a  syrupy  consistence  ;  in  a  few  days  a  lemon-yellow  mass 
of  barbaloi'n  results,  which  may  be  purified  by  draining,  pressure  and  recrystallisation. 
By  the  action  of  cold  fuming  nitric  acid  it  is  converted  into  a  mixture  of  aloetie, 
chrysammic,  oxalic  and  picric  acids,  the  two  former  of  which  are  but  very  slightly 
soluble  in  cold  water.  By  prolonged  boiling  with  nitric  acid,  the  aloetie  acid  is  finally 
converted  into  chrysammic  acid,  which  may,  in  fact,  be  more  conveniently  prepared  in 
this  manner  from  aloi'n  than  from  crude  aloes  (Tilden,  Pharm.  J.  Trans.  [3]  ii.  8i5  ; 
Chem.  Soc.  J.  [2]  x.  488).  Barbalo'in  fused  with  caustic  potash,  yields,  in  addition 
to  orcin  and  paroxybenzoic  acid  {1st  Siippl.  10),  a  small  quantity  of  alorcinic  acid 
{infra). 

Chloralo'in,  C'H'^CPO',  analogous  to  the  bromaloin  discovered  by  Stenhouse,  is 
obtained  by  gradually  adding  aloin  dissolved  in  hydrochloric  acid  to  a  mixture  of 
potassium  chlorate  and  fuming  hydrochloric  acid.  After  each  addition  of  the  aloi'n, 
.1  red  coloration  is  produced,  which,  however,  quickly  disappears,  the  solution  assum- 
ing a  clear  orange  colour,  and  depositing  in  a  few  minutes  a  copious  crop  of  yellow 
granules,  the  quantity  of  which  increases  by  standing  for  a  few  hours,  It  may  then 
be  filtered  off,  washed  with  a  little  water,  and  crystallised  from  warm  rectified  spirit. 
The  tufts  of  bright  yellow  prisms  which  separate  in  a  few  hours  are  collected  and  dried 
by  exposui-e  to  dry  air.  They  bear,  without  change  of  colour  or  general  appearance,  a 
temperature  of  120°,  and  even  much  higher.  They  give,  by  analysis,  numbers  agree- 
ing nearly  with  the  formula  C"H'*CP0\3H'-0,  the  proportion  of  chlorine  being,  how- 
ever, a  little  too  high,  probably  owing  to  the  presence  of  a  small  quantity  of  a  more 
highly  chlorinated  compound. 

Chloralo'in  is  more  soluble  in  water  than  bromaloin,  and  more  stable  than  the 
original  aloin.  Thus,  although  very  soluble  in  aqueous  ammonia,  it  crystallises  out 
but  little  altered  when  tlie  ammonia  is  evaporated,  and  it  may  be  dissolved  in  ordi- 
nary nitric  acid  (sp.  gr.  1.  37)  without  change  of  colour.  Boiled  with  nitric  acid  and 
silver  nitrate,  it  yields  oxalic  and  picric  acids  only,  without  a  trace  of  aloetie  or  chry- 
sammic acid.  In  most  of  the  reactions  of  aloin  and  of  its  chloro-  and  bromo-deriva- 
tives,  there  is  a  marked  resemblance  to  those  of  the  orcins  (Tilden,  Chcm.  Soc.  J.  [2] 
X.  204). 
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TTataloin.  C^^ff'O'^  [  =  2C'"H'«0"  +  H=0].— Xatal  aloes,  moistened  witli  spirit 
and  examined  by  the  microscope,  exhiljits  crystals  of  a  compound  which  is  but  sliglitly 
soluble  in  alcohol,  so  that,  on  trer.ting  the  aloes  with  its  own  weight  of  that  solvent 
at  49°,  the  crystalline  principle,  nataloin,  is  roadily  obtained  in  a  crude  state. 
AVhen  purified  by  crystallisation  from  hot  spirit,  it  forms  thin,  bright  yellow  scales, 
sparingly  soluble  in  water,  benzol,  carbon  disulphide,  chloroform,  and  ether.  It  con- 
tains no  water  of  crystallisation,  melts  between  212°  and  222°,  dissolves  in  concen- 
trated sulj)huric  acid,  and  the  addition  of  a  crystal  of  potassium  nitrate  to  tliis  solu- 
li(in  produces  a  characteristic  bright  green  coloration,  rapidly  passing  through  red  to 
blue.  Heated  with  nitric  acid  it  is  decomposed,  yielding  oxalic  acid  without  a  trace 
of  picric  or  chrysammic  acid  (Fliiekiger,  Arch.  Fharm.  [2]  cslix,  11).  According  to 
Tilden,  on  the  contrary  (Chcrn.  Soc.  J.  [2]  x.  153)  it  yields  picric  as  well  as  oxalic 
acid.  The  non-production  of  chrysammic  acid  shows,  however,  that  this  kind  of  aloiii 
differs  essentially  from  barbaloi'n. 

Another  modification  of  aloi'n  is  obtained  from  crude  Zanzibar  aloes  liy  slight 
washing  with  dilute  spirit.  When  purified  by  crystallisation  from  spirit,  it  forms  tufts 
of  needles.  It  is  much  more  soluble  than  nataloin,  and  contains  water  of  crystallisa- 
tion, C'''H'"0'^  +  5H'-0,  which  it  loses  when  dried  over  sulphuric  acid,  leaving  anhy- 
drous Zanzibar  alo'in,  C^^H^^O'^,  isomeric  with  nataloin.  It  does  not  appear  to  form 
a  substitution-product  with  bromine ;  neither  does  it  give  with  nitric  acid  the  deep 
red  colour  exhibited  by  barbaloi'n  (Fliiekiger,  loc.  cit.). 

Iiign  illoes,  Oil  of.    See  Oils,  Volatile. 

AXiOES-RESS.    On  the  detection  of  this  colour,  see  Coloitbing  Mattehs. 

AI.ORCXKrXC  ACID.  C"H'»03  (Weselsky,  Bcut.  Chem.  Gcs.  Bcr.  v.  168;  Ann. 
ill  ritiinn.  clxvii.  G.j). — This  acid,  isomeric  with  melilotic,  hydroparacoumaric,  phe- 
nyl-lactic,  xylctic,  oxymesitylenie,  phloretic,  and  tropic  acids,  is  obtained,  in  compara- 
tively small  quantity,  together  with  orcin  and  paraoxybenzoic  acid,  by  the  action  of 
melting  potash  upon  aloes,  and  separates  in  crystalline  masses  from  the  mother- 
liquors  of  the  paraoxybenzoic  acid.  It  dissolves  with  difficulty  in  cold  water,  but 
readily  in  boiling  water,  in  alcohol,  and  in  ether,  and  crystallises  from  the  boiling 
aqueous  solution  on  cooling,  in  bulky  concentric  groups  of  long  needles.  It  has  a 
sour,  somewhat  astringent  taste.  The  air-dried  acid  melts  at  97°;  that  which  has  been 
dried  ov.^r  sulphuric  acid  melts  at  115°.  By  distillation  it  yields  an  oil  which  soon 
solidifies  to  a  crystalline  mass  of  the  anhydride  C'®II"*0\  which  melts  at  138°,  sub- 
limes when  heated  between  two  watch-glasses,  in  light-shining  laminse  resembling 
benzoic  acid,  dissolves  slowly  in  water,  and  is  gradually  reconverted  into  the  acid — 
much  more  quickly,  however,  in  a  solution  of  alkaline  carbonate. 

The  aqueous  solution  of  alorcinic  acid  is  not  coloured  by  ferric  chloride,  but,  if 
rendered  alkaline,  it  acquires  a  characteristic  cherry-red  colour  on  exposure  to  the 
air.  With  hypochlorites  the  aqueous  acid  produces  a  splendid  purple-red  colour, 
which,  however,  is  destroyed  by  excess  of  hypochlorite.  A  neutralised  solution  of 
the  acid  reduces  silver  nitrate  on  gentle  heating,  and  separates  cuprous  oxide  on 
heating  from  a  solution  of  potassio-cupric  tartrate.  The  acid  in  dilute  solution  is 
not  precipitated  by  neutral  lead  acetate,  but  with  the  basic  acetate  it  forms  a  white 
precipitate  which  gradually  turns  red. 

Alorcinic  acid  easily  decomposes  metallic  carbonates.  Its  barium  salt,  Ba(C'H°0^)- 
+  OH-0,  crystallises  in  groups  of  small  needles,  moderately  soluble  in  w.ater, 
.soluble  also  in  alchohol,  insoluble  in  ether;  at  100°  it  becomes  rose-coloured  and 
begins  to  decompose.  The  calcium  salt,  Ca(C'II''0^)-,  is  more  soluble  than  the  barium 
salt,  and  crystallises  in  anhydrous  needles.  The  copper  salt,  Cu(CTI''0-')  +  4H-0,  is 
obtained  by  decomposing  the  barium  .salt  with  cupric  sulphate.  The  green  filtrate, 
if  concentrated  and  stirred,  deposits  the  salt  in  emerald-green  crystals,  but  if  left  at 
rest  it  is  apt  to  dry  up  to  a  green  varnish.  The  crystals  are  nearly  insoluble  in 
water,  but  dissolve  with  moderate  facility  in  ether-alcohol.  The  alorcinates  of  the 
iilkali-metals  are  difficult  to  purify,  on  account  of  the  sensibility  of  the  acid  to  the 
action  of  oxygen  in  presence  of  strong  bases. 

Alorcinic  acid  is  resolved  by  fusion  with  potash  into  acetic  acid  and  orcin : 


Hence  it  is  nearly  related  to  everninic  acid,  CH'^O',  which  likewise  yields  orcin 
wlicn  fused  with  potash  : 


C^H'»0^  +  H=0  =  C^H^O^  +  C'R^O". 


Alorcinic  acid. 


Everninic  acid. 
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It  is  probable  also  that  alorcinic  acid  is  one  of  the  first  products  of  the  decompo- 
sition of  aloes  by  potash,  and  that  the  oroin  thereby  obtained  results  from  the  further 
decomposition  of  this  acid. 

Acetyl-alorciiiic  acid,  C"H'20^  =  C'II'(C-H^0)0',  is  produced  by  the  action  of  acetyl 
chloride  on  alorcinic  acid,  the  action  commencing  in  the  cold,  and  being  completed, 
ivith  strong  evolution  of  hydrochloric  acid,  on  application  of  heat.  After  the  excess 
of  acetyl  chloride  hag  been  expelled  by  heating  over  the  water-bath,  there  remains  a 
thickigji  residue,  which  soon  solidifies  in  the  crystalline  state,  is  nearly  insoluble  iu 
boiling  water,  but  may  easily  be  recrystallised  from  dilute  alcohol. 

Acetyl-alorcinic  acid  crystallises  in  colourless  needles  easily  soluble  in  ether.  It 
begins  to  melt  at  125°,  but  decomposes  partially  at  the  same  time.  By  distillation  it 
is  resolved  into  acetic  acid  and  alorcinic  anhydride. 

AXiVMZITXTE.  This  mineral  occurs  in  many  localities  near  Halle,  in  white,  or 
more  rarely  yellowish,  crystalline  nodules  of  various  shape  and  size  (up  to  that  of 
the  fist),  also  in  strings  and  plates  attached  together,  between  strata  and  iu  clefts  of 
the  so-called  Magdeburg  sand.  Where  this  carbonaceous  and  somewhat  pyriteferous 
sand  comes  to  the  surface,  and  therefore  in  contact  with  the  air,  there  is  formed,  by 
the  mutual  action  of  the  atmospheric  gases,  the  finely  divided  iron  pyrites,  and  the 
fine  particles  of  lignite  and  clay  (kaolin  particles  and  mica),  a  hydrated  basic  alumi- 
nium sulphate,  namely  aluminite.  In  these  sands,  which  may  be  called  'alumi- 
nite  sands,'  the  aluminite  occurs  so  abundantly,  where  the  conditions  are  favourable 
to  its  formation,  that  its  nodules  almost  displace  the  sand  (Laspeyres,  Jahrhicli  f. 
Miiieralogk;  1872,  951.) 

AlLTTSXm'XUBX.  The  reactions  of  this  metal  with  certain  metallic  solutions  have 
been  examined  by  A.  Cossa  {11  nuovo  Cimcnto  [2]  iii.  75,  228 ;  Zeitschr.  f.  Chem. 
[2]  vi.  380,  443). 

Copper  salts. — A  solution  of  cupric  nitrate  or  sulphate  is  not  acted  on  by  aluminium 
at  first,  but  in  about  two  days,  slowly  growing  crystals  are  deposited  on  the  plate, 
consisting  partly  of  dendrites,  but  mostly  of  well-defined  octohedrons.  From  the 
solution  of  the  nitrate  there  separates,  besides  metallic  copper,  a  basic  salt  in  the  form 
of  a  green  insoluble  powder.  From  cupric  chloride  the  copper  is  immediately  precipi- 
tated, and  like-\vise  from  the  acetate,  though  the  deposition  goes  on  more  slowly.  The 
reduction  also  takes  place  immediately  when  a  small  quantity  of  a  very  dilute  solution  of 
an  alkaline  chloride  is  added  to  the  sulphate  or  nitrate,  and  if  a  sufficient  quantity  of 
aluminium  is  present  the  precipitation  is  complete. 

Lead  salts. — From  solutions  of  the  nitrate  or  acetate  aluminium  slowly  precipitates 
the  lead  in  crystals,  and  immediately  from  a  solution  of  the  chloride.  An  alkaline 
solution  of  lead  cliromate  is  immediately  decomposed  by  aluminium,  with  formation  of 
metallic  lead  and  cliromic  oxide. 

Mercury  salts. — From  solutions  of  mercuric  chloride,  cyanide  or  nitrate,  aluminium 
first  throws  down  metallic  mercury,  which  then  unites  with  the  aluminium,  forming 
an  amalgam,  which  decomposes  water  at  ordinary  temperatures,  and  oxidises  in  the 
air  with  great  rise  of  temperature. 

From  an  alcoholic  solution  of  mercuric  chloride  the  precipitation  of  the  mercury  is 
much  quicker  than  from  an  aqueous  solution,  and  is  attended  with  considerable  rise  of 
temperature.  Mercury  is  also  thrown  down  by  aluminium  from  a  solution  of  mer- 
curic iodide  in  potassium  iodide.  Aluminium  foil  acts  very  strongly  on  vapour  of 
mercuric  chloride,  mercury  being  set  free  and  aluminium  deposited  on  the  colder  parts 
of  the  tube  :  the  reaction  is  attended  with  so  much  heat  that  the  excess  of  aluminium 
melts  into  globules. 

Silver  salts. — From  slightly  acid  or  from  neutral  solutions  of  silver  nitrate,  alumi- 
nium throws  down  the  silver  in  the  form  of  dendrites.  Whether  the  solution  be  con- 
centrated or  dilute,  the  precipitation  of  the  silver  does  not  begin  till  about  six  hours 
after  the  immersion  of  the  aluminium.  From  an  ammoniacal  solution  of  silver 
chloride  the  silver  is  immediately  precipitated  as  a  crystalline  powder ;  aluminium 
also  throws  down  the  silver  from  an  ammoniacal  solution  of  silver  chromate. 

When  aluminium  is  brought  in  contact  with  fused  silver  chloride,  great  heat  is 
evolved,  and  silver  is  separated  in  melted  globules. 

Thallium  salts. — A  plate  of  aluminium  immersed  in  a  slightly  acid  solution  of 
thallium  sulphate,  becomes  coated  in  ten  clays  with  regular  octohedrons  of  thallium 
alum.    From  a  solution  of  thallium  chloride  at  90°,  metallic  thallium  is  precipitated. 

Zinc  salts. — From  an  alkaline  zinc-solution,  aluminium  easily  separates  the  metal. 

Aluminium  Amalgam  may  be  formed  either  by  bringing  aluminium  in  contact 
with  mercury  containing  a  small  quantity  of  sodium  (iii.  886),  or  by  Joule's  method  of 
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electrolysing  tlie  solution  of  an  aluminium  salt,  with,  mercury  for  the  negative  pole  (C/is»«. 
Ui'-.  1850,  339) ;  but  the  best  method  is  to  heat  the  two  metals  together  in  a  gas 
v.hich  does  not  act  on  either  of  them.  A  piece  of  aluminium  foil  is  placed  at  the 
bottom  of  a  thick-wallod  test-tube,  and  well-dried  mercury  is  poured  upon  it,  the  tubs 
having  been  pre\aously  di-awn  out  in  the  middle  to  prevent  the  aluminium  from  rising 
to  the  surface  of  the  mercury.  The  air  is  then  expelled  from  the  tube  by  a  stream  of 
dry  carbonic  anhydride,  and  the  tube  is  heated  without  interrupting  the  current  of 
gas,  till  the  aluminium  is  completely  dissolved. 

Aluniinium-amalgam  decomposes  in  contact  with  air  or  with  water  more  quickly 
than  sodium-amalgam.  When  a  few  drops  of  an  amalgam  containing  but  a  small 
proportion  of  aluminium  are  left  in  contact  with  moist  air,  gelatinous  opalescent  ex- 
crescences of  pure  aluminium  hydrate  are  seen  to  form  on  their  surface,  exhibiting, 
both  in  their  form  and  mode  of  growth,  considerable  resemblance  to  the  so-called 
Pharaoh's  serpents.  The  aluminium  hydi-ate  thus  obtained  is  perfectly  soluble  in 
alkalis  and  acids.  When,  on  the  other  hand,  the  amalgam  containing  a  small  pro- 
portion of  aluminium  is  brought  in  contact  with  a  large  quantity  of  water,  trans- 
parent iridescent  laminae,  also  having  a  crystalline  aspect  and  consisting  of  the 
hydrate  APffO",  form  in  the  course  of  two  days.  These  laminae  give  up  all  their 
water  when  heated,  retaining  their  crystalline  aspect,  but  becoming  much  less  easily 
soluble  in  alkalis  and  acids  (Cossa,  loc.  cit.). 

On  compounds  of  Aluminium  with  Zirconium,  see  ZiBCONiu.^r. 

An  impure  chloride  of  aluminium,  containing  calcium  and  sodium  salts,  and  known 
commereiall}'  as  '  chlor-alum,'  is  now  much  used  as  a  disiufeet^int. 

AStlfaiS.    See  Sulphates. 

AMARIC  ACZB.  C'-H<-0',  or  C'-H'»0«.H=0.— An  acid  formed,  together  with 
deoxybenzoi'n,  when  benzamarone  is  heated  for  a  lonij  time  with  alcoholic  potash, 
unaltered  benzamarone  being  first  deposited  ;  then,  on  addition  of  water,  dooxybenzoiu ; 
and  finally  after  evaporation,  potassium  amarate,  in  the  form  of  an  oil  which  soldifies 
on  cooling  in  white  scales  insoluble  in  the  excess  of  potash.  From  the  solution  of 
this  salt  am.aric  acid  is  throvv'n  down  by  all  acids,  even  acetic,  in  the  form  of  a 
white,  cm-dy,  crystalline  precipitate,  C*-'H'-0',  insoluble  in  cold  water,  but  soluble  in 
boiling  alcohol,  ether  aud  acetic  acid.  It  loses  1  mol.  water  at  125°,  and  melts  at 
140°,  losing  a  further  lA  mol.  of  water,  and  then  solidifies  in  the  crystalline  form. 
After  being  once  heated  to  140°  it  melts  at  155°,  is  no  longer  soluble  in  15  parts  of  90 
per  cent,  alcohol,  dissolves  in  ammonia  at  110°-120°,  also  in  potash-solution,  forming 
potassium  amarate.  Votasskim  amarate,  C'^H^'K-O"  +  2Il-'0,  separates  from  boil- 
ing ether,  either  in  lamellse,  or  as  an  oil  gradually  solidifying  in  warty  groups.  The 
hariiDu,  lead,  and  diver  salts  are  curdy,  loose,  amorphous  precipitates,  which  gradually 
liecome  heavy  and  crystalline.  The  silver  salt,  C^-H^^Ag-O'',  is  white  and  almost 
iii<olul)lo  in  water  and  alcohol.  '£\\q  barium  salt  crystallises  well  from  alcohol.  All 
the  salts  are  bitter  (Zinin,  Zeitschr.  f.  Chem.  [2]  vii.  538). 

ASCBIiTCrOliTXTE.    See  Phosphates  of  Aldjiinium. 

AS2BS.VSXSGITS.  A  rhombic  mineral  from  a  spheroidal  mass,  found 
near  Lak3  Lan_cli.  It  hasjhe  axial  ratio  0-971_  :  1  :  0-570,  and  exhibits  the  faces, 
P,  2P2,  P2,  JjP::,  c^P,  ooP2,  jPco  ,  ooPoo ,  coPao  .  Cleavage  not  determined;  frac- 
ture conchoidal ;  luslre  adamantine  vitreous;  colour  brown  to  reddish  brown  streak 
prey,  inclining  to  green ;  hardness  nearly  equal  to  that  of  quartz  ;  not  decomposible 
by  hydrochloric  acid ;  difficult  to  fuse  before  the  blowpipe.  The  powder,  freed  by 
the  magnet  from  intimately  admixed  magnetic  iron  ore,  has  a  sp.  gr.  of  3'454  at  20^°. 
The  mineral  is  also  accompanied  by  oligoelase  and  mica,  less  frequently  "snth  iron- 
glance  and  augite.  Its  analysis  leads  to  the  formula  lGRSiO''.Al-'0^  [where 
K  =  IMg  +  iPe],  which  is  that  of  an  aluminous  augite  : 

S)0=         A1=0'         MgO         CaO  FeO 
Found         49-8        5-05        177        0-15       25-0  =98-30 
Calculated    48-99       5-25        10-35       —         29-41  =  100 

{Gr.  vom  Eatli,  l-'ogg.  Ann.  cxxxviii.  529).  V.  von  Lang,  on  the  otlier  hand  {ihicl. 
cxxxix.  319),  rer.ards  the  mineral  as  identical  with  hypersthene. 

AMBKOSITS,  A  resin  from  Charleston,  South  Carolina.  It  is  yellowish-brown 
exteruall}',  clove-brown  internally ;  semi-transparent.  Molts  at  238°,  giving  off 
succinic  acid  and  a  yellow  oil.  Burns  with  a  yellowish-white  light,  with  a  fragrant 
odour,  and  without  leaving  any  ash  (C.  U.  Shepard,  Sill.  Am.  J.  [2]  i.  273). 

AMBTHEMZC  ACSSJ.  C'H'''0=.— An  oily  acid,  isomeric  with  amanthylie 
acid,  obtained,  tngetlier  with  carbonic  and  acetic  acids   aud  a  neutral  oil,  by  the 
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oxidising  action  of  a  mixtiiro  of  potassium  diclii'omate  and  dilute  sulphuric  acid  on 
diamylene.  It  niaj'  be  separated  from  the  neutral  oil  by  solution  in  caustic  soda,  and 
precipitation  ^villl  a  mineral  acid.  It  is  partially  decomposed  by  distillation,  and 
therefore  does  not  exhibit  a  constant  boiling  point,  but  volatilises  with  steam  -without 
decomposition. 

Amethenic  acid  differs  from  oenanthylio  acid  by  exhibiting  only  very  feeble  acid 
properties,  its  salts  being  decomposed  even  by  carbonic  acid.  The  potassium,  ammo 
nium,  calcium,  and  magnesium  salts  are  crystalline  and  readily  soluble  in  water ;  the 
sodium,  barium,  strontium,  and  copper  salts  are  amorphous  gum-like  masses  ;  also  very 
soluble ;  the  mercury,  cadmium,  zinc,  lead  and  silver  salts  are  white  amorphous  pre- 
cipitates. 

By  subjecting  this  acid  to  the  further  action  of  chromic  acid  solution,  it  is  com- 
pletely oxidised  to  carbonic  and  acetic  acids,  together  with  a  small  quantity  of  a 
crystalline  acid  different  from  succinic  acid.  When  amethenic  acid  is  boiled  for 
several  days  with  concentrated  nitric  acid,  nitrous  fumes  are  evolved,  and  it  is  con- 
\-erted  into  a  reddish-yellow  oil,  which  appears  to  be  a  nitro-product.  On  heating 
amethenic  acid  with  phosphorus  pentachloride,  hydrochloric  acid  is  evolved,  and  a 
colourless,  very  unstable,  oily  chloride  is  formed,  which  soon  turns  brown,  and  evolves 
hydrochloric  acid  (W.  v.  Schneider,  Ann.  Ch.  Pharm.  clvii.  185). 

ABXISODXCYANXC  ACID.    See  Cyanic  Acid. 

AnsXN°ES.  Diagnosis  of  Primari/,  Secondary,  and  Teriiari/  Amines  (Hofmann, 
Beiif.  t'lii'in.  Gcs.Bcr.  ui.  762). —  Primary  amines  are  alone  capable  of  yielding  isocya- 
nides  when  treated  with  chloroform  and  potash-ley  {1st  Suppl.  528).  This  reaction  being 
extremely  delicate,  and  the  odour  of  the  isocyanides  being  quite  unmistakable,  though  it 
varies  to  some  extent  with  different  radicles,  the  presence  of  a  primary  amine  may  be 
easily  distinguished.  It  is  only  necessary  to  dissolve  a  few  centigrams  of  the  base  in 
alcohol,  and  mix  the  solution  with  alcoholic  potash  or  soda  in  a  test-tube,  and  having 
added  a  few  drops  of  chloroform,  to  warm  gently.  If  a  primary  amine  is  present,  a 
violent  reaction  occurs,  and  vapoiu's  of  isocyanide,  recognisable  by  their  simultaneous 
effect  upon  the  nose  and  the  tongue,  are  at  onco  evolved.  If  in  this  expariment  the 
characteristic  odour  of  iin  isocyanide  is  not  perceived,  the  question  remains  whether 
the  base  under  examination  is  a  secondary  or  tertiary  amine.  In  this  case  advantage 
may  bo  taken  of  the  formation  of  isosulphocyanates.  Both  primary  and  secondary 
amines,  when  treated  with  alcoholic  carbon  bisulphide,  yield  isosulphocyanatos  analo- 
gous to  mustard-oil,  the  peculiar  odour  of  which  is  easily  recognisable.  The  experi- 
ment is  made  by  dissolving  a  few  centigrams  of  the  base  in  alcohol,  mixing  the  solu- 
tion with  about  an  equal  volume  of  carbon  bisulphide,  and  evaporating  a  part  of  the 
alcohol.  The  residual  liquid  is  then  heated  with  an  alcoholic  solution  of  mercuric 
chloride.  If  a  primary  or  secondary  amine  is  present,  the  irritating  odour  of  the  iso- 
sulphocyanato  is  at  once  perceived.  This  reaction,  however,  is  not  quite  general. 
The  lirst  reaction  described  above  is  common  to  all  primary  amines,  whether  belong- 
ing to  the  fatty  or  to  the  aromatic  series  ;  but  in  the  case  of  the  secondary  bases,  the 
formation  of  sulphocyanates  takes  place  only  with  amines  of  the  fatty  series,  or  with 
mixed  amines.  To  distinguish  between  secondary  and  tertiary  aromatic  amines,  which 
do  not  yield  sulphocyanate,  recourse  must  be  had  to  the  method  of  treatment  with 
alcoholic  iodides  ;  this,  however,  is  very  troublesome,  inasmuch  as  considerable  quan- 
tities of  substance  must  be  used,  mixed  products  are  frequently  obtained,  and  a 
weight-analysis  must  bo  made  after  purification ;  a  further  disadvantage  is,  that  the 
whole  operation  must  be  repeated  for  each  hydrogen-atom. 

The  following  mode  of  discrimination,  depending  on  the  reaction  of  amines  with 
aldehydes,  is  given  by  Schiff  (^wm.  Ch.  Pharm.  clix.  168) : — 

The  reaction  of  aldehydes  on  primary  and  secondary  amines  may  be  expressed  by 
the  following  general  equations,  in  wliieh  E  denotes  a  monatomic  aleoliol -radicle  : — 


These  reactions  in  many  instances  occur  at  the  ordinary  temperature,  or  at  tempera- 
tures but  little  elevated,  so  x^erfectly  that  the  water  actually  separated  differs 
from  the  theoretical  amount  by  only  an  inappreciable  quantity.  The  aldehyde  most 
convenient  for  quantitative  estimation  based  on  this  principle,  an  account  of  its  easy 
purification,  high  molecular  weight,  slight  volatility,  and  comparative  unalterability, 
is  cenanthio  aldehyde.  A  recent  estimation  of  its  specific  gravity  gives  the  number 
0'8257  at  13°,  whence  its  molecular  volume  is  calculated  as  139. 

139  vols,  of  oenanthic  aldehyde  represent,  according  to  the  above  equations,  two 


i;.NH-  +  C"H">0  =  H-0  -r  N.  f^, 
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ntoms  of  hydrogen  in  tho  form  of  water,  or  0-7  rri-vosonl s  0-01  gram  of  hydro- 
gen :  hence  if  the  molecular  -weight  of  a  base  (or  ;i  mull  iiib'  I  iiLToof)  in  centigrams  be 
weighed  out,  every  07  c.c.  of  cenauthol employed  f<ir  yvU-rt  m  linn  will  represent  07ie 
atom  of  typical  hydrogen;  or  if  69-ij  c.c.  of  osuanthol  :a\:  dissulvui-l  in  benzene  to  100  c.c. 
tlien  each  c.c.  of  the  mixture  used  will  represent  one  centigram  of  typical  hydi-ogen. 

The  mode  of  analysis  is  as  follows :  2  to  4  grams  of  the  base  are  weighed  in  a 
small  tost-tuLo,  and  dissolved  in  2  to  3  times  their  bulk  of  benzene;  a  few  grams  of 
ciiK'iuni  rhliiridi'  in  lumps  llic  si/.c  of  liens  are  added,  and  lastly  the  oenanthol 
snhilinii  !<  ,lro|,|,r,|  in  :i  I.ihtii.'  divulrd  inid  c.c;  each  drop  produces  a  thick 
turbidity  irom  sejMial  iun  uf  u.iirr,  w  liirli  is  iv.idily  taken  up  by  the  calcium  chloride 
on  gentlt;  agitation  ;  as  sonn  ;is  no  mniv  tiii'liidil y  is'  jirotlucod,  tli'i;  titi'iitiou  is  finished. 

Bythis  means  satisfacloi'v  i-esuli^  li:ivr  Ini'ii  (.liiuimd  intlir  titi-.ilion  of  amyl- 
nmine,  diamylamine,  aiiilim',  i..lui.liiir,  ,  ihylnmiiir,  | li\ laminr,  and  toluyleno- 
diamine.  For  example,  witli  unilinr  boiling  constantly  at  180'^  to  18G'^,  but  contain- 
ing a  small  quantity  of  toluidine, 

2'312  grams  required  3-4  c.c.  ceiianthol :  calculated  3'4o  c.c. 
2-240  „  3-2o  „       .,  „         3'34  „ 

Hence  1  molecule  =  93  grams  represents  TOo  grams  of  typical  hydrogen,  instead  of  2 
as  required  by  theory. 

The  same  reaction  may  be  employed  in  the  approximate  analysis  of  mixtures  of 
bases  ;  by  this  means  it  is  shown  that  distillation  alone  will  not  suffice  for  the 
separation  of  diethylaniline  and  ethylaniline,  several  per  cent,  of  the  latter  base  being 
retained ;  this  may,  however,  be  separated  by  addition  of  oenanthol,  as  the  hcptenc- 
diethjd-diphenylamino  produced  does  not  volatilise  at  the  boiling  point  of  diethyl- 
aniline;  similarly  ethjd-aniline,  though  of  constant  boiling  point,  always  retains  a 
little  diethylaniline. 

It  is  necessary  Xhat  fused  calcium  chloride  be  used,  the  ordinary  spongy  substance 
absorbing  some  of  the  base,  and  preventing  tlie  complete  action  of  the  oenanthol;  it  is 
best  not  to  add  the  calcium  rhluridc  at  first,  but  to  begin  by  adding  a  little  oenanthol, 

wliich  sets  free  some  water:  tl  allium  chlniide  is  then  dropped  in,  and  becomes 

covered  with  an  agiirous  layrr.  alu  r  m  liirh  the  oiuTation  proceeds  readily ;  if  the  calcium 
cliloriilc  111'  (lii-cctly  addcil  In  tlu-  di-y  iK  iizmie  snlntion,  its  surface  becomes  moistened 
by  the  bi'iizciii'.  and  tlir  al isi irpl ii m  i<(  wairr  ] iroceeds  much  less  quickly.  A  certain 
amiiunl  uf  Inrbidiiy  is  always  [n-iKluia  d  im  adding  oenanthol  to  benzene,  even  though 
tile  latter  already  eunlains  (eiiaiithul  ;  this  appearance  is  in  practice  distinguishable 
from  the  turbidity  causeil  by  the  evolution  of  water. 

The  behaviour  of  triamines  with  oenanthol  has  been  studied  only  in  the  case  of 
rosaniline  (see  Is;;  Sujyiil.  p.  908). 

Si/nihesis  of  Aromafic  Monamines  ly  Intramolecular  Atomic  Intcrclumgc  (A.  W. 
Hofmann,  Proc.  Roij.  Soc.  xxi.  47  ;  Beuf.  Chem.  Ges.  Bcr.  v.  704). — When  trimethyl- 
phenj-l-ammonium  iodide,  C'^^HMS(CH')^I  (prepared  from  pure  dimethylaniline  and 
methyl  iodide),  is  heated  in  a  sealed  tube  to  200°,  no  change  takes  place,  but  if  it  be 
heated  ibr  a  day  to  200°-230°  or  higher,  changes  ensue  represented  by  the  follo-wing 
equations: — • 

C'H^N(C1P)T  =  C«H'(CH3)  •  N(CH^)-  .III 
=  C»H3(Cff)=  .  N(CH^)H  .  HI 
=  C»H2(CH')3  .  NHH        .  HI 

that  is  to  say,  there  is  formed  :  first,  the  hydi-iodide  of  the  tertiary  base,  dimethylated 
methylaniline  or  dimethyl-toluidine  ;  then  the  hydriodide  of  the  secondary  base, 
monomethylated  dimethylaniline  or  methyl-xylidine ;  and,  finally,  the  hydriodide  of 
tho  primary  base,  trimethyl-aniline  or  cumidine.  The  essential  character  of  the 
reaction  is  therefore  an  intramolecular  change  in  the  position  of  the  methyl  groups. 
According  to  the  duration  of  t lie  process  there  are  incorporated  in  the  benzene-nucleus  : 
first,  the  methyl  group  of  the  alcoholic  iodide,  and  then  successively  the  two  methyl 
griiuiis  situated  in  the  ammonia  residue  or  lateral  chain.  Thus  the  action  of  heat  on 
till'  quaternary  ammonium  compound  affords  the  means  of  rising  from  the  benzene 
series  to  the  toluene,  xylene,  and  cumene  series,  or  generally  (for  the  reaction  may 
prubaljly  bo  utilised  in  many  other  cases)  of  passing  from  a  less  carbonated  to  a  more 
carb(uiated  series  of  comiiounds. 

1.  The  products  formed  at  220°-230='  yielded  when  decomposed  by  alkalis  an  oily 
mixture  of  bases  boiling  bet  ween  200°  and  280°.  The  lowest  boiling  fraction  finally 
obtained  Ijoiled  at  186°,  gave  a  platinoehloride  agreeing  in  composition  with  that  of 
tlimethyl-toluidine,  and  when  treated  with  methyl  iodide  produced  a  quaternary  iodide. 
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having  the  composition  C''H'(CH)^N(CH^)-'*I,  which  is  that  of  the  iodide  of  tri- 
jncthyl-tolylammonium. 

2.  The  higher-boiling  i^ortions  were  not  completely  separable  by  fractional 
distillation.  Portions  collected  at  the  temperatures  2UU'^-203=,  203°-208°,  208°-212'-', 
212°-220°,  were  treated  with  methyl  iodide,  whereby  crystalline  solid  products  were 
obtained,  which  all  had  the  composition  of  trimethyltolylammonium  iodide, 
and  yielded  the  corresponding  platinum  salt.  These  iodides  were  mixed  together, 
decomposed  by  silver  hydrate,  and  the  resulting  hydrates  decomposed  by  distillation.  A 
tertiary  base  was  thus  produced,  boiling  constantly  at  205°,  and  having  the  same 
composition  as  the  dimethyl -toluidine  boiling  at  186°.  Hence  two  isomeric  dimethyl- 
iscd  toluidincs  arc  formed  hy  the  action  of  heat  on  trimethylflienylammonium  iodide. 

To  decide  whether  either  of  these  corresponds  Avith  the  dimethylised  toluidine  ob- 
tained by  metliylising  solid  toluidine,  some  of  this  latter  was  prepared  from  pure  solid 
toluidine  by  the  action  of  methyl  iodide,  and  was  found  to  boil  at  207°-208°.  This 
was  converted  into  trimethyltolylammonium  iodide,  which  was  decomposed  by  silver 
hydrate  and  distillation,  furnishing  a  pure  dimethyl-toluidine  boiling  constantly  at  2 1 0°. 
This  base  resembled  in  smell  the  former  one  boiling  at  205°,  but  differed  from  the  one 
boiling  at  186°.  It  is  thus  not  improbable  that  three  dimethyl-toluidines  have  been 
obtained ;  but  until  the  dimethylised  bases  corresponding  with  the  other  two  toluidines 
have  been  investigated,  it  cannot  be  said  with  certainty  that  the  bases  boiling  at  205° 
and  210°  are  really  isomeric.  All  three  dimethylised  toluidines  remained  liquid  when 
cooled  to  —  10°. 

The  above-mentioned  fractions  between  203°  and  220°  yielded,  on  treatment  with 
methyl  iodide  in  excess,  not  only  the  crystalline  trimethyltolylammonium  iodide,  but 
also  a  small  quantity  of  a  base  which  only  combined  with  methyl  iodide  with  great 
difficulty.    This  base  boiled  at  196°,  and  gave  numbers  agreeing  with  the  formula  of 

dimethyl-xylidine,     CIP    sN.    At  100°  it  did  not  combine  at  all  with  methyl 
CH'  J 

iodide,  but  at  150°  a  small  portion  became  converted  into  a  quaternary  iodide,  which 
furnished  the  platinum  salt  of  trimethyl-xylylammonium. 

The  formation  of  dimethylated  toluidines  and  monomethyl-xylidines  is  due  to  intra- 
molecular atomic  interchange,  thus : 

Cff.NCCH')'!         =  C»H'(CH3) .  N(Cff .  HI. 
Trinietliylphenylammonium         Dimethyl-toluidine  hydrlodide. 
iodide. 

=  QFS?{GWy- .  N(Cff)H  .  HI.^ 

Monomethyl-xylldine  liydriodide. 

Tlie  formation  of  dimethyl-xylidine  is  due  to  a  secondary  reaction,  two  molecules 
of  trimethylphenylammonium  iodide  splitting  up  into  the  hydriodidcs  of  dimethyl- 
xylidine  and  monomethyl  toluidine: 

2[C«H\N(Cff)^I]  =  C'^ff(CH5)=  .  N(CH3)=    .  HI. 

+  C«H'(Cff )  .  N(CH3)H  .  HI. 

For  comparison,  dimethj'l-xylidine  was  prepared  by  the  action  of  metliyl  iodide  on 
xylidine  from  commercial  aniline  oil.  This  xylidine,  boiled  at  216°,  and  the  dimethyl- 
xylidine  obtained  from  it  at  203°,  or  7°  higher  than  that  from  trimethylphenyl- 
ammonium iodide  ;  it  readily  united  with  methyl  iodide  to  form  a  quaternary  iodide. 

3.  When  the  isomeric  transformation  of  trimethylphenylammonium  iodide  was 
effected  at  a  temperature  of  about  335°  (melting  point  of  lead),  a  further  action  was 
noticed,  and  also  the  production  of  several  bye-products  by  secondary  reactions.  On 
distilling  with  water  the  acid  product  of  the  action,  a  considerable  quantity  of  hydro- 
carbons, partly  solid,  partly  fluid,  was  obtained.  When  the  residue  was  distilled  with 
caustic  soda,  a  mixture  of  bases  distilled,  the  principal  portion  of  which  boiled  at 
217°-230°,  and  furnished  a  crystalline  hydrochloride,  from  which  was  isolated  a  base 

boiling  constantly  at  225°-227°.    This  was  a  cumidine,  ^''-^^*^*-'j^!)'|N,  which  was 

shown  to  be  a  primary  base  by  methylisation.  The  dimothyl-cumidine  thereby  produced 
boiled  at  213°-214°,  and  absolutely  refused  to  combine  with  methyl  iodide  to  form  a 
trimethylcumylammonium  iodide.  The  dimethyl-cumidine  and  dimethyl-xylidine 
obtained  in  the  manufacture  of  dimethyl-aniline,  on  the  other  hand,  readily  unite 
with  methyl  iodide,  forming  quaternary  compounds.  The  cumidine  thus  obtained  from 
aniline  did  not  yield  a  trace  of  colour  by  the  action  of  corrosive  sublimate  ;  but  when 
a  mixture  of  this  cumidine  and  pure  aniline  was  similarly  treated,  a  beautiful  carmine- 
led  colouring  matter  resulted. 

Another  example  of  the  atomic  interchange  above  described  is  afforded  by  the  con- 
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version  of  aniline  into  toluidine.  Wlion  pure  aniline  liydrocliloridc  is  heated  to 
230°-2.jO°  for  several  hours  with  methyl  alcohol,  a  yellow  transparent  honey-like 
mnss  is  fornied,  consisting  chiefly  of  methylanilino  hydrochloride  : 

C"ff(NH-).HCl  +  CH^'OH  =  11011  +  cm'(siicm).iici. 

On  heating  the  contents  of  the  tube  to  3jO°  for  a  day,  a  crystalline  hydrochloride 
is  formed  by  the  transformation 

Cff  .NHCH'.  HCl  =  C"HXCH^)NmHCl ; 
in  short,  incthijlaniUne  becomes  converted  into  toluidine. 

After  recrystallisation  from  water,  this  toluidine  melts  at  45°  ;  when,  however,  the 
hydriodide  of  methylanilino  is  similarly  treated,  solid  toluidine  is  not  formed,  but 
one  of  the  liquid  modifications. 

The  bye-products  of  the  action  of  heat  (about  330°)  on  trimethyl-plienylammonium 
contain,  amongst  other  substances,  a  crystalline  primary  amine  of  constitution 
C°(CH^)\NH-,  and  a  beautifully  crystallised  hydrocarbon  melting  at  136°  and  boiling 
nt  230°-240°,  which  gives  numbers  agreeing  with  the  formula  C-XCH^)"  =--  hoxme- 
thyl-bonzono  (Ilofmann,  Proc.  Hoy.  Sac.  xxi.  54;  Dcui.  Chcm.  Gcs.  Ber,  v.  720). 

AIVinSEiUffB,  C^H^N^O.  See  Cvanuramic  Acids  (ii.  2S1).—Triefrii/l-am}nelinc, 
C'ir-'(C-lI")^lS'^0,  is  formed  by  the  action  of  hydrochloric  acid  on  triethyl-molamine 
either  by  prolonged  contact  in  the  cold,  or  by  boiling  for  a  short  time : 

C'ff (0=ff )3N«  -1-  H-0  =  NH»  -f  C3H=(C=ff )3N'0. 

(Soo  1st  Supi)l.  808,  where  ammeli?je  is  erroneously  printed  ammclirfe.) 

AMnXON'XA.  Detection. — A  very  delicate  test  for  ammonia  is  afforded  liy  an 
aqueous  solution  of  phenol.  On  adding  to  a  liquid  containing  the  smallest  quantity  of 
ammonia,  or  an  ammoniacal  salt,  a  few  drops  of  this  solution  and  then  a  small 
quantity  of  a  filtered  solution  of  chloride  of  lime,  the  liquid  becomes  green,  especially 
when  warmed  (Bottger,  N.  Eepert.  Pharm.  xxi.  50). 

Guyot  {Zeitsckr.  anal.  Chem.  ix.  253)  recommends,  as  a  test  for  ammonia,  an  acid 
solution  of  mercuric  nitrate  to  whicli  potassium  bromide  is  added  till  the  precipitate 
formed  at  first  is  redissolved,  and  then  caustic  potash  till  a  permanent  orange-yellow 
precipitate  begins  to  form.  AVith  this  solution  the  smallest  traces  of  ammonia  produce 
a  white  precipitate  which  remains  floating  in  the  liquid  for  a  while,  but  soon  settles 
to  the  bottom.  Lime  and  baryta  produce  in  the  same  liquid  only  a  faint  yellowisli 
white  turbidity. 

Paper  stained  with  alkanna-red  is  also  a  very  delicate  test  for  ammonia  (p.  43). 

Estimation. — "W.  Knop  {Zeitschr.  anal.  Chem.  ix.  225)  employs  for  the  estimation  of 
ammonia,  especially  when  several  determinations  are  requin^d  in  lio  made  in  a  short 
time,  a  solution  of  barium  or  sodium  hypobromite.  The  Innii  n|'  ,i|i|.:,i;itusu-id  in  the 
estimation  varies  accordingly  as  the  nitrogen-compound  nude  i-  rxaniinat imi  is  volatile 
or  not.  For  volatile  conq.iounds,  tlie  reaction-vessel,  A,  consisis  of  a  wide-necked 
glass  flask,  which  has  a  ra|ia.'ity  of  250  cub.  cent.,  and  can  be  closed  by  a  per- 
forated caoutchouc  stopp'  i-.  'I'lirnii-h  this  sto^iper  passes  a  glass  tube  12  cent, 
long  and  1'5  cent,  in  dianulir,  drawn  oiit  to  a  point  at  the  top,  and  provided 
witb  a  stop-cock  below  the  point.  Into  this  flask  another  vessel,  B,  can  be  passed 
with  its  mouth  downwards  by  means  of  a  looped  string.  The  mouth  of  this  second 
vessel  is  cut  off  in  a  slanting  direction,  and  is  closed  by  a  circular  or  oval  glass  plate 
fitted  closely  to  it  by  means  of  tallow-grease. 

To  perform  the  analysis,  20  or  40  cub.  cent,  of  the  liquid  under  examination 
are  introduced  into  the-ressel  B,  which  is  then  filled  up  to  the  mouth  with  water  in 
case  it  is  not  already  quite  filled  by  the  solution  ;  and  tlio  glass  plate,  previously 
greased,  is  pressed  upon  the  oblique  edge,  so  as  to  rest  upon  it  excentrically.  The 
vessel  B  is  then  introduced,  with  its  mouth  downwards,  into  A,  into  which  50  cub. 
cent,  of  thebroniinatcd  liipiid,  and  a  sufTieicnt  <|naiility  nf  water,  have  previously  been 
poured.  The  quant  ily  of  l'i|ui(l  in  tlir  m  s^.  l  A  niii>i  I  r  such  that  the  .spaces between 
its  surface  and  till- .-a.. ui. ■Ik. II,- si. .|, ),('!■  shall  noi  rxr.-cd  1.',  rub.  cent.  The  stop-cock 
is  then  opened  and  llu-  vc-ssi-1  A  is  ininn-i-sc-d  in  a  cylinder  uf  %\ator,  the  water  reach- 
ing above  the  stop-cock,  and  the  whole  is  left  at  rest  for  a  few  minutes,  so  that  tlio 
air  in  the  glass  tube  may  take  the  temperature  of  the  water.  Tliis  tulie  is  then 
connected  with  a  graduated  glass  tulio  standing  over  mercury  (the  azomcter) ;  the 
glassplato  which  c-losr-s  thi-  inni-r  vessel  is  made  to  drop  off  by  shaking  the  apparatus  ; 
and  after  the  first  vinh  Hi  i-vniiil  i,.ii  (,t' gas  has  slackened,  the  vessel  A,  with  closed 
stop-cock,  is  inverti-d,  sn  tliat  all  tin-  gas  may  escape  out  of  B.  Connection  having 
again  been  made  with  the  azometer,  the  vessel  A,  after  agitation  for  a  while,  is  once 
more  immersed  in  the  water;  and  the  quantity  of  gas  collected  in  the  azometer  is  read 


60 


AMMONIA. 


off.  Correction  for  temperature  is  indispensable  ;  that  for  variation  of  barometric 
pressure  is  in  many  cases  quite  unnecessary.  By  working  with  three  such  apparatus 
at  once,  two  ammonia  determinations  may  easily  be  made  in  a  quarter  of  an  hour. 
The  same  method  may  be  used  for  the  determination  of  the  nitrogen  in  urea. 

For  the  estimation  of  ammonia  and  non-volatile  nitrogen  compounds,  glass  vessels 
are  used,  divided  by  a  vertical  partition  into  two  cells,  one  containing  the  compound 
to  be  examined,  the  other  the  brominated  solution. 

The  solution  of  barium  hypobromite  for  this  process  is  prepared  by  introducing 
600  grams  of  barium  hydrate  into  2  litres  of  water,  adding  100  cab.  cent,  of  bromine, 
agitating,  and  then  immediately  pouring  in  a  previously  prepared  and  cooled  solution 
of  300  grams  of  barium  hydrate  in  a  litre  of  hot  water.  The  bromine  disappears 
immediately,  and  a  golden-yellow  solution  is  formed.  In  making  an  experiment,  it  is 
advisable  to  add  to  the  cell  containing  the  brominated  solution  a  few  grams  of  barium 
hydrate. 

The  solution  of  sodium  hjqDobromite  is  prepared  by  mixing  a  previously  cooled 
solution  of  100  grams  of  sodium  hydrate  in  2o0  cub.  cent,  of  water  with  25  cub.  cent, 
of  bromine.  Of  this  solution,  60  cub.  cent,  diluted  with  200  cub.  cent,  water  are 
sufficient  to  liberate  130  to  150  cub.  cent,  gas  from  a  solution  of  sal-ammoniac.  If 
the  quantity  of  gas  evolved  in  the  analysis  does  not  exceed  15  to  20  cub.  cent.,  this 
quantity  of  solution  will  therefore  suffice  for  six  or  seven  determinations  in  succession. 
The  error  arising  from  absorption  of  tlie  nitrogen  gas  is  very  small. 

Solution  of  Metals  in  Liqiiid  Ammon  ia. — According  to  Seeley(C/iC/ft.A'fM'5,  xxiii.  169) 
the  alkali-metals  dissolve  in  anhydrous  liquid  simraonia,  without  definite  chemical  action, 
just  as  salt  dissolves  in  water,  and  are  left  behind  with  their  original  appearance  and 
cliaracter  when  the  liquid  is  evaporated.  An  iron  retort,  filled  with  anhydrous  chloride 
of  calcium  saturated  with  ammonia  at  0°,  had  a  stout  glass  tube  connected  with  its 
turned-down  neck  by  means  of  a  screw  coupling.  This  glass  tube  served  to  contain 
the  metal  or  other  substance  to  be  acted  on  by  the  ammonia.  When  sodium  was 
subjected  to  the  condensing  ammonia,  it  increased  in  bulk,  became  dark-coloured  and 
pasty,  and  finallyformed  a  homogeneous  mobile  liquid,  of  a  lively  blue  colour,  both  by 
reflected  and  transmitted  light.  On  reversing  the  process  by  cooling  the  ammonia- 
generator,  the  ammonia  gradually  evaporates  out  of  the  liquid,  and  the  changes 
observed  during  the  condensation  reappear  in  the  reverse  order,  till  at  last  the  sodium 
is  restored  to  its  original  bright  metallic  state.  If  the  evaporation  be  condaioted 
slowly,  the  metal  is  left  in  crystals.  Potassium  and  lithium  behave  like  sodium.  The 
blue  solution  of  sodium  acts  as  a  very  powerful  reducing  agent  on  metallic  salts.  The 
blue  liquids  obtained  in  like  manner  by  Weyl  (v.  329)  and  regarded  by  him  as  definite 
alloys  of  ammonium,  were,  in  all  probability,  solutions  of  the  several  metals  in  liquid 
ammonia. 

Action  of  various  Metallic  Salts  on  Ammonia-salts. — The  action  of  sal-ammoniac  at 
high  temperatures  on  various  metallic  oxides  and  salts  was  examined  by  H.  Eose 
{Pogg.  Ann.  Ixxiii.  682),  who  found  that,  for  the  most  part,  chlorides  of  the  respec- 
tive metals  were  formed,  some  of  which,  e.g.  the  chlorides  of  ammonium,  iron,  &c., 
were  readily  volatilised ;  also  that  basic  oxides  of  the  formula  M"0,  such  as 
CoO,  NiO,  MnO,  FeO,  and  oxides  of  the  formulae  (M=)"0,  such  as  Cu-0,  decompose 
ammonium  chloride,  when  heated  in  an  aqueous  solution,  with  evolution  of  ammonia 
gas  and  formation  of  fixed  metallic  chlorides,  whereas  not  one  of  the  sesquioxides  has 
this  power. 

Eose  also  found  that  borax  is  not  changed  when  ignited  with  ammonium  chloride  ; 
tliat  sodium  phosphate  is  converted  into  sodium  chloride  and  a  little  phosphorus 
chloride,  whilst  calcium  phosphate  is  not  affected  ;  and  that  alkaline  chromates  leave 
chromic  oxide  and  alkaline  chlorides, 

Bolley  observed  {Ann.  Ch.  Pharm.  Ixviii.  122)  that  free  ammonia  is  evolved  on 
mixing  solutions  of  borax  and  ammonium  chloride  in  the  proportions  of  1  mol.  of  the 
former  to  one  of  the  latter ;  the  solution,  when  slowly  evaporated,  deposited  crystals 
requiring  five  or  six  parts  of  water  for  their  solution,  and  exhibiting  the  composition 
Na-0.4B-0'  +  lOaq.  or  2NaB02.3B=0'  +  lOaq.  The  solution  of  this  salt  had  no  action, 
either  upon  litmus  or  upon  turmeric  paper,  and  on  the  addition  of  dilute  sulphuric  or 
nitric  acid,  gave  a  white  precipitate  of  boric  acid.  Bolley  also  found  that  an  excess  of 
sal-ammoniac  converts  borax  entirely  into  sodium  chloride  and  boric  acid. 

Woodcock  {Chcm.  Soc.  J.  [2]  ix.  786)  finds  that  various  other  salts  containing  fixed 
bases,  when  brought  together,  in  the  dry  state,  or  in  aqueous  solution,  with  ammonium 
chloride,  likewise  decompose  the  latter,  with  formation  of  fixed  metallic  chlorides  and 
evolution  of  gaseous  ammonia. 

AVhen  -1  mol.  sodium  metaborate  (prepared  by  igniting  borax  with  sodium  nitrate, 
till  tlio  whole  of  the  latter  was  decomposed)  and  2  mol.  sal-ammoniac  were  heated 
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togetlier  in  a  retort,  ammonia  was  abundantly  evolved,  and  tlie  -wliolo  dccomposi'd 
rapidly  and  completely,  leaving  a  residue  of  biborate  and  chloride  of  sodium : 
thus — 

■iNaBO:  +  2NH^C1  =  2NaB0=.B'0^  +  2NaCl  +  2NH'  +  H-'O. 

AVhen  2  mol.  borax  and  2  mol.  sal-ammoniac  are  heated  together,  Bolley's  tetraborate 
is  produced : 

2(Na20.2B-0'-')  +  2NHiCl  =  Na=0.-lB-0''  +  2NaCl  +  +  IFO. 

Xormal  and  acid  borates  may  be  advantageously  employed,  instca<l  of  lime,  for 
liberating  ammonia  from  its  salts,  the  reaction  being  complete,  and  not  attended  with 
frothing. 

Trisodic  and  hjdrodhodtc  phosphafr  readily  decompose  ammonium  salts.  Init  in  tlic 
case  of  the  111 ttiT,  tlir  di'ciiiNpo>if  iuii  is  iinl  coiinilrfe.  3'3-15  grams  of  common  sodium 
phosphate  dislillid  tVom  ;i  n  ;i<  mis  m.|  m  ion  \iitli'5  gram  of  ammonium  cliloridr. 
yielded  amiiiniii;!  rnriv-poiHl  i  n-j;  only  7;ri;:i  yi  1-  cent,  of  the  ammoniam  cliloriilr  ciii- 
ployed.  This  expcrini.nt ,  vi,.\vr,;  In  roniMvtion  willi  \\n:  known  fn>'(  that  a  solution  of 
mioroscosmic  salt  is  riiiinlilc  of  \i.  |.lin;i;  ;iinnioiii:i  li..il,  d  in  ;i<|nrons  solntii>ns, 

probably  giving  rise  to  thr  1oriN,il  ion  of  dilivdi-o-so.li,-  |iln.siili;ili',  ;ii-pr:ii-s  to  show  that 
the  tendency  to  form  :icid  s.ill^.  uliirh  is  so  jirononnml  in  the  liorates,  as  to  yii'hl 
(according  to  Bolley)  boricarid  by  tin-  conl  innons  :i.  t  ion  of  sal-ammoniac  upon  a  solu- 
tion of  borax,  does  not  hold  ^iooil  in  the  imsc  of  |ihosi'li;iii's. 

The  normal  chromates  of  tin  ((IhuiH-niiials.  as  well  as  other  soluble  and  insoluble 
metallic  chromates,  evolve  ammonia  when  distilled  in  aqueous  solution  with  ammo- 
nium salts,  metallic  chlorides  being  formed,  and  an  acid  chromate  or  biclironi.ite 
being  left,  according  to  the  equation  : 

2(K--O.CrO^)  +  2NH'C1  =  Iv-0.2CrO'  +  2KC1  +  2NIP  +  U-'O. 

The  quantity  of  ammonia  evolved  is,  however,  always  less  than  the  theoretical  quantity, 
]irobnbly  in  consequence  of  the  formation  of  ammonio-potassic  chromate, 

IvO.(NH')^0.2Cr=0',  or  K(NH^)Cr-0<. 

The  action  upon  ammonium  cliloi-ide  just  described  is  not  confined  to  normal  alkaline 
chromates,  inasmuch  as  insolnl  le  elu  oiu.ites,  sneli  as  barium  or  lead  chromate,  likewise 

eliminate  ammonia  when  Iniiled  with  s:il-.inii  ji;ic,with  formation  of  acid  chnanates; 

ignited  lead  chromate  appears  to  eliiiiiiuite  ammonia  more  quickly  than  the  precipitated 
chronuite. 

Ammonia  is  also  given  off  when  normal  sodium  succinate  is  heated  with  sal-ammoniac 
in  aqueous  solution  :  thus — • 

C'H'Na-0'  +  NH'Cl  =  C'IPNaO'  +  NaCl  -i-  NHl 

Normal  potassium  tartrate  and  citrate  act  in  the  same  manner. 

On  the  action  of  AiUiuonia  on  Phosphorus,  sec  Phosphorus. 

Quantities  if  Aiinnonid  rvulvi'd  fj-om  various  Animal  FInids  UiuJcr  the  iiijluoue  of 
Putnsh  ,uut  nf  j:,ti,ss,,',„  VrrnH,,i,,„,H,/r  (^\'■MUy^^,  Chcm.  Soc.  J.  [2]  X.  646).— When 
an  anini.il  lliiid  is  niixeil  with  (  xn  ss  of  pnliisli,  and  the  mixtlire,  after  being  evaporated 
down,  is  Icejil  ior  sonje  l  iine  at  a  t ein ] ier.it a I'e  of  l,jO°,  a  certain  quantity  of  ammonia  is 
evolved,  and  .a  further  quantity  may  1";  (obtained  liy  boiling  the  residiio  with  an 
alkaliiu^  solution  of  potassium  permanganate.  I'or  certain  animal  fluiils  the  quantity 
of  ammonia  yielded  by  a  given  weight  fir  volume  is  charactei-istic  ;  so  likewise  are  the 
relative  quantities  of  ammonia  cvolvi  d  by  tlie  .'iclion  of  e;nistic  jiot.-isli  and  of  the 
permanganate.  These  reactions  aiiord  i  wo  eriieri:i  -whi.'li  iii.i\-  be  of  s.ime  inqHirtance 
in  practical  liiology,  especially  in  enquiries  i-on ne.  i  eil  -\i  ii  li  i;i.Mlie;il  iiirispiiidenee. 

Of  all  the  nniiiKil  flui.ls,  urine  is  the  only  one  th:it  yields  a  large  proportion  of 
ammonia  to  cnislie  ]iot,ish.  On  the  other  hand,  this  li(juid  is  distinguished  by  the 
siiiallness  of  its  3  iefl  of  ammonia  to  potassium  jiernianganate. 

Milk  yields  about  lialf  as  much  ammonia  to  potash  as  to  permangaimte. 

Blood  yields  about  one-fifth  as  much  ammonia  to  potash  as  to  permanganate. 

White  of  egg,  moist,  just  as  it  occurs  naturallj-,  gives  about  one-fourth  as  much 
ammonia  to  potash  as  to  tlie  permanganate. 

Gelatin  gives  no  ammonia  (or  oidy  the  least  trace)  to  potasli,  but  a  good  quantity 
to  permanganate. 

It  is  remarkable,  also,  that  if  the  preliminary  heating  to  1,')0°  with  caustic  potash 
be  omitted,  and  the  boiling  witli  permanganate  be  tit  once  proceeded  witli,  only  that 
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quantity  of  aiiimonia  is  obtained  -which  would  have  been  yielded  to  permanganate  if 
the  entire  process  had  been  gone  through. 

The  experiments,  which  may  be  performed  on  very  small  quantities  of  liquid,  are 
conducted  as  follows :— 5  cub.  cent,  of  the  animal  fluid  are  mixed  -with  water  in  a 
600  cub.  cent,  flask,  and  diluted  up  to  the  500  cub.  cent,  mark,  thereby  forming  a 
dilute  solution,  whereof  1  cub.  cent,  contains  jlj;  cub.  cent,  of  the  animal  fluid  ;  5  or 
10  cub.  cent,  of  this  dilute  liquid  are  usually  taken  for  one  experiment,  and  a  small 
retort  fitted  to  a  small  Liebig's  condenser  is  used.  The  retort  is  heated  in  an  oil- 
bath,  and  the  ammonia  measured  by  Nessler's  test. 

The  quantities  of  ammonia  evolved  from  various  liquids  thus  treated  are  given  in 
the  following  table  : — 


Name  of  fluid 

Ammoni.a  bv  potash 
at  1.30°  C. 

Ammonia  by  pennan- 
fjanate  of  potassium 

Urine  (human)  

Blood  of  sheep   

Liquid  white  of  egg  (hen) 

0-90  gi-am. 
0-13  „ 
0-46  „ 
0-32  „ 

O'Oo  gram. 

0-  28  „ 
2-20  ., 

1-  30  „ 

Dry  solid  gelatin  (100  grams) 

0- 

10- 

Oti  the  compounds  of  Ammonia  with  Ammonium  Nitrate,  see  Nitrates. 
On  the  composition  of  Ammonium  Amalgam-,  see  E.  Eoutledge  {Chem.  News,  xxvi. 
210;  Chcm.  Soc.  J.  [2]  xi.  135). 

AMYIi  AIiCOKOJ:.S.  On  Noi'mal  Amyl  Alcohol,  or  Normal  Buti/l  Cai-hiiiol, 
CH2CH-CH-CH''.CH-0II,  see  1st  Suppl.  pp.  106,  1137,  and  Chcm.  Soc.J.'[2]  ix.  1033. 

Isoami/l  Alcohol,  or  Isobuti/l  Carbiml,  CH-CH(CH3)--.CH-0H.— This  alcohol,  pre- 
pared by  fractional  distillation  of  beet  fusel-oil,  and  carefully  purified  by  means  of 
the  ordinary  dehydrating  agents,  was  found  by  Pierre  a.  Puchot  {Bull.  Soc.  Chim. 
[2]  ix.  1033)  to  exhibit  the  following  physical  properties  : — * 

Boiling  point,  ISO-lSO'-l"  under  normal  pressure.  Index  of  refraction  for  the 
middle  orange  ray  =  1-411.  Potation  of  a  polarised  ray  (what  colour?)  in  a  tube 
20  em.  long  =  8-5°  to  8-9°  to  the  left.  Sp.  gr.  determined  directly  at  0°,  at  other 
temperatures  by  calculation  from  the  rate  of  expansion  : 

Temperature  0°  25°  50°  75°  100°  125° 
Sp.  gr.  0-826    0-808    07-89     07-68     0  746  0-720. 

In  a  recent  communication  {Compt.  rend.  Ixxvi.  1332)  the  same  chemists  give  the 
following  determinations  of  the  densities,  boiling  points,  and  rotatory  powers  of  several 
amyl  compounds : — 

Density  Boiling  Rotation  in  a 
at  0".       point.    tni)e20  cm.  long. 

Amyl  Alcohol  (anhydrous)      ....  0-82oo  130°  —8-5° 

„         „      with  6  p.c.  water      ...     —  —  — 11° 

„     Valerate   0-874  190°  +40° 

„     Butyi-ate   0-8769  170-3°  +8-5° 

B-atyl  Valerate   0-8884  173-4°  +3° 

Propyl   0-8862  157°  +9° 

Ethyl      .,   0-886  13o-5°  + 12-5° 

Methyl   0  9005  117-5°  +8-5° 

Valeric  Acid   0-947  178°  +5° 

„      Aldehyde  (pure)   0-8209  02-5°  +6° 

(crude)         .       .       .       .     —  —  +18° 

They  state  that,  in  the  course  of  their  experiments,  they  have  never  met  with  opti- 
cally inactive  amylic  alcohol ;  but  they  say  nothing  about  the  means  which  they 
adopted  for  obtaining  it.  Some  of  the  discrepancies  between  their  own  determi- 
nations of  the  optical  rotatory  power  of  amyl-compounds  and  those  made  by  other 

*  Tlicse  determinations  agree  nearly  with  those  of  other  chemists,  excepting  as  regards  the  optical 
rotatory  power  (see  i.  -203  and  1st  Suppl.  107).  Nevertheless,  jSIessrs,  Pierre  a.  Puchot  appear  to  think 
that  th'cir  own  investigations  are  the  first  which  have  afforded  satisfactory  eTidencc  of  the  existence 
of  fermeutatiou  amyl  alcohol,  aud  of  the  correspoudin!];  propyl  aud  butyl  alcohol,  as  distinct  chemical 
species.   Moreover,  they  designate  these  alcohols  as  '  Normal  Alcohols  '  (!) 
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observers  are  exactly  such  as  might  bo  expected  to  arise  if  the  aniyl  eom- 
poumls  on  -which  they  experimented  were  mixtures  of  active  and  inactive  com- 
poTinds.  Thus  Pedler  found  that  active  valeric  acid  turns  tlio  plane  of  polarisation 
-13°  to  the  right  in  a  tube  50  cm.  long,  -ivhich  is  equivalent  to  a  rotation  of  17'2^  in  a 
tube  20  cm.  long  ;  and  Erlenmeyer  a.  Hell  (Ann.  Ch.  Pharm.  clx.  257)  found  a  some- 
what higher  value:  namely,  48-7°  for  50  cm.,  or  19-5°  for  20  cm.,  whereas  Pierre  a. 
Puchot  find  only  5°.  On  the  other  hand,  the  rotation  which  the  latter  assign  to 
amyl  alcohol,  namely,  8'6°  for  20  cm.,  is  rather  higher  than  that  given  by  Pedler,  who 
obtained  a  rotation  of  17°  for  50  cm.,  or  6'8°  for  20  cm. 

The  most  remarkable  result  of  Pierre  a.  Puchot's  experiments  is,  that  amyl  alcohol 
containing  6  p.c.  water  has  a  rotatory  power  ( — 11°)  greater  than  that  of  the  anhydrous 
alcohol  (—8-5°). 

The  numbers  in  the  preceding  table  show  also  that  isomeric  compounds  exhibit,  in 
some  instances  at  least,  different  optical  rotatory  powers :  e.g.  amyl  butyrate  (8-5") 
and  butyl  valerate  (3°) ;  also  valeric  aldehyde  (6°)  and  amyl  valerate  (40°).  In  the 
latter  case,  however,  the  two  compounds  are  polymeric,  not  merely  isomeric. 

According  to  Popoff  Chem.  Gcs.Bcr.vi.  560),  commercial  amyl  alcohol  yields 

by  fractional  distillation  a  portion  having  a  stronger  rotatory  power  than  the  original 
liquid. 

A^V^  HVSIKISE,  Pentane  or  Quinianc,  C*H'-. — This  hydrocarbon  admits  of 
three  modifications,  viz. : — 

(1)  CIP— CH-'— Cff— CH2— CH' 

(2)  |['^;ir>CH— Cff— CU' 

(3)  C(Cff)'. 

The  first,  or  normal  pentane,  is  contained  in  the  light  oils  from  Cannel  and 
Boghead  tar,  and  in  large  quantities  in  Pennsylvanian  petroleum  ;  it  may  be  separated 
by  fractional  distillation,  and  boils  at  37°-39°.  On  passing  chlorine  into  its  vapour  at 
the  boiling  heat,  tyfo pcntyl  or  am)/l  chlorides,  C'H"C1,  are  obtained,  one  boiling  at 
05°-100°,  the  other,  which  is  the  chief  product,  at  100°-102°.  These  chlorides,  de- 
composed with  potassium  acetate,  yield  peniene  or  mwjJenc,  C'W,  boiling  at  39°— 40°, 
and  two  Ofrfic  rf/;ers  boiling  between  136°  and  140°;  and  these  ethers,  decomposed 
by  potash,  yield  normal  primary  amyl  alcohol,  boiling  at  134°-137°,  and  converted 
by  oxidation  into  normal  valeric  acid,  together  with  a  secondary  amyl  alcohol :  viz. 

mcthi/l-propyl  carbinol  |  CH'OH,  which  yields  by  oxidation  metliyl-propyl  ketone 

(Schlorlemmer,  Phil.  Trans.  1872,  111  ;  Chem.  Sac.  J.  [2]  x.  1085). 

The  second  modification,  or  i  s  o  p  o  n  t  a  n  e,  is  obtained  by  dehydration  of  onlinnry 
amyl  alcohol,  or  by  heating  ordinary  amyl  iodide  with  water  and  zinc  {Ist  Suppl.U!}). 

The  third  modification,  or  t  e  t  r  a  m  e  t  h  y  1  -  m  e  t  h  a  n  e,  C(CH^)-',  has  lately  l)een 
obtained  by  Lwow  (Zciischr.  f.  Chem.  [2]  vi.  620)  by  the  action  of  zinc-methyl  on 
tertiary  butyl  iodide  (trimethyl-carbinyl  iodide) : 

2C(Cff)'I  +  Zu(CH^)=  =  Znl-  +  2C(Cn')'. 

The  zinc-methyl  must  be  added  to  the  tertiary  iodide  by  drops.  The  action  goes 
on  without  application  of  heat,  and  the  escaping  gas  must  be  washed  with  dilute 
hydrochloric  acid  and  received  in  strong,  well-cooled  alcohol.  On  diluting  the 
suluratcd  alcoholic  solution  with  water,  the  gas  is  given  off  and  may  be  condensed  to 
a  liquid  in  a  well-cooled  receiver.  To  remove  adhering  hydrocarbons  it  is  treated 
first  with  bromine,  then  with  sodium  at  100*^  in  a  scalecl  tube.  The  quantity  of  the 
pure  product  obtained  is  nearly  that  requind  liy  (Ihory.  It  might,  perhaps,  also  be 
prepared  by  the  action  of  zinc-methyl  on  <liclilnrn],rn]iam-,  CH^ — CCP — CIP. 

Tetramethyl-methane  is  a  colourless  mobilu  liquid,  which  boils  constantly  at  9-5° 
and  solidifies  at  ■ — 20°  to  cry.sta]s  resembling  sublimed  sal-ammoniac.  It  is  remark- 
able that  other  highly-methylated  compounds  (as  trimethyl-carbinol,  methyl  oxalate, 
durenc,  &c.)  are  likewise  crystalline. 

AnElTJCiEWE.  C^H'".— This  hydrocarbon,  like  the  other  olefines,  might  be  repre- 
,s(-nted  as  a  molecule  in  which  each  carbnn-atom  is  linked  to  its  neighboiu-s  by  only 
Olio  unit  of  affinitv,  and  .•(uisequently  two  units  of  affinity  arc  uiisatnrntcd  (see 
]..t  ,SVy;;;/.  ].p.  117.  71").  H  i.-^.  liowcvr,  iii'irc  in  arr.,nlanrr  ^villi  tlic  kiicwn  rrlations 
(.f  (llrs,.  l,,„lirs  t«  n  pivsrnl  l)„.|„.  in  ll,r  livr  slalr.  as  sal  nra!  r,  I  n,ol,r,i]rs  having  two 

when  they  come  in  contact  with  rlilnrinc,  liLMiniuc,  &c.,  this  double  linking  is. broken 
up,  the  molecule  then  becoming  bivali'iii,  and  capable  of  taking  up  CP,  Br-,  0,  &c. 
Outhis  view,  theC'lefincs  will  exhibit  i.sonieric  iuodifications,  accordingly  as  the  doublo 
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linking  of  tlie  carbon-atoms  takes  place  in  tlie  middle  or  towards  the  end  of  the 
chain.    Amylene,  for  example,  is  susceptible  of  the  four  following  modifications  : — 

CH^  H^C  CH^ 


cm 


v 

I  CH 

CH=  I 

I  CH 
CH  II 

II  Cff 
CH- 


CH^ 

H^C— C— C 

1 

CH'^ 

1 

CH 

1 

CH» 

II 

CH 

1 

CH^ 

The  first  of  these  is  the  amylene  corresponding  to  normal  amylio  alcohol,  and 
probably  identical  with  Wurtz's  ethyl-allyl.  The  second  is  ordinary  amylene  obtained 
from  the  araylic  alcohol  of  fermentation.  The  fourth  is  obtained  from  tertiary  amyl 
alcohol_  or  dimethyl-ethyl  carbinol,  C(CH3)2(C'^ff).0H,  by  the  action  of  very  strong 
alcoholic  potash.  It  boils  at  36°,  unites  with  bromine,  and  with  hydriodio  acid  when 
heated  with  the  fuming  acid  to  100°,  forming  dimethyl-earbinyl  iodide,  C(CH'')-(C-H^)I, 
which  is  converted  into  tertiary  amyl  alcohol  by  treatment  with  silver  oxide  and 
water  (Ermolaien,  Zeitschr.f.  Chcm.  [2]  vii.  276).  The  third  is  not  positively  known, 
but  is  perhaps  identical  with  an  amylene  boiling  at  25°,  which  Flavitzky,  has  lately 
obtained  by  treating  ordinary  amyl  iodide  with  concentrated  alcoholic  potash  {Ann. 
Ch.  Pharm.  clxix.  205.) 

Conversion  of  Amylene  into  an  Amyl  Alcohol  hj  SulpJmrio  Acid. — According  to 
Berthelot  {Ann.  Ch.  Pharm.  cxx.  71),  small  quantities  of  amylene  hydrate  (secondary 
amyl  alcohol)  are  formed  by  the  action  of  sulphuric  acid  upon  amylene.  Erlenmeyer 
{Zeitschr.f.  Chem.  1865,  362)  contradicts  this  statement,  asserting  that  nothing  but 
diamylene  is  produced  by  this  reaction.  Flavitzky,  however  {Ann.  Ch.  Pharm.  clxv. 
157),  found  that  when  a  stream  of  carbon  dioxide  charged  with  amylene  vapour  was 
passed  into  a  mixture  of  2  parts  sulphuric  acid  and  one  of  water  in  an  apparatus 
arranged  so  as  to  carry  on  the  process  continuouslj',  part  of  the  amylene  was  converted 
into  diamylene,  while  the  rest  dissolved,  forming  a  solution  from  which,  on  addition 
of  water,  an  alcohol  was  separated.  This  alcohol  boiled  between  100°  and  108°,  and 
more  than  half  of  it  at  102-4°.  No  amylene  hydrate  was  separated  from  it  even  by 
repeated  fractional  distillation.  By  oxidation  with  chromic  acid  mixture,  it  yielded 
common  acetone,  but  no  methyl-isopropyl  ketone,  which  is  the  normal  product  of 
the  oxidation  of  amylene-hydrate.  From  the  boiling  point  of  the  alcohol,  it 
probably  contained  dimethyl-ethyl  carbinol  (tertiary  amyl  alcohol),  which  might  bo 
formed  if  the  amylene  contained  isomeric  modifications. 

Diamylene,  CH-". — This  hydrocarbon  is  most  easily  prepared  by  shaking  together 
one  volume  of  pure  amylene  with  two  volumes  of  strong  sulphuric  acid  and  one 
volume  of  water  in  stoppered  cylinders  immersed  in  ice-cold  water.  From  the 
product,  which  boils  at  160°-170°,  pure  diamylene  may  be  isolated  by  fractional  dis- 
tillation. It  boils  at  160°-153°  under  a  pressure  of  721  mm.,  and  has  a  specific 
gravity  of  0'8416  at  0°  and  0-8248  at  20°. 

A  solution  of  potassium  dichromate  in  dilute  sulphuric  acid  acts  slowly  on  dia- 
mylene in  the  cold,  more  quickly  on  heating  ;  the  products  consisting — besides  carbonic 
and  acetic  acids — of  a  neutral  and  of  an  acid  oil,  which  may  bo  separated  by  means  of 
caustic  soda. 

The  acid  liquid  which  volatilises  with  the  steam,  consists  of  amethenic  acid,  a 
weak  acid  isomeric  with  cenanthylic  acid  (p.  65). 

The  neutral  oil  may  be  separated  by  fractional  distillation  into  fractions  boiling 
between  140°  and  210°,  and  a  residue  which  decomposes  on  fm-ther  heating.  The  chief 
fraction,  which  boils  between  180°-100°,  has  the  composition  of  diamylene  oxide, 
Q10JJ200.  It  is  a  light,  mobile,  eoloxu-less  liquid,  having  a  penetrating  smell,  like 
that  of  camphor.  It  easily  reduces  qn  ammoniacal  silver  solution,  but  does  not 
combine  with  sodium  bisulphite.  It  is  the  first  product  of  the  action  of  chromic  acid 
upon  diamylene,  and  yields  by  fiu-ther  oxidation,  carbonic,  acetic,  and  amethenic  acids. 

Phosphorus  pentabromide  does  not  act  on  the  neutral  oil  in  the  cold  ;  on  heating,  a 
quiet  reaction  sets  in,  hydrobomic  acid  and  the  compound  C'°H"Br  being  formed. 
Probably  diamylene  dibromide,  C"'H-"Br-,  is  first  formed,  a  compound  which  easily 
decomposes  even  at  ordinary  temperatures  (W.  v.  Schneider,  Ann.  Ch.  Pharm.  clvii.  1  So). 

Diamylene  unites  with  bromine  as  readily  as  amylene  does,  and  must  therefore  be 
supposed  to  have  two  of  its  carbon-atoms  linked  together  by  two  units  of  affinity. 
The  same  view  of  its  constitution  affords  an  insight  into  the  mode  of  its  further  con- 
densation to  triamylene  and  tetramylene,  and  of  the  formation  of  rutylene,  C'^H'^, 
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and  terebene,  C"'H"',  by  abstraction  of  2  and  4  atoms  hydrogen  respectively  from  dianiy- 
lene.  The  transition  from  amylene  to  diamylene  and  terebene  may  be  represented  by 
the  following  formulae : — 

ffC    CH^  WC    CH'  H^C  CH' 
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HC 

V 

HC 

\/ 

HC 

1 

HC 
II 

ffC 

""cm 
II 

CH 
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H=C  CH= 

1  II 
H^'C  CH 
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HC— CH 

1  li 
H-C  CH 
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1 

-CH 

h4  CH 

1  1 
HC-C 
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CH' 

2  mol.  Amylene. 

1 

CH' 
Diamylone. 

1 

CH 
Terebene. 

In  terebene  we  see  the  closed  ring  of  the  benzene  molecule ;  consequently,  a  further 
abstraction  of  will  give  the  molecule  C'°H",  homologous  with  benzene — in  fact, 
isopropyl-methyl-benzene,  which  is  one  of  the  modifications  of  cymene ;  and  this 
transformation  has  actually  been  effected.  (See  Cymene  and  Terebene.) 

The  condensation  of  diamylene  to  triamylene  and  tetraniylene  may  be  represented 
as  follows : — 

H'C   CH»  CH'  H'C   CH'  CH' 


\/  I  \/ 

[C  CH-^  CH  HC 


HC 

III  I        I  I  I 

H^C  CH^       CH  WG       CR-       CIV-  CH 

I              I  II                              I        I  I  II 

H-C            CH'  ai-                      B-C       CW-      CH=  CH- 

I              I  .    .    •  III 

H-C              CH  H-C  CH   CH 

I  -  II 

CH^  CH'  CH= 

Triamylene,  CH"  Tetramylene,  C=°H'". 

Respecting  v.  Schneider's  views  of  the  constitution  of  diamylone,  sec  Ann,  Ch. 
Pharm.  clyii.  185;  Chem.  Soc.  J.  [2]  ix.  217. 

AMY-I.-ZSETHION'XC,  or  OXVAIHyi.SUI.PHOWIC  ACID.  C^H'=SO< 
=  C^H"'(Un)SO'H.  (F.  A.Falk,  J.pr.  Chen.  [2J  ii.  272  j.— This  acid  is  formed  by  the 
action  of  amylene-chlorhydrin  on  sodium  sulphite  : 

C'H"'(OH)CI  +  SOW  =  NaCl  +  C^H'«(OH)SO'Na. 

The  two  bodies  are  enclosed  in  a  glass  tube  together  with  a  little  water,  and  heated 
to  120°  ;  the  undecomposed  amylene-chlorhydrin  is  then  removed  by  distillation  ;  the 
aqueous  solution  is  mixed  with  the  requisite  quantity  of  sulphuric  acid  ;  the  sodium 
sulphate  precipitated  by  alcohol  ;■  the  alcohol  evaporated;  and  the  residue  IVocd,  first 
from  chlorine  by  silver  sulphate,  then  from  silver  by  hydrogen  suliiirnli' :  tisily,  the 
solution  is  saturated  with  baryta,  and  the  barium  salt  decomposed  liy  i-ojii-rr  Mil[ihato. 
The  cupric  salt  thus  formed  is  the  most  easily  crystallisablo  of  idl  the  aniyl- 
isothionates ;  its  solution,  decomposed  by  hydrogen  sulphide,  yields  amyl-isethionic 
acid,  which,  however,  cannot  be  obtained  in  the  pure  state,  as  the  solution  is  decom- 
posed by  evaporation. 

The  metallic  amylisethionates  are  more  stable,  their  solutions  not  being  decomposed 
by  boiling.  At  higher  temperatures,  however,  tliey  decompose  the  copper  salt  a  little 
above  100°.    They  are  all  very  soluble  and  difficult  to  crystallise. 

The  sodium  salt  C^H'"(OH)SO'Na  forms  thin,  white,  very  deliquescent  laminee. 
The  ammonium  salt  dries  up  over  sulphuric  acid  to  an  amorphous  mass.  The  calcium 
salt  [C*H"'(0H)S0']2Ca  crystallises  in  thin,  soft,  very  soluble  laminse ;  so  likewise 
does  the  barium  salt  [C'H"'(0H)S0']2Ba,  which  decomposes  at  130°  with  formation  of 
barium  sulphate.  The  copjicr  salt  (C^H"'(OH)SO')-Cu  +  2H-0  dissolves  easily  in 
waiur  and  in  alcohol,  and  crystallises  in  thin,  soft,  pale  blue  laminse.  The  lead  salt 
crj'stallises  with  difficulty  ;  the  silver  salt  is  very  decomposible. 

According  to  £.  Schwarz  (i>e«i.  Chem.  Ges.  Ber.  iii.  691),  amylisethionic  acid,  or 
an  isomeric  acid,  is  produced  by  the  action  of  sulphuric  anhydride  on  amyl  alcohol. 

2nd  Sup.  F 
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The  anhydride  is  pressed  into  a  glass  tube  3  or  4  inches  long  and  2  lines  -wide,  and 
this  tube  is  introduced  into  a  wider  one  containing  cooled  amyl  alcohol.  As  soon  as 
all  the  anhydride  is  dissolved,  the  solution  is  cliluted  with"  water,  boiled  for  some 
hours,  saturated  with  barium  carbonate,  filtered,  concentrated,  mixed  with  alcohol, 
again  filtered,  then  left  over  oil  of  vitriol,  and  the  hygroscopic  crystalline  mass  which 
remains  is  purified  by  recrystallisation  from  dilute  alcohol.  The  barium  salt  thus 
obtained  forms-  distinct  crystals  easily  soluble  in  water  and  in  alcohol,  and  swelling 
up  strongly  when  heated.  The  aqueous  solution  does  not  deposit  barium  sulphate 
when  boiled, 

AMYS-BHOSPHOS^atATXIffOtrS  ETHER.  See  Phosphoplatinous  Com- 
pounds under  Platinuji. 

AMYEi-2?SJOPAS6GYS.IC  ETHERS.    See  Peopabgyi.ic  Ethees. 
AlS'ii.Si'irsiS.    Application  of  Sulphuretted  Hydrogen  reactiotis  to  Analysis  in  the 
dry  way  (J.  Landauer,  Beut.  Chem.  Ges.  Ber.  v.  406). 

Characteristic  reactions  may  be  obtained  by  heating  the  borax  bead  in  which  a 
metallic  salt  is  dissolved,  with  sodium  thiosulphate  ;  but  this  method  has  the  disad- 
vantage of  not  being  applicable  to  volatile  metals  like  arsenic  and  mercury,  besides 
that  the  production  of  liver  of  sulphur  causes  uncertainty  by  colouring  the  bead. 
Instead,  therefore,  of  proceeding  in  this  way,  it  is  better  to  heat  the  substance  with 
the  thiosulphate  in  a  test-tube.  If  the  water  of  crystallisation  of  the  reagent  has  not 
been  previously  expelled,  the  tube  must  be  held  horizontally  to  prevent  the  water 
running  back  and  breaking  it. 

The  annexed  table  shows  that  nearly  all  metallic  compounds  may  be  thus  identified 
by  means  of  the  sulphide  reactions,  aided  by  those  with  the  ordinary  borax  bead. 


Metallic  o-xiilo 

With  Na=S=0=' 

Cold  borax  bead 

In  oxidising  flame 

In  reducing  flamo 

Antimony  oxido . 
Arsenious  acid  . 
Lead  oxido    .  . 
Chromium  oxido 
Iron  oxide .    .  . 

.Gold  oxide     .  . 
Cadmium  oxide  . 
Cobaltous  oxide  . 
Cuproas  oxide  . 
Manganese  oxide 
Molybdic  acid  . 
Nickel  oxide  .  . 

Platinum  oxide  . 

Mereury  oxide  . 
Silver  oxide  .  . 
Uranium  oxide  . 
Bismuth  oxide  , 
Zinc  oxide .    .  . 
Tin  oxide  .    ,  . 

Eed  .... 

Yellow  .  .  . 
Black  .  .  . 
Green  .  r  . 
Black    .  ■  .  . 

Black    .    .  1 

Yellow  .  .  . 
Black  .  .  . 
Black  .  .  . 
Bright  green  . 
Brown  .  .  . 
Black    .    .  . 

Black    .    .  / 

Black  .  .  . 
Black  .  .  . 
Black  .  .  . 
Black  .  .  . 
White  .  .  . 
Brown  .    ,  . 

Colourless  .... 

Colourless  .... 
Yellowish-green   .  , 

Eeduced    without  f 
being  dissolved ,  \ 
Colourless   .  . 

Colom'less  .... 
Eeddisli-browu     .  . 
Eeduced    without  _/ 
being  dissolved .  \ 

Colourless       .    .  . 

Yellow  

Colourless  .... 
Colourless  .... 
Colourless  .... 

Grey  to  colourless. 

Grey  to  colourless. 
Emerald  green. 
Bottle  green. 
Eeduced  without  being 

dissolved. 
Grey  to  colourless. 
Blue. 

Brownish-red  (turbid). 

Colourless. 

Brown. 

Grey  to  colourless. 
Eeduced  without  being 
dissolved. 

Grey  to  colourless. 
Bottle-green. 
Grey  to  colourless. 
Grey  to  coloiu-less. 
Colourless. 

New  Method  of  Quantitative  Inorganic  Analysis. — H.  Carmicliael  (Zeitschr.  anal. 
Chem.  X.  82  ;  Zeitschr.  f.  Chem.  [2]  vi.  481)  points  out  that  the  ordinary  methods  of 
quantitative  analysis  are  affected  by  several  sources  of  error,  arising  not  so  much  from 
the  nature  of  the  processes  employed,  or  from  impurity  in  the  reagents,  as  from  the 
manipulations  required,  especially  the  decantation  of  liquids  from  one  vessel  to 
another, — the  separation  of  a  precipitate  from  the  filter,  the  burnins  of  the  filter,  and 
the  estimation  of  the  ash  being  also  not  unimportant  sources  of  inaccuracy.  Prom 
an  examination  of  a  large  number  of  published  analyses,  he  infers  that  when  100  parts 
of  a  substance  are  taken  for  analysis,  the  sum  of  the  constituents  actually  found  varies 
from  100-67  to  99'17,  or  by  about  1-5  per  cent.,  while  analyses  in  which  it  varies  from 
102  to  97  per  cent,  are  by  no  means  uncommon.  Moreover,  it  is  for  the  most  part 
impossible  to  say  whether  the  excess  or  deficiency  should  be  distributed  amongst 
several  of  the  constituents  ov  falls  on  one  only. 
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To  avoid  tlio  sources  of  error  above  mentioned,  Carmichael  has  devised  the  follow- 
ing apparatus : — 

The  apparatus  represented  in  Fig.  2— one-fourth  of  its  actual  size— consists  of  a  glass 
tube  twice  bent  at  right  angles,  and  having  at  one  end  a  funnel-shaped  enlargement, 
the  bottom  of  which  is  piercgd  with  a  number  of  small  holes.  The  other  arm  fits 
into  the  T-shaped  tube  BCD,  which  is  closed  air-tiglit  at  B  with  a  caoutchouc  ring. 
This  tube  is  fixed  into  the  glass  plate  E  F,  and  is  likewise  closed  air-tight  with  a 
caoutchouc  ring.  The  plate  E  F  is  covered  with  a  so-called  caoutchouc  '  cap.'  Between 
B  and  C  is  attached  a  side-tube,  bent  at  right  angles  at  D,  so  that  the  spring-clamp  which 
closes  the  small  caoutchouc  bag  at  D  may  be  easily  handled. 

The  'cap'  and  the  ring  B  are  thinly  coated  with  grease.  The  edges  of  the  beaker 
glasses,  may  be  easily  ground  on  a  plate  of  sandstone.  When  the  whole  is  exactly 
fitted,  the  cover  E  F  closes  so  completely  that  the  beaker  may  be  kept  air-tight  for 
2i  hours. 

Fig.  2. 


The  filter-bulb  A  (Fig.  3),  on  tho  action  of  which  the  process  mainly  depends,  is 
blown  at  the  lower  end  of  a  tube  2  mm.  in  internal  diameter;  it  is  then  flattened  at 
tho  bottom,  left  to  cool  a  little,  and  while  the  glass  is  kept  in  a  scarcely  soft  state, 
pierced  through  the  flattened  surface  with  a  fine  white-hot  steel  wire.  Tlie  holes  must 
bo  close  together,  and  must  have  a  diameter  not  exceeding  07  mm.  The  width  of 
the  edges  a  h  (Fig.  3)  must  be  regulated  according  to  tho  thickness  of  the  paper  with 
which  tho  bulb  is  to  be  covered.  For  ordinary  paper  it  must  bo  3  mm. ;  but  it  is 
better  to  use  thin  Swedish  paper,  and  for  this  a  width  of  2  mm.  is  sufficient.  The 
sieve  thus  formed  is  ground.  Tho  tube  itself  is  bent  in  such  a  manner  that  tho  arm 
B  is  a  little  longer  than  A.  Tho  height  h  c  must  be  small,  so  that  the  air  which  rises 
at  the  end  of  the  filtration  may  drive  all  tho  liquid  before  it.  For  ordinary  use,  a 
diameter  of  2-5  centimeters  is  sufficient.  Tho  number  of  holes  required  is  in  general 
about  fifty  ;  a  smaller  number  will,  however,  suffice  if  they  are  connected  together  by 
narrow  gutters  etched  out  with  hydrofluoric  acid. 

The  apparatus  is  connected  by  means  of  a  thick-walled  caoutchouc  tube  with  an 
exhausting  apparatus,  the  exhaustion  being  made  either  with  the  lips  or  by  a  Sprengel 
pump,  or  an  aspirator,  according  to  circumstances. 

To  use  the  apparatus,  tlie  air  is  pumped  out,  whilst  the  end  a  is  immersed  in  water; 
tlie  rapid  stream  of  water  then  washes  out  all  impurities,  and  serves  at  the  same  time 
to  rinse  out  the  beaker.  A  disc  of  filter-paper  of  the  same  diameter  as  a  is  then 
pressed  against  tho  lower  surface,  and  remains  adhering  to  it,  even  when  air  is  blown 
in  again,  and  does  not  tear  even  under  full  atmospheric  pressure.  The  vessel  is  now 
again  exhausted,  tho  disc  of  filter-paper  having  been  previously  immersed  in  tho 
solution,  but  never  to  the  bottom.  When  tho  solution  has  been  filtered,  the  precipi- 
tate is  washed  a  little ;  the  apparatus,  with  tho  adhering  precipitate,  is  removed ; 
tho  remainder  is  washed  into  a  tared  crucible  into  which  the  bulb  is  also  dipped, 
in  order  to  wash  it  thoroughly.  Tho  air  is  then  allowed  to  pass  through  the  precipi- 
tate for  some  time,  whereby  the  substance  is  almost  completely  di-ied,  while  gelatinous 
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precipitates  become  fissured  and  shrink  together.  The  spring-clamp  is  then  opened, 
so  as  to  admit  air  into  the  beaker,  and  the  filter-tube  is  removed  both  from  the 
crucible  and  from  the  cover  P  E.  When  the  operation  has  been  properly  performed, 
the  disc  of  paper  remains  upon  the  precipitate.  The  upper  surface  of  the  bulb  appears 
clean,  and  only  a  small  ring  of  the  substance  remains  adhering  to  the  lower  edge ; 
this  portion  may  likewise  be  removed  by  holding  a  small  piece  of  filter-paper  against 
the  bulb  with  one  hand,  while  with  the  other  the  tube  is  turned  round,  and  the  paper, 
•with  the  small  quantity  of  the  precipitate  adhering  to  it,  is  brought  into  the  crucible. 

The  crucible  is  then  covered  and  heated  in  an  air-bath  to  105°.  At  this  tempera- 
ture the  precipitates  dry  very  quickly,  and  there  is  no  fear  of  subsequent  spirting. 
The  crucible  is  afterwards  heated  without  its  cover  till  the  paper  is  burnt,  and  then 
raised  to  a  red  heat. 

In  most  cases  a  bulb  of  the  size  above  mentioned  is  sufficient ;  for  gelatinous  pre- 
cipitates, however,  like  alumina  and  ferric  hydrate,  a  bulb  3 '6  centimeters  in  diameter 
is  better.  Asmall_platinum  dish,  weighing  about  28  grams,  may  also  be  advantageously 
substituted  for  the  crucible. 

One  of  the  principal  advantages  ascribed  to  this  method  of  analysis  is  the  avoid- 
anceJof  loss  in  the  washing  and  burning  of  a  filter,  and  of  error  in  estimating'tho 
weight  of  the  ash;  for  as  a  filter  1 2 centimeters  in  diameter  yields  about 0-0005 gram  of 
ash,  the  ash  of  the  little  discs  of  paper  used  in  the  preceding  process  cannot  weigh 
more  than  0-00002  gi-ams,  a  quantity  altogether  inappreciable.  Another  advantage 
claimed  for'this  process  is  the  small  quantity  of  substance  required  for  the  analysis, 
2  milligrams  being  in  fact  sufficient,  whereby  a  great  saving  of  time  is  effected. 

The  same  method  may  of  course  be  applied  to  qualitative  analysis  (Carmichael). 

Filtration  under  jjressure  may  also  be  effected  by  means  of  the  diminution  of 
pressure  which  takes  place  on  the  cooling  of  a  close  space  filled  with  steam.  A 
cylinder  of  tin-plate  which  can  be  closed  air-tight  is  connected  by  a  glass  tube  having 
a  glass  stop-cock,  with  a  bottle  closed  by  a  caoutchouc  stopper,  through  which  the 
neck  of  the  funnel  also  passes.  The  cylinder  is  filled  with  steam  by  heating  water 
contained  in  it,  then  closed,  and  brought  into  connection  with  the  bottle  which  carries 
the  funnel  by  opening  the  glass  cock.  As  the  cylinder  cools,  a  partial  vacuum  is  pro- 
duced in  the  bottle,  and  the  pressure  of  the  external  air  forces  the  liquid  through  the 
filter  (J.  Oster,  Zeitschr.  anal.  Chem.  xi.  299). 

To  obviate  the  tearing  of  filters  which  sometimes  takes  place  in  filtering  under 
pressure,  C.  Tichborne  {Pharm.  J.  Trans.  1871,  881)  makes  use  of  parchment-paper 
filters.  These  stand  the  pressui-e  either  with  or  without  the  help  of  a  platinum  cone. 
The  only  objection  to  them — namely,  that  they  do  not  fit  so  close  to  the  surface  of  the 
funnel  as  filters  of  ordinary  paper  do,  and  consequently  permit  the  passage  of  air — may 
be  obviated  by  first  placing  an  ordinary  filter  in  the  funnel  and  the  parchment-paper 
filter  within  it.  For  this  purpose  it  is  best  to  use  paper  converted  into  parchment-paper 
on  one  side  only,  the  unaltered  side  being  placed  in  contact  with  the  ordinary  filter. 

To  prepare  such  paper,  pieces  of  Swedish  filtering  paper  are  carefully  laid  on  a 
mixture 'of  2  parts  pure  strong  sulphuric  acid  and  1  part  distilled  water,  the  mixture, 
if  possible,  being  used  ice-cold,  and  never  while  yet  warm  ;  care  must  be  taken  that 
every  part  of  the  surface  comes  in  contact  with  the  liquid.  The  paper  must  after- 
wards be  quickly  and  thoroughly  warmed. 

Earthe7iwarc  Filters. — These  are  made  of  very  porous  earthenware,  compact  enough, 
however,  to  prevent  the  most  finely  divided  precipitates  from  running  through.  They 
are  washed,  before  use,  with  hydrochloric  acid  and  water,  then  dried — and  if  required 
for  filtering  under  pressm-e— they  are  supported  within  a  glass  funnel  by  means  of  a 
piece  of  sheet  caoutchouc  passing  over  the  edge  of  the  latter  (C.  E.  Munroe,  Deui.Gcs. 
€Jiem.  Ber.  iv.  279). 

Washing  of  Gelatinous  Precipitates. — To  accelerate  this  process,  which  is  long  and 
tedious  even  with  the  air  of  a  filter-pump,  T.  M.  Chatard  {Zeitschr.  anal.  Chem.  xi. 
'299)  mixes  the  liquids  in  which  such  precipitates  are  formed  with  a  slight  excess 
of  the  precipitant,  and  evaporates  the  whole  to  dryness,  stii-ring  the  gelatinous  mass 
with  a  glass  rod  till  it  forms  a  perfectly  dry  powder,  which  may.then  be  easily  washed 
on  a  filter.  Examples  given  by  Chatard  of  the  analysis  of  potassium  dichromato 
and  ammonio-ferric  sulphate,  in  which  the  precipitated  chromic  and  ferric  hydrates 
were  thus  treated,  exhibit  close  agreement  with  the  calculated  results.  Nevertheless, 
Fresenius  thinks  that  the  method  cannot  be  applioable  in  all  cases,  inasmuch  as  the 
precipitates  during  evaporation  to  dryness  may  very  easily  enclose  foreign  matters, 
which  will  afterwards  be  very  difficult  to  remove  by  washing :  in  fact,  Chatard  hira 
self  admits  that  such  is  the  case  with  carbonate  of  cobalt. 

'""Calculation  of  Indirect  Analyses.— Lttx  +  m  andy-(-;)bo  two  compounds:  a;  and  ^ 
being  the  two.  constituents  to  be  determined ;  m  and  ^  the  quantities  of  the  common 
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constituent  whose  sum  =  h,  is  known  ;  a  the  sum  of  the  weights  of  the  two  compounds  : 
also  let  K  denote  the  atomic  weight  of  x,  N  that  of  ij,  C  that  of  m  and  p  ;  then 

C  '         N  -  K 

y  =  a  ~  b  —  X. 
The  percentage  of  x  contained  in  a  is  : 

100  K  ^/(N  +  C)  -  aG  ^      lOOK  />(N  +  C)  -  oC 

«  C     '  N  -  K  C(N  -  K)     ■  a 

This  shows  at  once  that  a-  =  0  when 

&(N  +  C)  -  oC  =  0,  or  when 
b  _  C 
a      N  +  C 

If,  therefore,  in  a  substance  regarded  as  a  mixture  of  the  chlorides  of  sodium  and 
potassium,  the  quantity  of  chlorine  found  by  experiment  is  to  the  total  weight  of  the 
substance  as  35"5  :  58'5,  it  follows  that  no  potassium  chloride  can  bo  present.  The 

fraction      ^i*^"^.,^    is  for  the  most  part  of  considerable  magnitude  (in  the  detcr- 
C(N  —  K) 

mination  of  potassium  and  sodium  chlorides,  for  example,  it  is  6'8-i).  Errors  in  the 
estimation  of  a  and  b  have  a  greater  influence  on  the  result  in  proportion  asN  —  K  is 
smaller ;  if  N  =  K,  the  method  is  inapplicable  (Casselmann,  Zeitschr.  anal.  Chcm.  ix. 
66) ;  compare  i.  224. 

Oxidation  with  Nitric  Acid  and  Potassium  CMoyate.—'F.  H.  Storcr  {Sill.  Am.  J.  [2] 
xlviii.  190)  recommends  this  mixture  as  preferable  in  most  cases  to  all  other  oxidising 
agents  commonly  used  in  analysis.  Chromic  oxide,  even  after  ignition,  is  easily  and 
completely  oxidised  to  chromic  acid,  by  treating  it  with  nitric  acid  to  which  potassium 
clilorate  is  gradually  added ;  chrome-iron  ore  treated  in  the  same  manner  does  not 
dissolve  completely,  but  the  residue,  tested  by  fusion  with  sodium- carbonate  and  nitre, 
is  found  to  be  quite  free  from  chromium  ;  metallic  arsenic  and  arsenious  acid  are 
easily  converted  into  arsenic  acid  ;  cinnabar  is  oxidised  without  separation  of  sulphur; 
the  sulphur  in  potassium  sulphocyanate,  vulcanised  caoutchouc,  anthracite,  bituminous 
coal,  and  pyrite,  is  completely  oxidised  and  dissolved ;  and  organic  substances  in 
general  are  so  completely  oxidised  and  decomposed,  that  this  method  of  oxidation  may 
perhaps  afford  an  easy  method  of  determining  the  carbon  by  passing  the  resulting 
carbon  dioxide  into  baryta-water. 

The  oxidation  in  all  cases  is  performed  in  a  porcelain  basin  on  the  water-bath,  and 
loss  by  spirting  is  prevented  by  placing  in  the  basin  an  inverted  funnel  having  its 
Heck  bent  downwards. 

Oxidation  with  Nitric  Acid  in  Organic  Analysis  (i.  247). — For  the  oxidation  of  the 
elements  of  organic  bodies  other  than  carbon,  hydrogen,  and  oxygen,  Carius  {Beut. 
Chcm.  Gcs.  Bcr.  iv.  697)  nowuses  hydrogen  nitrate  of  sp.gr.  r5,  which  is  easily 
prepared  from  the  pure  red  commercial  acid  of  sp.  gr.  1-.57  by  gently  heating  in  an  open 
flask.  The  quantity  used  should  be  from  one  and  a  half  times  to  twice  that  which  is 
actually  required  for  the  oxidation  according  to  the  equation : 

2NH0'  =  02  +  WO^  +  WO  ; 

but  the  proportion  of  this  quantity  to  the  capacity  of  the  tube  should  not  exceed 
4  grams  to  50  cubic  centimeters.  The  quantity  of  nitric  acid  required  is  in  general 
xcrj  small,  since,  for  example,  0'24  grams  of  mercaptan,  which  is  one  of  those  bodies 
which  require  the  largest  amount  of  oxygen,  may  be  oxidised  by  3-3,  or  at  most 
4'4  grams  of  nitric  acid.  The  duration  of  the  oxidation  need  never  exceed  an  hour 
and  a  half,  reckoning  the  first  half  hour  for  attaining  the  requisite  temperatui-c. 

The  temperature  required  for  complete  oxidation  is  very  different  for  different  bodies. 
Easily  oxidable  substances  arc  decomposed  at  temperatures  between  150°  and  200°, 
compounds  of  the  aromatic  class  at  250°-260°,  while  for  derivatives  of  the  sulphonic 
acids  a  temperature  of  260°  to  300°  is  required.  Hard  black  wood-charcoal  disappears 
very  quickly  at  250°-260°,  traces  of  organic  matter,  however,  remaining  in  the  solution; 
at  300°  it  is  easily  and  completely  oxidised  to  carbon  dioxide.  English  graphite 
disappears  in  two  hours  at  300°-330°,  and  is  completely  oxidised  to  carbon  dioxide. 

The  oxidation  is  performed  in  sealed  combustion-tubes  0-45  to  0'5  met.  long  and 
O'0 13  met.  wide.  When  it  is  complete  the  tube  is  opened,  and  cold  water  is  slowly 
added  to  the  greenish  blue  liquid,  whereupon  a  considerable  evolution  of  nitric  oxide 
takes  place. 
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The  rest  of  the  analysis  is  very  simple.  In  the  estimation  of  sulphur,  the  small 
quantity  of  nitric  acid  used  renders  the  contamination  of  the  barium  sulphate  -svifh 
barium  nitrate  ^  very  small  and  easily  removable.  In  the  estimation  of  chlorine, 
bromine,  and  iodine,  silver  nitrate  is  immediately  added  to  the  contents  of  the  tube,  as 
in  the  mode  of  operating  formerly  described.  Iodide  of  silver  melts  with  the  excess  of 
nitrate  into  a  yellow  mass,  and  must  be  heated  for  two  or  three  hours  imder  the  dilute 
liquid  to  separate  the  nitrate.  The  small  quantity  of  nitric  acid  used  precludes  the 
formation  of  iodate. 

Use  of  Bromine  in  Analysis. — P.'  Waage  (Zeitschr.  anal.  Chem.  x.  206)  recommends 
the  use  of  bromine  as  an  oxidising  agent  in  preference  to  nitric  acid,  chlorine,  or  a 
mixture  .of  potassium  chlorate  and  hydrochloric  acid,  for  the  following  reasons  : — The 
action  of  nitric  acid  is  but  feeble  when  the  acid  is  used  in  a  dilute  state,  and  even 
when  concentrated  it  oxidises  stilphur  but  slowly.  Most  solutions  used  in  analysis 
are  rarely  quite  free  from  hydrochloric  acid  (chlorides),  and  the  use  of  platinum 
vessels  has,  therefore,  to  be  carefully  avoided.  Nitric  acid,  lastly,  acts  upon  filter- 
paper,  the  nitrocellulose  preventing  the  complete  precipitation  of  certain  metallic  oxides. 
Potassium  chlorate  necessitates  the  employment  of  concentrated  hydrochloric  acid,  and 
any  undecomposed  chlorate,  especially  in  dilute  solution,  can  only  be  removed  by 
introducing  into  the  solutions  a  large  excess  of  free  hydrochloric  acid.  Chlorine-water 
is  a  comparatively  weak  oxidising  agent,  as  it  contains  only  about  one-half  per  cent,  of 
chlorine  ;  and  the  use  of  gaseous  chlorine  involves  each  time  the  generation  of  chlorine 
and  the  preparation  of  a  chlorine  apparatus.  Waage  recommends,  therefore,  the  more 
frequent  use  of  bromine,  both  in  qualitative  and  quantitative  analysis,  either  in  the 
form  of  pure  bromine,  or  dissolved  in  water,  or  in  concentrated  hydrochloric  acid. 
Bromine  water,  obtained  by  shaking  up  bromine  with  cold  water,  contains  from  2  to 
3  per  cent,  of  bromine;  concentrated  hydrochloric  acid  takes  up  about  13  per  cent. 
Either  of  these  three  oxidising  agents  may  be  employed,  according  to  the  intensity  of 
the  oxidising  power  to  be  exerted.  Excess  of  bromine  can  be  very  easily  removed 
by  heat.  Bromine,  moreover,  is  wthout  action  upon  platinum  vessels,  either  in 
alkaline  or  acid  solutions,  free  nitric  acid  excepted,  and  does  not  act  upon  filter-paper 
when  used  in  the  form  of  bromine-water  or  dissolved  in  hydrochloric  acid — a  great 
desideratum,  whenever  precipitates  have  to  be  partly  oxidised  on  the  filter  itself. 

Bromine  is  a  useful  and  powerful  solvent  for  sulphur,  magnetic  pyrites,  copper 
pyrites,  arsenical  pyrites,  nickel  glance,  as  well  as  for  precipitated  sulphides,  for 
determining  either  the  sulphur  or  the  metals.  Sulphur  shaken  up  with  bromine  and 
water  in  the  proportion  of  about  15  parts  bromine  to  1  part  of  sulphur  is  speedily 
converted  into  hydrobromic  and  sulphuric  acids.  The  whole  of  the  bromine  is  added 
at  once,  in  order  to  avoid  loss  of  sulphur  in  the  shape  of  sulphur  bromide.  Tlie  pyrites 
need  not  be  powdered  very  finely ;  the  action  of  bromine  being  very  violent,  it  is  advis- 
able to  add  first  a  little  water  to  the  pieces  of  pyrites,  and  then  the  bromine  in  small 
quantities  at  a  time,  and  with  repeated  shaking. 

Bromine-water  may  conveniently  be  used  for  removing  sulphuretted  hydrogen  from 
solutions.  Precipitated  metallic  sulphides  must,  for  the  most  part,  be  removed  from 
the  filter  by  a  fine  jet  of  water  from  a  wash-bottle,  and  the  last  traces  treated  on 
the  filter  by  pouring  a  little  bromine  gas  or  bromine  water  into  the  funnel  and  cover- 
ing it  up  with  a  watch-glass.  The  sulphides  are  rapidly  oxidised  and  absorbed  by 
the  filter,  and  can  then  be  washed  out. 

Bromine  does  not  oxidise  in  ammoniacal  solutions,  but  liberates  nitrogen  ;  ammonia 
may  therefore  be  used  with  advantage  for  removing  excess  of  bromine.  The  peroxides 
of  nickel,  cobalt,  and  manganese,  e.g.,  are  not  precipitated  by  bromine  from  solutions 
containing  ammoniacal  salts.  Ferrous,  stannous,  and  mercurous  salts,  on  the  contrary, 
are  readily  oxidised  by  bromine  in  an  acid  solution  in  the  presence  of  ammoniacal  salts. 

Commercial  bromine  cannot  always  be  obtained  pure,  and  should  be  redistilled,  if 
necessary,  without  the  intervention  of  caoutchouc. 

Sources  of  Error  in  Volumetric  Analysis. — Errors  may  arise  in  volumetric  deter- 
minations from  the  contraction  which  takes  place  on  mixing  saline  solutions  with 
water,  and  from  the  fact  that  vessels  do  not  deliver  in  a  given  time  corresponding 
volumes  of  water  and  saline  solution,  but  rather  less  of  the  latter,  the  exact  amount 
'depending  to  some  extent  upon  the  specific  gravity  of  the  solution.  The  first-named 
source  of  error  may  be  obviated :  first,  by  using  as  weak,  solutions  as  possible ; 
secondly,  by  mixing  the  saline  liquids  thoroughly  with  the  water  before  making  quito 
up  to  the  required  bulk.  The  error  caused  by  the  adhesion  of  a  saline  liquid  to  the 
delivering  vessel  may  be  obviated  by  graduating  it  in  terms  of  the  particular  solution 
to  be  employed  (Tatlock,  Chem.  News,  xxiii.  13). 

Volumetric  Estimation  of  Sulphuric  Acid,  Baryta,  Chlorine,  Bromine,  and  Iodine. — 
(Bohlig,  Arch,  Pharm.  [2]  cxlv.  113), — This  method  is  based  upon  alkalimetrical 
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principles.  Alkaline  sulphates  are  known  to  be  partially  decomposed,  in  contact  witli 
barium  carbonate,  into  alkaline  carbonates  and  barium  sulphate.  The  decomposition 
is  complete  in  presence  of  free  carbonic  anhydride  ;  acid  carbonates  of  the  alkali- 
metals  are  left  in  solution,  together  with  some  acid  barium  carbonate,  which  can  bo 
removed  by  boiling.  The  solution  is  filtered,  and  the  alkaline  carbonate  determined 
by  means  of  a  standard  acid  solution,  and  the  amount  of  sulphuric  acid  or  alkaline 
sulphate  calculated  from  the  amount  of  normal  acid  required. 

Neutral  chlorides,  bromides,  and  iodides,  more  especially  of  the  alkali-metals,  are 
most  readily  decomposed  by  pure  silver  oxide  into  insoluble  silver  salts,  leaving  the 
alkali-metal  in  solution  as  hydrate  (ammonia  salts  always  excepted),which  can  then 
be  determined  as  usual  by  standard  acid. 

Solutions  containing  sulx5hates  of  the  heavy  metals,  of  the  earths  or  alkaline 
earths  (lime),  and  free  from  acids  whoso  presence  would  influence  the  method,  viz., 
phosphoric,  arsenic,  oxalic,  &e.,  are  treated  with  a  solution  of  potassium  carbonate  so 
as  to  precipitate  the  bases  and  leave  about  double  or  treble  the  amount  of  alkaline 
carbonate  in  solution.  From  1  to  gram  of  substance  is  operated  upon  in  a  flask. 
The  solution  is  made  up  to  600  c.c,  well  shaken,  and  the  precipitate  allowed  to  sub- 
side. ,50  c.c.  are  then  filtered  into  a  porcelain  dish  and  heated  to  boiling,  and  standard 
acid  (HCl)  added  to  neutralisation.  Another  100  c.c.  are  filtered,  in  like  manner,  into 
a  strong  quarter-litre  flask,  and  diluted  with  about  100  c.c.  of  hot  water;  the  requisite 
quantity  of  normal  acid  is  then  run  in  at  once  from  a  burette  ;  the  solution  diluted  to 
250  c.c. ;  and  about  a  gram  of  dry  barium  carbonate  (free  from  alkali)  added.  The 
flask  is  next  closed  and  the  liquid  well  agitated.  The  decomposition  of  the  alkaline 
sulphate  is  completed  in  a  few  minutes.  The  flask  should  be  opened  now  and  then  to 
allow  the  carbonic  anhydride  to  escape.  Finally,  about  ^  gram  of  pulverised  ba,rium 
hydrate  is  added,  the  whole  well  shaken,  and  a  portion  of  the  rapidly  clearing  liquid 
tested  qualitatively  for  barium  and  sulphuric  acid.  The  result  should  be  negative. 
50  c.c.  corresponding  to  20  c.c.  of  the  original  solution  are  then  filtered  into  a 
porcelain  dish  and  standardised  with  normal  acid  (hydrochloric  or  sulphuric),  and 
the  quantity  of  sulphuric  acid  (sulpli.iti' )  (vili-tilatod  as  usual.  The  source  of  carbonic 
anhydride  is  thus  placed  in  the  lifjuiil  ii^rlf.  provided  the  quantity  of  potassium  car- 
bonate be  not  too  small.  Molecul.ir  .niMiitit  i.  s  of  K=SO' +  2K-Cb'+ 2HCl  +  BaC0', 
wkon  mixed  with  sufficient  water,  change  into  BaSO'  + 2KHC0'  + 2KC1,  and  it  is 
therefore  more  than  sufficient  to  add  twice  the  quantity  of  potassium  carbonate 
compared  -with  the  alkaline  sulphate  operated  upon.  Barium  hydrate  is  added  with 
the  viewof  removing  any  carbonic-anhydride-left  in  the  liquid  after  boiling,  which  would 
otherwise  dissolve  some  of  the  excess  of  barium  carbonate  contained  in  the  precipitate. 
Any  barium  hydrate  not  required  to  remove  carbonic  anhydride  is  acted  upon  by  the 
hydro-potassic  carbonate,  but  does  not  influence  the  final  result. 

Phosphoric  and  oxalic  acids  may  bo  removed  by  means  of  calcium  chloride,  chromic 
acid  by  deoxidising  agents,  such  as  alcohol  and  hydrochloric  acid.  Bohlig  recom- 
mends this  method  for  estimating  sulphuric  acid  volumetrically  in  ashes,  crude  soda, 
Stassfurt  salts,  &c.    .  .  , 

Solutions  containing  baryta  are  estimated  in  like  manner  by  precipitation  as 
carbonate,  and  decomposition -with  potassium  sulphate  in  a  solution  containing  free 
carbonic  acid.  Chlorine  is  dotcrmiiird  vnlunutrically  in  solutions  by  first  precipi- 
tating any  metallic  chloride  with  carbonate  added  in  moderate  excess. 
The  filtrate  is  made  up  to  250  c.c.  and  I  he  .  x.'i  .-s  of  potassium  carbonate  determined  in 
60  c.c.  by  means  of  a  normal  solution  of  hydrochloric  acid.  125  c.c.  of  the  solution 
are  next  treated  with  excess  of  silver  oxide  and  mado  up  to  250  c.c,  well  shaken 
(iti  the  dark)  and  filtered.  100  c.c.  of  the  filtrate  .are  standardised  with  normal 
hydrochloric  acid  solution.  The  difFerenco  lictwren  tlic  quantity  of  acid  required  in 
the  last  experiment  and  that  of  the  forinci-  i  \]n  i'iiiii.'iit,  multiplied  by  6,  gives  the 
amount  of  chlorine  contained  in  the  origin.il  ^nlllti'lll.  A  portion  of  the  filtrate 
should  be  tested  for  chlorine  by  means  of  mcrcui'uus  nitrate. 

The  filtrate  is  obtained  perfectly  clear  only  in  presence  of  potassiilm  or  sodium 
carbonate,  and  by  employing  argentic  oxide  free  from  ai'gentous  oxide.  A  few  drops 
of  pure  potassium  permanganate  added  to  the  argentic  oxide  suspended  in  watei-, 
prevent  the  formation  of  argentous  oxide.  The  oxide  to  be  employed  for  each  ex- 
periment is  filtered  wlieu  required,  and  thoroughly  washed. 

Bromine  and  iodine  are  determined  in  like  manner.  The  method  has  not.  how- 
ever, been  yet  applied  to  the  estimation  of  mixtures  of  the  halogen  salts  ;  but  it  has 
been  observed  that  potassium  iodide,  when  boiled  with  potassium  permanganate,  is 
completely  oxidised  into  iodate.  Thi.s  facilitates  the  detection  of  small  quantities  of 
chlorine  and  bromine  in  presence  of  much  iodide.  The  greater  part  of  the  iodate  may 
be  separated  also  by  precipitation  with  barium  nitrate  before  determining  chlorine. 
The  standard  acid  solutions  employed  contain  not  more  than  one-third  of  the  equi- 
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valent  of  liydrochloric  or  sulphuric  acid  per  litre.  Tlie  strength  may  be  determined 
by  means  of  pure  potassium  carbonate  or  ignited  potassium  sulphate. 

An  apparatus  for  the  quantitative  analysis  and  synthesis  of  gases  and  vapours, 
chiefly  for  lectui-e  experiments,  is  described  by  E.  Mulder  {Zeiischr.  f.  Chem.  [2] 
vii.  2). 

An  apparatus  for  gas-analysis,  similar  in  principle  to  that  of  Frankland  and 
Ward,  but  of  simpler  construction,  is  described  by  J.  Parry  {Chem.  News,  xxiv.  282). 

AXTETKOXi.  C'E'^O. — This  compound  is  the  methylic  ether  of  and  or  allyl- 
phenol  CH'Ig^s  {\st  Sujppl.  176).  It  has  a  specific  gravity  of  0-9877,  and  its 
index  of  refraction  is  1-5430  for  the  line  A,  and  1-6129  for  H  (Gladstone,  Chem.  Soc.  J. 
[2]  viii.  147).  Treated  with  phosphoncs  pentachloride,  it  yields  phosphorus  trichloride 
and  chloranethyl,  C"'H"C10: 

^'^'{cS'  +       =      +       +  ^'^'{cS^ci 

Chloranethol  is  a  light  yellow  liquid,  -which  solidifies  at  low  temperatures,  melts 
at  6°,  boils  at  258°,  and  has  a  sp.  gr.  of  1-1254  at  0°.  The  chlorine-atom  is  very 
intimately  combined.  By  heating  -with  alcoholic  potash,  HCl  is  removed,  and  a  body 
is  formed  -which  boils  at  about  240°,  and  probably  has  the  composition  C"'H'"0, 
Chloranethol  is  oxidised  by  silver  acetate  at  250°,  with  formation  of  anisic  acid 

Sodium  amalgam  scarcely  acts  either  upon  anethol  or  upon  its  addition-product  -with 
hydrogen  chloride,  only  a  small  quantity  of  a  substance  being  formed,  which  boils  at 
220°-224°,  and  appears  to  contain  the  compound  C"'H'-'0. 

With  1  mol.  bromine,  anethol  forms  an  addition-product,  anethol  dibromide, 
C'^H'-OBr-,  which  crystallises  in  small  needles,  insoluble  in  water,  soluble  in  ether 
and  in  chloroform,  melting  at  65°  (Ladenburg,  Ann.  Ch.  Pharm.  Supp.  viii.  87). 

AHCEUirEi  An  alkaloid  contained,  according  to  Peckolt  {Viertcljahrsschrijt 
pr.  Pharm.  xviii.  444),  in  Ferreira  spectahilis  (known  in  Brazil,  where  it  is  indigenous, 
as  Angelin  pcdra),  in  a  reddish  resinous  mass  deposited  between  the  bark  and  the 
wood.  This  mass,  which  in  some  trees  amounts  to  20  or  30  pounds,  has  the  following 
composition : — 


Chestnut-brown  resin                                               ,  3-64 

Extractive  matter   5-45 

Angeline   86-84 

Angelinic  acid  (eryst.  organic  acid)  .       .       .  .1-28 

Acid  potassium  tartrate  and  chloride        ....  0-05 

Eed  colouring  matter   0-42 

Gum  with  inorganic  salts  and  traces  of  sugar    .       .       ,  0-15 

Moisture   2-17 


100-00 

The  angeline  is  extracted  in  the  form  of  hydrochloride,  Genth  {J.^r.  Chem.  cvi. 
116)  regards  it  as  impure  ratanhine. 

AWK-S-DRXDES.  On  the  reaction  of  various  anhydrides  with  phosphorus  tri- 
chloride, see  that  compound,  under  Phosphoeus. 

AM-K-X-BRXTE.  CaSO  '. — This  mineral  often  occurs  associated  with  gypsum  and 
rock-salt,  in  such  a  manner  as  to  indicate  that  it  is  not  a  primary  formation,  but  has 
been  produced  by  dehydration  of  gypsum.  That  it  can  be  produced  in  this  manner, 
especially  in  presence  of  sodium  chloride,  has  been  shown  by  the  experiments  of 
Hoppe-Seyler  and  of  G.  Eose,  both  of  whom  find  that  crystallised  gypsum,  or  selenite, 
heated  to  130°  in  a  saturated  solution  of  sodium  chloride,  is  converted  into  a  white 
opaque  mass  made  up  of  microscopic  crystals  of  anhydrite.  Eose  also  finds  that 
crystals  of  selenite  heated  for  a  short  time  with  solution  of  sodium  chloride  in  a 
platinum  dish  are  converted  on  the  edges  into  fibrous  anhydrite.  Powdered  gypsum 
similarly  treated  is  converted  into  small  prismatic  crystals  of  anhydrite  ;  and  a  con- 
centrated solution  of  gypsum  mixed  with  an  equal  volume  of  concentrated  salt- 
solution  and  evaporated,  yields  microscopic  crystals  of  anhydrite.  Pseudomorphs  of 
anhycbite  in  the  form  of  gypsum  are  found  at  Sulz  on  the  Neckar  (G.  Eose,  Jahrlruch 
fiir  Mineralogie,  1871,  932). 

Struve  {Zeitschr.f.  Cliem.  v.  324)  obtained  crystals  of  anhydrite  of  sp.  gr.  3-028  by 
evaporating  a  solution  of  burnt  gypsum  in  very  strong  sulphuric  acid,    100  parts 
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sulphuric  acid  of  sp.  gr.  1-82  dissolve  at  ordinary  temperatures  r992  parts  of  artificial 
and  1-953  of  natural  anhydrite. 

Anhydrite  from  the  Scliiiflferotz  mine,  near  Werfen,  where  it  occurs  in  a  bed  two  feet 
thick,  accompanied  by  gypsum,  has  a  specific  gravity  of  2-978,  and  contains  40-95  p.c. 
CaO,  58-44  SO',  and  0-42  Fe'^O^  (Zepharovich,  Jahrbuch  d,  geolog.  Reichsanstalt, 
ii.  978). 

Anhydrite  nodules  (A)  coated  with  gypsum  (B),  varying  in  size  from  that  of  a 
hazel-nut  to  that  of  a  walnut,  occur  in  the  rock-salt  of  Vizakna  in  Transylvania  : — 
CaO  SO^  H=0  CI  Sp.gi-. 

A  39-37  54-73  1-20  0-72  2-901 

B  31-99  46-93         16-05  1-50  2-423 

The  proximate  composition  of  the  nucleus  and  crust  is 

Gypsum  

Anhydrite  

Sodium  chloride  ..... 
Excess  of  sulphuric  acid  .... 
(Posepny,  Vcrh.  geolog.  Reichsanstalt,  1869,  140). 
AXriliZirii.    See  Phenylajiines. 

AN'IIiIN'S  COSsOURS.  Preparcdion  without  the  use  of  Arsenic. — All  attempts 
hitherto  made  to  produce  anilino-red  on  the  manufacturing  scale  without  the  use  of 
arsenic,  or  to  dispose  economically  of  the  arsenical  residues,  have  proved  unsuccessful. 
As,  however,  'only  a  small  proportion,  not  more  than  one-tenth  of  the  rosanilino 
manufactured  is  used  for  dyeing,  the  greater  part  being  consumed  in  the  preparation 
of  other  aniline  colours,  it  is  very  desirable  that  these  latter  should  be  obtained  from 
other  sources. 

The  process  of  Girard  and  De  Laire  for  obtaining  diphenylamine  blue  by  heating 
diphenylamine  with  carbon  trichloride  is  said  to  have  proved  commercially  successful, 
and  the  same  chemists  have  obtained,  without  the  use  of  arsenic,  the  violet  colom-s 
usually  produced  by  acting  on  rosaniline  with  alcoholic  iodides,  the  process  consisting 
in  oxidising  the  secondary  monamines,  methyl-aniline,  methyl-toluidine,  &c.  They 
expect  also  to  be  able  to  produce  a  green  colour  in  a  similar  way  ( Compt.  rend. 
Ixxiv.  1556). 

New  Sources  of  Methyl-  and  Ethyl-aniline.— In  the  process  of  manufacturing  the 
Hofmann  violet  by  the  action  of  ethylic  or  methylic  iodide  upon  rosaniline  or  one  of 
its  salts,  there  is  always  produced  a  considerable  quantity  of  a  dark-coloured  resinous 
substance,  which  has  received  the  name  of  '  Hofmann  gum.'  When  the  water  is 
expelled  from  this  gum  by  fusion,  and  the  residue  is  submitted  to  destructive 
distillation  at  a  higher  temperature,  it  yields  nearly  pure  methylaniline  or  ethyl- 
aniline,  according  as  the  gum  has  been  derived  from  the  methylic  or  ethylic  iodide. 
The  methylaniline  is  an  oily  body  boiling  at  200°,  and  forming  permanently  liquid 
compounds  with  acids.  With  arsenic  acid  it  furnishes  a  reddish  violet  dye,  which 
may  be  converted  into  the  bluer  shades  by  the  Hofmann  process.  The  etliylaniline 
boils  at  205°- 210°.  Both  these  oils,  when  heated  with  rosolic  acid  or  rosaniline,  do 
not  yield  Girard's  blue,  but  change  slightly  towards  violet  and  then  suddenly  become 
decolorised  (Spiller,  Proc.  Roy.  Soc.  xxi.  204). 

Tinctorial  Power  of  Aniline  Colours. — A  solution  of  1  part  of  a  rosaniline  salt  in 
a  million  parts  of  water  containing  acetic  acid  still  exhibits  a  deep  crimson  colour.  A 
skein  of  silk  moistened  witli  dilute  acetic  acid  is  instantly  dyed  a  fine  red  by  this  solution. 
In  a  solution  of  1  part  rosaniline  salt  in  25  million  parts  of  water,  the  rod  tint  is  still 
very  perceptible,  and  silk  dropped  into  it  is  dyed  light  red  in  a  quarter  of  an  hour, 
AVith  a  solution  of  1  part  of  salt  in  100  million  parts  of  -vv'ator,  the  limit  is  attained  at 
which  the  colour  is  still  visible.  Thin  films  of  such  a  solution  appear  quite  colourless, 
the  tint  being  perceptible  only  in  thick  layers  (about  18  inches).  A  silk  thread  im- 
mersed in  such  a  solution  acquires  in  24  hours  a  red  colour,  deeper  than  that  of  the 
liquid.  This  phenomenon  points  to  a  state  of  movement  among  the  molecules,  in  con- 
sequence of  which,  currents  are  established  in  the  apparently  motionless  liquid,  and 
in  this  manner  the  particles  of  the  liquid  are  carried  successively  to  the  motionless 
thread.  The  colours  of  aniline  violet  and  iodine-green  are  still  visible  to  a  dilution 
of  100  millions,  and  fix  the  corresponding  colour  faintly  on  fabrics  aftora  considerable 
time ;  but  they  are  not  so  well  adapted  as  the  rod  for  these  limit  experiments,  inas- 
much as  violet  and  green  in  the  dilute  state  approach  more  nearly  to  the  tint  which  is 
seen  on  looking  through  considerable  thicknesses  of  j)urc  water  (A.  W.  Hofmann, 
Bcut.  Ohm.  Ges.  Bcr.  iii.  661). 


5-71  76.44 

01-09  17-28 

1-20  2-48 

0-50  1-25 
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_  Complemntary  Colours  of  Aniline  Byes. — Rosaniline  salts  exhibit  by  transmitted 
light  a  deep  purplo-red ;  their  larger  crystals  reflect  a  splendid  cantharides-green — 
the  two_  tints  coinciding,  according  to  Dove's  experiments  {Deut.  Chan.  Ges.  Ber.  iii. 
660),  with  the  complementary  colours  of  a  plate  of  gypsum  having  a  difference  of  W 
of  a  wave-length  in  polarised  light.  A  concentrated  solution  of  iodine-gi'een  in 
alcohol  left  to  evaporate  on  a  glass  dish  leaves  a  homogeneous  transparent  varnish 
■which  transmits  a  splendid  green  light,  and  exhibits  by  reflected  light  a  highly 
characteristic  red  copper  lustre,  which  comes  out  with  peculiar  brilliancy  on  friction : 
these  two  colours  coincide,  according  to  Dove,  with  those  of  a  gypsum  lamina  having 
a  difference  of  |  of  a  wave-length.  On  warming  the  glass  plate,  the  green  passes  into 
violet,  and  the  reflected  tint  becomes  brass -yellow,  corresponding,  according  to  Dove, 
ynth.  a  difTerence  ,  of  f  to  f  of  a  wave-length  (Hofmann,  Beut.  Chem.  Ges.  Ber. 
iii.  660). 

Valuation  of  Aniline  Colours. — Two-tenths  of  a  gi-am  of  the  particular  colour  in  a 
pure  state  is  to  be  dissolved  in  100  e.c.  of  collodion,  and  the  solution  poured  over  a 
clean  glass  plate  laid  at  an  angle  of  60°.  ,  An  equal  weight  of  the  material  to  be 
valued  is  to  be  dissolved  in  50  c.c.  of  the  same  collodion  and  a  drop  or  two  poured  on 
another  glass  plate  at  the  same  angle.  If  after  drying  the  two  films  have  an  equal 
depth  of  colour,  the  material  obviously  contains  60  per  cent,  of  pure  colouring  matter ; 
if,  however,  the  second  film  be  darker,  the  solution  from  which  it  proceeds  is  to  be 
gradually  let  down,  by  addition  of  measured  quantities  of  the  collodion,  till  it  gives  a 
film  of  the  same  depth  of  tint  as  the  standard.  The  number  of  cubic  centimeters  of 
collodion  employed  in  all  expresses  the  percentage  of  pure  colouring  matter  (A.  Miiller, 
Dingl.  poh/t.  J.  ccii.  458). 

Adulteration  of  Aniline  Colours. — Bronze  powder  and  crystals  of  sugar  are  frequently 
used  for  this  purpose,  especially  for  adulterating  fuchsine.  Bronze  powder  is  easily 
detected  by  its  insolubility ;  sugar  by  spreading  the  sample  on  a  sheet  of  white  paper 
and  examining  it  with  a  lens.  The  pure  crystals  of  fuchsine  are  recognised  by  their 
acicular  forms  and  by  appearing  red  (by  transmitted  light)  at  the  edges  only.  The 
appearance  of  more  rounded  crystals,  especially  of  such  as  have  a  garnet  or  faint 
amethyst-red  tint  is  suspicious.  Such  crystals  should  be  picked  out  and  heated  on 
the  point  of  a  spatula,  when,  if  they  consist  of  sugar,  the  characteristic  odour  of 
caramel  will  be  given  ofFCW.  F.  Grintl,  Bingl.  ])olyt.  J.  cciv.  163). 

On  the  constitution  of  aniline  colours,  see  Zulkowsky  {Wien.  Akad.  Ber.  lix.  [2] 
p.  133;  Jahresb.  1869,  p.  693). 

Seduction  {Enlevagc)  of  Aniline  Colours. — This  may  be  effected  by  zinc-dust,  as 
follows:  100  parts  of  zinc-dust  are  very  intimately  mixed  with  50  parts  of  a  gum 
solution  of  20  Bm.  and  20  parts  of  a  solution  of  sodium  thiosulphate  of  sp.  gr.  25° 
Bm.  are  added.  The  dyed  fabrics  are  printed  with  this  mixture,;  then  dried  and 
steamed,  and  lastly  washed  with  very  weak  hydrochloric  acid. 

Aniline  Blaok.  The  various  kinds  of  oil  which  are  used  for  the  manufacture  of 
aniline  black  never  consist  of  pure  aniline,  their  composition  varying  with  their 
boiling  points  and  specific  gravities.  These  anilines  ordinarily  consist  of  from — 
(e)  60  to  65  per  cent,  of  a  product  boiling  between  180°  a.nd  185°,  which  maybe 
regarded  as  almost  pure  aniline,  (h)  18  to  22  per  cent,  of  a  product  boiling  from 
185°  to  192°,  which  may  be  considered  to  be  a  mixture  of  aniline  and  toluidine.  (c)  8 
per  cent,  of  a  product  boiling  from  192°  to  198°,  which  is  toluidine ;  and  {d)  4  to  6 
per  cent,  of  other  products,  as  xylidine,  cumidine,  &c. 

The  specific  gravities  of  the  above  fractions  are  about  as  follow : — 

(ffl)  From  275°  to  3-4°  Baume. 

{h)     „     1-6°    „  2'1°      „  Pure  aniline  of  Coupler,  3-5°,  Baume. 

(c)     „     0-6°    „    1°       „  Ordinary  toluidine,         0-88°  „ 

{d)  about  0-6°  Pseudotoluidine,  0-50°  „ 

Pure  aniline  oil  of  Coupior,  as  also  all  products  boiling  from  180°  to  185°,  yield 
beautiful  brilliant  blacks.  Pseudotoluidine,  and  the  products  boiling  from  185°  to 
192°,  yielded  a  black  with  a  blue  shade.  Ordinary  toluidine  of  Coupler,  and  the 
products  boiling  above  192°,  gave  unsatisfactory  shades  between  brown  and  black. 

Itf -ippoars  then,  that  in  testing  the  quality  of  aniline  for  the  production^of  black 
dyes,  the  specific  gravity  affords  important  indications.  For  quick  determinations, 
Baum^'s  areometer  may  be  used  with  advantage. 

Aniline  oil,  of  sp.  gr.  2°  to  3^°  B.,  if  not  wilfully  adulterated,  will  yield  a  good 
black ;  at  more  than  3|  B.  it  generally  contains  nitro-benzene  :  and  at  less  than  2°  B., 
it  contains  too  much  toluidine,  which  is  decidedly  injurious. 
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Fractional  distillation  gives  a  still  more  accurate  idea  of  the  value  of  the  oil,  the 
quantity  coming  over  between  180°  and  190°  being  taken  as  the  measure. 

The  value  of  a  given  sample  of  aniline  oil  may  also  bo  estimated  by  comparing  the 
quantity  of  it  required  to  produce  a  certain  quantity  of  black  dye  .with  the  quantity 
of  pure  Coupier's  aniline  required  for  the  same  puiijoso  (C.  Hartmann,  Dingl.  jpolyt. 
J.  ccii.  389). 

A.  Miiller  {ibid.  cci.  363)  prepares  an  oxidised  aniline-black  by  dissolving  20  grams 
of  potassium  chlorate,  40  grams  of  copper  sulphate,  16  grams  of  ammonium  chloride, 
and  40  grams  of  aniline  hydrochloride  in  500  c.c.  water,  warming  the  liquid  to  about 
60°,  and  then  removing  it  from  the  water-bath.  In  about  thi-ee  minutes  the  solution 
froths  up  and  gives  off  vapours  which  strongly  attack  the  breathing  organs.  If  the 
mass  does  not  become  quite  black  after  the  lapse  of  a  few  hours,  it  is  again  heated  to 
60°.  and  then  exposed  in  an  open  place  for  a  day  or  two,  and  afterwards  carefully 
washed  out  till  no  salts  are  to  be  found  in  the  filtrate.  For  vise  in  printing,  the  black 
paste  is  mixed  with  a  somewhat  large  quantity  of  albumin,  and  the  goods  after  print- 
ing are  strongly  steamed.  The  paste  can  be  pressed  into  moulds  and  used  as  a  .sub- 
stitute for  Indian  ink.  When  thoroughly  dried  in  vacuo  it  appears  as  a  black  powder, 
which  contains  39-28  p.c.  C,  y41  H,  and  7'41  N,  agreeing  approximately  with  the 
formula  C'-II"N'^0",  which  requires  39-78  C,  3-86  H,  and  7-72  N. 

According  to  H.  Rheineck  {Dinr/l.  poli/t.  J.  cciii.  485),  an  equally  good  black  may 
be  obtained  without  the  use  of  sal-ammoniac.  On  mixing  equal  weights  of  aniline 
(containing  toluidine),  hydrochloric  acid  and  potassium  chlorate  witli  a  minute 
quantity  of  cupric  chloride  and  a  sufl&cient  quantity  of  water,  and  leaving  the 
mixture  to  evaporate  spontaneously,  a  black  powder  was  obtained,  which  when 
washed  with  water,  burnt  without  residue.  100  parts  of  aniline  thus  treated  yielded 
1205  parts  of  aniline  black.  With  imre  aniline  only  114-8  p.  c.  of  black  was  obtained, 
and  it  was  of  very  poor  quality. 

Kheineck  finds  that  aniline-black  is  a  powerful  base,  and  proposes  to  designate  it 
by  the  name  of  N/r/raniline.  AVhen  any  fabric  is  immersed  in  the  mixture  above 
described,  it  first  acquires  a'dark  gi-een  colour,  but  after  treatment  with  alkalies  this 
colour  changes  to  dark  violet.  The  dark  gi-een  body  is  the  hydrochloride  of  the  aniline 
black,  and  the  dark  violet  body  the  free  base.  With  soda  or  ammonia,  8-9  p.  c.  of 
hydrochloric  acid  can  be  extracted  :  therefore  the  molecular  weight  of  the  liydrochlorido 

is  about  100  x         =  410,  and  that  of  the  free  base  373-5.    This  base  has  the  power 

of  abstracting  the  acids  from  the  salts  of  aniline.  A  small  piece  of  cotton,  on  which  a 
very  thin  layer  of  the  dark  violet  colour  is  brought,  is  immediately  coloured  green  by 
aniline  hydrochloride,  oven  in  presence  of  excess  of  aniline.  A  piece  of  cotton 
moderately  coloured  with  aniline  black  is  a  good  test  for  the  presence  of  free  acids  or 
alkalis,  and  the  same  piece  may  be  used  several  times  without  losing  its  colour. 
When  turned  green  by  an  acid,  it  should  be  well  washed  with  distilled  water,  when  it 
will  bo  found  to  change  quickly  to  violet,  in  presence  of  an  alkaline  solution  as  weak  as 
that  found  in  spring  water.  The  black-green  body  (not  previously  treated  with  alka- 
lies) treated  with  concentrated  suli^huric  acid,  gives  off  hydi-ochloric  acid  gas,  and 
yields  a  violet  solution,  which  on  evaporation  leaves  a  black-green  residue,  doubtless 
the  sulphate. 

Action  of  various  Metals  in  the  Production  of  Aniline  Black. — The  presence  of  copper 
in  some  form  has  hitherto  been  regarded  as  essential  to  the  formation  of  aniline- 
black  ;  indeed,  all  black  colours  believed  to  be  formed  in  the  ordinary  processes  without 
the  aid  of  copper  are  said  to  owe  their  formation  to  its  presence  in  the  vessels  in  which 
they  are  prepared,  or  in  the  rollers  employed  in  printing.  Mere  traces  of  copper  are 
sulficiont  to  produce  a  black  colour,  but  the  presence  of  this  metal  in  some  quantity 
is  generally  regarded  as  indispensable.  Cupric  sulphate  was  first  used,  but  for  various 
reasons  was  subsequently  replaced  by  the  sulphide. 

Lightfoot,  however,  finds  that  the  copper  in  this  preparation  niny  bo  rcjilaccd  by  a 
few  other  metals.  A  mixture  of  basic  aniline  hydrochloride  ami  nm iii--iiiinii  chlorate, 
thickened  with  starch,  was  printed  by  a  wooden  roller  on  well  Mr;irli,M|  ,-.ii[oii,  and 
whilst  the  fabric  was  still  damp,  the  following  metals  were  broTif:lil  in  rmilact  with  it 
and  allowed  to  remain  so  for  15  minutes  :— Copper,  iron,  vanadium,  ur.iiiium,  iiiekel, 
lead,  zinc,  antimony,  tin,  manganese,  chromium,  bismuth,  arsenic,  I  ii  ,iiiiiiiii.  iimgsten, 
cadmium,  telliu'ium,  molybdenum,  mercury,  silver,  gold,  plntinum,  nilladium, rhodium, 
iridium,  aluminium,  osmium,  cnb.ill.  nil lu  iiium,  tlialliuin,  iii.iLnicsium,  lithium, 
lanthanum,  didymium,  erbium,  ylli'iiiiu,  srii  niuin,  taiituhini,  nioljiiiin.  After  this, 
the  fabi'ic  was  hung  up  in  a  warm  .■iiid  damp  place  for  12  hours,  and  then  passed 
tltrough  an  alkaline  bath.  The  result  was  that  the  best  black  was  obtained  with 
vanadium,  next  with  copper,  then  with  uranium,  and  lastly  with  iron.  All  other 
metals  give  either  very  little  colour,  or  none  at  all.     A  sovereign  and  a  shilling 
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previously  found  to  liavo  no  effect,  were  shaken  in  a  bag  ■with  some  copper  coins,  and 
then  placed  in  contact  with  the  piece  of  cotton,  when  the  sovereign  produced  a  grey, 
and  the  shilling  an  almost  black  tint  {Bingl.  polyt.  J.  cciii.  483). 

Dyeing  of  Cotton  Fabrics  with  Anilinc-hlack  (J.  Persoz,  Bidl.  Soc.  Med.  de 
jMulkoiise,  xlu.  47;  Bingl.  polyf.  J.  cciv.  491). — In  dyeing  these  fabrics  black  by 
immersion  in  a  bath  of  potassium  dichromate  and  an  aniline  salt,  considerable  diffi- 
culty has  been  experienced  in  regulating  the  strength  of  the  solutions  so  as  to  produce 
a  uniform  tint.  If  the  solutions  are  too  dilute,  no  black  is  obtained ;  if  they  are  too 
strong,  it  is  precipitated  in  the  bath  instead  of  on  the  fabric :  and  if  to  retard  the 
precipitation  the  solution  is  cooled  to  0°,  aniline  chromate  crystallises  out  and  makes 
spots  on  the  cloth  ;  and  when  the  influence  of  the  low  temperature  is  removed  there 
is  danger  of  the  cloth  taking  fire  in  the  neighbourhood  of  these  spots  from  the  reac- 
tion between  the  elements  of  the  chromate  and  the  organic  matter. 

These  difficulties  may  be  overcome  by  sprinkling  the  solutions,  either  successively 
or  together,  on  the  cloth,  by  means  of  a  horizontal  brush  made  to  move  quickly  up  and 
down,  the  cloth  being  tightly  stretched  and  passed  under  it  at  a  uniform  rate.  In 
working  in  this  manner  the  production  of  the  black  cannot  take  place  till  the  solutions 
are  intimately  mixed  in  the  cloth  and  the  latter  is  well  soaked  with  the  mixture. 

The  aniline  salts  best  adapted  for  the  purpose  are  the  acid  sulphates,  nitrates,  and 
hydrochlorides  ;  *  neutral  salts  do  not  give  a  good  result ;  neither  can  the  acetate, 
oxalate,  or  any  other  organic  salt  be  used.  The  acid  sulphates  give  a  reddish  black, 
whilst  the  hydrochlorides  and  nitrates  give  a  black  with  violet  or  blue  lustre.  A 
mixture  of  equal  volumes  of  the  disulphate  and  dihydrochloride  gives  very  good 
results.  The  dichromate  must  be  used  in  rather  strong  solution,  not  less  than  80 
grams  to  the  litre. 

The  method  above  described  gives  first  a  dark  green  colour,  which  changes  to  pure 
black  when  the  cloth  is  washed  in  water,  and  then  passed  through  a  hot  soap-bath. 
By  printing  the  cloth  with  resins  or  fats  previous  to  dyeing,  white  patterns  on  a 
black  ground  may  be  obtained. 

Lauth  (Moniteur  scientifique,  xi.  600 ;  Bull.  Soc.  Chim.  [2]  xix.  437)  has  invented  a 
process  for  dyeing  and  printing  all  vegetable  and  animal  substances  with  aniline- 
black.  Cotton,  linen,  hemp,  wood,  &c.,  are  first  mordanted  with  a  manganous  salt, 
then  passed  through  a  bath  of  caustic  soda,  and  afterwards  treated  with  chloride  of 
lime  to  peroxidise  the  precipitated  manganous  oxide.  The  mordanted  fibre  is  then 
washed,  and  immersed  in  a  bath  of  1  litre  of  water,  50  grams  of  aniline,  and 
100  grams  of  hydrochloric,  or  150  of  sulphuric  acid.  The  green  colour  at  fijst 
produced  is  changed  by  treatment  with  alkalis  or  soap  to  a  deep  black,  which  may  be 
further  intensified  by  treatment  with  potassium  dichromate  or  with  salts  of  copper, 
chromium,  or  mercury,  especially  with  a  mixture  of  potassium  chlorate,  copper 
sulphate,  and  sal-ammoniac  (1  gram  of  each  to  the  litre).  Lastly,  the  dyed  material 
is  washed  with  water  and  boiled  with  soap. 

On  wool,  silk,  leather,  hair,  feathers,  ivory,  &c.,  the  precipitate  of  manganic  oxide 
is  produced  by  immersion  in  a  solution  of  alkaline  manganate  or  permanganate,  the 
remainder  of  the  process  being  the  same  as  above  described.  By  varying  the  concen- 
tration of  the  mordants  and  of  the  dye-bath  to  which  also  other  bases,  such  as  tolui- 
dine,  cumidine,  naphthylamine,  may  be  added,  grey-blue  and  brown-violet  tints  may 
be  produced. 

This  process  gives  fine  permanent  blacks,  but  the  mordanting  is  somewhat  trouble- 
some, and  the  black  rubs  off  a  little. 

Gonin  a.  Glanzmann  {Monais.  sci.  xi.  302),  employ  the  following  mixture  for 
printing  a  pure  black  on  silk  and  wool: — 1000  grams  of  gum-solution  ;  100  potassium 
chlorate;  100  sal-ammoniac;  250  aniline  hydrochloride  ;  125  aniline  nitrate  of  50° 
Bm.  If  the  thickening  material  be  partly  or  wholly  omitted,  the  mixture  may  be 
used  for  dyeing. 

Aniline  Blue  for  Printing:.  A  blue  paste  for  printing  may  be  prepared  by 
mixing  100  grams  of  starch  with  a  litre  of  water,  and  adding  to  it  while  warm  40  grams 
of  potassium  chlorate,  3  to  4  grams  of  ferrous  sulphate,  and  10  grams  of  sal-ammoniac. 
The  well-mixed  paste,  when  quite  cold,  is  mixed  with  70  grams  of  aniline  hydi-ochloride, 
or  an  equivalent  quantity  of  the  tartrate,  and  immediately  used.  The  printed  goods 
are  oxidised,  then  passed  through  warm  or  faintly  alkaline  water,  whereby  the  blue 
colour  is  developed  (Blumer-Zweefel,  Dingl,  polyt.  J.  ccii.  103). 

*  The  recommendation  of  acid  salts  Is  contrai'y  to  the  experience  of  Lightfoot,  who  used  basic 
salts  (vide  sup.).  As  no  copper  salt  is  added  in  the  process  of  Perso?;,  it  is  possible  that  the  use  of 
tlie  fi'ee  acid  may  be  to  talte  a  trace  of  copper  from  the  vessels,  &c.,  with  which  the  solutions  come  in 
contact. 
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Sulpboacids  of  AnUine  Blue.  (Bulk,  Dcut.  Clwm.  Gcs.  Ber.  y.  417.)  Four 
clifFcruut  acids  are  obtained  by  tlie  action  of  strong  sulphuric  acid  on  aniline  blue, 
viz. : — 

1.  THphenylrosaniline^7nonosulphonic  acid,  C-''H'«(C°ff)'.(C''H'S03H)N',  is  formed 
by  dissolving  triphenylrosaniline  hydrochloride  in  strong  sulphuric  acid  and  heating 
the  solution  for  live  or  six  hours.  On  adding  water,  the  sulpho-acid  is  obtained  as  a 
dark  blue  bulky  precipitate,  which,  when  dried  at  100°,  appears  as  small  grains 
having  a  metallic  lustre : 

C-»H'=(C»ff)^N3  +  H^SO'  =  C-''H"=(C'*H=')^(C'5H'SO^H)N3  +  H=0. 

This  acid  forms  with  the  alkalis,  salts  which  are  easily  soluble  in  water;  with  the 
earths  and  heavy  metals,  sparingly  soluble  salts.  The  sodium  salt  C-'°H'"(C°H^)-. 
(C''H''S0'Na)N5  is  known  as  '  Nicholson's  blue.'  It  is  obtained  perfectly  pure  by 
digesting  the  acid  with  a  quantity  of  soda-ley  not  quite  sufficient  for  saturation, 
filtering  the  solution,  and  evaporating.  Dried  at  100°,  it  forms  a'grey-black  amorphous 
mass,  which  dissolves  easily  and  with  blue  colour  in  hot  water. — The  ammonium  salt 
obtained  by  dissolving  the  acid  in  ammonia,  gives  off  a  large  quantity  of  ammonia 
when  evaporated  over  the  water-bath,  and  the  residual  colouring  matter  effloresces  in 
rolled-up  feathery  masses,  which  move  briskly  about  after  drying,  probably  in  conse- 
quence of  a  change  of  crystalline  form. 

The  solutions  of  triplienylrosaniline-monosulphonates  are  but  faintly  coloured  ; 
the  colour  comes  out  with  great  intensity  on  acidulating  the  solution.  If  the 
solution  is  acidulated  with  acetic  acid  in  the  cold,  the  colouring  matter  remains 
unaltered ;  but  it  is  precipitated  by  acetic  acid  from  hot,  and  by  mineral  acids  like- 
wise from  cold  solutions.  Wool  dipped  into  the  hot  aqueous  solution,  especially  if 
borax  or  water-glass  be  added,  extracts  the  salts  in  the  colourless  state,  and  holds 
them  so  fast  that  they  cannot  be  washed  out  by  water  ;  but,  on  dipping  the  wool  thus 
prepared  into  an  acid,  the  salt  is  decomposed  and  the  colouring  matter  is  set  free, 
with  its  full  lustre  and  great  tinctorial  power. 

Under  the  influence  of  reducing  agents,  the  triphonylrosaniline-sulislionatcs  are 
easily  converted  into  the  corresponding  leucaniline.  Thus,  on  digesting  the  sodium- 
salt  with  excess  of  ammonium  sulphide  for  two  hoiu's  at  100°,  and  adding  hydrochloric 
acid,  leucaniline  is  separated  as  a  white  flocculent  precipitate,  easily  soluble  in  acids 
and  in  alcohol,  and  reconverted  by  oxidising  agents  into  the  original  compound. 

2.  Tnphent/lrosaniline-disidphonic  acid  is  always  obtained,  together  with  the  tri- 
sulphonic  acid,  when  a  solution  of  triphenylrosaniline  hydrochloride  is  digested  at 
60°  for  five  hours  with  a  sixfold  quantity  of  sulphuric  acid.  On  pouring  the  solution 
into  water,  the  greater  jsart  of  the  colouring  matter  is  precipitated  in  blue  flocks  con- 
sisting mainly  of  the  disulphonic  acid,  whilst  the  trisulphonio  acid  remains  dissolved, 
forming  a  liquid  of  fine  blue  colour. 

The  disulphonic  acid  is  slightly  soluble  in  water,  insoluble  in  acid  liquids.  Its 
salts  are  more  soluble  than  those  of  the  monosulphonic  acid,  less  soluble  than  those 
of  the  sulphonic  acids  of  higher  orders.  Those  of  the  alkali-metals  are  easily  soluble 
in  cokL water.  The  sodium-salt  is  known  commercially  as  '  soluble  blue.'  Those  of 
tlie  alkaline-earth-metals  and  heavy  metals  are  mostly  slightly  soluble  blue 
precipitates. 

Tripkeni/lrosaniline-irisulphonic  acid  is  precipitated  on  adding  hydrochloric  acid  or 
common  salt  to  the  blue  liquid  filtered  from  the  disulphonic  acid,  in  a  mass  of  fine 
flocks.  It  is  soluble  in  water  and  alcohol,  and  forms  easily  soluble  salts  with 
alkalis. 

Triphcnylrosaniline-tetrasuljy'honic  acid,  the  highest  sulpho-acid  of  the  series,  is 
obtained  by  digesting  aniline  blue  in  ten  times  its  volume  of  fuming  sulphm'ic  acid 
at  140°  for  some  hours.  The  product,  poured  into  water,  forms  a  deep  blue  solution, 
from  which  the  excess  of  sulphuric  acid  may  be  removed  by  lead  carbonate.  The 
filtrate  evaporated  to  dryness  leaves  the  lead-salt  of  the  tetrasulphonic  acid,  which, 
when  purified  liy  solution  in  a  small  quantity  of  water,  precipitation  with  alcohol, 
and  drying  at  100°,  has  the  composition  C^''H'"(C«H5)[C''II3(S05)2Pb]-N^ 

The  acid  dissolves  easily  in  water,  forming  a  blue  liquid,  which  dries  up  in  the 
water-bath  to  a  metallically  lustroiis  amorphous  mass  :  the  salts  which  it  forms  with 
the  alkalis  are  easily  soluble  in  water,  and  dissolve  with  brown-red  colour  in  excess 
of  the  alkali.  Even  the  heavy  metal  salts  are  moderately  soluble  in  water  :  the  silver 
salt  decomposes  on  boiling,  with  deposition  of  a  silver  speculum.  Most  of  these  tetra- 
sulphonates  are  precipitated  by  alcohol  from  their  aqueous  solutions.  Silk  immersed 
in  the  alkaline  or  neutral  solution  removes  the  colouring  matter  with  difficulty,  from 
tlie  acidulated  solution  with  moderate  facility. 

The  Sulpha-acids  of  tlie  Aniline-violets  (mono-   and  di-phenylrosaniline)  are 
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obtained  in  a  similar  manner  to  those  of  aniline-blue,  to  wliich  they  are  closely 
analogous  in  physical  and  chemical  properties ;  but  thoy  are  somewhat  more  difficult 
to  prepare.    A  monosulphonic  acid  of  cthylphenylrosanilhie  has  also  been  obtained. 

iiniiine  Orey  is  prepared  by  prolonged  heating  of  1  part  of  aniline  with  5  paa-ts 
liquid  arsenic  acid  (?  anhydride).  The  crude  product  is  treated  with  a  boiling  mixture 
of  20  parts  water  and  5  parts  hydrochloric  acid,  then  filtered,  and  the  undissolved 
portion  is  washed  with  water,  then  with  dilute  solution  of  sodium  carbonate.  The 
dry  colouring  matter  is  dissolved  in  alcohol  mixed  with  f^th  part  of  sulphuric  acid; 
Wool  or  silk  may  bo  coloured  directly  by  very  small  quantities  of  it  (Bloch,  Moniteur 
scientijique,  xi.  71). 

Aniline  Xacquers.  F.  Springmiihl  {Bingl.  folyt.  J.  c.c.  224)  prepares  these  lacquers 
by  mixing  alcoholic  solutions  of  various  resins  with  suitable  aniline  salts  possessing 
the  requisite  tinctorial  power.  Bleached  shellac,  mixed  in  some  cases  with  other 
resins,  is  dissolved  in  spirit  containing  90-95  per  cent,  of  real  alcohol,  by  allowing 
the  powdered  resin  to  digest  at  a  gentle  heat  in  close  vessels  for  about  2-t  hours 
before  filtering  through  asbestos.  l3ilute  solutions  are  concentrated  on  a  water-bath. 
Sandarac  added  in  small  quantity  increases  the  elasticity  and  durability  of  the  lacquer, 
and  oil  of  turpentine  increases  its  lustre.  Other  resins  are  sometimes  added,  accord- 
ing as  they  suit  the  colours.  A  concentrated  alcoholic  solution  of  the  colour  is  pre- 
pared separately,  and  added  to  the  lacquer  just  before  it  is  used.  The  objects  to  be 
covered  with  coloured  lacquers  should  bo  bright  and  clear,  and  not  too  thick.  Mica 
is  treated  in  its  settings,  and,  like  glass,  previously  heated  to  about  30°  C,  to  cause  it 
to  receive  an  uniform  lacquer. 

Aniline-violet  is  dissolved  in  the  strongest  alcohol ;  a  few  drops  of  acetic  acid  are 
added,  and  the  whole  gently  heated  with  the  alcoholic  solution  of  the  resin,  so  as 
not  to  produce  any  turbidity.  The  intensely  coloured  solution  of  the  lacquer  is  then 
placed  on  the  warm  glass  or  mica,  and  is  left  to  dry  in  a  warm  place  (20°  to  25°  C), 
till  a  clear  and  smooth,  but  intensely  coloured  coating  has  been  formed  on  it,  which 
is  not  affected  by  water  or  air. 

Aniline-yellow,  when  transferred  in  like  manner  on  transparent  objects,  lacks 
intensity.  This  can  only  be  supplied  by  repeated  coiitiirgs,  generally,  however,  at  the 
expense  of  uniformity. 

Aniline -blxLo  may  be  prepared  in  several  ways.  By  boiling  a  shellac  solution  con- 
taining magenta  with  sodium  carbonate,  a  blue  lacquer  is  obtained,  which  is,  however, 
little  suitable  for  covering  glass  or  mica,  as  the  lacquer  shrinks  on  drying,  owing  to 
the  sodium  carbonate  retaining  water.  A  shellac  solution  containing  magenta,  when 
gently  heated  on  a  glass  plate,  likewise  turns  blue,  but  the  transparency  is  impaired 
by  numerous  small  blisters  ;  and  it  is  best  to  use  pure  commercial  aniline-blue  dis- 
solved in  the  lacquer,  whenever  it  is  desired  to  coat  delicate  articles,  such  as  spectacles 
and  other  glasses,  with  a  fine  blue  film. 

Magenta  produces  with  shellac  a  brilliant  and  perfectly  transparent  red,  provided 
it  has  not  to  be  exposed  to  a  high  temperature ;  the  colour  acquires  considerable  con- 
sistency by  an  admixture  of  gum-arabic.  It  is  likewise  recommended  to  employ 
alcoholic  solutions  of  other  resins,  such  as.  sandarac,  Venice  turpentine,  &c. 

Zinaniline,  prepared  from  magenta  by  the  action  of  nitrous  acid,  is  employed  in  a 
similar  manner  for  the  production  of  yellow  lacquers  on  account  of  its  solubility  in 
alcohol.    It  cannot,  however,  be  heated  above  100°  C. 

Aniline-gTeen  dissolved  in  alcohol,  and  added  in  moderate  quantities  to  the  lacquer, 
produces  a  bright  lustrous  and  permanent  covering ;  coralline,  a  lacquer  acted  upon  by 
light.  Emeraldine  and  ethylrosaniline-green  should  be  dissolved  just  before  being 
brought  together  with  the  concentrated  lacquer. 

Nearly  all  aniline  colours  may  thus  be  employed  for  lacquers,  provided  they  are 
pure  enough,  and  do  not  contain  too  much  water.  They  are  for  the  most  part  tetter 
suited  than  extracts  of  dye-woods  and  other  colouring  matters,  such  as  indigo,  &c. 
Eemarkably  fine  colours  were  obtained  on  glass  and  mica  by  employing  solutions  of 
gun-cotton  in  ether  mixed  with  a  little  alcohol,  and  coloured  by  means  of  small 
quantities  of  aniline  dyes.  They  leave  on  evaporation  transparent  layers,  propor- 
tionate in  thickness  to  the  concentration  of  the  solutions  employed.  The  coating  is 
rendered  more  elastic  by  the  addition  of  a  little  oil  of  turpentine,  and  when  put  on 
cold  glass  plates  can  be  detached  readily  and  in  a  compact  form.  These  coloured 
collodium  skins  may  be  cut  into  various  shapes  and  figures,  and  fixed  firmly  by  means 
of  a  little  colourless  gum  to  different  transparent  objects.  Partially  etched  glass  or 
mica  may  likewise  be  coated  over  with  coloured  lacquers,  the  etched  portions  becoming 
translucent,  the  others  transparent.  In  case  of  failure,  the  lacquer  can  be  easily 
removed  by  means  of  the  respective  solvents  for  the  resins. 

Mixtures  of  aniline  colours  and  resins  in  alcoholic  solution  may  bo  used  for 
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col -.uring  paper,  leather,  linen,  &c. ;  but  an  easily  soluble  bike  must  be  omployocl. 
and  for  equal  .^bulks  of  alcohol  used  in  dissolving,  much  less  of  the  resin  containing 
the  lake  must  be  taken.  The  colour  may  be  applied  to  the  paper  as  a  pigment, 
or  the  paper  may  be  soaked  in  the  solution  and  hunc,-  up  to  dry  (Springmiihl,  ibid. 
ccii,  382). 

ASffEMAEi  OKGAUSSISffi.  On  tho  utilisation  of  certain  inorganic  coustitueuts 
in  the  animal  body,  soo  iNuteition. 

ASJZHSASi  PROTsiuS*    See  PnoTEiDS. 
STASSCH.    See  Stakcii. 

AWSB2iS.Si  STJBSTASrCES.  On  the  incineration  of  animal  substances,  see  Ash. 

On  the  question  ivhotlicr  phosplioretted  animal  substances  give  off  phosphorotted 
hydrogen  during  putrefaction,  see  Puteefaction. 

ABT2.SHTB:Kii23'SS.i:2SB,C"H'^NO  =  C«H'  |  en^^  C»H"  isomeric  with  mothyl- 
salhydranilido  (soo  Salicylol),  is  obtained  by  mixing  anisic  aldehj-de  with  aniline. 
The  mixture  is  clear  at  first,  but  soon  becomes  turbid,  and  separates  into  water 
and^a  lower  layer,  which  when  freed  from  excess  of  aniline,  forms  a  yellow,  scent- 
less, tasteless,  neutral  oil,  solidifying  after  several  weeks  to  golden-yellow,  fatty 
crystals  of  anishydrauilide,  easily  soluble  in  alcohol,  etlicr,  and  benzene  (Schiflf,  Ann, 
Ch.  Pharm.  cl.  193). 

ACID,  G^WOK—Mcthyl-amidanisic  acid,  C'H"NO'  =  C^H'(NH.CH')0^ 
isomeric  with  tyrosine,  is  formed  by  the  action  of  methyl  iodide  on  amidanisic  acid. 
It  crystallises  in  slender  white  needles,  sparingly  S(jluble  in  water,  ether,  and  cold 
alcohol,  but  freoly  soluble  in  hot  alcohol ;  melts  above  200°.  It  unites  with  hydro- 
chloric acid,  forming  tho  compound  CH'^OMICl-i-II^O,  which  crystallises  in  very 
small  narro-vv  plates,  ,< freely  soluble  in  cold  water  and  in  hot  hydrochloric  acid, 
sparingly  in  cold  hydrochloric  acid.  The  silver  salt  is  a  white  granxilar  precipitate 
(Griess,  Deut.  Cliem.  Ges.  Ber.  v.  1042). 

OntheActionof  Ammonia  on  Nitrcmisic  Acid,  seo  Amidobenzoic  Acid  under  Benzoic 
Acid. 

AUISIC  AS.COHOS.,  C''H"'0-  =  C«H'j^^!^^jj.— The  following  directions  for 
obtaining  tliis  alcohol  in  tho  pure  state  arc  given  by  Cannizaro  {Gas::ctta  cJiiinica 
italiaiia,  ii.  61).  Anisic  aldehyde — prepared  by  Eossel's  method  {\st  Sujipl.  172),  and 
piu-ified  by  combining  it  with  acid  sodium  sulphite  and  decomposing  the  resulting 
compound  with  potassium  carbonate,  is  mixed  -vvith  three  volumes  of  alcohol  and  four 
or  fivo  volumes  of  concentrated  alcoholic  solution  of  potash,  and  allowed  to  stand  for 
some  hours.  When  the  mixtm-e  has  become  solid,  water  is  added,  and  the  alcohol 
removed  by  careful  distillation  in  a  current  of  steam.  The  residue,  w'lien  cold, 
deposits  an  oily  layer  of  impure  anisie  alcohol,  the  clear,  supernatant  liquid  consisting 
of  an  aqueous  solution  of  pDla^sium  liydrate  and  anisic  alcohol,  from  which  tho  latter 
may  be  removed  by  agitation  with  ether.  The  residue  left  on  evaporating  the  ethereal 
solution  yields  anisic  alcohol  when  submitted  to  fractional  distillation,  the  portions 
which  come  over  between  250°  and  260°  being  collected  apart.  The  first  portions  which 
come  over  should  be  tested  with  acid  sodium  sulpliito,  and  if  they  give  indication  of 
the  presence  of  anisic  aldehyde,  must  lie  again  submitted  to  tho  action  of  alcoholic 
potash.  The  alcohol,  when  imi-itied  l,y  careful  fractional  dihl  illiit  i'ln.  melts  at  24° 
to  26° ;  by  repeated  distilLit  inn.  liia\'ever,  it  becomes  oxidisdl  and  reconverted  into 
anisic  aldehyde.  Long  contact  with  alcoholic  potash  at  an  elevate<l  l(^niperature  pro- 
duces a  change  in  this  alcohol  similar  to  that  which  benzylic  alcohol  undergoes,  a 
methylated  cresol  being  formed,  whose  boiling  point  is  174°. 

Methyl-salicylic  alcohol,  CH^O-,  isomeric  with  anisic  alcohol,  is  prepared  from 
saligenin,  C'H^.CII-OII.OII,  by  adding  to  it  a  molecule  of  potassium  hydrate  dis- 
solved in  methylic  alcohol,  and  subsequently  digesting  the  mixture  with  methylic 
iodide.  AVhen  tho  action  is  terminated,  an  aqueous  solution  of  potash  is  added  and 
the  methylic  alcohol  removed  by  distillation  ina  current  of  steam;  the  mothylsalicylic 
alcohol  can  then  be  extracted  from  tho  residue  by  agitating  it  with  ether.  The  imptire 
alcohol  left  on  the  evaporation  of  the  ethereal  solution  is  submitted  to  fractional 
distillation,  collecting  apart  tho  portion  boiling  at  about  240°. 

The  boiling  point  of  anisic  alcohol  at.  a  pressure  of  760-3  mm.  reduced  to  0°,  is 
258'8°  (corrected),  and  that  of  mothylsalicylic  alcohol,  247'5°  (corrected)  under  a 
yiressure  of  765-0  mm.  Anisic  alcohol  when  free  from  moisture  melts  at  25°,  and 
has  a  density  of  1-10934  at  25-85°,  and  1-05067  at  99-93°.  Methylsalieylio  alcohol 
maintains  its  transparency  when  surrounded  by  a  bath  of  solid  carbonic  anhydride 
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and  ether,  but  gradually  thickens  and  becomes  semifluid:  in  one  experiment  it 
solidified.    Its  density  is  1-389  at  0°  and  1-0532  at  100°. 

The  indices  of  refraction  of  these  two  isomeric  alcohols  have  been  determined  by 
Blaserna  {ibid.  69),  for  four  lines  of  the  spectrum,  at  the  temperatures  28°,  29°,  and 
30°.    The  follo\ving  table  exhibits  the  values  for  the  temperature  28°  : — 


C 

D 

b 

F 

Anisic  Alcohol : 

Sp.  gr.  1-10934  at  25-85°  . 
1-10890  „  27'15°  . 

1-53813 
1-53802 

1-54308 
1-54301 

1-56093 
1-55080 

1-55594 
1-65576 

Methyl-salicylic  Alcohol : 
Sp.  gr.  1-12009  at  23°  .  . 
1-12007  „  23°   .  . 

1-53951 
1-64046 

1-54440 
1-54634 

1-55201 
1-55310 

1-65703 
1-65796 

Denoting  the  indiies  of  refraction  at  a  given  temperature  by  n,  w',  and  the  densities 
by  d,  d,'  we  may  enquire  vhether  the  well-known  formula  of  Laplace : 

-  1  _  n'^  -  1 
d-d' 

holds  good  with  regard  to  these  issmeric  compounds. 

The  observations  on  the  first  portion  of  the  anisic  alcohol  and  the  second  portion 
of  the  methyl-salicylic  alcohol,  which  are  regarded  as  the  best,  give  : 

for  i!  =  25-85°,  <^=  1-10938;  «^'=  1-1176 
and  for  !;  =  28°  w'  =  1-54046  for  the  line  C. 

With  these  values  the  preceding  equation  gives  m  =  1-63717,  whereas  the  observed 
value  of  n  is  1 -538 13  ;  the.  small  difference  between  the  observed  and  calculated 
values  is  most  probably  duo  to  slight  impurity  in  one  or  both  of  the  alcohols. 

AZrXSXC  AZiDmHTBE,  C'ff02  =  C'=H'c:^^2Q^, is  rapidly  attacked  at  ordinary 

temperatures  by  phosphorus  penbichloride,  and  on  treating  the  product  with  water, 
the  original  aldehyde  is  reproduced  (L.  Henry,  ZeitscJir.f.  Ghcm.  [2]  vi.  208). 

When  1  mol.  anisic  aldehyde  and  2  mol.  acetamide  are  heated  together  for  some 
time  to  120°-180°,  and  the  yellow  crystallised  mass  which  forms  on  cooling  is 
washed  with  water  till  it  is  nearly  white,  and  then  recrystallised  from  boiling  water, 
the  compound  C'2H'WO-(  =  C^H»02  4- 2C-H*N0-H-0)  is  obtained  in  nodular  groups 
of  shining  needles,  melting  at  180°,  insoluble  in  alcohol  and  ether,  and  precipitated 
from  aqueous  solution  by  alcohol. 

Benzamide  and  anisaldehyde  yield  in  like  manner  the  compound  O^^H^N^O^,  which 
however,  must  be  recrystallised  from  alcohol,  since  it  is  insoluble  in  water  and  in 
ether.  It  likewies  forms  shining  needle-shaped  crystals  melting  at  192°.  Both  these 
compounds  are  decomposed  by  hydrochloric  acid,  -with  separation  of  anisic  aldehyde, 
but  they  are  not  altered  by  potash,  even  at  the  boiling  heat  (A.  Schuster,  Ann.  Ch. 
J?harm.  cliv.  80). 

AiriSOX.,  C'H«0=C'^H^(OCH').  Action  of  Ammonia  on  the  Nitro-anisols.— 
Dinitranisol,  C"H^(NO'^)=.OCH^,  heated  with  strong  aqueous  ammonia  in  sealed  tubes 
for  three  or  four  hours  to  110°-120°,  exchanges  the  group  OCH'  for  NH-,  and  is  con- 
verted into  a  dinitramidobenzene  or  dinitraniline,  C''H'(NO''')^NH-,  which  is  identical 
with  the  only  dinitraniline  hitherto  known,  inasmuch  as  both,  when  treated  -svith 
nitrous  acid,  yield  paranitrobenzene  melting  at  87°.  This  dinitraniline  has,  therefore, 
the  constitution  represented  by  the  formula : 

1       2     3   4     5  6 
C  NH^  N02  H  H  N02  W 

A  similar  structure  must  also  belong  to  dinitranisol,  dinitranisic  acid,  and  their 
derivatives :  dinitro-amidobenzoic  (chrysanisic  acid),  dinitroparaoxybenzoic  acid, 
tramidobenzoic  acid  and  triamidobenzene.  Moreover,  as  the  two  lateral  chains  in 
anisic  (methyl-paraoxybenzoic)  acid  undoubtedly  also  occupy  the  para-position,  it 
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follows  tlint  tho  bodi9S  <'ibo\ 

iiciitioiicd 

must  be 

rcproso 

llio  follow 

ng 

fonnulcG '. — 

C 

Dmitranisol 

OCH 

jSO- 

H 

H 

J' 
IsO- 

Dinitroanisic  acid 

OCH^ 

IsO- 

H 

CO^H 

NO^ 

H 

Clirysanisic  acid  . 

c- 

NH= 

H 

CO-H 

NO- 

H 

Dinitroparaoxybenzoic  acid 

OH 

N02 

H 

CO-H 

NO- 

H 

Triamidobenzoic  acid  . 

NH- 

NH- 

H 

CO=H 

XH- 

H 

Ti-iamidobenzene , 

NH- 

NH- 

H 

H 

NIP 

H 

Tlie  dinitranisol  above  mentioncil  is  i  .isily  coiivortod  by  tho  action  of  a  mixtiivo  of 
nitric  and  sidphiu-ic  acids  into  trin  ii  immismI,  ( '"11^(^0^)^0011^  identical  with  that 
Avhich  is  -well  known  as  methyl  pir;,ii(  ,  inasimu'h  as  it  is  converted  by  potash  into 
picric  acid  and  by  ammonia  into  picraniidc,  which  may  also  be  formed  by  the  action 
of  ammonia  on  picryl  chloride. 

Now  whichever  of  the  three  hydrogen-atoms  in  tho  dinitranisol  may  be  replaced  by 
the  group  NO^,  it  is  clear  that  tho  three  nitro-groups  in  the  resulting  trinitranisol 
must  stand  in  relative  positions  which  may  be  denoted  by  1  :  2  :  4,  and  the  same  must 
bo  true  respecting  the  three  nitro-groups  in  picric  acid  (H.  Salkowski,  Bcut.  Chcm. 
Gcs.  Be:  V.  872). 

ASriSOSriXRI^,  C'H'NO   =  CH^I^^^'CL.  Henry,  Zeitschr.  f.  Chcm.  [2] 

vi.  209).  Produced:  1.  By  dehj'dratlon  of  anisamido  under  the  influence  of  heat. 
Anisamide  melts  at  137°-138°,  and,  when  quickly  heated  in  a  small  tubulated  retort, 
distils  gradually  and  almost  without  decomposition  at  about  295°,  and  sublimes  in 
broad  laminae  ;  but,  if  heated  for  some  time  above  its  boiling  point,  it  is  partly  con- 
verted into  anisonitril,  which  distils  over,  more  or  less  mixed  with  unaltered  anisamide ; 
tho  two  bodies  may  be  separated  by  ether,  which  easily  dissolves  the  nitril.  2.  By 
the  action  of  penta sulphide,  or  pcntacliloride,  of  phosphorus  on  the  amide.  A  mixture 
of  anisamide  with  the  pentachloride  is  distilled  in  a  small  tubulated  retort  passing 
into  a  condensing  tube  and  provided  with  a  thermometer.  The  reaction  begins  at 
ordinary  temperatures  ;  and  on  distilling  the  mixture,  phosphorus  oxychloride  passes 
over  first,  the  temperature  then  rising  quickly  to  250°-255°,  where  it  remains 
constant,  and  a  colourless  liquid  passes  over,  whicli  solidifies  in  the  condensing  tube 
to  a  white  crystalline  mass. 

Anisonitril  separates  from  solution  in  ether  in  shining  crystals,  1-2  centimeters 
long,  and  apparently  consisting  of  oblique  rectangular  prisms.  It  has  a  pungent 
odour,  dissolves  very  easily  in  ether,  is  soluble  also  in  alcohol,  carbon  sulphide,  and 
paraffin  oils,  insoluble  in  cold  water,  but  moderately  soluble  in  hot  water,  from  which 
it  separates  on  cooling  in  the  form  of  small  needles.  It  melts  a  t  o6°-67°  to  a  colour- 
less transparent  liquid,  which  solidities  on  cooling  to  a  hard,  brittle,  crystalline  mass; 
boils  without  decomposition  under  the  ordinary  atmospheric  pressure  at  253°-254°. 
Heated  in  a  sealed  tube  to  120°-130°  with  a  moderately  concentrated  solution  of 
caustic  potash,  it  is  converted  into  anisic  acid  (melting  at  175°).  Fuming  nitric  acid 
acts  on  it  very  violently,  converting  it   into   nitro-anisonitril,  C''H^(NO-) 

{cN^  '  ^^■^^'^'^  crystallises  from  alcoholic  solution  in  small  nacreous  needles,  insoluble 

in  water,  soluble  in  alcohol,  especially  when  hot,  also  in  ether  ;  melting  at  149°-150°, 
and  volatili.sing,  wlien  heated  a  little  above  its  melting  point,  in  thin  transparent 
lamiu;e. 

A^XSITRAMXC  A.CXB,  Cn'oN-'O',  is  obtained  on  mixing  the  cold  saturateil 
solutions  of  potassium  cyanate  and  liydvorlibii-ide  of  amidauisic  acid,  as  a  white 
amorphous  precipitate;  it  is  nearly  iMsulnlil,'  in  cold  water,  dissolves  in  about  2,000 
parts  of  boiling  "water,  and  sepai-ntcs  ilu  ri  lVom  in  delicate  white  needles.  The 
calcium  salt  Ca(C»H'N-0')'-  +  7H-0  is  precipitated  in  stellate  groups  of  white  needles 
on  mixing  tho  boiling  ammoniacal  solution  of  tho  acid  with  calcium  chloride 
(Mcnschutkin,  Ann.  Ck.  Pharm.  cliii.  83). 

AKORTKXTB.    Sec  Felspar. 

AUTHBACEWAI«XWB,  C"H»N  =  CH^NH^)  (Phipsou,  Chcnicd  Ncivs, 
xxvii.  97).  -V  bas(.'  nlitaincd  by  treating  mouonitroaiithraccnu  with  tin  and  hydro- 
c  hlfirir  acid.  The  immediate  product  of  the  reaction  is  a  compound  of  authraconamino 
liydrocldoridc  with  tin  chloride,  from  which  the  base  may  be  separated  by  potash, 
whirh  dissolves  out  the  tin  ;  the  operation  must,  ho-wevcr,  be  repeated  to  get  rid  of 
I  he  t  in  completelj'.- 

Anthracenamine  is  a  pale  yellow  powder,  forming  soluble  and  crystallisablo  salts 
with  sulphuric  and  hydrochloric  acids.    It  is  very  solul'Ie  in  alcohol,  but  slightly 
27id  SujJ.  G 
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soluble  in  water ;  its  odour  is  very  slight,  and  its  taste  hot,  pungent,  and  persistent, 
very  like  that  of  the  unknown  suljstance  which  exists  in  the  Ancm  inaculatum.  It  is 
easily  decomposed.  Its  acid  salts  produce  with  potassium  dichromate  a  characteristic 
emerald-green  colour,  and  finally  precipitate  a  powder  of  this  colour  which  is  soluble 
in  alcohol.  This  solution  presents  no  marked  peculiarity  when  viewed  in  the  spectro- 
seoxjc.  The  reaction  is  as  characteristic  of  anthiacenamine  as  the  blue  colour  produced 
in  similar  circumstances  is  of  naphthylamine.  It  is  not  obtained,  however,  with 
lead  peroxide  or  with  calcium  hypochlorite,  but  it  is  obtained  with  concentrated 
nitric  acid. 

AIirTKRAC£:3rEi,  CH'".  Formation. — 1.  The  formation  of  anthracene  from 
dibcnzyl  (Ist  Sirppl.  176),  is  accompanied  by  that  of  a  hydrocarbon,  C'''H",  boiling  at 

about  280°,  which  has  hitherto  been  regarded  as  dibenzyl,  C«H^|^|['''^^-^"'^'-'"-^')^" 

Van  Dorp,  however,  has  shown  {Bent.  Clicm,  Ges.  Ber.  v.  1070),  that  when  oxidised 
by  potassium  dichromate  and  sulphuric  acid,  it  yields  benzoyl-benzoic  acid, 
C«ff (C'H50).C0--H ;  hence  it  must  consist  of  benzyl-toluene,  C«H-\CH-[C«ff(Cff)]  : 

i  I 
CH-  CO 

•      I  I 
C«H'  C«H^ 

I  ! 

Off  COOH 
Benzyl-toluene.  Benzoyl- benzoic  acid. 

Now,  when  this  hydrocarbon,  obtained  as  above,  is  passed  over  red-hot  pumice,  it  is 
resolved  into  free  hydrogen  and  anthracene : 

C"H"  =  C>*H"  H-  2H=; 

and  the  same  result  is  obtained  when  benzyl-toluene,  prepared  by  Zineko's  method, 
viz.,  by  heating  a  mixture  of  benzyl  chloride  and  toluene  ^vith  zinc-dust  (see  BE>rzYL- 
toluene),  is  treated  in  a  similar  manner.  The  anthracene  condensed  in  the  receiver 
is  saturated  with  unaltered  benzyl-toluene,  which  may  be  separated  by  draining  and 
pressure,  and  when  subjected  to  the  same  treatment,  yields  a  fvu-ther  quantity  of 
anthracene.  The  anthracene  thus  obtained  is  quite  pure,  and  agrees  in  every  respect 
with  anthracene  from  coal-tar.  The  quantity  obtained  in  the  first  operation  is  about 
10  p.  c.  of  the  benzyl -toluene. 

The  constitutional  formula  of  benzyl-  toluene,  obtained  by  Zineko's  process,  has  not 
been  exactly  determined ;  but  whichever  of  the  possible  isomerides  of  the  formuhi, 
C*ff.CH'.C"H'.CH\  maybe  supposed  to  represent  its  constitution,  it  is  impossible 
to  explain  the  formation  of  anthracene  from  it  by  elimination  of  hydrogen,  if  anthracene 
bo  supposed  to  have  the  constitution  originally  suggested  by  Graebe  a.  Liebermann 
{\st  8u]}pl.  214).  If,  however,  finthraccnc  be  represented  by  the  second  constitutional 
formula  proposed  by  those  chemists  {Ann.  Ch.  Pkar-m.  Suppl.  vii.  25-1),  its  synthesis 
from  benzyl-toluene  is  easily  explained,  supposing  the  latter  to  be  an  ortho-derivative 
(1  :  2)  of  benzene.    The  following  formula  may  represent  the  transformation  : 

-    H'    ==    mf  -^OH 


Eenzyl-tolueue.  Anthracene. 


Serthelot,  by  passing  toluene  vapour  through  a  red-hot  tube,  obtaiucd — besides 
Other  products — anthracene  and  a  liquid  liydrocarbon,  C'^II",  boiling  at  170°  ;  this 
was  doubtless  benzyl-toluene,  and  the  anthracene  was  produced  by  its  decomposition 
as  above. 

2.  Anthracene  is  formed  by  reduction  of  oxidised  organic  compounds  containing  tlio 
same  number  of  carbon-atoms:  a.  From  anthroquinone,  by  the  action  of  zinc- 
dust  in  presence  of  hydrochloric  acid  or  of  strong  potasli-  or  soda-Icy  at  tlic  boiling 
heat  (Bottger,  J.  jn:  Chem.  [2]  ii.  133). 

/8.  From  rufigallic  acid.  C"HsO^ 

C"H«0«  +  H-O  —  0»  =  Ci'ir", 
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Now.  rufigallic  acid  eontiiins  tlio  elements  of  2  mol.  gull!.;-  Cdinxysiilii^ylic)  ;iciJ, 
5?«;jz«  2  mol.  water :  2C'ff 0^  —  2H-0  =  C'lPO^  and  is  formed  ;-yh.  ;iring  gallic 
<acid  with  sulpliitric  acid.  The  renction  above  mentioned  afli)r<'i.-,  tlir,'>  iMrc,  the  moans 
of  passing,  by  a  definite  transformation  at  a  moderate  heat,  ti.na  ibo  !jci!:'/;uc  scries  to 
tho  anthracene  series  (Jaffa,  Deut.  C'hem.  Gcs.  Bcr.  iii.  694). 

y.  Anthracene  is  also  said  to  be  formed  by  tho  action  of  zinc-dust  on  curcumi  n 
(Kaehler,  ibid.  713). 

Preparation  and  Purijicaiion. — For  the  preparation  of  anthracene  from  coal-tar, 
J.  Gesscrt  introduces  the  last  pasty  portions  (green  grease)  of  the  coal-tar  distillation 
(which  should  not  bo  carried  Iseyond  thepoint  at  wlii<-h  wliite  pitch  is  produced),  first 
into  a  centrifugal  machine,  and  then  into  a  liydr.inlif  )>ri  ss  at  40°,  or  subjects  tho 
mass  heated  to  o0°-40°  directly  to  pressure  in  .i  1i ll  t'i--piv-s.  The  pressed  mass  con- 
tains about  60  p.  c.  of  anthracene;  for  further  juirilication  it  is  boiled  out  -w'itli 
light  tar-oil  or  petroleum-naphtha,  a,nd  finally  heated  till  it  molts.  Tho  residue  con- 
tains 95  p.  c.  anthracene  {Dingl.  ■polyt.  J.  cxcvi.  543). 

For  tho  pzw2/ifrtiw>j  of  crude  anthracene  contaminated  with  oily  matters,  Sehulle:' 
{ibid.  545)  recommends  the  following  process : — Tho  crude  anthracene  is  carefully 
heated  to  commencing  ebullition  in  a  capacious  retort  connected  Yvith  a  tubulated 
receiver  of  glass  or  earthenware,  the  lower  aperture  of  which  is  closed  with  a  fine 
wire  sieve.  A  strong  current  of  air  is  then  blown  into  the  retort  with  a  pair  of 
bellows,  whereby  the  anthracene  is  driven  over  in  a  very  short  timo  nearly  pure  and 
dry,  and  condenses  in  the  receiver  as  a  faintly  yellowish  sno^vy  mass.  By  this  method 
a  quantity  of  anthracene,  the  purification  of  which  by  recrystallisation  or  sublimation 
would  talco  several  days,  may  be  purified  in  as  many  hours  ;  moreover,  it  is  obtained 
in  a  pulverulent  form,  iu  -which  it  is  very  readily  acted  on  by  oxidising  agents. 
Anthraquinone,  prepared  from  crude  anthracene,  may  also  be  obtainedby  this  method 
in  the  form  of  a  light  yellow  powder  resembling  fiowers  of  sulphur. 

Fritzsche,  by  exposing  a  solution  of  anthracene  in  coal-tar  naphtha  to  sunshine  till 
it  became  colourless,  obtained  tho  anthracene  in  crystals  exbiliitinj!;  a  beautiful  violet- 
blue  fluorescence  (1st  Stippl.  177).  The  same  fluorescni  ri  N  -i.iK  nl,t;iiiM d,  :u  ;  <.i-d- 
ingto  y.Wa.Ttb.a.  {Zcitschr.f.  Cliem.  [2]  vi.  605),  by  ni.  Iln'::  .;  nl  In-,!. with  mi1|.|uu-. 
Streams  of  hydrogen  sulphide  are  tlien  i^ivcii  oft^  aijd  of  tln'  •■! ,il  ur.ireiK!  whu-h  is 
in  excess,  sublimes  in  fine  crystals  r.Nliiliii  in^:;  ihi'  violet -Iiliie  fluorescence,  whereas  tho 
same  anthracone,  if  repeatedly  rr,-i'\>l  isi  I  v.  il  !m  iUl  I  nal  iiient  v»-ith  sulpliiu',  and  then 
sublimed  in  a  vacuum,  yields  snow-whili',  non-iiudrcscent  cr3-stals. 

The  sublimation  of  anthracene  is  best  eftected  according  to  v.  Wartha  (ibid.  545)  in 
a  vacuum,  tlio  apparatus  consisting  of  a  wide  tube  connected  with  a  mercury-  or 
water-pump. 

For  tho  valuation  of  commercial  anthracene,  5  or  10  grams  of  the  substance  maybe 
pressed  between  paper  and  warm  plates,  then  boiled  with  at  least  an  equal  weight  of 
alcohol,  separated  by  filtration  after  cooling,  then  washed  -with  alcohol,  dried,  and 
weighed  (ttessert). 

On  the  preparation  of  Anthracene  from  coal-tar  aaid  of  Dye-stuflTs  from  anthracone, 
see  Bronner  a.  Gutzhow  {Dingl.  pohjt.  J.  cci.  545  ;  Chain.  Boc.  J.  [2]  ix.  1222). 

Action  of  Carhnnul  ('hhn-idr  ( /,L,.^',fr,-r]  >;>  A„ih,vn'r„r.-  (Jraebe  a.  Lirl,ennann.  by 
heating  authraceno'wiili  liquid  cariiuiiyl  I'M.iHdi-  in  scaled  (uIh  s,  i.lilaiiu'd  a  yellow 
crystalline  chlorinated  ciunpiiund,  wliirli  wln-ii  heated  with  aqui'nus  sudiiui;  carbonate 
was  converted  into  antliraci^ne-carljonic  aci<l,  C'll'-'.CU-lI  {\st  Supp)!.  179).  Eerthelot, 
on  the  other  hand  [Bull.  Sac.  Chim.  [2]  xiii.  391),  obtained,  by  the  same  process, 
nothing  but  a  mixture  of  hydrocarbons  having  a  percentage  composition  agreeing 
with  the  formula  CH":  whence  it  would  aiipear  that  the  action  of  pihosgene  at  high 
temperatures  on  anthracene  con-  i  -t  .;  merely  in  tlie  al )sl raet  imi  (,F  hydrogen.  But  tho 
results  obtained  by  Graebe  and  Lleliernia n ii,  a.'enidin-  (n  vhieli  the  reaction  takes 
place  in  the  manner  represented  Ijy  the  equation,  (J"H'"+  COCl- =  HCl  +  C"H''.C0C1, 
appear  too  definite  to  be  doubted. 

Action  of  Chromic  Oxychloridc.  This  acid  chloride  converts  antliraccno  into 
anthraquinone  together  with  a  small  quantity  of  dichloranthraquinone  (Carstanjeii, 
Zdt^chr.f.  Chem.  [2]  vi.  206). 

Nitroanthraccne.s.—\N]icn  nitric  acid  and  anthracene  in  equal  numbers  of  mole- 
cules are  Iieated  in  alcoholic  solution,  the  liquid  assumes  a  red  colour,  and  after  some 
time  red  crystals  of  mononitro-anthracene,  G'*H"NO^  separate  out  (about  80 
p.  c.  of  the  anthracene).  This  compound  is  insoluble  in  cold  alcohol  and  ben- 
zene; from  a  hot  alcoholic  solution  it  crystallises  in  needles  grouped  iu  sfcirs.  When 
heated  it  sublimes  in  needles,  which  have  the  greatest  resemblance  to  sublimed 
alizarin.  The  formation  of  this  compound  iu  alcoholic  solution  is  the  more  interest- 
G  2 
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ing,  as  tlie  pure  nitro-compounda  arc  not  formed  by  the  action  of  nitric  acid  on  solid 
anthracene. 

Besides  the  mononitro-compound,  dinitro-anthracene  is  also  formed,  the 
quantity  of  it  increasing  if  more  nitric  acid  is  employed.  It  is  moderately  soluble  in 
hot  alcohol  and  benzene,  and  sublimes  in  colourless  plates  (BoUey,  Zeitschr.  f.  Ckmi. 
[2]  vii.  45). 

When  mononitro-anthracene  is  heated  with  zinc  and  a  solution  of  caustic  potash,  the 
solution  acquires  first  a  red  and  afterwards  a  yellow  colour.  On  exhausting  it  with 
hot  alcohol  and  mixing  this  solution  with  water  and  hydi-ochlorio  acid,  a  body  is 
precipitated,  which  is  soluble  in  alcohol  and  benzene,  and  when  heated  sublimes  iu 
colourless  pilates. 

D I M E T  H  Y L-AN T H K  A c E  N B,  C'"H"  =  C"H*(CH^)-,  is  formed,  together  with  an  oily 
body  (probably  xylyl-xylene,  C'«H'«),  by  exposing  xylyl  chloride,  C«H<.CH'.(CH-C1) 
(prepared  by  the  action  of  chlorine  on  boiling  coal-tar  xylene),  to  the  action  of  water 
at  200°  in  sealed  tubes: 

4C«H''C1  =  4HC1  +  C>«H"  + 

the  reaction  being  analogous  to  that  by  which  anthracene  and  benzyl-toluene  are 
formed  from  benzyl  chloride  (p.  82). 

The  product  is  a  brown  aromatic  oil,  which  when  distilled,  gives  off  xylyl-xyleue, 
us  a  pale  yellow  oil  at  about  the  boiling  point  of  mercury,  and  towards  the  end  of  tlie 
distillation,  dimethyl-anthracene,  which  crystallises  in  the  neck  of  the  retort.  The 
xylyl-xylene  passed  through  a  red-hot  tube  is  almost  wholly  resolved  into  dimethyl- 
anthracene  and  free  hycbogen. 

Dimethyl-anthracene  closely  resembles  anthracene ;  it  crystallises  in  large  glistening 
plates,  which  are  white  and  fluorescent  when  perfectly  pure,  and  melt  at  about  200°. 
By  oxidation  with  chromic  acid  it  yields  a  product  which  may  be  sublimed  in  yellow 
plates  melting  at  153°;  probably  di methyl- a nthraquin one.  A  small  quantity  of 
a  second  body  of  higher  melting  point  is  also  formed  (A.  van  Dorp,  Devi.  Chcni.  Gcs. 
Bcr.  V.  674.) 

AXTTHRACXSirz:.  XSOIVIEaZl>BS  or.— I.  PiiEKANTHKBNE  (Graebe,  Dent. 
C/icm.  Gcs.  Bcr.  v.  861  ;  Ann.  Ch.  Pharm.  clxvii.  131.  Fittig  a.  Ostermayer,  Detit. 
Chcin.  Gcs.  Bei:  v.  933;  Ann.  Ch.  Pharm.  clxvi.  Occurrence.    This  hydro- 

carbon, differing  from  anthracene  in  its  melting  point  and  in  several  of  its  reactions, 
has  been  obtained  from  crude  anthracene,  and  from  the  liquid  portion  of  coal-tar  oil 
■which  boils  above  300°  : — 1.  In  the  purification  of  crude  anthracene  on  the  large 
scale,  Grlaser  obtained  a  dark  yellowish  brown  crystalline  mass,  melting  at  a  few 
degrees  below  100°,  and  boiling  between  310°  and  360°.  From  this  product  phenan- 
threno  may  be  isolated  by  distillation  and  repeated  crj'stallisation  from  alcohol.  It 
is  better,  however,  first  to  prepare  the  picric  acid  compound,  by  dissolving  1  part  of  the 
crude  material  and  1^  part  of  picric  acid  in  hot  coal-tar  naphtha  boiling  between  100° 
and  140°;  the  solution  on  cooling  deposits  the  picrate  C''H'».C<'H'(NO-)'OH  in  long 
goldon-yellow  needles  or  prisms  melting  at  145°.  Tliis  compound  is  resolved,  slowly 
by  water,  and  quickly  by  alkalis,  into  picric  acid  and  phenanthrene  (G-raebe). 

2.  Fittig  a.  Ostermayer  obtained  phenanthrene  from  a  neutral  coal-tar  oil  boiling 
between  300°  and  400°,  by  subjecting  this  oil  to  fractional  distillation,  and  cooling 
the  portions  which  boiled  above  300°,  to  0°.  The  crystals  thereby  separated  were  dried 
in  bibulous  paper  and  repeatedly  crystallised  from  alcohol  to  remove  anthracene  and 
other  bodies. 

Formation.  Phenanthrene  is  formed,  together  with  toluene,  by  passing  stilbene 
through  a  red-hot  tube  : 

C«H»-CH  C«H'-CH 

II      -    I         II     +  H--' 
C«H5-CH  C«H'-CH 
Ktilbene.  Plienanthrenc. 

II      +    2H=0    =  2(C«ff-CH^) 

C«H-'-Cn  Toluene. 

It  is  also  formed  by  the  same  reaction  from  dlhonzyl,  which,  as  Drcher  a.  Otto  have 
shown,  is  first  resolved  into  toluene  and  stilbeno  :  2C'^H'^  =  2C'H''-f  C"H'=. 

These  reactions  render  it  probable  that  phenanthrene  has  the  constitution  originally 
assigned  by  Graebe  a.  Liebermann  to  anthracene,  that  is  to  say,  that  it  is  diphenyl 
C«H*-C''H^  in  which  two  atoms  of  hydrogen  Urc  replaced  by  the  group  -  CH_CH- 
(Graebe). 
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Plienanthreuo  crystallises  in  small  plates,  -nliicli  generally  have  a  yeilowisli  colour, 
but  -when  quite  pure,  are  brilliant  and  colourless,  and  exhibit  a  blue  fluorescence, 
fainter,  however,  than  that  of  antliracono.  It  is  sparingly  soluble  in  cold  alcohol, 
but  dissolves  readily  in  hot  alcohol,  etker,  benzene,  acetic  acid,  and  carbon  sulphide. 
It  melts  at  99°-100°,  and  sublimes  very  readily,  but  boils  only  at  a  temperature  much 
above  300°  (Fittig  a.  Ostermayer) ;  melts  at  100°  and  boils  at  340°,  with  the  whole 
column  of  mercury  in  the  vapour  (Graebo). 

Oxidatiun.  Phenantlircne  gently  heated  with  potassium  dichromato  and  dilute 
sulphuric  acid  is  oxidised  to  phenanthrene  quinone,  C"H*0=  (Fittig  a.  Oster- 
mayer). The  same  compouud  is  formed  by  gradually  atlding  a  solution  of  chromic 
acid  in  acetic  acid  to  a  solution  of  phenanthrene  in  hot  glacial  acetic  acid  (Graebe). 
Tliis  reaction  affords  the  means  of  detecting  the  presence  of  phenanthrene  in  crude 
anthracene.  On  heating  that  substance  with  acetic  acid  .and  chromic  acid,  treating 
the  product  with  sodium  carbonate  to  remove  acids,  and  heating  the  undissolved 
portion  with  a  sohition  of  acid  sodium  sulphite,  the  phenantlirenequinone  is  alone 
dissolved,  and  may  be  precipitated  from  the  solution  by  acids,  and  recognised  by  its 
properties  (see  Antheaqtjinone,  p.  93). 

Hiihiction.  Phenanthreue  is  not  reduced  by  sodium-amalgam  in  alcoholic  solution  ; 
but  by  heating  it  with  hydriodic  acid  and  phosphorus  to  200°,  it  is  converted  into 
fetrahydrophenanthrone,  C"H'\  a  liquid  boiling  at  300°-310°,  whilst  at 
240°  the  hydrocarbon  G"H"*  is  formed,  which  is  also  liquid,  and  boils  below  300° 
(Graebe). 

'Phenantlircne  Dihromide.  C"H'"Br^,  is  formed  on  adding  bromine  drop  by  drop  to  an 
ethereal  solution  of  phen.T.nthrene,  and  crystallises  in  four-sided  prisms  :  it  is  very 
unstable,  decomposing  spontaneously  on  keeping  (F.  and  0.). 

Phenanthrene  Pieratc,  C"H'°.C''H^(NO-)^0,  is  obtained  in  the  manner  already 
mentioned  (p.  81),  in  long,  golden  yellow  or  reddish-yellow  prisms  ;  from  a  mixture 
of  the  cold  alcoholic  solutions  of  phenantlirono  and  picric  acid  it  separates  in  red 
needles.  It  melts  at  146°  (Graebe),  at  143°  (F.  and  0.).  It  may  be  boiled  with  a 
large  quantity  of  alcohol  without  decomposition,  but  water  resolves  it  into  phenan- 
threne and  picric  acid. 

Nitrofhenanthrcnes.  Cold  concentrated  nitric  acid  converts  phenanthrene  into 
the  mononitro-compouud  C''H'(N0-),  which,  by  solution  in  :vv\\c  ;ind  addition 
of  water,  is  obtained  as  a  yellow  crystalline  precipitate  meltini:  lu  i  wem  7(i°  and  80°. 
If  the  nitric  acid  is  not  kept  cold,  dinitrophenan throne,  C"il''(NU-/,  is  formed, 
and  may  be  obtained  in  quantity  by  heating  to  100°  ;  it  separates  from  acetic  acid  in 
yellow  crystals  melting  between  1,50°-160°  (Graelie). 

Phenanthrcve-sul phonic  acid.  C'^IPSO'lf,  is  produced,  together  with  a 
small  quantity  nl'  tin- (li-.ul]ilionio  acid,  by  healinu  Mianllirciir  with  sulphuric  acid 
to  100°.  Sep;ir;ii«  c|  fn.iii  t ho  lead  salt  by  hvibc-rn  sulphide,  it  forms  a  crystalline 
mass,  more  freely  sohiblo  m  hot  than  in  cold'water.  'I  h.'  .  ,^/,  .^alt  Qa{G^^W&0^f 
4-4H-0  crystiiUises  in  small  plates,  and  dissolves  reailily  m  al.  '.hol  and  in  hot  water. 
The  lead  salt  PbfC'^H'SO')- -f  2H-0  is  freely  soluble  in  u.iii  r  ami  in  alcohol,  and  does 
not  crystallise  well.    The  barium  salt  has  similar  properl  les  (( ii.iebe). 

II.  Another  isomeride  of  anthracene,  distinguished  by  its  much  higher  melting 
point,  is  said  by  Ernst  Schmidt  {Beut.  Chem.  Gcs.  Ber.  v.  930)  to  be  formed  by  the 
reduction  of  a  red  modification  of  mononitro-anthracene.  When  anthracene  is  nitrated 
by  BoUey's  method  in  alcoholic  solution,  a  mixture  of  isomeric  mononitro-derivatives 
is  obtained,  consisting  of  a  red  and  a  white  Biononitro-anthracene.  If  the  former  be 
acted  upon  by  tin  and  hydrochloric  acid,  the  red  body  disappears  after  a  time,  and  is 
replaced  by  a  yellowish-grey  substance,  readily  purified  by  recrystallisation  from 
alcohol  or  benzene.  The  same  compound  is  formed  in  small  quantity  on  subliming 
red  mononitro-anthracene,  together  with  a  yellow  substance  (possibly  dinitro-anthra- 
cene),  of  lower  melting  point. 

This  body  has  the  composition  C'^H'" ;  it  crystallises  in  thin,  silky,  glistening 
plates,  which  exhibit  a  violet-blue  fluorescence  ;  melts  at  247°.  It  is  almost  in- 
soluble in  cold,  but  more  soluble  in  hot  alcohol ;  benzene,  chloroform,  and  carbon 
sulphide  dissolve  it  readily.  It  unites  with  picric  acid,  forming  a  compound  which 
crystallises  in  reddish-yellow  needles.  It  is  not  affected,  even  by  prolonged  heating, 
with  nitric  acid  of  sp.  gr.  1-2,  but  is  readily  acted  upon  by  more  concentrated  or 
fuming  acid.  Sulphuric  acid  does  not  act  upon  it  at  100°,  but  on  further  heating 
dissolves  it,  and  converts  it  into  a  sulpho-acid,  forming  a  bluish-green  solution,  without 
the  least  carbonisation. 

The  action  of  tin  and  hydrochloric  acid  on  mononitro-anthracene  likewise  gives 
rise  to  amidanthraccnc  or  anthraecnamine  (p.  81),  (Schmidt). 
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AaSTTHSlACEKTE-OBAirCE  (Buttgtr,  J.  fr.  Cheni.  [2]  ii.  130  ;  Chem.  Centrhl. 
1870,  559). — A  (leriv.-itivo  (if  nil ro-.i iithracene  obtained  by  the  action  of  reducing 
agents  on  nitro-;i lit liraquiiKHU'.  Anilu-aquiuone  is  heated  to  about  140°  with  about 
16  parts  b}'  ^veiglit  of  a  mixture  >if  i  (|ual  volumes  of  .sulphuric,  acid  (sp.  gr.  I'Si)  and 
niti'ic  acid  (sp.  gr.  To),  ami  llir  insulting  solution  is  immediately  poured  into  cold 
■water.  The  nitro-compound  -whirh  srimrates  is  -washed  and  treated  with  a  solution  of 
potassium  or  sodium  staniiitc  (ju'ciiared  by  adding  a  fresh  solution  of  stannous 
cliloride  to  potash-  or  sodii-ley,  till  the  liquid  begins  to  show  turljidity,  and  filtering 
after  clarification),  whereby  an  emerald-green  liquid  is  produced,  -Mhicli,  when  heated 
to  the  boiling  point,  soon  deposits  anthracenc-orango  as  a  floeculeut  powder  of  a 
nearly  vermilion-red  colour. 

Anthracene-orange  melts  at  225°,  and  sublimes  at  a  higher  temperature  in  splendid 
garnet-red  feathery  needles,  having  a  greenish  surface -lustre.  It  dissolves  in  ether, 
acetic  ether,  acetone,  aldehyde,  alcohol,  and  wood-spirit,  also  in  benzene  and  amjd- 
aleoliol,  only  slightly  in  carbon  sulphide,  not  at  all  in  light  petroleum  oil.  Sulphuric 
acid  dissolves  it  without  decomposition,  even  at  the  boiling  heat,  and  the  solution  is 
precipitated  l)y  water.  Nitric  acid  of  sp.  gr.  1-2  likewise  exerts  at  ordinary  tem- 
peratures only  a  solvent  action.  Potash  and  soda  have  no  action  on  this  compound  ; 
mercuric  nitrate  converts  it,  on  heating,  into  a  deep  violet  powder,  which  dissolves 
with  the  same  colour  in  alcohol  or  ether. 

The  above  mentioned  emerald-green  solution,  if  mixed,  without  warming,  with  an 
excess  of  dilute  sulphuric  acid,  deposits  a  brownish-red  precipitate,  which,  when  dried 
and  dissolved  in  alcohol,  yields,  after  the  alcohol  has  been  distilled  off,  a  brown 
colouring  matter,  soluble,  ynth.  deep  purple-rod  colour,  in  acetic  ether  and  in 
alcohol. 

.aZTTHRACim-S-SOUE,  C^^H'O"  (Earth  a.  Senhofer,  Ann.  Ch.  JPItarm.  clxiv. 
109). — A  compound  produced  by  the  dry  distillation  of  dioxy benzoic  acid,  or  by 
heating  that  compound  for  an  hour  with  four  or  fn'o  times  its  weight  of  strong  sulphuric 
acid : 

2C'H«0'  —  2H-0  =  C'^ffO". 
On  adding  water  to  the  dark  blood-red  solution  obtained  by  the  latter  process,  tlio 
anthrachrysone  separates  as  a  dark  green  powder,  whieli  maybe  purified  by  dissolving 
it  in  alcohol  and  boiling  the  solution  with  animal  charcoal.  From  the  yellow  filtrate 
it  is  precipitated  by  water  in  crystalline  flocks,  having  the  composition  C'-'H^O^  + 
2H-0,  and  becoming  anhydrous  when  dried  at  100°. 

This  body  is  not  an  anhydride  of  dioxybenzoic  acid,  as  by  heating  it  with  water  or 
potash  it  is,  according  to  the  temperature,  either  not  altered  at  all  or  completely 
destroyed.  By  heating  it  -with  zinc-dust  it  is  reduced  to  anthracene  ;  it  is,  therefore, 
a  tctraoxyantlmtquinone,  and  its  formation  is  analogous  to  that  of  rufigallic  acid  ffom 
gallic  acid,  or  of  rufiopin  from  opianic  acid. 

Anthrachrysone  forms  a  golden-yellow  crysbiUine  powder,  which,  when  heated, 
gives  off  a  quinone-like  smell,  but  does  not  melt  even  at  320°.  It  can  be  distilled 
without  decomposition,  and  is  but  sparingly  soluble  in  alcohol,  and  less  so  in  benzene 
and  toluene.  Water  dissolves  only  traces  of  it ;  in  dilute  sulphuric  acid  or  hydro- 
cliloric  acid  or  carbon  sulphide  it  is  quite  insoluble.  The  best  solvent  for  it  is 
glacial  acetic  acid  ;  water  precipitates  it  from  this  solution  in  greenish-yellow  flakes. 
Although  possessing  the  characteristic  properties  of  a  quinonc,  anthrachrysone  is  not 
acted  upon  by  sodium-amalgam. 

On  heating  it  with  a  largo  quantity  of  water  and  freshly-precipitated  barium 
carbonate,  the  compound  (C''H'0^)-Ba-i- llH^O  separates  on  standing  in  dark  red 
crystalline  flakes.  The  same  salt  is  obtained  in  needles  half  an  inch  long  when 
antlirachrysone  is  heated  with  the  right  quantity  of  baryta-water  and  the  solution  is 
concentrated.  On  adding  barium  cliloride  to  a  solution  of  the  ammonium  salt,  dark 
red  needles,  having  the  composition  CH^O'Ea,  gradually  crystallise  out.  When 
calcium  chloride  is  added  to  the  ammoniacal  solution,  the  calcium  salt  is  olotained  as 
a  precipitate  consisting  of  light  red  microscopic  needles.  The  magnesium  and  alumi- 
nium salts  are  amorplious  red  precipitates ;  the  copper-  and  silver-salts,  brown 
amorphous  masses.  By  fusing  anthrachrysone  with  potash,  a  largo  quantity  of  a 
humus-like  substance  is  formed,  together  with  a  small  quantity  of  a  crystalline  body. 
Anthrachrysone  dyes  on  iron-mordants  a  brown  colour,  and  on  alumina-mordants  it 
produces  a  colour  like  that  of  alizarin,  but  duller. 

AWTHRAPliAVIC  ACXB,  C'^H"0<  (Schunck,  Froc.  Lit.  Phil.  Soc.  of  Man- 
chester, x.  133.  Licbermann,  Bcut.  Chcm.  Ges.Ber.iv.  103.^  Perkin,  Chcm.' Soc.  J. 
[2]  ix.  1109  ;  xi.  19). — An  acid,  isomeric  with  alizarin,  obtained  as  a  bj'e-product  iu 
the  preparation  of  the  latter  by  melting  disulphanthraquinonic  acid  with  potash 
{\st  Sirppl.  8-1),  especially  when  the  action  is  weakened  by  admixture  of  chalk. 
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Ti)  prepare  it,  commoreial  artificial  alizarin  is  boiled  with  baryta-water,  ami  tlio 
orange-coloured  filtered  solution  of  barium  anthraflavato  is  precipitated  witli  hydro- 
chloric acid  ;  or  the  crude  alizarin  is  dissolved  in  boiling  dilute  soda -ley;  milk  of 
lime  is  added  till  the  solution,  still  kept  boiling,  becomes  j-ellow  or  orange  ;  this 
liquid  is  filtered  from  the  purple  calcium  salt;  and  the  anthraflavic  acid  is  precipi- 
tated by  hydrochloric  acid,  washed  on  a  filter,  and  dried.  It  is  then  powdered  and 
boiled  Avith  alcohol ;  the  dark  coloured  liquid,  when  cold,  is  filtered  off;  the  undis- 
solved poi'tiiiR  is  tre.'itod  willi  wi':ik  caustic  scda  ;  and  (he  resulting  solution  is  filtered 
to  renitAc  iiiSMliil.b'  iininirit ii's.^'  ilicii  IhiIIimI,  mixed  mIiIi  i'Xccss  of  barium  chloride, 
lUldrai.idly  fillcivd.  (  Iim-.  Hilin-,  t  lie  bai'ium  :i  iitlinifla  vat  c  is  deposited  in  needles, 
which  may  bo  purilleil  by  tlir<'i'  (H-  iV-m-  crv.stallisatiiMis  I'miu  water  (Perkin). 

Schunk  assigned  to  aiillirallavic  .ii  id  tli.'  fonnula  ("'ll'^U'.  Liebermann  regards  it 
as  monoxyanthraquin(.)iu',  ('"IL^d',  iileiitical  with  that  }iroduced  by  the  action  of 
potash  on  monobronunithraquin'.aie  or  anthraqTiinoue-nionosulphonic  acid  (p.  92). 
Jjut  from  Perkin's  analysis  of  the  product  obtained  from  commercial  alizarin,  and  of  its 
derivatives,  it  appears  to  be  isomeric  with  alizarin,  that  is  to  say,  to  have  the  com- 
position of  dioxyanthraquinono.  Perkin,  moreover,  points  out  that  both  these  oxyan- 
thraquinones  are  probably  formed  in  the  manufacture  of  alizarin,  and  are  separated 
ill  the  treatment  with  baryta-water  above  described,  anthraflavic  acid  being  nearly 
insoluble  in  cold  baryta-water,  and  separating  out  as  a  barium-salt,  whereas  monoxy- 
anthraquinono,  which,  according  to  Liebermann,  is  easily  soluble  in  cold  baryta-water, 
remains  in  the  mother-liquor. 

Authrattavio  acid  separated  from  the  pure  barium-salt  by  hydrochloric  acid,  and 
purified  by  washing,  drying,  and  ciystallisation  fronz  boiling  alcohol,  forms  beautiful 
bright  yellow  silky  needles,  generally  arranged  in  radiate  groups.  After  drying  in  a 
vacuum,  it  is  perfectly  anhyclrous,  and  does  not  lose  weight  even  when  heated  to  180° 

It  is  chiefly  the  presence  of  anthrafla-\-ic  acid  in  crude  alizarin  that  affects  the 
colour  of  the  alkaline  solution,  changing  the  violet  due  to  alizarin  into  purple,  or 
v;hen  present  in  larger  quantity,  into  red.  For  the  same  reason  an  alkaline  solution 
of  crude  alizarin  does  not  shov/  tho  absorption-bands  in  the  spectrum  so  distinctly  as 
one  of  pure  alizarin.  Alkaline,  as  well  as  alcoholic  solutions  of  anthraflavic  acid, 
a  bsorb  the  blue  end  of  the  spectrum  very  powerfully,  though  no  bands  are  visible,  even 
■\\  itli  very  dilute  solutions.  A  solution  of  tho  acid  in  concentrated  sulphuric  acid,  if 
not  too  dark,  shows,  however,  a  broad  but  well  defined  absorption-band  at  the  ex- 
treme edge  of  the  blue,  bordering  on  the  green,  accompanied  by  a  total  absorption  of 
tile  violet,  as  seen  with  tho  otlier  solutions  (Schunck). 

"When  pure  anthraflavic  acid  is  dissolved  in  excess  of  caustic  potash,  and  the  solu- 
tion  is  boiled  down  to  dryness,  a  yellow  residue  is  left,  which,  after  being  carefully 
lieatud  almost  to  fusion,  dissolves  in  water  with  a  rod  colour;  this  solution  contains 
alizarin. 

Anthraflavic  acid,  like  alizarin,  appears  to  bo  reduced  to  anthracene  by  zinc-powder 
(Schunck). 

Anthraflavic  acid  is  bibasic.  It  is  but  a  weak  acid,  though  it  forms  well  defined 
salts,  some  of  which  are  regularly  crystallised.  All  its  soluble  salts  give  yellow 
solutions,  but  it  has  no  dyeing  properties. 

Barium  anthraflavatc  crystallises  in  reddish-brown  hydi'ated  needles,  which,  when 
dried  at  150°,  have  the  composition,  2C"H''BaO'.n-0,  and  do  not  undergo  any  further 
diminution  in  weight  even  when  heated  to  180°.  AVhen  dried  in  a  vacuum  or  at  100°, 
it  contains  a  larger  quantity  of  water,  corresponding  with  the  formula  2C"H''BaO'. 
3H-0.  When  freshly  prepared,  it  contains  a  much  larger  quantity.  An  air-dried 
specimen  heated  to  100°  lost  18'2  p.  c,  an.swering  to  tho  formula  2C"HT)aO'. 
3H-'0  +  lOaq.,  which  requires  18-3  p.  c.  for  lOaq.  (Perkin). 

'  Biacetyl-anthraflavic  acid,  C'»H'=0«  =  C»H«0=|Q^'j^!|Q.  —  Anthrafla- 
vic acid,  heated  to  about  160°  in  sealed  tubes  with  acetic  anhydride,  gradually 
dissolves,  and  if  tho  temperature  bo  kept  up  for  four  or  five  hours,  entirely  disappears, 
tlie  liquid  on  cooling  depositing  diacetyl-anthraflavic  acid,  which  may  bo  purified  by 
one  or  two  recrystallisations  from  glacial  acetic  acid.  It  then  forms  small,  beautiful 
crystals  of  a  very  yellow  colour,  and  somewhat  like  benzoic  acid  in  shape.  It  molts 
at  228°-229°,  and  may  be  volatilised  without  decomposition.  It  dissolves  sparingly 
in  alcohol  ;  with  moderate  facility  in  glacial  acetic  acid.  Strong  sulphiu-ic  acid 
dissolves  it,  forming  an  orange-rsd  liquid,  from  which  water  throws  down  a  yellow 
precipitate,  apparently  consisting  of  anthrafla-s'ic  acid.  Alcoholic  potash  decomposes 
it,  reproducing  anthraflavic  acid. 

*  These  impurities  are  present  in  considerable  quantities,  and  when  heated,  give  a  sublimate  of 
pile  yellow  needles,  like  anthraqninonc,  leayiuR  a  carbonaceous  residue.' 
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Bihenxoyl-anthraflavic  acid,  O-^W^O"  =  Ci'^O-jQ^j^sQ,  is  formed  by 

boiling  anthraflavic  acid  with  excess  of  benzoyl  chloride,  and  separates  from  the 
liquid,  on  cooling,  in  needle-shaped  crystals,  which  may  be  purified  by  repeated  wash- 
ing with  glacial  acetic  acid,  and  then  with  alcohol.  It  is  of  a  pale  yellow  colour, 
melts  at  275"  ;  is  insoluble,  or  nearly  so,  in  alcohol,  very  slightly  sohiblo  in  boiling 
glacial  acetic  acid,  from  which  it  is  deposited  in  fine  needles  on  cooling.  Alcoliolio 
potash  acts  upon  it  but  slowly.  With  strong  sulphuric  it  reacts  like  acctyl-antlira- 
tiavic  acid,  but  dissolves  less  readily  (Perkin). 

AWTHRAHTrDROQloriOTOKrE,  C"H"'0=  =  C»H''(OH)-.  AVhen  a  dilute 
solution  of  caustic  soda  is  added  to  a  mixture  of  anthraquinone  and  zinc-dust,  the 
liquid  assumes  a  red  colour,  and  the  anthraquinone  gradually  dissolves.  On  adding 
an  acid  to  this  solution,  the  product  of  reduction  is  obtained  as  a  yellow  precipitate, 
which  when  exposed  to  the  air  is  soou  reconverted  into  anthraquinone.  To  obtjxin  the 
pure  product  it  must  be  precipitated,  washed,  and  dried  in  an  atmosphere  of  carbon 
dioxide.    The  analysis  of  the  compound  gave  numbers  corresponding  inth  the  formula 

C"H'(OH)'',  Isut  it  probably  contained  also  some  anthraquinhydrone  qhjjsqh} 
(Graebe  a.  Liebermann,  Detit.   Chem.  Gcs.  Bcr.  v.  lo).     Anthrahydroquinone  is 
likewise  produced  by  prolonged  fusion  of  anthraquinone  with  potassium  hydrate  at 
temperatures  above  250°  (ibid.  iii.  63-1). 

AUTKRAPURPURIKT.  C>^II'0=>  (Perkin,  Clicm.  Soc.  J.  [2]  x.  659 ;  xi.  425). 
A  colouring  matter,  isomeric  with  the  purpurin  of  madder,  obtained  as  a  secondary 
product  in  the  preparation  of  alizarin  from  anthracene.  It  may  be  separated  from 
alizarin  by  precipitating  the  two  colouring  matters  together  with  alumina,  and  treating 
the  resulting  lake  with  an  alkaline  carbonate,  the  anthrapurpurin  being  then  dissolved 
out,  while  the  alizarin  lake  remains  unattacked.  The  process,  however,  is  slow,  in- 
volving tedious  filtrations,  and  it  is  better  to  dissolve  the  crude  colouring  matter  in 
dilute  sodium  carbonate,  and  agitate  the  resulting  solution  with  freshly  precipitated 
alumina,  which  combines  with  the  alizarin,  leaving  the  anthraptirpurin  in  solution. 
This  is  filtered  off  from  the  alizarin  lake,  heated  to  boiling,  and  acidified  with  hydro- 
chloric acid.  The  colouring  matter  which  is  precipitated  is  then  collected  on  a  filter, 
washed,  and  dried. 

The  anthrapurpurin  thus  obtained  is  very  impure,  being  associated  witli  a  substance 
which  dyes  alumina-mordant  of  an  orange  colour,  as  well  as  with  anthraflavic  acid,  &e. 
These  impurities  can  be  removed  to  a  considerable  extent  by  repeatedly  boiling  the 
product  with  alcohol,  anthrapurpurin  being  but  little  soluble  in  that  liquid.  Por 
further  purification,  it  is  best  to  digest  the  product  with  boiling  alcoholic  soda,  collect 
the  difficultly  soluble  sodium-compound  which  forms,  on  a  filter,  and  wash  it  several 
times  with  dilute  alcoholic  soda.  It  is  then  dissolved  in  water  and  boiled,  and  the  colour- 
ing matter  is  precipitated  with  barium  chloride.  The  purple  barium-compound  thus 
obtained  is  collected  on  a  filter,  washed  a  few  times  with  hot  water,  and  then  decom- 
posed by  boiling  with  sodium  carbonate  ;  the  resulting  purple  solution  is  filtered  off, 
and  the  anthrapurpurin  precipitated  with  hydrochloric  acid.  After  this  precipitate 
has  been  collected  on  a  filter,  it  is  well  washed  with  water,  dried,  and  finally  twice 
crystallised  from  glacial  acetic  acid. 

Anthrapurpurin  thus  purified  gave  in  several  analyses  from  65'11  to  66'12  p.  c. 
carbon,  and  3-17  to  3'47  hydrogen  :  the  formula  C'-'H'O^  requires  65-62  carbon  and 
3"12  hydrogen.  This  formula  is  confirmed  by  the  analyses  of  the  acetyl  and  benzoyl 
derivatives. 

Anthrapurpurin  when  heated,  first  fuses  and  then  evolves  orange-coloured  vapours, 
which  condense  as  yellowish-red  leaves  or  needles,  but  by  far  the  largest  quantity  of 
the  substance  is  carbonised.  It  is  difficultly  soluble  in  alcohol  and  ether,  but  rather 
more  soluble  in  glacial  acetic  acid.  It  is  deposited  from  the  boiling  acetic  solution  on 
standing  in  small  fungoid-looking  groups  of  minute  orange-coloured  needles.  These 
groups  are  generally  not  more  than  2  or  3  m.m.  in  diameter,  and  from  the  direction 
of  the  crystals,  generally  appear  ligliter  on  the  under  side  than  on  the  upper.  They 
can  only  be  seen  to  advantage  vinder  the  microscope.  As  this  substance  dissolves 
but  .slowly  in  boiling  glacial  acetic  acid,  it  is  sometimes  necessary  to  distil  off  part  of 
the  acid  before  the  resulting  solution  can  be  made  to  deposit  crystals. 

Anthrapurpurin  is  very  slightly  soluble  in  water,  and  may  be  removed  from  its 
aqueous  solution  by  means  of  ether.  When  heated  with  powdered  zinc,  it  yields 
small  quantities  of  a  hydrocarbon,  which,  when  purified,  has  the  melting  point  and 
other  properties  of  ordinary  anthracene. 

The  solution  of  anthrapurpurin  in  caustic  potash  gives  two  alisorption-bands 
situated  in  the  same  region  of  the  spectrum  as  those  produced  by  alkaline  solutions  of 
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nlizarin;  tlioy  are  also  produced  by  alkaline  solutions  of  triacetyl-alizarin.  In  solu- 
tions prepared  witli  caustic  alkalis,  these  alisorption-bands  are  more  decided  than  in 
those  in  -whicli  alkaline  carbonates  are  used ;  in  cither  case,  however,  they  are  much 
fainter  than  those  of  alizarin.  The  ammoniacal  solution  does  not  appear  to  give 
bunds,  nor  does  the  ethereal  solution  of  the  colouring  matter;  in  the  latter  ease,  how- 
ever, the  violet  is  almost  entirely  absorbed. 

As  a  dyeing  agent,  anthrapurpurin  has  about  the  same  affinity  for  mordants  as 
alizarin.  The  colours  it  produces  are  also  analogous  to  some  extent,  as  it  produces 
red  with  alumina,  purple  and  l)lack  with  iron  mordants.  There  is,  however,  a  con- 
siderable difference  in  the  shade  of  colour  produced,  the  reds  being  much  purer  and 
less  blue  than  those  of  alizarin,  whilst  the  purples  are  bluer  and  the  blacks  more 
intense.  In  fastness  against  soap  and  light  the  colours  are  quite  equal  to  those  pro- 
duced \vith  alizarin. 

When  used  to  dye  Turkey-red,  anthrapurpurin  produces  very  brilliant  colours  of  a 
scarlet  shade,  which  are  of  remarkable  permanence. 

Ordinary  nitric  acid  acts  rapidly  on  anthrapurpurin  when  heated,  evolving  a  large 
quantity  of  red  fumes;  in  one  experiment  oxalic  acid  and  a  nitro-acid  were  obtained, 
but  no  phthalic  acid. 

Action  of  Ammonia.  AVhon  an  ammoniacal  solution  is  heated  to  100°  in  a  sealed 
tube  for  some  hoiu's,  its  purple  colour  changes  to  indigo-blue,  and  the  sohition  acidi- 
lied  with  hydrochloric  acid  deposits  a  dark  purple  precipitate,  probably  isomeric  witli 
iStenhouse's  purpuramide  or  purpurein,  which  dissolves  in  ammonia  and  in  sodium 
ciu'bonate  witli  a  blue  colour,  in  caustic  alkalis  with  a  red-purple  colour.  It  dyes 
alumina-mordants  purple,  weak  iron-mordants  indigo-l)lue. 

MctuUic  Derivatives.  Anthrapurpurin  forms  met-illi.-  dn-ivatives  which  are 
insdhible  or  nearly  s(_)  in  water,  except  those  of  thr  ;ilk,i I  i-m.  tals.  It  dissolves  in 
2>r>tash  and  soda,  producing  beautiful  violet-coloured  liijuiils,  which  become  blue  in  the 
shade  when  heated.  They  are  not  so  blue  as  those  obtained  with  alizarin.  Tlio 
sotlium-derivative  is  difficultly  soluble  in  alcohol.  Anthrapurpurin  also  dissolves  in 
solutions  of  the  alkaline  carljonates  with  a  reddisli  purple  colour,  and  is  precipitated 
by  carbonic  acid.  A  solution  of  f<')dinm  bicirbonatf,  if  gently  heated,  dissolves 
anthrapurpurin  more  readily  than  ali/.n-m.  'Willi  clilorides  oicalcium,  magnesiuvi, 
barium,  and  strontium,  the  ammoiiiar.il  Milutimi  (.1'  ant  lii-apurpurin  gives  purple  pre- 
cipitates. Specimens  of  the  barium  pn  cipitatf  dried  at  17O°-180°,  gave  proportions  of 
barium  almut  L'  p.  c.  lower  than  that  required  by  the  formula,  C-*H"'Ba^O'".  With  alumina 
anthrai'Ui'|iuriii  Inrms  a  lake  somewhat  similar  to  that  produced  with  purpurin.  Cupric 
acctatr  added  to  an  alcoholic  solution  of  anthrapurpurin  changes  it  from  yellow  to  a 
beautiful  purple,  which  cannot  be  distinguished  from  that  produced  with  alizarin  under 
the  same  circumstances.  When  boiled  with  alum  or  sulphate  of  alumina,  it  does  not  give 
any  special  reaction,  whereas  its  isomeride,  parpurin,  gives  a  pink  solution  which  is 
fluorescent.  In  basic  aluminium  sulphate,  however,  it  dissolves  to  some  extent,  form- 
ing an  orange-pink  solution,  which  is  not  fluorescent;  acids  precipitate  the  colouring 
matter  from  this  solution. 

Dibromanthrapurpurin. — When  anthrapurpurin  is  digested  with  bromine  and 
carbon  disidphide  for  several  hours  in  a  flask  connected  with  an  inverted  condenser, 
tlio  excess  of  these  substances  then  driven  off,  and  the  residue  crystallised  from 
glacial  acetic  acid,  an  orange-coloured  product  is  obtained,  giving  a  percentage  of 
bromine  a  little  higher  than  that  required  by  the  formtda  of  dibromanthrapurpurin, 

Triacetyl-anthrapur'purin,  C^'H^O^  =  C"ff(C=H^O)=0^  Anthrapurpurin 
heated  under  pressure  with  acetic  anhydride  in  excess  to  a  temperature  of  150°-160° 
for  four  or  five  hours,  dissolves  entirely,  and  the  solution  on  cooling  deposits  a  large 
quantity  of  pale  yellow  scales,  which  are  easily  purified  by  draining  off  the  excess  of 
acetic  anhydride,  and  recrystallising  three  or  four  times  from  glacial  acetic  acid.  For 
the  preparation  of  this  compound,  it  is  not  necessary  to  use  pure  anthrapurpurin,  the 
crude  product  before  treatment  witli  alcoholic  caustic  soda  answering  very  well  :  but 
in  this  case  the  product  should  be  recrystallised  till  the  mother-liquors  are  of  a  clear 
pale  yellow  colour. 

The  substance  thus  obtained  gave,  in  two  analyses,  62-90  and  62'77  p-  c.  carbon, 
;V8  and  .3-77  hydrogen  :  numbers  which  agree  best  with  the  formula  of  a  triacetyl- 
dorivative  (62-83  C.  and  .3-66  H.),  but  nevertheless,  approximate  closely  to  those  re- 
quired by  the  formula  of  diacetyl-anthrapurpurin,  C'»H*-0'  =  C'<H"(C"H^O)-OS  viz., 
C3-5  C.  and  3-5  H.  The  true  composition  of  the  acetyl-derivativo  is,  however,  readily 
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determined  by  boiling  it  with  alcoholic  potash  or  soda, -nheroLy  it  is  resolved  into 
acetic  acid  and  anthrapurpurin,  and  weighing  tlie  anthrapurpiirin  thus  obtained.  For 
this  purpose,  a  weighed  quantity  of  the  acetylic  dorirativc  was  boiled  for  some  time 
witli  alcoholic  soda,  until  tlie  alcohol  had  been  nearly  all  driven  off ;  water  was  then 
added,  and  the  purple  solution  boiled  until  quite  free  from  alcohol ;  the  anthrapur- 
purin was  then  precipitated  with  hydrochloric  acid,  and  after  standing  for  twenty-four 
lioure,  was  collected  on  a  weighed  filter,  w  ell  washed  ivith  cold  water,  dried  at  110°, 
and  weighed.  As  the  filtrate  contained  a  small  quantity  of  anthrapurpurin  in  solution, 
it  was  agitated  with  ether,  and  tlie  ethereal  solution  evaporated  in  a  weighed  dish. 
The  united  weights  of  the  colouring  matter  on  the  filter  and  that  extracted  from  the 
washings  \vith  other,  gave  in  two  experiments  66-61  and  67'21  p.  c.  anthrapurpurin. 
Now,  the  decomposition  of  triacetyl-anthrapurpurin,  according  to  the  equation  :— 

would  yield  67'01  of  anthrapurpurin,  a  number  closely  agreeing  with  experiment, 
whereas  a  diacetyl-derivative  similarly  decomposed  would  give  75'3  p.  c.  This  sub- 
st<ance  is  therefore  triacetyl-anthrapurpurin. 

Triacetyl-anthrapurpurin  melts  at  220°-222°.  It  is  not  very  soluble  in  alcohol,  but 
moderately  so  in  glacial  acetic  acid.  It  crystallises  from  this  latter  solvent  in  beauti- 
ful pale  yellow  glistening  scales ;  as  already  mentioned,  it  decomposes  when  heated 
witli  alkalis. 

When  added  gradually  and  in  small  quantities  at  a  time  to  nitric  acid,  sp.  gr.  1-5, 
triacetyl-anthrapurpurin  dissolves  witliout  effervescence,  forming  a  dark  yellow 
solution;  this,  on  being  slowly  added  to  a  large  quantity  of  cold  water,  deposits  a  pale 
brown  precipitate,  which,  when  collected  and  washed,  dissolves  in  potash  with  a  red- 
dish puirplo  colour.  This  solution  does  not  appear  to  give  any  bands  when  viewed  by 
the  spectroscope,  but  a  considerable  absorption  in  the  orange  and  violet.  The  addi- 
tion of  acid  causes  the  colouring  matter  to  separate  as  an  orange  precipitate.  This 
substance  dyes  alumina-mordants  of  an  orange  colour,  and  weak  iron-mordants  of  a 
reddish-purple. 

Trihenzoyl-anthrapurpurin,  C^m-^O^  =  C»ff  (C  'H^O  ^  0^  is  formed  by  boil- 
ing anthrapurpurin  with  benzoyl  chloride.  Hydrochloric  acid  is  then  evolved,  the  an- 
thrapurpurin dissolves,  and  the  product  on  cooling  forms  a  viscid  mass,  which  may  bo 
purified  by  repeated  boiling  with  water,  and  crystallisation  from  glacial  acetic  acid. 
'Ihis  latter  operation  must  be  repeated,  and  after  a  portion  of  the  substance,  wliioh 
first  separates  as  a  yellow  powder,  has-been  filtered  off,  the  mother-liquor  gradually 
yields  small  rosette-shaped  gi'oups  of  dark  yellow  or  brownish  crystals,  which  under 
tlie  microscope  appear  well  formed  and  transparent. 

The  substance  thus  purified  gave  by  analysis  73-6  to  73'72  p.  c.  carbon  and  3-6-3-68 
liydrogen,  the  formula  above  given  requiring  73'94  p.  c.  carbon  and  3'53  hydrogen. 
A  di benzoyl -derivative  would  require  7275  carbon  and  3'45  hydrogen. 

Tribenzoyl-anthrapurpurin  melts  at  183°-185°,  dissolves  with  moderate  facility  in 
boiling  glacial  acetic  acid,  and  is  decomposed  by  alcoholic  potash. 

The  composition  of  these  acetyl  and  benzoyl  derivatives  shows  tliat  anthrapiu'purin 
may  be  regarded  as  anthraqiiinone  in  wliioh  3  at.  H.  are  replaced  by  3  at.  HO.  This 
compound  and  its  derivatives  may  tlierofore  be  formulated  thus  : — ■ 

C"ffO-(OH)»  C"ff02(OC-H30)'  C"ffO-(OC-H^O)' 

Anthrapurpurin  or  Tri-        Tilacetjl-anthrapurpui-in.  Tribcnzoyl-nnthrapurpnrin. 
oxyfiuthraqiiinouc. 

AWTHRAQUISrOOTE,  C'^H^O-. — The  boiling  point  of  this  compound  is  above 
that  of  mercury.  Its  vapour-density,  determined  by  Deville  a.  Troost's  method,  is 
7-33  ;  by  calculation  7-20  (Graebe,  Beut.  Chan.  Gcs.  Ber.  v.  15). 

Action  of  Phosphorus  Pentachloride. — On  heating  anthraquinono  with  phosphorus 
pentachloride  (diluted  with  phosphorus  oxychloride)  in  sealed  tubes  for  some  hours  to 
100°-200°,  the  following  reaction  takes  place: — 

(1)  .  C"H«(0"-)"  +  2PCP  =  C'^H^Cl^  -1-  2P0CP  +  CP. 

(2)  .  C"H»CP    +  CI'      =  C'^H'CP  +  HCl. 

The  triehlorantliraceno  thus  obtained  is  not  pure,  but  always  contains  more  highly 
chlorinated  jiroducts  (Graebe  a.  Liebermann,  Ann.  Ch.  Pharm.  clx.  121). 

Action  of  Alkalis. — When  anthraquinone  is  heated  for  some  time  with  caustic 
ix)tash  to  250°,  it  is  decomposed,  with  formation  of  benzoic  acid  : — 

C'^H»0=  +  2K0H  =  2C'IPK0= 
(Graebe  a.  Liebermann,  he.  cit.).    According  to  Wartha  iihid.  clxi.  305)  the  fusion  of 
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antliraquinono  with  polasli  f;ivcs  i-iso  to  the  fcriiiation  nf  alizarin.  When  anthra- 
quinonu  is  lieated  with  potassium  hydrate  and  water,  an  ak'oliolie  solution  of  anthra- 
qiiinono  then  added,  and  the  heating  eontinned,  with  eonstant  stirring,  a  Rreou  colour 
is  lirst  prodxieed  wluch  finally  passes  info  the  ].ui'ple-liiiie  >>(  putassinin-alizarin  ;  and 
on  dissolving  the  fused  mass  m  wal  er  and  addi  hl'  liydiM.'li  I.  .rir  arid,  .alizarin  is  pro- 
cipitatoJ,  and  may  be  oxtfarlcd  l-y  ellier.  Tlie  i|iiantily  ciliiained  is,  liowover,  but 
small,  as  the  alizarin  is  partly  deeoniposed  by  the  e.xeess  of  alkali  ])rosent.*  A 
larger  product  is  sometimes  obtained  by  mixing  the  ant lu-iqui none  with  sodium  ur 
potassium  ethylate  before  adding  it  to  the  fused  potash. 

Ifitro-antbraqulnones  (Buttger  a.  Petersen,  Dri'/.  Chcni.  Gcs.  Uir.  W.  226; 
Liebeiaiiann,  /A///.  230;  Petersen,  Md.  301).-  'I'ln  e  ].,,];. cannot  be  obtained 
dill  rtly  Iruiii  a  lit  liraquiuono  by  the  action  of  nitric  arid  ;  laii  ly  oxidising  anthracene 
with  nitric  acid,  there  is  obtained,  together  with  antlir,iqiiliioiie,  a  dinitfoanthra- 
quinono  identical  with  Anderson's  dinitro-o.xanthraccne  and  Fritzsche's  oxydinitro-  ( 
pliotone. 

The  nitration  of  anthraqui  none  is  however  readily  effected  by  a  mixture  of  concen- 
trated sulphuric  and  nitric  acids.  The  product  is  a  din  i  tro  anthra  qui  none  which 
separates,  on  pouring  the  acid  mixture  into  water,  in  yoUowish-wliito  flocks,  insoluble 
in  water,  difficultly  soluble  in  alcohol  and  benzene,  still  less  soluble  in  ether,  and 
crystallising  from  these  solvents  in  minute  monoclinic,  almost  colourlrys  crystals.  At 
about  252°  it  cakes  together  lu  a  brnH  ii  mass,  from  which,  at  Iii-la  i-  t.  aipriatures, 
with  partial  decomposition  I ■!  t  he  residue,  yellow  to  brown  needli  -likr  i  i  ystals  sub- 
lime. This  body  forms  crystalline  double  compounds  with  various  hydrocarbons.  It 
docs  not  yield  with  anthracene  tlie  line  violet  compound  given  by  Pritzscho"s  'reagent' 
(lii!  Suppl.  215).  On  fusion  with  potassium  hydrate,  it  yields  alizarin  in  considerable 
quantity,  a  proof  that  the  t^x'O  nitro-groups  occupy  the  same  positions  as  the  two  OH 

gToups  do  in  alizarin;  that  is  to  say,  that  its  rational  formula  is  C"  j  (O'^)' 

lir-(.NO-)- 

{ihlJ.  215). 

Action  of  Sulphuric  Add  on  Dinilro-anfJiraquhicne. — When  dinitro-anthraquinone 
is  dissolved  in  excess  of  strongsulphuric  acid  (about  1  part  in  18  parts),  and  the  mixture 
is  heated  on  a  sand-bath  at  about  200°,  a  moderate  evolution  of  sulphurous  anhy- 
dride takes  place,  the  brown-yellow  liquid  becoming  deep  brown-red.  When  the  re- 
action becomes  more  violent,  the  source  of  heat  is  removed,  the  whole  being  after- 
wards heated  again  slowly,  until  the  evolution  of  sulphurous  anhydride  ce.'ises.  The 
mass  is  then  poured  into  cold  water  ;  the  precipitated  dark  brown-red  flocks  are  well 
washed,  repeatedly  dissolved  in  dilute  alkali,  reprecipitated  by  acid,  and  finally  dis- 
solved in  alcohol ;  and  the  solution  is  slowly  evaporated.  The  exceedingly  stable 
now  colouring  matter,  which  can  also  be  obtained  by  treating  authraquinone  with  a 
mixture  of  sulphuric  and  nitric  acids  (IG  to  18  parts  cone,  sulphuric  and  1  part 
nitric  acid,  sp.  gr.  1-5),  is  slightly  soluble  in  water,  forming  a  peach-coloured  solution  ; 
readily  soluble  in  alcohol,  ether,  acetic  ether,  and  chloroform  ;  less  soluble  in  benzene, 
with  a  magnificent  red  violet  colour.  It  separates  from  these  solvents,  on  slow 
evaporation,  as  a  violet-red  crystalline-granular  mass  ;  on  quick  evaporation,  in  violet- 
brown,  metallic-glistening  crusts.  Cotton  is  dyed  violet  liy  it  without  the  use  of 
mordants.  When  heated,  it  melts,  but  only  a  small  portion  sublimes  unchanged.  Its 
analysis  leads  to  the  formula  C"H*N-'0'.  On  fusion  with  potassium  hydrate,  ammonia 
is  evolved,  but  no  alizarin  could  be  detected.  On  treatment  with  zinc  aud  sulphuric 
acid,  gradual  decolorisation  and  decomposition  took  place  (Bottger  a.  Petersen). 

Liebermann  is  of  opinion  that  this  compound  was  not  obtained  pure.  Ho  finds  that 
when  heated  with  water  to  200^,  it  is  converted  into  a  spongy  aggregate  of  dark 
needle-shaped  crystals,  which  may  be  suWimed,  but  with  considerable  loss  by  car- 
bonisation. Metallic-green  shining  needles  are  thus  obtained,  very  much  like 
naphthazarin.  They  contain  nitrogen,  though  not  in  very  considerable  quantity.  The 
vapour  of  this  body  strikingly  resembles  that  of  indigo. 

According  to  Petersen  {Dcut.  Cliem.  Ges.  Ber.  iv.  301),  the  violet  body  formed  by 
treating  dinitroanthraquinone  with  concentrated  sulphuric  acid,  is  di-imido- 
hy  droxy  1-a  nthraquinone,  C'^H^N-O'.  On  passing  nitrous  acid  into  its  solution 
in  alcohol  and  ether,  oximi do- di h y dr oxy  1- an th raqui non c,  C'^H'NO*,  is 
formed,  which  by  sublimation  is  olitaiued  in  yellow  or  hyacinth-red,  flat,  feathery 
needles,  which  dissolve  in  caustic  alkalis  with  a  raspberry  colour,  and  when  fused  with 
caustic  potash,  give  alizarin.   When  tlu^  IhhIv  is  dissolved  in  concentrated  nitric  acid, 

*  Oraehe  a.  Lieljcvmami  did  not  nbtiiin  alb^oriu  by  fusing  aiithvafniiiioiie  v.ith  rotnsh,  probably  on 
account  of  this  further  decomposiDg  action. 
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dinitro-diliyclroxyl-antliraquinon  0  is  obtained,  whicil,  on  the  addition  of 
water,  separates  in  yellow,  very  electric  flakes,  dissolving  in  caustic  potash  with  a 
violet  colour. 

The  formation  of  tlia  oximido-compound  corresponds  with  that  of  oximido-a- 
naphtliol  wliii'li  Cfraobe  and  Ludwig  obtained  by  the  same  reaction  from  di-imido- 
a-naphthol. 

Diamidanthraquinone,  C"H"(NH-)=0-,  is  easily  formed  by  reduction  of  dinitro- 
anthraquinone  with  sodium  sulphydrate  (Bottger  a.  Petersen),  or  with  tin  and  iiydro- 
chloric  acid  (Lioberniann).  It  separates  in  the  form  of  a  red  powder  more  or  less 
soluble  in  alcohol,  ether,  acetic  ether,  and  other  solvents.  According  to  Bottger  n. 
Petersen,  it  dissolves  easily  in  acids,  especially  when  concentra,ted ;  according  to 
Liebermann  only  in  concentrated  acids.  It  melts  at  236°,  and  sublimes  even  at  lower 
temperatures  in  magnificent  garnet-red  flat  needles,  with  a  gTeenish  reflex,  often  united 
in  feathery  groups  (B.  and  P.) ;  in  long  capillary  needles  (L.).  From  alcohol  and 
ether  it  crystallises  in  small  needles  (B.  and  P.);  crystallises  well  from  benzene  (L.). 
It  does  not  yield  any  colouring  matter  when  heated  with  strong  sulphuric  acid  (L.). 
According  to  Bottger  a.  Petersen  it  yields  alizarin  when  fused  -with  potash ;  but 
according  to  Liebermann,  the  colouring  matter  thus  obtained  differs  in  some  respects 
from  alizarin,  especially  in  the  manner  in  which  it  sublimes,  and  its  behaviour  when  its 
solution  in  potash  is  exposed  to  the  air. 

When  a  solution  of  diamidanthraquinone  in  concentrated  acid  is  treated  witli 
nitrous  acid,  an  azo-derivative  is  formed,  but  it  remains  for  the  most  part  in  solution, 
and  is  decomposed,  with  reproduction  of  anthraquinone,  bythe  continued  actionof  nitrous 
acid.  But  byacting  with  nitrous  acid  on  diamidanthraquinone  dissolved  in  common  ether 
or  in  ethyl  acetate,  a  peculiar  azo-derivative  is  formed,  which  separates  out  on  passing  a 
current  of  the  gas  through  the  liquid,  as  a  delicate  brownish-violet  powder,  extremely 
alterable,  and  decomposed  with  slight  detonation  at  about  68°,  a  bulky  residue  of 
carbon  remaining.  Analyses  of  several  preparations  led  to  the  formula  C"H*'NH1'. 
It  is  soluble  in  alcohol  and  water,  with  a  beautiful  violet  colour.  When  heated  or  left 
to  stand  for  some  time,  both  the  aqueous  and  alcoholic  solutions  are  decomposed,  with 
reproduction  of  diamidanthraquinone,  wliich  falls  down,  together  with  a  brown  decompo- 
sition-product, accompanied  by  but  a  slight  evolution  of  nitrogen.  Bottger  a.  Petersen 
look  upon  this  compound  as  a  dinitroso-amidanthraquinone  containing  twice 

the  univalent  group,  N  |^qi  or,  in  accordance  with  Graebe  and  Ludwig's  observations 

on  certain  napthhol-dorivatives,  asadioximido-amidanthraquinone  containing 

twice  the  univalent  group,  N  |'^q'"^^]^)-0=,  and  express    the    reaction    by  the 

equation  : — 

C'^H«(NH^)^02  +  2HN0=  =  C'^H2(n|^q2I^)'0'  + 
By  fusion  with  potassium  hydrate  it  yields  alizarin,  according  to  Bottger  a.  Peter- 
sen, or  according  to  Liebermann  the  body  resembling  alizarin  which  is  obtained  by 
similar  treatment  of  diamidanthraquinone.  Wlien  boiled  with  aqueous  potash  it  yields 
a  yellow  solution,  indicating  that  only  a  partial  conversion  of  the  amidogon-groups  has 
been  effected  by  the  nitrous  acid  (Liebermann). 

Oxyantbraquinones.  Monoxyanthraqninone,  C"H*0^=  C"II'0-(OH),  is  formed 
bythe  action  of  melting  potash  on  monobromanthraquinone  or  anthraquinone-monosul- 
phonic  acid ;  also,  according  to  Liebermann,  as  a  bye-productin  the  manufacture  of  aliza- 
rin (by  fusing  anthraquinone-disulphonic  acid  with  potash).  It  may  be  separated  from 
alizarin  by  its  solubility  in  baryta- water,  and  precipitated  from  the  solution  by  hydro- 
chloric acid.  When  purified  by  sublimation  and  by  crystallisation  from  acetic  acid,  it 
forms  yellow  needles.  It  dissolves  in  alkalis  with  red-brown  colour,  but  does  not  give 
colours  with  mordants :  with  lead  acetate  it  forms  a  bright  yellow  precipitate.  By 
fusion  with  potash  it  is  converted  into  alizarin,  the  change  taking  place  by  assumption 
of  an  atom  of  oxygen  (Liebermann,  Beut.  Chem.  Ges.  Ser.  iv.  103  ;  v.  868). 

Liebermann  regards  this  compound  as  ide"htical  with  anthraflavic  acid,  which, 
according  to  Perkin,  on  the  contrary,  is  a  dioxyanthraquinone  isomeric  with  alizarin. 
Perkin  has,  however,  pointed  out  that  the  two  compounds  are  probably  formeii 
together  in  the  manufacture  of  alizarin,  and  are  separated  by  treatment  with  baryta- 
water,  in  which  the  dioxyanthraquinone  is  insoluble  (see  p.  87). 

Acetyl-monoxyanthraquhione,  C'^H'O-(OC-II^O),  produced  by  heating  oxyanthra- 
quinoiie  to  100°  with  acetic  anhydride,  crystallises  from  alcohol  in  very  small,  nearly 
colourless  felted  needles,  melting  at  158°  (Liebermann). 

AN'THRAQUXN'OXgrE,  XSOnXEBrDS  or.  Phenanthbene-quikone,  C"H«0=. 
(Graebe,  Dcul.  Chrm.  Ges.  Ber.  v.  861  ;  Ann.  Ch.  Pharm.  clxvii.  139.    Fittig  a.  Oster- 
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mayer,  Dcvt.  Chcm.  Gcs.  Bcr.  \.  933 ;  Ann.  Ch.  Fharm.  clxvi.  365).  This  compound 
is  produced  by  gently  heating  phenanthrene  ■«'ith  a  mixture  of  1  part,  potassium 
dichromato,  1  part  sulphuric  acid,  and  3  parts  water.  A  brisk  reaction  soon  commences 
and  goes  on  \vithout  further  application  of  heat.  The  product  may  be  freed  from  a 
small  quantity  of  anthraquinone,  formed  by  oxidation  of  admixed  anthracene,  by 
partial  crystallisation  from  alcohol,  or  better  from  a  mixture  of  equal  volumes  of 
glacial  acetic  acid  and  water,  in  both  of  which  solvents  it  dissolves  more  easily  than 
anthraquinone  (F.  and  0.).  Graebe  prepares  the  quinone  by  dissolving  i5henanthrene 
in  hot  glacial  acetic  acid,  and  gradually  adding  a  solution  of  chromic  acid  in  acetic 
acid,  so  as  to  keep  the  liquid  just  at  the  boiling  point ;  to  complete  the  reaction  the 
solution  must  be  boiled  for  some  time.  On  distilling  otf  the  greater  part  of  the  acetic 
acid,  and  adding  water  to  the  residue,  phenanthrene-quinone  separates  as  a  crystalline 
precipitate,  which  may  be  pui-ified  by  crystallisation  from  glacial  acetic  acid,  or  more 
conveniently  by  dissolving  it  in  a  solution  of  acid  sodium  sulphite  and  reprocipitating 
with  an  acid. 

Phenanthrene-quinone  is  almost  insoluble  in  cold  water,  but  dissolves  sparingly  in 
liot  water,  and  in  cold  alcohol  somewhat  more  freely  than  in  boiling  alcohol,  still 
more  in  ether,  benzene,  and  glacial  acetic  acid.  It  crystallises  in  dark  reddish-yellow 
or  orange-yellow  needles  or  prisms  (Graebe;  P.  and  O.);  melts  at  198°,  and  sulslimes 
at  a  higher  temperature,  with  partial  decomposition,  in  brilliant  transparent  orange- 
red  plates. 

Plienanthrene-quinone  heated  with  bromine  to  100°  in  sealed  tubes  yields  a  compound 
which  is  but  little  soluble  in  ordinary  solvents,  and  appears  to  be  a  dibromoqui  none. 

Phenanthrene-quinone  dissolves  without  alteration  in  cold  sulphuric  acid,  and  no 
sulplionic  acid  is  formed  even  at  100°;  but  on  heating  the  solution  more  strongly, 
decomposition  takes  place.  The  quinone  may,  however,  be  converted  into  sulphonic 
acids  by  acting  on  it  with  sulphuric  anhydride. 

Strong  nitric  acid  dissolves  phenanthrene-quinone,  forming  a  red  solution,  from 
which  the  quinone  is  reprecipitated  on  addition  of  water.  A  boiling  mixture  of 
sulpluiric  and  nitric  acids  converts  it,  but  not  readily,  into  nitro-compounds,  from 
which  by  crystallisation  from  acetic  acid  dinitrophenantlircnc-quinone 
C'^H'^(NO-)-0-'  is  obtained,  in  yellow  silky  plates. 

Phenanthrene-quinone  is  not  reduced  by  sulphurous  acid  in  the  cold,  but  when  heated 
to  100°  with  tlie  aqueous  acid  it  is  converted  into  phenanthrene-hydroquinono 
C'*ll'(On  )-'.  ]>y  \\caXmg-ml\\  sine- dust  it  is  reduced  to  phenanthrene,  but  the  tempera- 
ture at  whicli  tiie  reduction  takes  place  is  higher  than  with  anthracene. 

By  oxidation  with  chromic  acid,  phenanthrene-quinone  is  converted  into  d  i  p  h  e  n  i  c 
acid,  C'*H'«0'. 

Heated  with  Wa-^tMf,  phenanthrene-quinone  is  resolved  into  diphenyl,  carbon 
dioxide  and  hydrogen  : 

C"H«0=  +  4NaOH  =  C'^H'"  +  2Na^C0»  +  H- ; 

whereas  anthracene  similarly  treated  yields  chiefly  benzene.  These  reactions  conjoined 
with  others  show  that  the  two  aromatic  nuclei  C'H''  are  linked  together  directly  in 
phenanthrene,  but  not  in  anthracene  (see  further  pp.  94,  9o). 

Compoimds  of  Phcnanthrcnc-q^uilione  with  Alkaline  Bisulpiliitcs. — The  sodium  salt 
C'H'O^.NaHSO'  +  2IP0,  or  probably  C'^H»|QgQ3j^,^  -t- 2H-0,  is  formed  by  dissolving 

the  quinone  in  a  warm  solution  of  acid  sodium  sulphite  ;  and  crystallises  in  small  colour- 
less plates.  It  is  slowly  decomposed  by  water,  quickly  by  acids  and  alkalis  ;  when 
exposed  to  the  air,  it  alisorbs  oxygen,  and  sulphuric  acid  is  formed.  The  potassium 
suit  is  a  very  similar  body. 

Phenanthrcnc-hydroquiHonc,  C"H'(OH)'-,  is  produced  by  the  action  of  sul- 
phurous acid  on  the  quinone,  the  reduction  taking  place  slowly  even  in  the  cold. 
This  is  one  of  the  distinguishing  reactions  between  phenanthrene-quinone  and  anthra- 
quinone, which  latter  is  not  acted  on  by  sulphurous  acid.  AVhen  phenanthrene- 
quinone  is  heated  to  100°  with  excess  of  :i(|iieous  sulphurous  acid,  it  dissolves,  and 
the  solution  on  cooling  deposits  tip-  hyilri>i|uinone  in  long  colourle.ss  needles.  An 
alcoholic  solution  of  sulphurous  oxiilo  rr.iuci  s  th(!  quinone  still  more  readily. 

Phenanthrcne-hydroquinone  in  the  moist  state  absorbs  oxygen,  but  when  dry  it  is 
more  stable.  By  boiling  with  water  in  an  open  vessel,  it  is  first  converted  into  a 
brownish-black  quinhydrone,  and  then  into  the  quinone.  The  same  reaction  takes 
place  when  it  is  acted  on  by  ferric  chloride,  nitric  acid,  chromic  acid,  &c.  AVhen  the 
hydi'oquinone  is  dissolved  in  caustic  potash,  and  the  solution  is  exposed  to  the  air, 
a  green  precipitate  is  formed,  which  gradually  changes  into  the  quinone.    This  grceu 
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compound,  -which  is  coloured  brown  by  acids  and  green  again  by  alkiilis,  probably 
consists  of  the  potassium-  salt  of  phenanthrene-quinhydrone  ;  it  is  also  formed  by  dis- 
solving pheuanthreno  inanimoniuTU  or  potassium  sulphide,  or  in  caustic  soda,  with  the 
aid  of  zinc-dust,  and  exposing  those  solutions  to  the  air  (Graebe,  Ann.  Ck.  Fhann. 
elxvii.  146). 

Biacctyl-phcnanthrene-hijdroqidnonc,  C'''H'(C-H^O)-0-,  is  produced  by  lioating 
phenanthrene-hydroquinone  -with  acetic  anhydride  to  140°-180°.  It  crystallises  from 
hot  benzene  in  colourless  plates,  melting  at  202°.  It  is  a  very  stable  compound,  -which 
is  not  oxidised  by  boiling  -with  solution  of  potassium  dichromate  and  sulphuric  acid, 
but  a  solution  of  chromic  acid  and  acetic  acid  converts  it  into  the  quinonc.  It  is  not 
altered  by  heating  v.'ith  caustic  potash  of  sj).  gr.  TS,  but  on  concentrating  the  liquid, 
decomposition  takes  place,  and  -water  added  to  the  solution  throws  do"wn  the  green  body 
aboTG  mentioned  (Graebe). 


Constitution  of  Aiith'ac[iuno)ic  and  Phrnanthrcnc-quinone. 


The  synthesis  of  anthracene  from  benzyl-toluene  (p.  82),  and  that  of  phenauthrt'no 
from  stilbouo  show  that  the  two  aromatic  nuclei  contained  in  the  former  are  dis- 
connected, ■\vhereas  in  the  latter  they  are  linked  together  ;  and  this  conclusion  is  cor- 
roborated by  the  fact  that  phenanthreuo,  when  heated -with  soda-lime,  yields  diphenyl, 
whereas  anthracene  yields  chiefly  benzene.  These  two  isomeric  aromatic  hydro- 
carbons may  accordingly  be  represented  by  the  formulse  : 

C=H'  C— H  C»II'  C— H 


 C— H  C^H'  CH 

Antlu'accne.  Phencinthrciie. 


According  to  Graebo's  theory,  therefore,  -which  represents  the  quinones  as  contain- 
in"-  two  atoms  of  oxygen  linkotl  together  so  as  to  form  a  diatomic  group,  the  corres- 
ponding quinones  shoxild  be  represented  by  the  formulEe  : 

C«ff  C— 0  C«U'  C— 0 


CH*  C— 0  CH  '  C- 0 

Authraquinouc.  PhenantUreDe-qmuone. 

Fittig  a.  Ostermayer,  on  the  other  hand,  regard  the  quinones,  not  as  compounds 
containing  the  diatomic  gi-oup  (0-)",  but  as  double  ketones,  in  wliich  the  oxygen-atoms 
are  not  linked  together,  but  each  is  united  to  a  carbon-atom  by  t-wo  units  of  affinity  ; 
anthraquinone  being,  according  to  this  view, 


cai'  C=0 

and  iilijiiauthreno-quinone,  |  | 

C«II'  C=0. 

They  find  that  phenanthrene-quinone  is  converted  by  oxidation  with  chromic  acid 
into  diphonic  acid,  C''H"'0',  and  that  this  acid,  when  heated  -with  excess  of 
quicklime  yields,  not  diphenvl,  C'-II'".  but  di phcnyle ne-kc ton e ,  C'^ffO.  This 
ketone,  fused  ^vith  potash,  is  r„i,vrrio,l  into  phenyl-benzoic  acid,  C'^H'»0=,  and 
when  the  calcium  salt  of  this  ;M  ia  i-;  lir;M -.1  with  quicklime,  the  ketone  is  regenerated, 
and  a  small  quantity  of  di]'lieiivl,  (''-R"',  is  produced,  which  maybe  obtained  in 
larger  quantity  by  heating  the  calcium  suit  without  quicklime.— The  formation  of 
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iliphciiyl  ill  this  nianuei-  sliows  that  phenyl-benzoic  acid  and  diphenic  acid  are  consti- 
tuted as  folIoM';; : — 

C'H'.COOH  CH'.COOII 

I  I 

C^H*  C^H'.COOH 

Phenyl-benzoic  acid.  Diphenic  acid. 

The  formation  of  diphenyleuc-kctoue  from  diphenic  acid  is  exactly  analogous  to  that 
of  dimethyl-ketone  (acetone)  from  acetic  acid  : 

C'H'— CO-OH  C«H^~^ 

I  =       ]     ^.co  +  CO-'  +  ir-0. 

C«H'— CO— oil  C^IP/" 

Fittig  a.  Ostermayer,  however,  rcprard  it  as  moro  probable  that  the  molecular 
formula  of  this  ketone  is  C^^H'^O'-.  Kekule  has  lately  shown  {Deut.  Clicm.  Gcs.  licr. 
V.  908)  tha,t  on  heating  calcium-benzoatc,  a  small  qnantity  of  anthraqninonc  is  formed, 
and  Jaffe  {ihid.  iii.  69-1),  as  well  as  Earth  a.  Scnnhofcr  {Ann.  Ch.  Fliann.  elxiv.  109), 
has  found  that  di-  and  tri-oxybenzoic  acids  are  easily  converted  into  derivatives  of 
anthracene.  Now,  plienyl-bczoic  acid  behaves  in  a  similar  manner,  as  shown  by  the 
following  equations : — 


C«H5— CO— OH 


C«H5-C0— OH' 
Benzoic  acid  (2  mols.). 

C«H'—C0-0H  C'H' 

2      I  =1         -CO/  I 

QUJJ5  C^H^  C«H^ 

rbenyl-bcuzoic  acid.  IXphenylcne-ketone. 

Dipheuylcno  ketone  is  therefore  diph  en_yl-an  thraqui  non  e  ;  when  fused  witli 
potash,  it  again  yields  plienyl-benzoic  acid,  just  as  anthraqninonc  is  resolved  by  this 
reaction  into  2  molecules  of  benzoic  acid  (Fittig  a.  Ostermaj-cr). 

On  the  other  hand,  it  may  be  observed  that  the  constitution  of  dipihenylene  ketone 
as  diphenylated  anthraqninonc  may  be  represented  on  Graebe's  view  of  tlio  constitu- 
tion of  the  latter  compound,  and  of  quinones  in  general,  as  ^y<:ll  as  by  that  of  Fittig 
and  Ostermayer,  namely  by  the  formula, 

CH'  C"H'  C  0 

C=H^  C  "H '  C  0 


With  reganl  to  tiie  constitution  of  quinones  in  general,  Graebc  observes  (Ann.  Cli. 
rhurm.  clxvii.  163),  that,  although  the  formation  of  anthraqninonc  by  heating  calciuni 
benzoato,  as  well  as  the  formation  of  rufigallic  acid  and  of  anthrachrysone,  and  the 
behaviour  of  anthraquinone  and  phenanthi-ene-quinonc  when  fused  'with  potash  or 
heated Avith  lime,  may  perlinps  lie  mov(^  simply  explained  on  the  supposition  that  the 
quinones  arc  double  ketones,  ui'verl  lirb  >s,  tlin-c  .n-c  other  facts  which  directly  contra- 
dict this  view,  and  show  tlial  tln-sc  l.o.li.s  actu.illy  coiilain  the  bivalent  group  (0—0)", 
capable  of  replacing  and  being  replacoil  by  l'  .itoiiis  of  liydro'ien,  chlorine,  &c.,  whereas 
if  the  2  oxygen-atoms  were  not  thus  linked,  they  would  br  i  univalent  to  4  atoms  of 
a.  mouatomic  radicle.  The  quinones  are,  in  fact,  produced  liy  re|ilaeiiig  2  atoms  of 
liydrogen  by  2  of  oxygen,  whereas  in  the  formation  ot  ketones  1!  atoms  of  hydrogen 
are  replaced  by  only  1  atom  of  oxygen.  ^Moreover,  ketones  take  up  2  atoms  nf 
hydrogen  for  each  atom  of  oxj'gen  which  tliey  contain,  and  arc  thereby  converted 
into  sccondarj'  alcohols,  whereas  quinones  take  up  only  1  atom  of  hydrogen  for  1  of 
oxygen,  and  are  converted  into  hydronuinone;-. 

AN'THHAQUXUOTS'E-SUX.PHOia'ZC  ACIStS  (Graebc  a.  Licbermann,  Ann. 
CJh  I'hann.  clx.  121). 

1.  Aii/hraquiiwnc-7iw'nosi'J2}honic  Acid,  or  Sulplianthrag^uhmiic  Acid,  C"n'(0'-).SO-'H, 
isproduced  by  heating  1  part  of  anthraquinone  and  2-3parts  sulphuricacid  to  2i)0°-260^, 
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The  pure  aeid  is  best  obtained  by  decomposing  the  lead  or  barium  salt  with  sulphiu-ic 
acid.  It  forms  yellow  scales,  and  is  readily  soluble  in  water  and  alcohol,  but  nearly 
insoluble  in  sulphuric  acid.  The  barium  salt  [C"H'(0-)SO-'']=Ba  +  H-0  forms  in- 
distinct yellow  crystals,  sparingly  soluble  in  cold  and  a  little  more  readily  in  hot 
water.  The  calcium  salt  has  also  a  yellow  colour,  and  is  much  more  soluble  in  water. 
The  sodium  salt  forms  indistinct  yellow  crystals,  and  gives  with  water  a  yellowish 
red  solution. 

On  heating  the  potassium  salt  with  caustic  potash  and  a  little  water,  the  mass 
gradually  assumes  a  violet  colour ;  and  if  the  heat  has  been  sufSciently  high,  it  con- 
tiiins  alizarin,  formed  according  to  the  equations : — 

(1)  C"H'(0=)SO'K  +  2K0H  =  C"H'(0=)OK      +  K^SO'  +  H'^O. 

(2)  0''H'(0^)OK     +    KOH  =  C''H''(02)(0K)-  +  H-. 

2.  Antkraquinoue-distdphotiio  Acid,  C'-'H''(0')(SO'H)-,  is  formed  by  lieating  anthra- 
quinono  with  4-6  parts  of  sulphuric  acid  to  270°-280°.  It  may  also  be  formed 
directly  from  anthracene,  namely  by  heating  dichlor-  or  dibrom-anthracene  with  a 
mixture  of  concentrated  and  fuming  sulphuric  acid : 

C'H'^Br^  +  IH^SO'  =  C"H«(02)(S0^H)"-  +  2S0=  +  4H=0  +  Br=. 
C»H8Cr-  +  3H-S0'  =  CffCO-XSO'H)-  +    SO-  +  2HC1  +  2H-0. 

(Graebe  a.  Lieberma,nn,  Deict.  Chem.  Ges.  Bcr.  iii.  636). — According  to  Perkin  {Chan. 
News,  xxii.  37),  dichloranthracene  dissolves  in  fuming  sulphuric  acid,  forming  dicklor- 
antlu-acene-monosulphonic  acid  C'*II'CP(S0^H),  and  dichloranthracene-disidphonic  acid 
C'^H''Cr-(SO'fl  y.  Dibromanthracene  yields  corresponding  products.  The  disulpho- 
acids,  treated  with  oxidising  agents,  exchange  their  bromine  or  chlorine  for  oxygen, 
forming  anthraquinone-disulphonic  acid. 

This  acid  crystallises  from  an  aqueous  solution  in  yellow  crystals,  and  is  less 
soluble  than  the  monosulpho-acid.  It  is  nearly  insoluble  in  sulphuric  acid.  Its  yellow 
salts  dissolve  in  water  with  a  yellowish-red  colour,  and  do  not  crystallise  well.  The 
barium  salt  is  very  sparingly  soluble  in  cold  v/ater,  but  a  little  more  readily  in  hot 
water ;  the  calcium  salt  is  also  not  very  soluble. 

On  heating  one  of  the  salts  with  potash  or  soda,  alizarin  is  produced,  the  forma- 
tion of  which,  however,  takes  place  by  two  stages  :  First,  the  red  colour  of  the  mixture 
gradually  changes  to  a  dark  blue,  the  potassium  salt  of  an  oxyanthraquinone-sulpho- 
acld  being  formed : 

C»H«(0^)(S03K:)=  +  2K0H  =  C'W(0'^)|g^3jj  +K--SO^  -1-  H=0. 

On  dissolving  some  of  the  dark  blue  mass  in  water,  and  adding  dilute  sulphuric  acid, 
sulphur  dioxide  is  evolved,  and  the  blue  colour  of  the  liquid  changes  into  yellow,  but 
no  precipitate  is  formed. 

On  heating  the  blue  mass  longer,  its  colour  becomes  more  and  more  purple,  alizarin 
being  now  formed,  which  is  obbiined  as  a  yellowish  red  precipitate  on  adding  an  acid 
to  the  solution  of  the  fused  mass.  It  is  ea  sy  to  find  the  point  when  most  of  the  inter- 
mediate product  is  decomposed,  by  shaking  the  acid  solution  with  ether,  which  dissolves 
only  the  alizarin,  whilst  the  oxyanthraquinone-sulphonic  acid  remains  in  the  aqueous 
solution.  On  adding  an  alkali  to  the  latter,  the  intensity  of  the  blue_  colour  shows 
whether  there  is  still  any  of  this  acid  present  or  not.  The  crude  alizarin  obtained  by 
this  process  always  contains  some  oxyanthraquinone  and  other  colouring  matters, 
which  modify  the  colours  produced  on  mordanted  cloth.  Moreover,  a  small  quantity 
of  anthraquinone  is  generally  formed  by  reduction,  SO'H  being  replaced  by  hydrogen; 
this  reduction  is  more  readily  effected  by  heating  the  sulpho-acids  with  quicklime, 
whereupon  anthraquinone  sublimes  in  considerable  quantity. 

When  dichlor-anthracene  and  dibromanthracene  are  acted  upon  by  sulphuric  acid, 
sulpho-acids  are  formed,  which  when  heated  ai-e  converted  into  anthraquinone- 
disulphonic  acid,  as  ah-eady  observed  by  Perkin  {\st  Suppl.  179). 

Oxyanthraqiiinonc-sidplionic  Acid,  C'^H''(0^)|g^jj.— To  prepare  this  compound, 
the  mixture  of  potash  and  anthraquinone-disulphonic  acid  is  heated  till  the  forma- 
tion of  alizarin  begins.  ...  .    . , 

After  cooling,  it  is  dissolved  in  water,  hydrochloric  acid  is  added,  and  the  liquid 
filtered.  On  adding  barium  chloride  to  the  filtrate,  the  yellow  barium  salt  of  the 
sulpho-acid  separates  out,  either  at  once  or  after  evaporation.  On  decomposing  this 
salt  with  dilute  sulphuric  acid,  and  evaporating  the  solution,  the  free  acid  is  obtiiinod 
in  yellow  crystals,  soluble  in  alcohol,  but  not  in  ether.  It  forms  two  series  of  salts  ; 
■  on  dissolving  it  in  caustic  potiish,  a  deep  blue  solution  is  obtained  containing  the 
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compound  C"H^(0')  {g^x;  on  adding  hydrochloric  acid  to  this  solution,  it  assumes 
a  yelloA\isli-red  colour,  the  salt  C"H«(02)|g^j^  being    formed.      The  acid  barium 

salt,  -which  has  been  already  mentioned,  is  moderately  soluble  in  boiling  water, 
but  only  sparingly  in  cold  water,  and  still  less  in  dilute  hydrochloric  acid.  Its  yel- 
lowish-red solution,  like  those  of  the  other  salts  of  this  acid,  becomes  yellow  on 
addition  of  hydrochloric  acid,  and  gives  with  baryta-water  a  bluo  precipitate, 
CHn^(0^)go3}Ba. 

AHTinXOirV.  Estimation  and  Separation. — When  a  neutral  and  concentrated 
solution  of  antimonious  chloride  is  mixed  with  a  slight  excess  of  gallio  acid,  the  whole 
of  the  antimony  is  separated  as  insoluble  antimonious  galla,te.  This  reaction  may  bo 
utilised  for  the  estimation  of  antimony,  and  for  the  separation  of  antimony  from  tin, 
arsenic,  and  other  metals. 

The  above  mentioned  conibination  of  antimony  with  gallic  acid  is  insoluble  in  a 
neutral  or  slightly  acidulated  liquor,  but  dissolves  readily  in  more  concentrated  solu- 
tions of  hydrochloric  acid ;  it  is  necessary,  therefore,  for  the  success  of  the  analysis, 
that  the  solution  be  concentrated  by  evaporation,  and  any  large  excess  of  acid  volati- 
lised. The  precipitate  is  somewhat  bulky,  but  settles  rapidly.  It  cannot,  however, 
be  washed  on  a  filter,  since  it  invariably  passes  through  the  filter  as  soon  as  the  acidu- 
lated mother-liquor  has  been  washed  away ;  the  mixed  mode  of  decantation  and  filtra- 
tion must,  therefore,  be-resorted  to,  which  in  this  particular  instance  presents  neither 
inconvenience  nor  difficulty. 

Antimonious  gallate  dried  at  100°  has  the  composition  Sb-O^(C'H-O^)-  +  3H-0, 
and  contains  40'8o  p.  c.  of  metallic  antimony.    It  is  exceedingly  hygroscopic. 

The  antimony  may  either  be  weighed  in  the  form  of  antimonious  gallate,  as  the 
composition  of  the  precipitate  is  perfectly  definite,  or  the  salt  may  be  dissolved  in 
hydrochloric  acid,  and  the  antimony  precipitated  by  sulphuretted  hydrogen  in  the 
usual  way. 

Solutions  of  antimouic  chloride  are  unfit  for  the  estimation  of  this  metal  by  gallic 
acid  :  they  must,  therefore,  before  precipitation,  be  reduced  to  the  state  of  antimonious 
chloride.  This  reduction  is  readily  eflFected  by  mixing  the  slightly  acidulated  solution 
of  antimonic  chloride  with  a  solution  of  potassium  iodide,  when  the  following  reaction 
ensues — 

SbCP  +  2KI  m  SbCP  +  2KC1  -i-  1-. 

The  iodine  and  excess  of  acid  having  been  removed  by  evaporation,  the  solution  is 
ready  to  be  precipitated  by  gallic  acid. 

Separation  of  Antimomj  from  Arsenic. — ^Potassium  iodide,  which  in  presence  of 
hydrochloric  acid  reduces  antimonic  chloride  to  the  state  of  antimonious  chloride, 
with  evolution  of  iodine,  reacts  in  a  similar  manner  upon  arsenic  acid,  which  it  reduces 
to  arsenious  acid — 

As^O^  +  4HCI  +  4KI  =  As=0»  +  2W0  -f-  4KC1  +  41. 

This  reaction  greatly  facilitates  the  separation  of  the  two  metals.  The  antimony  is 
estimated  by  gallic  acid  in  the  manner  already  described,  and  the  arsenic  is  precipitated 
subsequently  by  sulphuretted  hydrogen. 

Separation  of  Antimony  from  Tin, — Potassium  iodide  has  no  reducing  effect  upon 
stannic  chloride,  but  when  an  excess  of  iodide  is  introduced  into  the  solution,  a  double 
decomposition  takes  place,  and  the  liquid  consists  of  a  hydrochloric  acid  solution  of 
stannic  iodide.  Gallic  acid  separates  antimony  from  stannic  iodide  much  more 
readily  than  from  the  stannic  chloride.  If  the  quantity  of  potassium  iodide  employed 
has  been  properly  adjusted,  the  antimonious  gallate  settles  very  rapidly  down  ;  on  tho 
contrary,  when  the  operation  has  been  badly  conducted,  the  antimonious  gallate  is 
mixed  with  stannic  oxide,  and  the  whole  remains  in  suspension  without  subsiding. 
In  this  case  the  liquid  should  bo  rejected  as  unfit  for  a  successful  operation. 

The  separation  of  antimony  from  arsenic  and  tin  together  may  also  be  effected  in  a 
manner  similar  to  the  separation  of  antimony  from  tin  ;  but  the  results  hitherto  ob- 
tained are  not  very  satisfactory  (Hugo  Tamm,  Chem.  News,  xxiv.  207,  221),  See 
further  Arsenic  and  Tix. 

In  the  precipitation  of  antimony  from  solutions  containing  tin  by  metallic  iron,  ac- 
cording to  Tookey's  method  (1st  Suppl.  182),  Attfield  finds  that  the  quantity  of  anti- 
mony obtained  is  too  small,  if  the  air  has  exerted  an  oxidising  action  on  the  ferrous 
salt  produced  in  removing  the  excess  of  iron.  The  cause  of  the  loss  is  that  metallic 
antimony  is  soluble  in  ferric  chloride.  Hence,  indeterminingantimony  by  this  method, 
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it  is  necessary  to  exclude  the  air  till  the  whole  of  the  iron-salt  is  removed,  which  may 
for  the  most  part  be  eiFected  by  adding  hot  de-aerated  water  immediately  after  the  iron 
is  dissolved  and  decanting  rapidly;  in  exact  experiments,  however,  it  is  necessary  to 
surround  tho  vessel  with  an  atniospliera  of  carbon  dioxide  {Pharm.  J.  Trans.  [2]  x. 
512). 

Hydride  of  Antimony,  or  Stibiae,  SbH'.  This  compound  acts  on  fused  anti- 
moniozts  chloride  in  such  a  manner  that  antimony  is  separated  and  hydrogen  sulphide 
given  oil.  Phos'phoric  chloride  is  but  slightly  attacked  by  it  with  formation  of 
phosphorous  chloride,  antimonious  chloride,  and  liydi-ogen  chloride.  On  ^phosphorous 
chloride  and  stariiiio  chloride  stibine  does  not  act. 

Oxides.  On  the  isodimorphism  of  antimonious  oxide  and  arsenious  oxide,  see 
Arsenic  (p.  104). 

Antimonious  oxide  dissolves  easily  in  aqueous  sodium  sulphide,  forming  a  liquid  of 
the  colour  of  chlorine-gas,  from  which  hydrochloric  acid  precipitates  antimony  trisul- 
phide,  without  separation  of  sulphiu*  (Unger,  Arch.  Pharm.  [2]  cxlvii.  193). 

Antimonious  Hydrate.  By  precipitating  a  solution  of  potassium  antimonate  with 
nitric  acid,  washing  tho  precipitate,  and  leaving  it  to  itself  during  a  whole  summer, 
Geuther  {Jcnaische  Zeitschr.  vii.  121)  has  obtained  a  hydrate  having  the  composition 
ffSbO*  or  3H-0.Sb=0\  When  heated  to  175°,  it  gives  off  2  mol.  water  and  is  trans- 
formed into  the  monohydrate,  HSbO^  or  H^O.Sb^O^. 

Sodium  antimonate  differs  in  composition  according  to  its  mode  of  preparation.  By 
precipitating  the  product  of  the  action  of  potash-solution  on  native  antimony  tri- 
sulpliide  with  soda-solution,  the  well  known  compound  Na-O.Sb-0\  +  7H''0  is  obtained. 

a.  By  boiling  the  filtrate  from  this  compound  with  sulphur,  N,a-0.Sb-0^  +  6H-0  was 
obtained,  b.  By  boiling  antimony  ore  with  potash-solution  and  sulphiu",  and  preci- 
pitating with  soda-solution,  6Na'^0.6iSb'^0'  +  38H-0  was  formed.  This  salt  is  also 
produced  when  the  hydrochloric  acid  solution  of  sodium  antimonate  (which  separates 
from  the  mother-liquors  obtained  in  making  Schlippe's  salt)  is  treated  with  t;irtaric 
acid,  diluted  with  water,  and  precipitated  by  soda-solution  in  excess.  The  solution  of 
this  latter  salt  scarcely  alters  the  colour  of  litmus.  The  salt  itself  is  difficultly  soluble 
in  pure  water ;  a  solution  was  obtained  by  long  washing  on  the  filter,  containing  in 
100  grams,  0-085  gram  of  the'  salt.  Sodium  antimonate  dissolves  but  slowly  in  aqueous 
sodium  sulphide,  oven  on  warming ;  in  time,  however,  a  large  amount  is  taken  up. 
From  tlie  almost  colourless  solution,  the  golden  sidphide  Sb-S'  is  precipitated  by  acids 
without  admixture  of  free  sulphur,  showing  that  sulphantimonato  of  sodium  has  been 
formed  (Unger,  Arch.  Pharm.  [2]  cxlvii.  193). 

A  hydrated  calcium  antimonate,  3Ca0.2Sb-0^  -f  6II''0,  occiu-s  on  the  calcareous 
matrix  of  non-arseniferous  ullmannite  NiS.NiSb-,  at  "Waldenstein  in  Carinthia,  partly 
as  a  greenish  earthy  mass,  partly  in  pseudomorphous  crystals  of  the  regular  system, 
exhibiting  tho  combination  coOoo.O.ooO.  Its  formation  appears  to  be  due  to  the 
mutual  action  of  tho  ullmannite  and  the  matrix  (Rumpf.  a  Ullik,  Jahrhuch  f.  Minera- 
logie,  1870,  355). 

On  antimonate  and  antimonitc  of  lead  from  the  province  of  Constantino  in  Algeria, 
see  Nadoeite. 

OxycMorides. — By  treating  antimonious  chloride  with  various  proportions  of 
water,  compounds  are  obtained  corresponding  with  the  formulae  SbClO  and  Sb'O'. 
2SbC10.  The  former  of  these  compounds  exhibits  two  modifications,  amorphous  and 
crystalline.  The  amorphous  variety  is  obtained  by  treating  the  chloride  with  tliree 
times  its  weight  of  water;  the  crystalline  variety  by  adding 7  parts  water  to  10  parts 
of  antimonious  chloride,  and  leaving  the  mixture  to  itself  for  a  few  days. 

The  compound  Sb-0'.2SbC10  is  obtained  when  the  trichloride  is  treated  with  5  to 
50  parts  of  water ;  when  cold  water  is  used  it  crystallises  in  oblique  prisms  having  a 
silky  lustre  (Sabanejew,  Zeitschr.  f.  Cliem.  [2]  vii.  20-1). 

W.  C.  Williams  (Chem.  News,  xxiv.  224),  by  heating  1  mol.  antimony  pentoxide 
with  3  mol.  of  the  pentachloride  to  140°  in  a  sealed  tube,  has  obtained  two  crystal- 
line oxychlorides  :  one  melting  at  85°  and  liaving  the  composition  Sb'Cl'^'O,  the  other 
melting  at  97-5°,  and  consisting  of  Sb'Cl'O'.  The  simple  oxychloride  SbCPO, 
analogous  to  POPO,  was  not  produced. 

Sulpbides.  Trisidphide  or  Antimonous  Sulphide. — When  black  antimonous  sul- 
phide is  treated  with  potash-solution,  and  the  liquid  filtered  from  the  resulting 
'  crocus '  is  mixed  with  caustic  soda,  sodium  antimonate  is  precipitated,  and  a  liquid 
is  obtained,  which  Unger  supposes  to  contain  a  bisulphide  of  antimony,  Sb'-'S', 
analogous  to  realgar,  dissolved  in  aqueous  sodium  sulphide.  This  liquid,  treated  with 
the  necessary  amount  of  sulphur,  yields  a  further  quantity  of  sodium  antimonate, 
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together  with  a  considerable  proportion  of  Schlippo's  salt.  The  two  reactions  are 
represented  by  the  following  equations  : — 

(1)  3Sb'S^  +  GNa^O      IsVO.Sb^O-^  +  2Sb-S=  +  5Na^S. 

(2)  eSb^S^  +  2Na-S  +  12Na-0  +  18S  =  2(Na20.Sb-0=)  +  4(3Na2S.Sb=S''). 
When  very  fincly-pounded  black  antimonious  sulphide  and  a  little  strong  solution 

of  sodium  sulphide  are  rubbed  together  and  warmed  to  20°-30°,  a  paste  is  formed, 
having  a  fine  copper  lustre,  and  from  this  a  body  may  be  obtained  having  almost 
the  appearance  of  metallic  copper,  and  the  composition  Na-Sb"S'-  +  2H-0,  or, 
according  to  Unger,  Na-S.Sb-S\2IP0  +  SSb^S^.  When  decomposed  by  an  acid, 
however,  it  yields  only  tlio  trisulphide.  The  mother-licpior  of  tho  copper-coloured 
body  truatiul  whh  an  additional  quantity  of  sodium  sulphide,  yields  a  considerable 
quantity  of  .Srhlijiiir's  salt. 

The  reaction  of  antiiMmy  irimlphklc  with  sodium  sulphide  differs  accoi'ding  to  the 
relative  quantities  of  tho  two  bodies  employed.  When  tho  trisulphide  is  in  atid  with 
a  small  quantity  of  sodium  sulphide  in  concentrated  solution,  the  eniii"  i-a.ilniii-,il  body 
already  mentioned  ,  is  formed,  and  in  largo  quantity  if  the  ingi-edi(_'iii,s  ai'.:  hc-ited 
together  for  some  time  out  of  contact  with  the  air.  But  when  an  excess  of  sodium 
sulphide  is  used,  Schlippe's  salt  is  formed,  together  with  a  red  tarry  body,  which,  by 
repeated  solution  in  water  and  evaporation,  may  be  obtained  in  deep  rod  flocks,  having 
the  composition  NaSbS^,  or  Na-'S.Sb^S'.  The  oxygen  of  the  air  is  concerned  in  _  the 
reaction ;  for  wlion  tho  materials  are  placed  together  in  a  closed  vessel,  very  little 
Schlippe's  salt  is  formed.  The  result  may  be  explained,  by  supposing  that  a  body 
having  the  composition  Na'SbS-",  or  2Na'-S.Sb'^S-,  is  first  formed,  together  with  Schlippe's 
salt,  and  that  the  former  is  converted  by  oxidation  into  sodium  sulphantimouito  and 
caustic  soda,  thus  : — 

(1)  3Sb=S^  +  YNa^S  =  2Na^SbS^  +  4Na2SbS=. 

(2)  2Na=SbS^  +  0  =  2NaSbS2  +  Na'-O. 

Tho  precipitate  produced  when  tho  solution  of  antimony  trisulphide  in  sodium 
sulphide  is  poured  into  acids  is  very  different  from  the  beautiful  penta-  and  tri-sul- 
phidos  of  antimony  produced  by  the  ordinary  methods,  being  of  the  colour  of  iron 
oxide,  or  kermes  :  it  is  very  bulky  and  gelatinous.  It  appears  to  be  anhydrous,  and 
■\\'hon  once  dried,  is  scarcely  at  all  hygroscopic. 

This  kermos-coloured  precipitate  possesses  the  peculiar  property  of  persistently 
retaining  from  1-5  to  2  p.c.  sodium  sulphide,  in  such  a  manner  as  to  be  difficultly  de- 
docomposiblo  by  acids  (Unger). 

Crocus  of  Antimony,  well-known  yellow  body  formed  when  antimonious  sulphide 
is  treated  with  caustic  alkaline  solution  (i.  328)  has,  according  to  Unger,  a  somewhat 
complex  constitution.  When  prepared  with  potash  it  remains  as  an  oclire-brown 
powder  if  dried  at  a  gentle  heat,  and  if  heated  more  strongly,  gives  off  water,  melts 
with  intumescence  to  a  glassy  mass,  without  any  sublimation  of  trisulphide,  and  has 
tho  composition  3(Sb'«^H'-0)  -i-  6(K-0.Sb=0^)  +  2,Sb=0'. 

2.  Pentasulfhide. — According  to  Fr.  Vifmtz{J  Pharm.  [4]  xi.  456),  this  compound, 
prepared  from  sodium-sulphantimonate,  always  contains  free  sulphur  (which  may  be 
dissolved  out  by  carbon  sulphide) ;  he  attributes  its  occurrence  to  the  fact  that  the 
mutual  action  of  sodium  carbonate,  quicklime,  sulphur,  and  antimony  trisulphide, 
likewise  gives  rise  to  sodium  thiosuljihate,  which,  when  decomposed  by  hydrochloric 
acids,  yields  sulphur.  The  same  fact  appears  to  have  been  noticed  by  several  other 
observers  (.7«Ar(>si./.  Chcm.  1870,  365). 

Compound  of  fiidphantimonatc  and  Thiosidpliatc  of  Sodium. — By  crystallisation  of 
the  red  mother-liquors  obtained  in  tlio  preparation  of  Schlippe's  salt,  wliicli  contain 
much  sodium  thiosulphate,  a  salt  is  obtained  in  large  crystals,  having  the  composition 
8Na-S.Sb-S*  +  2(Na-0.S-0-)  -t-  40H=O.  If  the  antimony  ore  from  which  the  Schlippe's 
salt  is  obtained  contains  arsenic,  the  double  salt  will  also  bo  arsenical.  This  salt 
crystallises  in  a  form  different  from  that  of  Schlippe's  salt,  viz.,  in  six-sided  rhombic 
pyramids,  very  mueli  like  potassium  sulphate.  They  havo  a  faint  greenish  tint, 
effloresce,  but  not  rapidly,  and  in  time  become  opaque  and  brown.  Treated  with 
acids,  they  yield  a  mixture  of  golden  sulphide  with  free  sulphur,  amounting  to  one- 
third  of  tho  weight  of  the  wliolo  precipitate.  The  saturated  hot  solution  of  this  salt 
first  deposits  tetrahedrons  of  Schlippe's  salt,  and  then  sodium  thiosulphate.  The 
crystals  melt  when  gently  heated.  This  compound  is  of  all  known  inorganic  salts  the 
one  which  contains  tho  largest  numl)er  of  molecules  of  water  (Unger). 

APATXTE.  This  mineral  appears  to  be  of  very  frequent  occurrence  in  eruptive 
rocks,  being  found  in  such  rocks  of  the  most  various  character,  both  chemically  and 
petrogi'aphicallj'  (F.  Zirkel,  Jahrhuch  f.  Mineralogie,  1870,  801). 

Apatite  from  Canada,  occurring  in  a  bed  about  6  m,  thick,  sometimes  in  crude 
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massBS  of  sp.  gr.  3-142,  somotimes  in  well-defined  six-sided  prisms,  sp.  gr.  3*166,  has 
been  analysed  by  E.  Hutton  {Chcm.  News,  xxi.  150),  witb  the  following  results : — 

Ca»P=0»         CaF«         CaCP         CaCO"      Fe^O^  H=0  Sand 

Massive    86-61         7-22        0-06         4-47  —         0-08        0-10  =  98-54 

Crystals  90-82  5-70  0-14  0-38  0-40  0-32  0-10  =  97'86 
Iodine  and  Bromine  in  Apatite. — The  apatite  from  the  beds  in  the  departments  of 
Lot  and  of  Tarn-et-Garonne  gave,  -when  treated  with  sulphuric  acid  for  the  manufac- 
ture of  superphosphate,  violet  vapoiu-s  of  iodine.  The  distillate  treated  for  bromine 
by  Bouis'  process,  gave  only  faint  traces  of  that  element.  This  phosphate  may  per- 
haps be  utilised  as  a  commercial  source  of  iodine  (Kuhlmann,  Coinft.  rend.  Ixxvi, 
1678). 

iiSKABXH'.  Acetyl-derivativcs. — Arabin  heated  -with  2  parts  of  acetic  anhydride  to 
150°,  swells  up  to  a  mass  which,  when  heated  with  hot  -water  and  -with  alcohol,  yields 
diacetyl-arabin  ^^(C^H^Oj-O^,  as  an  amorphous  white  powder  insoluble  in  hot 
water,  and  yielding  soluble  arabin  by  saponification.  If  an  excess  of  acetic  anhydride 
be  used,  and  the  temperature  raised  to  180°,  triacetyl-arabin -C^H'(C-H'0)^0^  is 
obtained,  exactly  resembling  the  diacetyl-compound  (Schiitzenberger  a.  Naudin, 
Zeitschr.f.  Chcm.  [2]  v.  264). 

A,RXTE,  or  AARITXS,  is  a  nickeliferous  mineral  found  on  the  Ar  Mountain 
{Basses  Pyrenees'),  associated  with  and  intimately  disseminated  throughout  a  mixture 
of  petrosilex,  chalk,  blende,  ullmannite,  and  galena.  It  is  amorphous,  and  has  the 
colour  of  breithauptite.    Density  7-19.    Analysis  gave 

S.  As,  Sb.  Ni.  Zn. 

1-7  11-5  48-6  37-3  2-4  =  101-5. 

These  numbers  calculate  to  the  formula  Ni-(Sb ;  As),  which  is  that  of  an  arsoni- 
ferous  breithauptite  (iv.  35).  It  would  appear,  therefore,  that  arite  should  be  con- 
sidered merely  as  a  variety  of  breithauptite,  in  the  same  manner  as  the  nickeline,  or 
copper-nickel,  from  Allemont,  which  contains  8  p.  c,  of  antimony,  is  considered  a 
variety  of  ordinary  nickeline  (iv.  36).    (Pisani,  Compt.  rend.  Ixxvi.  239.) 

ARRAG'OIS'XTE,    On  the  formation  of  this  variety  of  calcium  carbonate,  see 

C.4.HB0NATES. 

-  ARSEXTXC.  Occurrence. — Arsenic  occurs  frequently  in  soils,  being  introduced 
therein  liy  the  weathering  of  arseniferous  pjTites,  or  in  the  refuse  from  manufacturing 
operations,  &c.  With  reference  to  chemico-legal  investigations,  it  is  important  to 
observe  that  arsenic  may  in  this  manner  be  introduced  into  the  earth  of  cemeteries 
(Sonnenschein,  Arch.  Pharm.  [2]  cxliii.  245). 

Pu  rificatio  n.  —  Metallic  arsenic  may  be  freed  from  the  dirty  deposit 
which  it  acquires  by  keeping  in  contact  with  the  air,  and  restored  to  its  pure 
metallic  lustre,  by  boiling  it  -with  a  moderately  concentrated  solution  of  potassium 
dichromate  acidulated  with  sulphuric  acid,  then  washing  it  with  alcohol  and  ether, 
and  fusing  it  in  glass  tubes  (Bottger,  J.])r  Chem.  [2]  ii.  134). 

Betection. — On  the  application  of  Bettendorflfs  method  of  detecting  arsenic  by 
means  of  an  acidulated  solution  of  stannous  chloride  {\st  Suppl.  216)  to  pharmaceuti- 
cal purposes,  see  Hager  {Pharm.  Centrabl.  1870,  201  ;  Jakresb.  1870,  966). 

When  a  person  is  suspected  to  have  been  poisoned  with  arsenic,  and  nothing  but 
the  skeleton  is  left  for  investigation,  the  arsenic  should  be  looked  for  especially  in  the 
bones  of  the  pelvis  and  the  neighbouring  spinal  vertebrae.  For  this  purpose  the 
following  process  is  given  by  Sonnenschein  {Arch.  Phar)}i.  [2]  cxliii.  250).  The 
comminuted  bones  are  introduced  into  a  glass  tube  about  10  mm.  in  diameter,  1  m. 
long,  and  closed  at  the  bottom ;  and  this  tube  is  filled  to  f  rds  with  strong  sulphiu-io  acid, 
and  gently  heated  in  a  water-bath,  in  order  to  expel  the  carbonic  anhycbide  contained 
in  the  bones,  and  finally  sealed  before  the  blow-pipe.  After  heating  in  the  water-bath 
for  a  week  with  frequent  agitation,  the  substance  of  the  bone  is  converted  into  s,  gela- 
tinous pulp,  which  may  be  examined  for  arsenic  in  the  ordinary  way.  It  is  convenient, 
however,  to  combine  the  qualitative  with  the  quantitative  analysis.  The  metallic 
sulphide,  separated  from  the  solution  in  sodium  sulphide  is  dissolved  in  fuming  nitric 
acid,  or  in  a  mixture  of  potassium  chlorate  and  hydrochloric  acid ;  tartaric  acid  is 
added,  then  ammonia  in  excess ;  and  the  clear  solution,  mixed  with  a  magnesium  salt, 
is  left  in  a  warm  place  for  several  days.  The  separated  precipitate  of  ammonio- 
magnesic  arsenate,  after  drying  and  weighing,  may  be  used  for  various  experiments 
with  Marsh's  apparatus,  &c. 

Gravimetric  Estimation. — E.  Puller  {Zcitschr.  anal.  Chem.  1871,  41)  has 
examined  the  methods  most  frequently  employed  for  the  estimation  of  arsenic,  viz.,  by 
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precipitation  as  trisnlpliide,  as  ainmonio-magnesic  arsonate,  and  as  uranic  arsenate, 
■with  tho  view  of  determining  their  relative  accuracy. 

1.  Prcciintation  as  Arscnious  i§'(^pAj&.— By  a  number  of  very  earoM  determinations 
it  was  found  that  arsenious  sulphide  is  not  perceptibly  soluble  in  water,  but  that  to 
ensure  complete  and  speedy  precipitation  of  arsenic  by  sulphuretted  hydrogen  from  a 
solution  of  arsenious  acid,  it  is  necessaiy  that  the  solution  bo  strongly  acidulated, 
with  hydrochloric  acid,  for  example.  If  the  excess  of  FuliihuvcUod  liydi-dtccii  lie  aft  er- 
wards expelled  by  a  current  of  carbonic  anhydride,  tli!'  in'ivl]. it.it.  tl  .iiM  iiiniis  snlpliido 
does  not  contain  any  apj)reciable  cpiantity  of  free  suli>liiir  lli.il  cm  lir  <Ii^noI\-(  .1  by 
carbon  sulphide.  Tho  precipitate  may  be  completely  dried  at  KM)",  imd  iiiny  Ije 
further  heated  in  a  cun-ent  of  carbonic  anhydride  to  120°,  or  even  to  I50°-1G0°,  with- 
out perceptible  loss. 

The  mixture  of  arsenious  sulphide  and  free  sulphur,  obtained  by  passing  sulphur- 
etted hydrogen  through  an  acidulated  solution  of  arsenious  acid  mixed  with  ferric 
chloride,  may  be  completely  frsed  from  uncombined  sulphur  by  digestion  with  carbon 
sulphide  ;  but  the  precipitate  of  arsenious  sulphide  and  sulphur  obtained  liy  tho 
action  of  sulphuretted  hydrogen  on  arsenic  acid  is  more  difficult  to  deal  with.  If 
the  sulphur  is  precipitated  from  a  hot  ^solution  (at  75°)  it  becomes  very  intimately 
mixed  with  the  arsenious  sulphide,  in  the  form  of  little  globules,  from  which  it  cannot 
be  completely  extracted  Isy  ammonia  or  by  digestion  in  the  cold  with  carbon  sul- 
phide. The  sulphur  may,  however,  be  easily  dissolved  by  removing  the  precipitate 
from  the  filter  as  completely  as  possible,  and  digesting  with  carbon  sulphide  in  a 
water-bath. 

Good  results  are  likewise  obtained  by  determining  the  arsenic  indirectly  in  the 
precipitate  produced  by  suljDhuretted  hydrogen — after  drying  till  constant  and  weigh- 
ing— by  oxidation  of  the  sulphiir  and  precipitation  as  barium  sulphate.  Oxidation 
with  potassium  chlorate  and  hycbochloric  acid  generally  involves  a  loss  from  volati- 
lisation of  the  arsenic  as  arsenious  chloride.  Eed fuming  nitric  acid,  however,  answers 
very  well,  because  it  boils  below  the  melting  point  of  sulphur.  The  operation  may 
also  be  effected  alter  exhausting  the  sulphide  on  the  filter  with  ammonia,  then  filter- 
ing and  evaporating  to  dryness. 

The  method  of  oxidation  in  an  alkaline  solution  (KHO)  by  passing  a  moderate 
current  of  chlorine  through  a  warm  solution  containing  excess  of  pure  alkali,  as  well 
as  the  two  other  methods,  usually  gives  a  little  more  sulphur ;  on  account  of  the 
precipitated  barium  sulphate  retaining,  as  Fresenius  has  shown,  a  little  potassium 
chlorate,  chloride  or  nitrate,  especially  the  latter,  which  must  be  removed  by  fusion 
of  the  barium  sulphate  with  sodium  carbonate,  dissolving  the  residue  in  hydrochloric 
acid,  and  precipitating  again  as  barium  sulphate.  It  is  obvious  that  the  indirect 
method  of  estimating  the  arsenic  by  determining  the  sulphur  in  the  precipitate  may 
likewise  be  controlled  by  direct  estimation  as  ammonio-magnesic  arsenate. 

2.  Prccipitatiun  as  Ammonio-magnesium  Arsenate. — This  salt,  when  dried  in  a 
vacuum  over  sulphiu^ic  acid,  has  the  composition  (NH^)MgAsO''  +  6H-0.  After 
drying  at  100°  it  contains  2(NH')MgAsO'  +  H-0,  and  on  ignition  yields  magnesium 
pyro-arsenate,  Mg'^As'-'O'.  The  temperature  should  be  raised  gradually  to  avoid 
reduction  of  arsenic  to  arsenious  oxide  by  the  escaping  ammonia,  and  consequent  loss 
by  volatilisation. 

Puller  has  carefully  determined:  (1)  tlie  solubility  of  this  salt  in  tho  various  saline 
and  other  solvents  with  which  it  is  lirought  into  contact  during  precipitation  ;  (2)  tho 
best  and  readiest  methods  of  drying  ;  (3)  the  best  means  of  converting  the  arsenious 
sulphide  into  arsenic  acid  in  order  to  estimate  it  as  ammonio-magnesium  arsenate. 

The  experiments  on  the  solubility  of  the  salt  led  to  the  following  results  : — 

Sohihility  in  pure  distilled  water. — 1  part  of  the  precipitate  dried  at  130°  dis- 
solved in  2652,  or  1  part  of  the  anhydrous  arsenate  in  278i  parts  of  water. 

Solubility  in  weak  ammonia  (1  part  of  ammonia  of  '96  sp.  gr.,  diluted  witli  3 
parts  of  water). — 1  part  of  the  salt  dried  at  100°  dissolved  in  16151,  and  1  part; 
of  the  anhydrous  arsenate  in  15904  parts  of  this  aqueous  ammonia. 

Solubility  in  a  dilute  solution  of  ammonium  chloride  (1  part  of  the  salt  dis- 
solved in  60  parts  of  water). — The  amount  of  arsenate  dissolved  was  determined  by 
removing  the  arsenic  as  arsenious  sulphide,  and  precipitation  of  the  magnesia  in 
tho  filtrate  by  means  of  sodium  phosphate,  and  weighing  as  magnesium  pyro- 
phosphate. 1  part  of  the  salt  dried  at  100°  dissolved  in  1321  parts,  and  of  the 
anhydrous  salt  in  1336  parts  of  this  dilute  solution  of  ammonium  chloride. 

Svlubility  in  a  concentrated  solution  of  ammonium  cMoride  (1  part  of  the  salt 
in  7  parts  of  water).  —  1  part  of  the  arsenate  dried  at  100°  required  814-7,  and  1  part 
of  the  anhycbous  salt  8867  parts  of  the  solution  of  ammonium  chloride. 
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Solubility  in  a  solution  containing  10  joarts  of  ammonium  cliloridc,  10  parts  of 
ammonia,  sp.gr.  "96,  and  60  farts  of  water. — 1  part  of  the  arsenate  dried  at  100° 
roqiiires  2879,  and  of  the  anhydrous  salt  3022  parts  of  this  mixture. 
•  Soluhility  in  a  solution  of  magnesium  sulphate  (13'3  parts  of  the  crystallised  salt 
dissolved  in  a  litre  of  water). — 1  part  of  the  arsenate  dried  at  100°  required  2763, 
and  of  the  anhydrous  salt  2900  parts  of  this  solution. 

Soluhility  in  magnesia  mixture  (1  part  of  MgSO',  1  part  of  NH'Cl,  4  parts  of  am- 
monia, of  sp.  gr.  "96,  and  8  parts  of  water). — The  mixture  was  dihited  with  20  parts 
of  water,  and  contained  72-58  grams  of  the  crystallised  magnesium  sulphate  per  litre. 
1  part  of  the  crystallised  dried  arsenate  dissolved  in  31483,  and  1  part  of  the  anhydrous 
salt  in  32827  parts  of  the  mixture. 

Soluhility  in  sodium  arsenate  (2  parts  of  the  salt  in  100  of  water). — 1  part  of  the 
di'ied  arsenate  dissolved  in  4386,  and  1  part  of  the  anhydrous  salt  in  4604  parts  of 
the  solution  of  sodium  arsenate. 

Solubility  in  a  2  p.  c.  solution  of  ammonium  nitrate,  rendered  slightly  ammoniacal.— 
1  part  of  the  arsenate  dried  at  100°  required  4184,  and  1  part  of  the  anhycbous  salt, 
4389  parts  of  the  nitrate  solution. 

Sohdiility  in  a  V 5  p.  c.  solution  of  potassiurn  chloride. — 1  part  of  the  dried  arsenate 
dissolved  in  2440,  and  1  part  of  the  anhydrous  salt  in  2561  parts  of  the  solution  of 
potassium  chloride. 

Solubility  in  a  solution  of  ammonium  tartrate  (prepared  by  dissolving  3'5  grams 
of  tartaric  acid  in  weak  ammonia,  to  slight  alkaline  reaction,  and  diluting  to  250  c.  c.)— 
1  part  of  the  dried  arsenate  dissolved  in  1410,  and  1  part  of  the  anhydrous  salt  in 
1422  parts  of  the  tartrate  solution. 

Solubility  in  ammonium  citrate  (prepared  by  dissolving  2-5  grams  of  citric  acid  in 
ammonia,  to  weak  alkaline  reaction,  and  diluting  to  250  c.c). — 1  part  of  the  arsenate 
dried  at  100°  dissolved  in  889  parts,  and  1  part  of  the  anhydrous  salt  in  933  parts  of 
the  citrate  solution. 

It  appears  then  that  ammonio-magnesium  arsenate  is  somewhat  soluble  in  dilute 
ammonia,  but  that  an  excess  of  magnesia  mixture  renders  the  separation  of  the  preci- 
pitate more  complete. 

With  regard  to  the  drying  of  the  precipitated  ammonio-magnesium  arsenate.  Puller 
finds  that  when  dried  for  a  considerable  time  over  sulphuric  acid,  it  contains  6  mol. 
water,  as  found  by  H.  Eose  ;  that  after  drying  over  the  water-bath,  or  in  an  air-bath 
at  100°-102°,  it  contains  exactly  2(NH-')MgAsO'  +  H=0 ;  but  that  between  103° 
and  110°  it  gives  off  a  portion  of  this  water,  and  a  considerably  greater  portion  when 
dried  at  130°. 

To  avoid  the  tedious  operation  of  drying  the  ammonio-magnesium  arsenate,  it  has 
been  repeatedly  proposed  by  Wittstein  and  others  to  ignite,  as  is  done  with  the  cor- 
responding phosphate,  and  weigh  as  pyro-arsenate.  On  igniting  portions  of  the  salt 
dried  at  100°,  (1)  over  a  small  gas  jet,  (2)  over  a  powerful  gas  flame,  and  (3)  over 
the  blowpipe,  it  was  found  that  they  lost  respectively  3-4  p.  c,  4-5  p.  c,  and  8  p_.  c. 
When,  however,  the  salt  was  ignited,  according  to  Wittstein's  method,  by  first  drying 
at  130°  for  two  hours,  then  heating  cautiously  on  a  sand-bath,  heating  over  a  Bunsen 
burner  for  another  two  hours,  then  on  an  iron  plate  for  an  hoiir  and  a  half,  then  for 
twenty  minutes  over  the  bare  flame,  and  lastly,  by  heating  intensely  over  the  blow- 
pipe flame,  satisfactory  resiilts  were  obtained.  On  applying  the  same  operation  to 
the  salt  dried  over  sulphuric  acid,  equally  good  results  were  obtained.  I'ilters  con- 
taining small  quantities  of  the  arsenate,  when  soaked  with  a  solution  of  ammonium 
nitrate  and  then  deflagrated,  showed  but  a  trifling  loss.  Wlien  the  dried  salt  was 
heated  in  a  current  of  oxygen,  according  to  Eose's  directions — gently  at  first,  then  over 
a  Bunsen  burner  for  a  qiiarter  of  an  hour,  and  finally  very  intensely  over  the  blowpipe 
lamp — good  results  were  obtained,  and  Puller  prefers  this  method  to  the  extremely 
tedious  method  of  di-ying  at  100°  till  the  weight  becomes  constant. 

On  repeating  H.  Eose's  experiments  of  reducing  ammonio-magnesium  arsenate  to 
arsenic  with  formation  of  arsenious  sulphide  (by  mixing  with  powdered  or  freshly 
precipitated  sulphur  and  heating  in  a  cm-rent  of  hydrogen  gas,  Eose's  observation  that 
the  arsenic  cannot  be  removed  entirely  in  this  manner  was  confirmed. 

By  heating  the  arsenate  ■with  acid  ammonium  sulpliite,  the  arsenic  acid  is  com- 
pletely reduced  to  arsenic  which  volatilises.  The  results  obtained  by  weighing  the 
residuary  magnesium  sulphate  are,  however,  a  little  too  high,  on  account  of  the  action 
of  the  acid  sulphate  upon  the  crucible. 

Experiments  were  also  made  to  determine  whether,  as  is  known  to  be  the  case  with 
the  precipitated  ammonio-magnesium  phospliate,  any  basic  magnesium  sulphate  or  pure 
magnesia  is  ever  carried  down  by  the  ammonio-magnesium  arsenate,  and  whether  re- 
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dissolving  in  hydrochloric  acid  and  reprecipitation  with  ammonia  eliminates  any 
slight  admixture  of  magnesium  compounds.  Traces  of  a  siilphate  and  likewise  slight 
traces  of  arsenic,  as  indicated  hy  barium  chloride  and  by  sulphuretted  hydrogen,  were 
invariably  found.  By  precipitating  a  standard  solution  of  sodium  arsenate  with 
varying  quantities  of  the  mixture  of  sal-ammoniac  and  magnesia  salt,  it  was  found 
that  a  trifling  quantity  only  of  magnesium  hydrate  or  basic  magnesium  sulphate  is 
precipitated  with  the  arsenate  ;  that  especially,  a  concentrated  solution  of  sal-ammoniac 
interferes  with  the  precipitation  by  holding  a  little  of  the  ammonio-magncsium  arsenate 
in  solution,  whereas  a  small  excess  of  magnesia  mixture  ensures  complete  precipitation; 
lastly,  that  the  errors  arising  from  the  precipitation  of  a  little  basic  magnesium  sul- 
phate, and  from  the  solubility  of  the  ammonio-magnesium  arsenate,  nearly  neiitraliso 
ench  other,  unless  an  excessive  amount  of  magnesia  mixture  and  sal-ammoniac  is  em- 
ployed. Puller  proposes  to  allowfor  every  16  c.  c.  of  tho  filtrate  -001  gram  of  arsenate, 
and  recommends  precipitating  only  once,  on  account  of  tho  solubility  of  the  arsenate 
in  sal-ammoniac. 

Ho  an-ives  at  the  conclusion  that  the  determination  as  magnesium  pyro-arsenato 
according  to  Wittstein,  when  carefully  executed,  is  as  accurate  as  could  well  be  desired, 
and  far  more  expeditious  than  drying  at  100°.  For  like  reasons,  he  recommends 
the  use  of  red  fuming  nitric  acid,  in  prefrreneo  to  all  other  methods  of  oxidation 
(especially  after  removing  the  greater  part  of  tho  precipitated  arsenious  sulphide 
mechanically  from  the  filter-paper,  and  extracting  the  last  traces  with  ammonia),  in 
order  to  convert  the  trisulphido  into  arsenic  acid.  Tho  excess  of  acid  is  evaporated, 
and  the  residue  dissolved  in  a  little  hydrochloric  acid. 

3.  Betcrmimtion  as  Uremic  Pijro-arscncdc,  2(U0-)".As^0'. 

On  adding  uranic  acetate  to  a  solution  of  an  arsenate  in  water  or  in  acetic  acid,  a 
precipiitate  of  uranic  arsenate  (UO^)"HAsO'  +  4H^0,  is  obtained,  which  loses  its 
water  at  123°.  In  presence  of  ammonium  salts  a  glutinous  yellowish  green  precipitate 
of  ammonio-iu-anic  arsenate  (UO-)"NB[<AsO<  -I-  aq  is  left,  insoluble  in  w-atcr  and 
acetic  acid,  but  soluble  in, mineral  acids.  On  ignition,  light  yellow  uranic  pyro-arsen- 
ate  2(U0'')".As=0'  is  obtained.  Tho  precipitation  is  .assisted  by  boiling,  and  the 
preci|iitato  sulisidcs  more  readily  on  adding  a  few  drops  of  chloroform  to  tho  warm 
solution.  Mild  t'lcii  l)oilingup  again.  Tho  quantitative  results  being,  however,  unsatis- 
fai-lcii'v.  I'lilli  i- i'liuiul  that,  on  ignition,  a  small  portion  of  the  salt  is  reduced  by  the 
esc,'i]iiiiu'  ,iniinniii;i,  gas.  This  source  of  error  was  to  a  great  extent  eliminated  by 
ignit  ing,  as  iu  tho  case  of  the  corresponding  magnesium  arsenate,  with  great  care, 
heating  first  over  a  sand-bath,  then  on  a  hot  iron  plate,  and  lastly  over  tho  bare  flame, 
or  by  igniting  at  once  in  a  current  of  oxygon. 

Excess  of  ammonia  or  sal-ammoniac  exerted  no  disturbing  influence.  Conversion 
of  freshly  prixnpitated  arsenious  sulphide  into  arsenic  acid  by  means  of  potassium 
chlorate  and  hydrocliloric  acid,  or  by  treating  with  fuming  nitric  acid  and  subsequent 
precipitation  in  an  acetic  solution  as  ammonio-uranic  arsenate,  gave  very  good  results  ; 
and  since  the  precipitate  could  be  readily  washed  out — a  desideratum  of  no  small 
importance — this  method  of  determining  arsenic  is  strongly  recommended  as  prefer- 
able to  all  other  methods. 

Volumetric  Estimation  (Waitz,  Zcitsckr.anal.  Chcm.  x.  158).  The  methods  generally 
used  for  estimating  arsenious  acid  volumetrically  are :  1.  by  means  of  free  iodine; 
2.  hy  means  of  potassium  dichromate  ;  3.  by  means  of  potassium  permanganate. 

Tho  iodino  method  depends  upon  tho  conversion  of  arsenious  into  arsenic  acid  in 
alkaline  solution;  in  an  acid  solution  arsenious  acid  can  exist  in  presence  of  iodino 
or  chlorine,  and  is  only  partly  converted  into  the  higher  oxide.  Tho  alkali  must  be 
in  the  form  of  a  carbonate,  for  a  caustic  alkali  combines  with  the  iodine. 

Normal  sodium  carbonate  fixes  iodine,  but  tho  acid  carbonate  does  not ;  a 
solution  saturated  in  tho  cold  should  be  used.  In  employing  a  standard  solution  of 
arsenious  acid  in  hydrochloric  acid,  the  free  acid  must  bo  neutralised  with  caustic 
soda  or  acid  sodium  carbonate.  With  an  excess  of  this  latter  salt,  good  results  aro 
obt;iinod. 

Experiments  made  with  the  view  of  converting  prt  eijiit.ilod  .■n'senioiis  sulpliido  into 
arsenious  acid  by  the  action  of  an  ammoniacal  si'lulidi;  of  ^l|v(  i-  niiiMir  tho 
sidphide  dissolved  in  ammonia,  as  well  as  byincjins  of  (V.  shly  )in'fi|'it:ilril  l.isiiiu- 
thous  hydrate,  and  of  substituting  in  this  the  trisu!|ilil(lr  whicli  r;!!!  b-  oblaiued  in  a 
state  of  gvcat  purity — for  tlio  trinxiilc.  ivoiv  iiiisnri'i  ^^i'uL  .-is  liir  rciclioii  is  never  quite 
complete,  owing  to  the  foriiml  inn  (,f  siiliilio-siill  s  of  i-Wxi-r  and  liisninlli. 

The  method  first  proposed  by  Kesslcr  [Zciltifhr.  unnl.  Chiiii.  x.  20.)j  of  determining 
arsenious  acid  in  an  acid  solution  by  means  of  potassium  dichrojuate,  and  standardising 
back  by  means  of  a  ferrous-  sidphate  solution,  gave  good  results.    Excess  of  hydro- 
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chloric  acid  must  be  avoided.  Hessler  succeeded  in  oxidising  arsenious  sulphide  by 
treating  it  in  a  hydrochloric  acid  solution  -^vith  mercuric  chloride,  a  saturated  solution 
of  which  conrerts  the  sulphide,  slowly  at  the  ordinary  temperature,  more  rapidly  on 
the  application  of  a  gentle  heat,  into  the  trioxide.  The  reaction  is  over  when  the 
mass  has  become  white.  The  experiments  of  Waitz  show  further,  that  the  mixture  of 
trisulphide  and  sulphur  which  is  obtained  when  a  solution  of  arsenic  acid  is  precipi- 
tated with  sulphuretted  hydrogen,  cannot  be  converted  directly  into  arsenious  acid  by 
digestion  with  mercuric  chloride,  on  account  of  the  dense  nature  of  the  precipitate, 
but  that  it  is  readily  acted  upon,  after  dissolving  out  the  trisulphide  by  means  of 
dilute  ammonia,  and  reprecipitating  with  hydrochloric  acid. 

The  oxidation  of  arsenious  into  arsenic  acid  by  means  of  potassium  permanganate  is 
never  perfect  {Zcitschr.  anal.  Chem.  x.  158),  and  a  volumetric  method  based  upon  tliis 
reaction  was  found  to  be  most  untrustworthy ;  but,  by  adding  excess  of  permanganate, 
more  than  double  the  amount  required  according  to  theory,  and  standardising  back 
with  a  solution  of  ferrous  sulphate,  very  accurate  results  were  obtained. 

The  volumetric  determination  of  arsenic  acid  by  means  of  uranic  acetate  in  presence 
of  free  acetic  acid  and  an  alkaline  acetate  was  not  found  to  yield  trustworthy  results. 

On  the  Separation  of  Arsenic  from  tin,  see  Tin. 

Arsenic  and  Arsenious  Acids  and  Oxides.  Crystalline  Fmn  of  Arsenious 
O.rifZe.— Crystals  of  this  body  from  the  Halsbriick  AVorks,  near  Freiberg,  have  been 
examined  by  P.  Groth  {Fogg.  Ann.  cxxxvii.  414).  They  are  rhombic  prisms,  having 
a  broadly  tabular  form  from  predominance  of  the  faces  which  truncate  the  acute 
edges.  The  axial  ratio  \s  a  :  h  :  c  =  0-3758  ;  1  :  0-3500,  which  is  sufficiently 
near  to  that  of  rhombic  antimonious  oxide  (antimony-bloom),  viz.,  0-3869  :  1  :  0-3710, 
to  show  that  these  two  similarly  constituted  bodies  are  isomorphous.  In  their  optical 
properties  the  two  oxides  differ  considerably.  Their  specific  gi-avities  in  both  forms 
are  as  follows : — 

As=0'  Sb'O' 
Eegular  ....  3-70  .  5-26 
Ehombic      ....       4-25       .  5-57 

Bcaction  of  Arsenic  Acid  with  Hydrocldoric  Acid. — Eose  {Pogg.  Ann.  cv.  573)  found 
that  a  concentrated  aqueous  solution  of  arsenic  acid  distilled  with  fuming  hydrochloric 
acid  yielded  a  distillate  free  from  arsenic,  no  volatile  chloride  of  arsenic  being  formed. 
According  to  Mayerhofer,  however  {Ann.  Ch.  Pharm.  clviii.  326),  the  distillate  thus 
obtained  always  contains  arsenic,  hydrochloric  acid  of  sp.  gr.  1-1  yielding  traces,  and 
fuming  hydrochloric  and  considerable  quantities  of  arsenic  in  the  distillate.  This 
result  depends  upon  the  reducing  action  of  hydrochloric  acid  on  arsenic  acid,  whereby 
arsenious  acid  and  chlorine  are  produced,  the  arsenious  acid  being  thus  converted  by 
the  excess  of  hydrochloric  acid  into  arsenious  chloride,  which  distils  over.  Arsenic 
anhydride  reacts  with  hydrochloric  acid  gas,  even  in  the  cold,  forming  chlorine-water 
and  arsenious  chloride  : — 

As^O^  +  lOHCl  =  2AsCP  +  SH^O  +  2CR 

It  follows  from  these  results  that  hydrochloric  acid  cannot  be  freed  from  arsenic 
by  heating  it  with  chlorine  or  with  manganese  dioxide,  to  convert  arsenious  into 
arsenic  acid,  and  then  distilling.  The  purification  may  however  be  effected  by 
Bettendorlf's  method  with  stannous  chloride  {\st  Suppl.  216),  or  by  diluting  it  with 
water,  and  submitting  it  to  prolonged  treatment  with  hydrogen  sulphide. 

Preparation  of  Crystallised  Arsenates. — AV.  Skey  {Chem.  News,  xxii.  61)  has 
obtained  the  arsenates  of  calcium  and  zinc  in  the  crystalline  form  by  mixing  the 
solution  of  a  calcium  or  a  zinc  salt  with  a  soluble  arsenate,  in  such  proportion  that 
the  liquid  shall  remain  acid,  and  the  precipitation  shall  take  place  slowly.  Similar  and 
more  complete  results  have  previously  been  obtained  by  Debray  and  by  Lechartier 
{1st  Suppl.  222). 

When  arsenious  acid  or  an  arsonite  is  treated  with  sodivim-amalgam,  a 
substance  is  produced  which  reduces  potassium  permanganate  and  the  salts  of  gold, 
silver,  mercurj',  and  copper  at  ordinary  temperatures.  The  colourless  aqueous 
solution  decomposes  gradually,  turning  brown  and  giving  off  arsonetted  hydrogen 
(Fremy,  Comjjt.  rend.  Ixx.  61). 

Arsenious  oxide  is  attacked  by  phosphorus  trichloride  at  110°,  becoming 
brown  from  separation  of  arsenic.  On  raising  the  heat  to  130°  to  ensm-e  the  com- 
pletion of  the  reaction,  the  liquid,  which  is  very  much  diminished  in  quantity, 
exhibits  the  characters  of  arsenious  chloride,  AsCP,  boiling  at  1 32°.    The  separated 
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solid  bodies  consist  of  metallic  arsenic  and  phosphoric  oxide.  The  reaction  may 
thoroforo  bo  represented  by  the  equation  : — 

SAs^O'  +  6PCP  =  As'  +  SP^Qs  +  GAsCl'. 

Arsenic  oxide,  As^O',  is  not  acted  on  by  pliosphonis  trichloride,  oven  at  200^ 
(Michaelis,  Jcnaischc  Zcitschr.  vi.  239). 

8e]}aration  of  Arsenious  and  Arsenic  Acids. — The  mixture  is  distilled  witli  .sul- 
phuric acid  and  sodium  chloride,  whereby  the  arsenious  acid  is  converted  into 
arsenious  chloride,  which  distils  over,  while  the  arsenic  acid,  being  unacted  on,  remains 
in  the  retort.  The  distillate  is  treated  with  hydrogen  sulpliide.  The  arsenic  acid  in 
the  residue  of  the  distillation  is  reduced  to  arsenious  acid  by  sulphurous  acid ;  the 
arsenic  then  precipitated  by  hydrogen  sulphide ;  the  precipitate  dissolved  by  hydro- 
chloric acid  and  potassium  chlorate ;  and  the  arsenic  acid  thereby  produced  is  pre- 
cipitated as  ammonio-maguesian  sulphate.  This  gives  the  quantity  of  arsenic  acid 
originally  present.  The  sulphide  precipitated  from  the  distillate  is  treated  in  the 
same  manner,  and  thus  the  quantity  of  arsenious  acid  is  determined.  This  method 
may  be  applied  to  the  estimation  of  arsenic  in  commercial  fuchsine,  in  which  both 
the  acids  of  arsenic  are  generally  present  (Eiecker,  Zcitschr.  anal.  Chcm.  ix.  616). 

Arsenic  Ethers.  (Crafts,  J.  Pharm.  [4]  xiii.  250).  Ethyl  Arsenate  has  been 
already  described  {\st  Suppl.  226). 

Methyl  Arsenate,  (CH')'AsO*,  is  prepared  by  the  action  of  methyl  iodide  on  silver 
arsenate.  It  cannot  be  djstilled  without  decomposition  at  atmospheric  pressure  ;  the 
greater  part,  however,  distils  undecomposod  at  213°-215°.  Under  the  pressure  of  60 
mm.  it  distils  at  128°-]  30°.  Its  specific  gravity  at  U-5°  is  1-.5691,  that  of  water  at  4° 
being  1.    It  resembles  the  etliyl-compouud  in  all  its  properties. 

Amyl  Arsenate  is  prepared  in  the  same  manner  as  the  preceding  compound,  but  it 
has  not  been  obtained  quite  pure,  on  account  of  its  partial  decomposition  at  the  boil- 
ing point,  even  in  a  vacuum.  It  undergoes  decomposition  with  water  as  easily  as  the 
other  ethers  of  arsenic  acid. 

Arsenious  Ethers.  The  properties  of  ethyl  arsenUc  liave  also  been  described 
{Ist  Suppl.  221).  The  best  mode  of  preparing  it  is  by  the  action  of  sodium  ethylato 
on  arsenious  chloride  or  bromide  in  alcoholic  solution : 

SC^H'NaO  +  AsBr'  =  3NaBr  +  (C=H^)'AsO'. 

This  mode  of  jircparation  is  complicated  by  a  secondary  reaction,  which  becomes  consider- 
able when  a  certain  proportion  of  ethyl  arsenite  is  formed  in  the  liquid.  Sodium 
alcoholate,  in  fact,  acts  as  readily  upon  ethyl  arsenite  as  upon  arsenious  bromide,  ac- 
cording to  the  equation  : 

(C=ff  )'AsO'  +  3C2H^NaO  =  Na^AsO'  +  3(C2H^)'0. 

For  this  reason  a  quantity  of  sodium  ethylate  is  employed,  suiScieut  to  react  with 
three-fourths  only  of  the  arsenious  bromide,  so  that  at  the  end  of  the  operation  there 
remains  a  mixture  of  the  bromide  and  ethyl  arsenite.  These  liquids  arc  separated  Ijy 
passing  into  the  solution  a  current  of  dry  gaseous  .'uiiiiioni.i,  which  forms  with  the 
arsenious  bromide  a  compound  insoluble  in  alcohol  .uid  ( tin  r,  whilst  it  does  not  affect 
the  ethyl  arsenite.  The  liquid  is  then  filtered,  ;ni.l  ilir  c  i liyl-cempound  is  obtained 
pure  by  distilling  off  the  alcohol  or  ether  with  which  it  is  mixed. 

Ethyl  arsenite  is  not  acted  on  by  dry  ammonia,  and  may  even  be  distilled  in  the 
gas  without  alteration.  It  undergoes  with  hydrobromic  acid  a  decomposition  the  re- 
verse of  that  which  usually  takes  place  between  haloid  acids  and  ethers,  thus : 

(C2ff)'AsO'  +  3HBr  =  3C=H*H0  +  AsBr^ 

Methyl  Arsenite,  (CH')'AsO^,  is  formed  under  the  same  conditions  as  the  ethyl- 
compound.  It  boils  vsdtliout  decomposition  at  128°-129^.  Its  density  is  1'428,  that 
of  water  at  4°  being  1.  The  density  of  its  vapour  at  197°  is  6  006.  In  its  other 
properties  it  exactly  resembles  ethyl  arsenite. 

Amyl  Arsenite,  (C''H")^AsO^,  obtained  by  the  action  of  sodium  amylate  on  arsenious 
liromide,  distils  under  the  ordinary  pressure  at  288°,  with  partial  decomposition,  and 
under  the  pressure  of  60  mm.  at  193°-194°,  without  decomposition  ;  it  resembles 
tlio  corresponding  ethyl-  and  methyl-compounds,  and  is  easily  decomposed  by  water, 
the  moisture  of  the  atmosphere,  or  aqueous  alcohol. 

The  differences  in  boiling  point  duo  to  the  substitution  of  methyl  for  ethyl  in  these 
ethers  .are  not  so  great  as  those  which  are  observed  in  most  ethers  of  organic  acids  ; 
the  differences  for  the  ethers  of  arsenic  acid  are  not  the  same  as  for  those  of  arsenious 
acid.  (Crafts.) 
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Arsenic  Phosphide,  PAs,  is  produced,  -with  evolution  of  hydrogen  chloride,  when 
dry  arsenettod  hydrogen  is  passed  over  phosphorus  trichloride,  or  phosphorettod 
hydrogen  over  arsenic  trichloride.  It  has  a  bright  reddish-brown  colour  when  first 
deposited,  but  becomes  dark  and  lustreless  when  dry.  It  is  insoluble  in  alcohol,  ether, 
and  chloroform,  but  dissolves  slightly  in  carbon  sulphide.  Sulphuric  and  hydrochloric 
acid  have  no  action  on  it  in  the  cold,  but  appear  to  dissolve  it  partially  when  heated. 
Strong  nitric  acid  oxidises  it,  with  production  of  flame,  and  the  same  acid,  when  dilute 
and  warm,  oxidises  it  readily  to  arsenic  acid  and  phosphoric  acid.  Potash-solution, 
ammonia,  and  baryta-water  decompose  it  slowly  in  the  cold,  and  more  rapidly  on  the 
application  of  heat,  phosphoretted  hydrogen,  arsenetted  hydrogen,  phosphorous  acid, 
arsenious  acid,  and  metallic  arsenic  being  produced.  After  long  heating,  the  solution 
contains  phosphoric  acid  and  very  little  arsenious  acid,  the  greater  portion  of  the 
arsenic  having  separated  in  the  metallic  state.  AVhen  arsenic  phosphide  is  heated, 
it  burns  to  arsenious  oxide  and  phosphoric  oxide,  and  when  heated  in  a  closed 
vessel  it  is  decomposed,  the  phosphorus  subliming  before  the  arsenic.  When  arsenic 
phosphide  is  treated  with  water,  a  substance  having  the  composition  As'P-0^  is  ob- 
tained. This  substance  is  not  much  acted  on  by  acids,  with  the  exception  of  nitric 
acid.  With  alkalis  it  reacts  like  arsenic  phosphide,  but  a  considerable  quantity  of 
arsenic  is  set  free  even  in  the  cold.  It  is  decomposed  slowly  when  heated  to  100°,  and 
rapidly  at  250°  (Janowsky,  Beut.  Clicm.  Ges.  Bcr.  vi.  216). 

Pelletier  described  a  phosphide  of  arsenic  produced  by  melting  phosphorus  and 
arsenic  together  under  water ;  but,  according  to  Janowsky,  the  product  thus  formed 
is  not  a  definite  compound,  since  it  yields  up  its  phosphorus  to  carbon  sulphide. 

Sulphides  of  Arsenic.  These  compounds  have  recently  been  examined  by 
Nilsson  (Dent.  Chem.  Ges.  Bcr.  iv.  989),  who  has  come  to  the  conclusion  that  arsenic 
forms  only  throe  definite  sulphides,  viz.,  As^S',  As-S^  and  As-S',  the  black  sulphide 
As'=S  described  by  Berzelius,  and  the  higher  sulphides,  As^S'"  and  As'-'S'^,  being  merely 
mixtures. 

1.  The  bistclphidc,  Ae^S^,  does  not  possess  the  power  of  forming  salts,  as  stated 
by  Berzelius. 

2.  Trisulphide  Afsenioics  Sulphide,  As-S'. — Alkaline  sulphydrates,  saturated  under 
ordinary  circumstances  with  the  trisulphide,  yield,  for  the  most  part,  brown  amor- 
phous compounds  having  the  general  formula,  E^S. As'^S'  +  x  aq.  Strontium  alone 
yields  a  bibasic  salt.  In  a  vacuum,  on  the  other  hand,  larger  quantities  of  hydrogen 
sulphide  are  driven  oflF,  and  well  crystallised  salts  of  a  more  basic  character  are  often 
obtained,  the  sulphides  of  barium  and  strontium  yielding  the  salts,  2R"S.As-S'  and 
3Il"S.As2S',  and  calcium  sulphide  forming  the  salt  7CaS.As-S'  +  25  aq.— In  the  case 
of  the  true  alkaline  sulphydrates,  the  increased  elimination  of  hydrogen  sulphide  is 
accompanied  by  a  totally  diiFeront  reaction.  AVith  the  sulphydrates  of  potassium  and 
sodium,  metallic  arsenic  is  separated,  and  a  salt  of  arsenic  sulphide,  SR'^S.As^S^  +  a-aq., 
is  formed.  Ammonium  sulpliydrate,  (NH*)-S.II^S,  forms  with  arsenious  sulphide, 
under  all  circumstances,  the  salt  (NH'y-S.SAs-S' ;  rarefaction  of  the  air  merely 
causes  the  escape  of  ammonium  sulphide,  together  with  the  hydrogen  sulphide. 

Similar  acid  salts  are  produced  by  treating  the  monobasic  salts  with  water,  thus 
K^S.As^S'  +  5  aq„  gives  at  first  K^S.2As"S',  and  after  prolonged  boiling  with  water, 
the  triacid  salt,  Z-'S.SAs^S^  When  the  calcium  salt,  CaS.As-S^-l- 10  aq.,  is  treated 
with  cold  water,  the  brown  salt,  CaS.4As=S'+ 10  aq.,  remains  behind,  while  warm 
water  leaves  the  yellow  salt,  CaS.9As'S^. 

The  triacid  sidpharsonites  of  potassium  and  sodium  are  also  formed,  when  a  boiling 
solution  of  the  corresponding  carbonate  is  mixed  to  saturation  with  arsenious  sulphide. 
The  bisulphide  AsS-  is  then  also  formed,  together  with  well  crystallised  oxysulphar- 
senates,  namely,  with  potassium,  the  previously  known  salt,  IPO.As-S-0' +  2  aq. ; 
with  sodium  the  salt  Na20.2As'S'0'  +  7  aq. 

The  saturating  capacity  of  arsenious  sulphide  appears  therefore  to  be  capable  of 
wide  variation,  inasmuch  as  salts  exist  containing  1,  2,  3,  4,  6,  and  9  mols.  of  As-S'', 
to  1  mol.  R'AS,  besides  basic  salts  with  2,  3,  7  R'S  to  lA3-S^  or  3R=S  to  2As=S'. 

3.  Penfasulphidc  or  Arsenic  Sulphide,  As-SK — The  precipitate  thrown  down  liy 
hydrochloric  acid  from  a  dilute  solution  of  sodium  sulpharsenate,  is  a  sulphydrate, 
3H-S.As^S^  which  gives  up  the  whole  of  its  hydrogen  sulphide  only  after  prolonged 
boiling. 

By  dissolving  the  pentasulphide  in  alkaline  sulphydrates,  the  following  salts  are 
obtained : — 


8K^S.As^S'+2a=0. 
SKa^S.As^S^+lSH'O. 
5(NH')=S.3As=S'  (amorphous). 
SBaS.As'^S^  +  2BaS.As-^S5  -t-  8H-0. 


3SrS.As^S=  +  2SrS.As2S'  +  8H-0. 
6CaS.2As=S5  +  12ffO. 
5Mg.S.2As-S^+30n-O. 
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Most  of  these  salts  are  5-l.asie,  and  in  some  of  thorn  the  pentasulphide  of  arsenic  is 
partly  reduced  to  trisulpliide. 

Gelis  (Coiiijif.  rend.  Ixxvi.  1205)  also  finds  that  the  compounds  of  sulphur  and 
arsoiiic  arc  not  so  mimcrous  as  -was  formerly  suppnsed.  Sulphur  heated  with  excess 
of  arsenic  forms  only  one  product,  viz.,  the  li  i  mi  I  pli  i  .1  c,  which  is  opaque,  has  a 
coral-red  colour  and  a  crystalline  fracture.  AVlim  ihc  sulpliui-  is  in  excess,  a  mixture 
is  olitained  consisting  of  the  pentasulphide  and  live  sulphur,  from  which  the  former 
may  be  dissolved  out  by  ammonia.  If  the  mixture  bo  distilled  in  an  earthenware 
retort,  sulphur  goes  over  first,  then  a  mixture  of  sulpliur  and  arsenic,  and  the  residue 
in  the  retort  consists  of  arsenic  pentasulphide.  If  the  distillation  bo  continued,  the 
pentasulphide  decomposes  into  sulphur  and  arsenic  trisulphide,  and  tho  latter  may 
be  distilled  without  decomposition. 

The  mixture  of  sulphur  and  arsenic  which  distils  over  after  tho  sulphur,  when 
treated  several  times  with  carbon  sulphide,  yields  a  prodiu't  eonlaiuing  from  9-27  to 
11-41  atoms  of  sulphur  to  one  of  arsenic.  As  theses  uunil.ri's  at,'ivo  nearly  with 
the  formula  As-S'",  Gelis  suggests  that  the  compound  thus  i.l.iaiinMl  may  be  regarded 
as  an  arsenic  pentasulphide  containing  five  pairs  of  sulphur-atoms  united  into 
bivalent  groups  :  As-  (S— S)". 

When  sulphur  and  arsenic  are  heated  together  in  proportions  within  the  limits 
indicated  by  their  two  extreme  compounds,  As-S-  and  As-S^,  mixtures  of  di-,  tri-,  and 
pentasulphide  are  obtained  according  to  the  quantity  of  each  used  ;  the  trisulphide 
being  eitJier  formed  directly  or  from  the  decomposition  of  the  pentasuli^hide. 

A1%S£17ZC-GX.AI?CE.  This  name  has  been  .-i  veu  to  two  ui  in  era  Is  from  tho  Palm- 
treo  mine  at  Ma rii  iil k  ru-.  in  Saxony:  one  of  which,  disl  iniMiislicil  by  lirilliant metallic 
lustre  and  perterl  uiouotomic  cleavage,  was  found  I'vKrrslcn  to  contain  97  p.  c. 
arsenic  aud  3  p.  c.  bismuth;  while  the  other,  which  occurs  in  irregular  plates  and 
nodules,  appears  to  be  merely  impure  metallic  arsenic,  its  analysis  giving : 
As.  Sb.  Pe.  m.  S. 

92-80  2-28  1-60  0-26  1-06  =  98-00. 

Both  varieties  when  set  on  fire  continue  to  burn  with  a  glimmering  light.  This 
property  was  shown  by  v.  Kobell  to  belong  to  all  varieties  of  finely  divided  arsenic, 
whence  he  inferred  that  arsenic-glance  is  not  a  distinct  mineral  species.  It  is  most 
prolialile,  however,  that  the  first-mentioned  minoral  is  really  a  distinct  species,  as 
its  spi.x'ific  gravity,  6'3,  is  lower  than  that  of  either  of  its  constituents,  viz.,  arsenic 
0-7  and  bismuth  9-7  (Frenzel,  Jahrh.f.  Mincralogie,  1873,  25). 

ARSIBJffiS.  Pure  arsine  or  arsenetted  hydrogen,  AsH',  is  best  olitained  by  tho 
action  of  dilute  acids  on  sodium  arsenide,  prepared  by  heating  sodium  in  tho  impure 
gas  evolved  when  arsenical  zinc  is  treated  with  dilute  acid. 

When  cby  arsine  is  passed  over  jihosphoroiis  chloride  kept  cool,  hydrogen  chloride 
is  evolved,  and  a  phosphide  of  arsenic,  AsP,  is  deposited. 

When  arsine  is  passed  into  arscnious  chloride,  hydrogen  chloride  is  evolved,  and 
metallic  arsenic  is  deposited : 

AeCia  +  Asff  =  3HC1  +  As^. 

When  arsine  comes  In  contact  with  concentrated  sulphuric  acid,  hydrocliloric  acid, 
or  moist  hydrochloric  acid  gas,  metallic  arsenic  is  deposited,  and  this  deposited 
arsenic  dissolves  in  sulphuric  acid  on  the  application  of  heat,  sulphurous  acid  being 
evolved  (Janowsky,  Beut.  Chcm.  Ges,  Bcr.  vi.  216). 

Compounds  of  Tricthijlafsine  with  Plaiinous  Chloride. — AVhcn  triethylarsine  is 
added  by  drops  and  with  agitation  to  a  concentrated  aqueous  solution  of  ^^/rt/w^tc 
chloride  mixed  with  an  equal  volume  of  alcohol,  great  heat  is  evolved,  the  so- 
lution becomes  lighter  in  coloiu',  and  ultimately  brownish-yellow,  and  on  cooling 
deposits  sulphur-yellow  crystals,  consisting  of  a  mixture  of  two  isomeric  bodies, 
2As(C'-'H*)^.f'tCl-,  one  soluble,  the  other  insoluble  in  other.  Their  formation  is 
represented  by  the  equation  : 

3As(C=H^)^  +  PtCP  =  As(C2H5)^CP  +  2As(C''H5)lPtCP. 

The  soluble  salt  separates  from  the  ethereal  solution  by  spontaneous  evaporation  in 
transparent  amber-coloured  crystals,  isomorphous  with  tho  corresponding  pliosphino- 
compound.  Prom  boiling  alcohol  it  crystallises  in  more  slender,  opaque,  sulphur- 
yellow  prisms.  Tho  isomeric  salt,  insoluble  in  ether,  dissolves  easily  in  boiling 
alcohol,  and  crystallises  therefrom,  on  cooling,  in  long  prisms  of  a  faint  yellow 
colour.  When  a  solution  of  either  of  these  salts  in  absolute  alcohol  is  treated  with 
an  alcoholic  solution  of  bromide,  iodide,  sidpJiydratc,  or  acetate  of  pofassiiiiii,  chloride 
of  potassium  separates  out,  and  the  solution  when  evaporated  yields  well  crystallised 
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compounds,  having  the  composition  of  the  salts  above  described,  with  bromine,  iodine, 
&c.  substituted  for  the  chlorine.  Both  the  isomeric  chlorine  salts  unite  with  tri- 
ethylarsine,  forming  the  compound  4As(C-H^)'.PtCl-,  analogous  to  tetrammonio- 
platinous  chloride  (Cahours  a.  Gal,  Compt.  rend.  Ixxi,  208). 

Palladium- Compotmd. — Palladic  chloride  reacts  with  triethylarsine  in  the  same 
manner  as  platinic  chloride,  forming  the  compound  2As  (C^H*)'.PdCr'',  which  crystal- 
lises in  large  transparent  reddish-yellow  prisms,  isomorphous  with  the  corresponding 
pliosphine  compound  (Cahours  a.  Gal). 

Gold  Compound. — An  alcoholic  solution  of  auric  chloride,  to  which  triethylarsine 
is  added  drop  by  drop,  becomes  heated  and  decolorised:  it  is  necessary,  however,  to 
cool  the  solution,  as  otherwise  metallic  gold  will  be  separated.  The  colomless 
filtrate  yields  by  spontaneous  evaporation  splendid  long  coloiu'less  prisms  of  the  salt, 
As(C-H'^)'.AuCl,  isomorphous  with  the  corresponding  phosphine  compound  (Cahours 
a.  Gal). 

ASBOXiASr.  A  specimen  of  this  mineral  from  Saalfeld  was  found  by  v.  Koboll, 
[Milnch.  SiUnvgshcr.,  1870,  i.  46)  to  contain  lithia,  also  54  p.  c.  Mn'-O^  4CaO,  0-61 
CuO,  13-4H-0  and  23A1-03. 

ASK  or  OBCrAIflC  BOBISS.  Incineration  with  Bismuth  Oxide. — Consider- 
able difficulty  is  often  experienced  in  ejffecting  conveniently,  and  without  loss,  the 
incineration  of  animal  and  vegetable  substances,  especially  when  some  of  the  mineral 
constituents  are  volatile,  or  when  the  ashes  so  obtained  are  fusible.  Many  and 
various  remedies  have  been  devised  to  overcome  these  obstacles,  such  as  the  addition 
of  spongy  platinum,  the  carbonates  of  barium  and  sodium,  oxide  of  iron,  &c. ;  but 
the  utility  of  these  substances  is  questionable ;  and  further,  their  use  violates  one  of 
the  principal  laws  of  chemical  analysis,  which  forbids  the  employment  of  any  reagent 
which  cannot  be  readily  eliminated,  or  which  may  possibly  already  exist  as  a  natural 
constituent  of  the  substance  analysed. 

Bechamp  {Compt.  rend.  Ixxiii.  337)  recommends  the  employment  of  bismuth  oxide, 
in  the  form  of  a  standard  solution  of  the  nitrate,  as  a  reagent  fulfilling  all  the  condi- 
tions required.  It  is  sufficiently  infusible,  furnishes  a  certain  quantity  of  oxygen,  is 
never  met  with  in  organised  bodies,  and  can  be  easily  eliminated  by  a  volatile  reagent 
incapable  of  acting  upon  the  products  of  combustion ;  and,  finally,  it  forms  with  sul- 
phuric and  phosphoric  acids,  and  with  chlorine,  combinations  sufficiently  stable  to 
resist  the  moderate  degree  of  heat  at  which  the  incineration  takes  place.  The  combus- 
tion is  made  in  the  following  manner : — 

The  material,  in  a  finely  divided  state,  is  impregnated  with  a  known  volume  of  the 
bismuth  solution,  carefully  dried  and  burnt.  The  ash  is  then  treated  with  nitric  acid, 
or,  if  there  is  no  objection,  with  dilute  hydrochloric  acid,  in  which,  if  the  operation 
has  been  successfully  conducted,  the  whole  should  dissolve.  The  cold  solution  is 
decomposed  with  sulphuretted  hydrogen,  and  the  bismuth  sulphide  having  been 
filtered  off,  the  liquid  is  submitted  to  analysis.  When  the  ash  contains  phosphates,  it 
may  be  exhausted  with  very  dilute  nitric  acid,  in  which  bismuth  phosphate  is  insoluble. 

Analysis  of  Plant-Ashes.  Bunsen  (Zeitschr.  anal.  Chem.  ix.  233)  has  assimilated 
the  analysis  of  plant-ashes  to  that  of  mineral  waters,  in  so  far  that,  by  the  introduction 
of  carbonic  acid,  he  obtains  a  mixture  of  neutral  salts,  and  analyses  the  soluble  portion 
separately  from  the  insoluble.  By  this  means  it  becomes  possible  to  check  the 
analytical  results  by  calculation,  since,  in  a  correct  analysis  the  sum  total  of  the 
bases  must  be  equivalent  to  that  of  the  acids.  The  usual  method,  of  comparing  the 
total  of  the  results  with  the  quantity  of  substance  employed,  cannot  be  depended  upon 
as  a  verification,  if  caustic  compounds  are  present,  as  it  then  becomes  impossible  to 
obtain  an  exact  estimation  of  the  water  and  the  carbon. 

ASH  TaANNA.    See  Manka. 

ASPARAGIWE.  CH^N^Qs  =  COOH— CIINff— CS«— CONH^.  Formation 
in  Vetches. — Piria  found  asparagine  in  vetches  which  had  been  grown  exposed  to 
bright  light,  as  well  as  in  those  grown  in  darkness.  Some  years  afterwards  Pasteur 
{Ann.  Chim.  Phi/s.  1857)  grew  a  large  quantity  of  vetches  in  the  garden  of  the 
Academy  at  Strasburg,  but  did  not  obtain  a  trace  of  asparagine  from  200  litres  of  the 
sap,  whilst  he  found  abundance  in  vetches  grown  in  the  same  soil  in  a  cellar.  To 
throw  further  light  on  the  question,  Cossa  {Gazsetta  chimica  italiana,  i.  683)  grow 
some  vetches  in  the  month  of  July,  and  from  a  kilogram  of  those  which  had  been 
exposed  to  light,  he  obtained  16'25  grams  of  pure  asparagine,,  while  from  an  equal 
weight  of  those  grown  in  a  cellar  he  obtained  13-50  grams,  the  asparagine  being 
proved  to  be  identical  in  both  cases;  similar  results  were  obtained  in  the  months  of 
August  and  September.    Pasteur's  faihire  probably  arose  from  the  circiunstance  that 
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tlio  sap  of  vetches,  especially  when  gro-svn  exposed  to  light,  readily  ferments,  the 
asparagine  being  decomposed  and  ammonium,  succinate  being  formed. 

Formation  from  inactive  Jspartic  Acid. — When  the  silver  salt  of  this  acid,  prepared 
from  asparagine,  is  gently  heated  -with  ethyl  iodide  and  a  little  alcohol,  monothylio 
(COOH 

aspartate  C-H^  \  NH-        is  obtained  as  a  crystalline  substance,  which  may  be  dis- 

solved  out  by  ether,  and,  when  heated  with  strong  aqueous  ammonia,  is  converted  into 
asparagine,  exhibiting  all  the  properties  of  the  natural  product : 

fCOOH  fCOOH 
CSHNNH-         +  NH^  =  IIOC^IP  +  C^-H']nH- 
ICOOC-H^  icONH^ 
Ethylio  Aspartate.  Alcoliol.  Asparagine. 

(E.  Schaal,  Ann.  Ch.  Fharm.  clvii.  24). 

Action  of  Hijdrochloric  Acid. — When  dry  hydrocliloric  acid  gas  is  passed  over  as- 
paragine for  three  days,  and  the  temperature  is  gradually  raised  to  180°,  a  white 
hard  mass  is  formed.  The  same  product  is  obtained  by  boiling  asparagine  with 
strong  hydrochloric  acid  and  heating  the  dried  mass  in  a  current  of  carbon  dioxide, 
first  to  120°  and  afterwards  to  200°. 

The  body  thus  obtained  is  a  mixture  of  two  compounds,  both  of  which  are 
anhydrides  of  aspartic  acid.  One,  which  is  sparingly  soluble  iu  cold  water,  can  be 
extracted  by  boiling  water;  it  has  the  composition  C"^H"N^O^  =  4C^II'N0^  —  7H-0. 
The  residue  insoluble  iu  water  is  C=--H-''H*'0"  =  SC'H'NO'  -  15H'-0.  Both  the 
soluble  and  the  insoluble  compound  take  up  water  when  boiled  with  ammonia  or 
baryta-water,  and  are  converted  into  inactive  aspartic  acid  (Schaal). 

Action  of  Potassium  Pcrmatiganate. — According  to  Pean  de  St.  Gilles  {Ann.  Chim. 
PJn/s.  [3]  Iv.  394),  potassium  permanganate  does  not  act  upon  asparagine  even  at  the 
boiling  heat.  According  to  Campani,  on  the  contrary  (Zeitschr.f.  Chan.  [2]  vi.  87), 
the  reaction  takes  place,  though  slowly,  even  at  ordinary  temperatui-es.  When  a 
solution  of  the  permanganate  containing  1  gram  of  the  salt  in  a  cubic  centimeter  is 
gradually  added  to  a  cold  saturated  aqueous  solution  of  asparagine,  the  chief  products 
formed  are  ammonia,  formic  acid,  carbon  dioxide,  and  hydrocyanic  acid  : 
C'ffN^O'  4-  0'  =  CH(NH^)02  -t-  CNH  +  2C0=  H-  H=0. 
"Wlion  1  gTam  of  asparagine  and  2  grams  of  permanganate,  both  in  fine  powder, 
were  intimately  mixed,  and  the  mixture  was  poured  into  40  c.c.  of  water  and  stirred, 
violent  frothing  took  place,  and  the  temperature  rose  to  64° ;  and  when  a  similar 
experiment  was  made  with  1  gram  of  asparagine  and  4  grams  of  permanganate,  the 
temperature  rose  to  94°,  and  the  whole  was  converted  into  a  brown  pasty  mass.  The 
final  products  were,  however,  the  same  as  those  above  mentioned.  In  presence  of 
dilute  sulphuric  acid  (1  gram  asparagine,  2  grams  sulphuric  acid  diluted  with  30 
grams  water,  and  5  grams  permanganate  dissolved  in  the  smallest  possible  quantity 
of  water),  the  oxidation  proceeds  in  the  manner  represented  by  the  equation : 

C'H«N-03  +  0«  =  2NH^  +  4C02  +  WO ; 
in  presence  of  potash,  according  to  the  equation: 

CH'-N'^O^  +  0'  +  4KH0  =  2NH^  +  2K-C-0'  +  ZWO, 
the  oxalic  acid  not  being  accompanied  either  by  carbonic  or  by  hydrocyanic  acid. 

Estimation  of  Asparagine. — E.  Sachso  (J.  ^;r.  Chcm.  [2]  vi.  118)  describes  a  method 
for  the  estimation  of  asparagine,  depending  on  the  fact  that  asparagine  is  converted 
liy  prolonged  heating  with  aqueous  hydrochloric  acid,  into  ammonia  an  I  aspartic 
acid,  and  that  this  acid  and  asparagine  are  both  unaffected  by  bromina.ted  soda-solu- 
tion, so  that,  when  the  amount  of  nitrogen  liberated  on  shaking  an  asj)aragine  solution 
with  the  brominated  soda-solution,  after  digestion  with  hydrochloric  acid,  is  determined 
by  Knop's  method  (p.  59),  the  necessary  data  are  obtained  for  calculating  the  amount 
of  asparagine  present. 

The  exactness  of  the  method  has  been  tested  by  a  number  of  experiments  with 
weighed  quantities  of  asparagine  ('OS-'S  gram)  dissolved  in  100  c.  c.  of  water,  and 
heated  for  1 2  hours  with  10  c.  c.  of  ordinary  hydrochloric  acid ;  also  with  weighed  quan- 
tities of  asparagine  mixed  with  10  grams  of  fine  pea-flour  (which  contains  no  asparagine). 

Although  an  aqueous  solution  of  asparagine  may  bo  preserved  unchanged,  an  im- 
pure solution  containing  albuminous  substances  cannot ;  it  is,  therefore,  necessary  to 
extract  the  latter  from  the  vegetable  substance  in  which  the  amount  of  asparagine  is 
to  be  determined,  as  rapidly  as  possible.  The  method  adopted  by  Sachse  in  the 
extraction  of  the  asparagine  from  the  mixture  with  pea-flour,  and  recommended  by 


110 


ASPARTIC  ACID— ASTEROITB. 


him  for  general  use,  is  as  follows:  the  10  grams  of  flour  are  heated  for  15  minutes 
with  200  e.  c.  of  a  mixture  of  equal  volumes  of  ordinary  alcohol  and  -water  in  a  flask 
connected  with  a  reversed  condenser ;  the  source  of  heat  is  then  removed;  5  c.  c.  of  a 
cold  saturated  solution  of  mercuric  chloride  diluted  with  an  equal  volume  of  water 
added  to  the  hot  solution ;  and  the  whole,  after  being  well  shaken,  is  filtered  through  a 
moderately  large  fluted  filter.  The  precipitate,  which  is  brought  as  completely  as 
possible  into  the  filter,  is  then  washed  with  a  second  200  c.  c.  of  heated  alcohol  and 
water  mixture,  afterwards  three  or  four  times  with  cold  water.  The  entire  filtrate 
thus  obtained  (500-650  c.  c.)  is  evaporated  on  the  water-bath;  the  residue  dissolved 
as  completely  as  possible  in  the  least  possible  quantity  of  water;  and  the  solution 
and  the  undissolved  matter  introduced  into  a  small  beaker,  and  saturated  with 
sulphuretted  hydrogen.  The  precipitate  of  mercuric  sulphide  is  then  removed  by 
filtration  and  waslied  with  hot  water,  and  the  filtrate  (100-120  c.  c.)  is  mixed  with 
10  c.  c.  of  hydrochloric  acid  and  heated  to  boiling  for  an  hour  in  a  flask  attached  to  a 
condenser  ;  after  cooling,  the  ammonia  is  determined  by  Knop's  method.  The  amount 
of  decomposition  whicli  asparagine  suffers  previou.s  to  the  treatment  with  liydro- 
chloric  acid,  is  found  to  be  almost  inappreciable.  Heating  for  1-1-25  horn"  with  tiie 
acid  is  found  sufficient  to  convert  tlie  whole  of  the  asparagine  into  aspartic  acid  and 
ammonia  :  longer  heating  makes  the  results  too  high.  It  is  proposed  to  employ  this 
method  in  investigating  the  formation  and  movement  (  Wanderimg)  of  asparagine  which 
occurs  during  the  germination  of  the  Leguminosas. 

ASPA.RTXC  ACXB.  C^H'NO*. — This  acid  is  formed  from  animal  protei'ds  by  the 
action  of  dilute  sulpliuric  acid  at  the  boiling  heat;  also,  together  with  glutamic  acid, 
C-'H'-'NOS  by  similar  treatment  of  vegetable  protei'ds  {\st  Siippl.  229,  636). 

The  relative  quantities  of  these  two  acids  obtained  from  various  vegetable  protei'ds 
differ  very  considerably.  The  prote'i'ds  of  wheat-gluten,  gluten-casein,  maize-fibrin, 
and  conglutin  from  lupines  and  almonds,  produce  glutamic  acid  in  quantity  sufficient 
to  crystallise  out  of  the  concentrated  mother-liquor  on  standing  for  a  few  days, 
whereas  the  quantity  of  aspartic  acid  obtained  is  much  smaller.  Legumin  from  pulse, 
on  the  contrary,  gives  but  little  glutamic  acid,  but  a  larger  quantity  of  aspartic  acid. 
Tlie  following  table  gives  the  ronghly  estimated  quantities  by  weight  of  the  two  acids 
obtained  from  various  substances  : — 


Aspartic  acid. 

Glutamic  acid. 

1. 

Not  estimated. 

25  per  cent. 

2. 

1'4  per  cent. 

10-0  „ 

3. 

Mixture  of   vegetable  gelatin,) 

I'l  „ 

niueedin,  and  fibrin    .       .  j 

8-8  „ 

4. 

Gluten-casein  .... 

0-33  „ 

5-3  „ 

6. 

Conglutin  (from  lupines) 

2'0  „ 

3  to  5  „ 

6. 

Legumin  (from  hog-beans)  . 

3'5  „ 

1-5  „ 

The  numbers  in  experiments  1  to  6  under  '  Glutamic  acid,'  give  the  quantity  which 
crystallised  out  of  the  mother-liquor,  and  was  purified  by  solution  in  water.  In  ex- 
periment 6,  the  glutamic  acid  adhering  to  the  aspartic  acid  was  also  extracted  (Ritt- 
liasen  a.  Kreusler,  J.  pr.  Chem.  [2]  iii.  314). 

Aspartic  acid  (from  conglutin)  crystallises,  so  long  as  it  is  not  quite  pure,  in  rather 
largo  rhombic  prisms,  which,  according  to  the  measurements  of  vom  Eath,  have  tlie 
axial  ratio  a  :  J  :  c  =  0-7929  :  1  :  0-5433,  and  are  generally  combinations  of  the  ver- 
tical prism  CO  P  with  the  macrodome  Poo  . 

The  pure  acid  can  be  obtained  only  in  laminae  which  are  not  adapted  for  measure- 
ment. The  solution  of  aspartic  acid  in  dilute  nitric  acid  is  dextrogyrate; 
[a]„  =  -t-  25-16°. 

Cu]}ric  aspartate  crystallises  in  slender  blue  needles  which  give  off  29-1  p.  c.  water 
at  140°,  and  have  the  composition  C^H'CuNO*  +  4JH=0  (Dessaignes  found  6H=0, 
see  i.  424).  The  barium  and  silver  salts  of  the  acid  obtained  as  above  are 
similar  to  those  already  known.  Treated  with  nitrous  acid,  they  ultimately  yield  malic 
acid  (Ritthausen,  J.  pr.  Chem.  cvii.  218). 

ASPXSOXiITi:.  A  rhombic  olive-green  mica,  occurring  in  oval  tabular  convex 
twin-crystals  in  the  chlorite  of  the  Zillerthal.  'When  heated  it  intumesces,  bends, 
becomes  light  grey,  and  acquires  a  metallic  lustre.  Hydrochloric  acid  decomposes  it 
with  moderate  facility,  the  silica  separating  in  scales.  Hardness  =  !•  6.  Sp.  gr. 
=  2-72-.— 

SiO=         A1=0'  MgO  FeO         Na=0         K'O  H=0 

40-41       10-50       26-30         9-00       4-77       2-52       1-13  =  100-66 
(v.  Kobell,  J.  jir.  Chem.  cvii.  167). 

ASTEROITX:  (Igelstrom,  Chem.  Centrhl.  1870,  68).    A  variety  of  augite,  allied 
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to  JffFcrsoiiite,  from  the  magnetic  iron  of  tlio  iron  mines  of  Nordmark  in  "Wermland, 
8w(xli  u.  It  forms  stellate  groups,  composed  of  broad  rays,  originally  ash-grey  or 
•wliltc,  but  acquiring  a  brown  tarnish.  It  is  but  sliglitly  attacked  by  acids,  but  melts 
before  tlie  blowpipe  to  a  grey  non-magnetic  slag.  The  loss  of  weight  by  ignition  in 
the  following  analysis  did  not  occur  in  other  speeimons,  and  appears  to  hare  been  due 
to  incipient  weathering : — 

SiO'  PeO  MnO  CaO  MgO     Loss  by  ignition 

48-18         22-24  4'12         17-00  2-83  =  98'85 

AST!SACikI?XTS.  Na-SO'.MgSO'  -!-  4II-0  (Geinitz,  Jahrhuch  f.  Mineralogie, 
1871,  856  ;  Zinckon,  ibid.  883). — This  mineral  occurs  in  the  Stassfurt  salt-beds,  asso- 
ciated -ndth  carnallito  and  kainite.  Two  specimens  {a)  of  sp.  gr.  2-28  and  hardness 
2-3  ;  {h)  of  sp.  gr.  2-223  and  hardness  3-o,  gavo  the  following  results  on  analysis  : — 

Fonnil. 


Calculated. 

h. 
18-50 

Na=0 

.  18-60 

18-25 

MgO 

.  12-14 

12-G4 

11-9G 

my 

,  47-79 

47-G9 

47-97 

4H"0 

.  21-47 

21-66 

21-44 

100-00 

100-24 

99-87 

ATACAMITB.    See  CorFER  Oxychlokides. 

ATEIESTITS.  A  miiuu-al  occiu'ring,  together  -with  the  bismuth  silicate  of 
Schuccljor^;-,  in  sui,iU  sul]iliur-yullow  crystals  having  an  adamantine  lustre.  Of  its 
clicmical  composition  notliiiig  is  known,  except  that  it  contains  bismuth.  It  is  mono- 
clinic,  with  the  axial  ratio  0-869  :  1  :  1-822.  Anglo  of  inclined  axes  =  110"  30'. 
Angle  ooP  :  co P  =  83°  :  16,  P  :  P  (calc.)  =  114°  5i'.  Observed  forms:  ooP,  P, 
ojPco, — ?Pcc,  x  j^cx  (G.  vom  Eath,  Fogg.  Ann.  cxxxvi.  422). 

ATMOSPHEKE.  A  very  extensive  series  of  observations  on  the  impurities 
existing  in  the  air  in  various  localities  has  been  made  by  Dr.  E.  Angus  Smith  {SLrth 
and  Seventh  lieports  of  ilio  InsjKctor  under  the  Allcali  Act  of  1863,  also  Air  and 
Bain,  London,  1872).  Two  methods  of  examination  were  employed: — 1.  The  exami- 
nation of  the  rain-water  of  the  locality  ;  2.  Subjection  of  the  air  to  artificial  washing, 
and  examination  of  the  washings.  Tlie  latter  method  is  regarded  as  best  adapted 
for  affording  an  accurate  compari.son  between  different  atiiins|ilii  i-.'^.  since  the  compo- 
sition of  rain-water  necessarily  varies  according  to  the  ;nii(iiiiit  M  lii.  h  falls  in  a  given 
time,  the  rain  of  a  dry  season  being  far  more  impure  than  tlie  rain  "t  .i  wet  season. 

Numerous  examinations  of  rain-water  were  made,  and  always  by  volumetric  methods, 
the  smallness  of  the  volume  of  water  at  disposal  precluding  the  use  of  gravimetric 
methods.  The  ammonia  existing  in  the  free  state,  or  as  chloride,  sulphate,  or  car- 
lionate,  the  albuminoid  ammonia  derived  from  the  decomposition  of  organic  matter, 
and  the  nitric  acid,  were  estimated  by  Wanklyn,  Chapman,  and  Smitli's  methods. 
The  hydrochloric  and  sulphuric  acids  were  determined  from  the  quantity  of  water 
required  to  produce  a  certain  standard  amount  of  whiteness  witli  solution  of  silver  or 
barium.  The  permanganate  test  was  applied  to  the  acidified  water,  the  experiments 
lasting  a  few  miniites  only.  The  more  characteristic  results  are  given  in  tho  accom- 
panying table  (Table  I.,  see  next  page) : — ■ 

It  appears  that  the  amount  of  chlorides  in  rain-water  is  dependent  on  the  distance 
from  the  sea,  and  on  the  direction  and  force  of  the  prevalent  winds ;  tho  combustion 
of  coal  has  a  slight  effect  in  increasing  the  quantity.  Sulphuric  acid  is  derived  cliii'fly 
from  the  combustion  of  coal,  but  is  also  a  product  of  vegi  tabb'  ■nid  .ininLiI  i!('>',iiii|wiiii- 
tion  ;  it  always  increases  as  we  proceed  inland.  In  sea-walri- tlic  in-^i  ^ 'ii  !■  in  i.i 
chloric  to  sulphuric  acid  is  100  to  11-6;  excess  of  sulphunc  acid  over  this  pmportion 
is  due  to  terrestrial  contamination.  Free  acids  are  rarely  found,  save  in  the  rain- 
waters of  towns.  Ammonia  is  chiefly  connected  with  the  combustion  of  coal,  and 
to  a  lesser  degree  with  the  decomposition  of  organic  matter.  Albuminoid  ammonia 
is  related  solely  to  animal  and  vegetable  life.  Nitric  acid  may  bo  taken  as  a 
measure  of  '  purified  sewage.'  The  permanganate  test  denotes  a  variety  of  products, 
both  from  coal  and  from  organic  decomposition. 

To  examine  air  by  washing,  50  c.  c.  of  water  are  shaken  in  .-in  emiity  2-litre  bottle  ; 
the  washed  air  then  drawn  out  by  one  stroke  of  a  flcxiMc  li('llii\\.-.-|.iiinp  having  IJ- 
timo  the  capacity  of  the  bottle  ;  the  fresh  air  which  has  eiitnvil  .i-itadil  as  before,  and 
the  operations  repeated  10  to  100  times,  according  to  the  purity  of  llu^  atmosphere.  In 
this  plan  the  volume  of  air  used  is  only  known  approximately,  the  results  are  there- 
fore comparative  instead  of  absolute. 


112 


ATMOSPHERE, 


TABLE  I. — Emx  "Wateb  ;  Average  imptirltiee  per  million  parte. 


Where  collected, 

Hydrochloric 
acid. 

Sulphuric 
acid  (anhyd.) 

Sulphuric  acid  ^ 
for  100  liydi-o- 
chloric.  ; 

Free  acids 
calculated  as 
sulphuric  acid. 

Ammonia 
(iuorganic). 

1  Albuminoid 
1  ammonia. 

Nitric  acid.*  1 

Oxygen 
required  as 
permanganate. 

Ireland,  Valencia  .... 

48-67 

2-73 

6 

None 

•18 

•03 

-37 

-05 

Scotland,  five  sea  coast  countrj'  \ 
places,  west     ....  i 
Scotland,  eight  sea  coast  conn-  ^ 

12-28 

3-61 

29 

•14 

•48 

•11 

-37 

•02 

12-01 

7-66 

59 

2-44 

-99 

-11 

-47 

-65 

try  places,  east  / 

Scotland,  twelve  inland  country  \ 

2-06 

61 

•31 

-53 

-04 

-31 

-26 

Fn^i-land  twelve  inland  country  ( 

3-99 

5-52 

138 

None 

1-07 

-11 

-47 

Scotland,  six  towns  (Glasgow  "i 

5-86 

16-50 

282 

3-16 

3-82 

-21 

1-16 

1-86 

-97 

29-17 

2998 

1-74 

1-25 

20-49 

1646 

3-10 

3-45 

•21 

•84 

England,    six  manufacturing  | 

8-70 

34-27 

394 

8-40 

4^99 

•21 

•85 

2-74 

5-83 

44-82 

768 

10-17 

5-96 

•25 

1-01 

3-22 

8-97 

70-19 

782 

15-13 

9-10 

•30 

2-44 

10-04 

The  following  table  shows  the  quantities  of  acids  and  ammonia  contained  lu  air 
from  various  localities,  compared  with  the  quantities  of  the  same  substances  (taken 
as  100)  in  the  purest  air  from  Blackpool,  on  the  Lancashire  coast,  and  at  Inell^n,  on 
the  Firth  of  Clyde  :— 

TABLE  II.— Impurities  in  Air. 


Locality  of  atmosphere. 

Hydro- 
chloric 
acid. 

Sul- 
phui-ic 
acid 
(anhyd.) 

Locality  of  atmosphere. 

Am- 
monia 

ganic). 

Albu- 
minoid 
am- 

100 

100 

100 

100 

277 

282 

117 

109 

315 

Metropolitan  Ilailway  . 

138 

271 

320 

352 

150 

221 

516 

484 

A  bedroom  .... 

194 

173 

Manchester  .... 

396 

613 

Office  at  Manchester  . 

235 

193 

Metropolitan  Eailway  . 

974 

1564 

643 

301 

By  means  of  these  air-washings  a  chemical  climatology  may  be  established. 
Dr.  Smith  has  also  determined  the  amount  of  oxygon  and  carbon  dioxide  occurring 
in  air  under  a  variety  of  circumstances  ;  the  more  characteristic  results  are  as  under  : 
Where  collected. 

Tops  of  hills,  Scotland  . 
London,  parks  and  open  places 
London  (average  of  68  analyses) 
Glasgow,  open  places 
Glasgow,  closer  places 
Metropolitan  Eailway  tunnels 
Theatres,  worst  parts 
Mines  (average  of  339  analyses) 
When  candles  go  out 
A  series  of  daily  observations  on  the  amount  of  carbon  dioxide  in  the  air  _  has  been 
made  at  Eostock,  by  E.  Schulze  {Landwirthschaftliche  Versuclis-Stationcn,  xiv.  366). 
The  following  table  gives  the  means  for  each  month  during  the  duration  of  the 


Oxygen 

Carbon  dioxide 

per  cent. 

per  cent. 

20-980 

•0332 

20-950 

•0394 

20-885 

•0439 

20-929 

•0461 

20-889 

•0539 

20-700 

•1452 

•3200 

•78f)0 

18-500 

Nitrous  acid  is  here  included. 


t  Average  of  a  few  specimens  only. 
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expenmonti?,  of  tho  parts  by  volumo  of  carbon  dioxiclo  found  in  10,000  parts  of 
air : — 


1868 

18G9 

18- 

0 

1871 

October  .  . 

3-0600 

January  .  . 

2-7297 

January  . 

.  2-9866 

January  . 

2-9727 

November  . 

2-9040 

February.  . 

2-9214 

February 

.  2-7621 

February 

3-0135 

December  . 

2-7191 

March  .  .  . 

3-0487 

March  .  . 

.  2-8419 

March  .  . 

S-0888 

Mean  .  . 

April.  .  .  . 

3-0973 

April  .  . 

.  2-8247 

April  .  . 

2-9813 

2-8943 

May  .  .  .  . 

2-8480 

May  .  .  . 

.  2-8595 

May  .  .  . 

3-1191 

June  .  .  .  . 

2-8960 

June .  .  . 

.  2-8910 

Juno .  .  . 

2-9777 

July  .  .  .  . 

July  .  .  . 

August.  .  . 

2-8500 

August  . 

.  2-8985 

September.  2-8347 

September.  2-9720 

Mean  . 

3-012G 

October  .  . 

2-7964 

October  . 

.  2-9835 

November  . 

2-7663 

November 

.  2-9096 

December  . 

2-8008 

December 

.  2-9976 

Mean  ,  . 

2-8668 

Mean  . 

.  2-9052 

Total 

moan,  2 

9197.  Maximum 

quantity,  3-44.       Minimum,  2-2 

5. 

During  the  latter  period  of  the  experiments  the  carbon  dioxide  -was  determined 
twice  in  tho  day  by  shaking  a  standard  solution  of  barium  hydrate  -with  4  litres  of 
air,  and  titrating  ^vith  oxalic  acid,  tincture  of  turmeric  being  used  as  an  indicator. 
The  results  hj  this  method  agreed  closely  with  those  obtained  by  passing  25  litres  of 
air  tlrrough  baryta-solution  by  means  of  an  aspirator. 

The  lowness  of  the  results  may  bo  due  to  tho  vicinity  of  Eostock  to  tho  soa,  as  thoy 
most  nearly  agree  "with  those  obtained  by  Thorpe  in  the  air  over  tho  Irish  Sea  and 
Atlantic  Ocoan. 

No  definito  change  in  the  amount  of  carbon  dioxide  -was  observed  at  different 
seasons  of  the  year,  or  at  different  times  of  the  day.  Fog,  and  also  a  fall  of  snow, 
were  often  associated  with  an  increase  in  carbon  dioxide.  Tho  action  of  rain  is  not 
so  obvious  ;  and  the  changes  are  probably  more  dependent  on  the  wind  and  tempera- 
ture at  tho  time,  and  on  tlie  action  of  tlio  moistened  soil,  whether  forming  and  liberat- 
ing carbon  dioxide  or  absorbing  it.  A  north-cast  wind  from  the  Continent  was  found 
to  increase  the  carbon  dioxide,  and  a  south-west  wind  to  decrease  it,  probably  owing  to 
absorption  by  the  sea.  Distilled  water  shaken  up  with  air  was  found  to  dissolve,  as  a 
mean,  0-83  milligram  of  carbon  dioxide  per  litre  ;  fresh  fallen  rain-water  contained 
r073  milligram  per  litro. 

On  the  detection  of  organic  and  other  azotised  matter  in  the  air,  see  A.  H.  Smea 
{Chemical News,  xxvi.  25). 

Atmospheric  Ozone. — A  very  extensive  series  of  observations  on  the  varying 
amount  of  ozone  in  tho  air  has  been  made  by  Ilouzeau  {Aiin.  Chim.  Tht/s.  [4] 
xxvii.  5). 

Tho  reagent  used  consisted  of  red  litmus-paper  impregnated  over  half  its  siu-faco 
with  a  1  p.  c.  neutral  solution  of  potassium  iodide. 

This  paper  in  contact  with  ozone  assumes  a  bluo  colour  only  in  the  part  im- 
pregnated with  the  iodide,  this  change  of  colour  being  due,  not  to  tho  liberation  of 
iodine,  but  to  oxidation  of  tlie  potassium,  the  alkali  thus  formed  changing  the  colour 
of  the  litmus.  In  this  respect  the  iodized  litmus-paper  is  jjreferable  to  iodized 
starch-paper  (Schonbein's  reagent),  which  turns  blue  when  the  iodine  is  set  free,  and 
will  therefore  exhibit  this  reaction  over  its  entire  surface  under  the  influence  of  free 
acids,  especially  nitrous  acid,  as  well  as  of  ozone.  The  part  of  the  litmus-paper 
which  is  not  iodized  serves  to  reveal  tlie  accidental  presence  in  the  air  of  alkaline 
vapours  (free  ammonia,  ammonium  carbonate,  &c.)  which  turn  the  red  litmus-paper 
blue  throughout  its  whole  length ;  it  is  impossible,  therefore  to  mistake  tho  indica- 
tions. Moreover,  the  iodized  litmus-paper  cannot  bo  turned  bluo  by  chlorine,  bromine, 
&c.,  since  the  chloride  and  bromide  of  potassiiim  are  neutral. 

From  a  large  number  of  observations  made  with  this  reagent  in  various 
localities  and  at  dilfereut  times  of  tho  year,  tho  following  conclusions  aro 
drawn  : — ■ 

1.  The  air  of  the  country  contains  an  odoriferous  and  oxidising  principle  which 
imparts  to  it  a  peculiar  odour,  and  the  power  of  blueing  iodized  red  litmus-paper  ; 
ind  Sup.  I 


114 


ATOMICITY, 


also  of  decolorising  blue  litmus-paper  without  previously  reddening  it;  and  of 
destroying  certain  bad  smells. 

2.  This  principle  is  ozone. 

3.  Ozone  exists  in  the  air  normally,  but  the  intensity  with  which  it  acts  at  any 
given  point  of  the  atmosphere  is  often  very  variable. 

4.  The  air  of  the  country  contains  at  most  about  55,5^00  °^  weight,  or  yoj^uj;  of 
its  volume  of  ozone. 

5.  The  manifestation  of  ozone  by  the  iodised  litmus-paper  is  much  more  frequent 
in  the  country  than  in  town. 

6.  This  difference  may  be  due  to  the  greater  circulation  of  air  in  the  fields. 

7.  At  Eouen,  the  frequency  of  the  ozone-manifestations  varies  with  the  seasons, 
being  greatest  in  spring,  strong  in  summer,  weaker  in  autumn,  and  still  weaker  in 
winter. 

8.  The  maximum  of  ozone-manifestation  occurs  in  May  and  June  (16  ozone  days 
per  month),  and  the  minimum  in  December  and  January  (4  ozone  days  per  month). 

9.  With  respect  to  the  frequency  of  ozone-manifestation,  the  meteorological  year  in 


(spring  and  summer),  comprising  78  ozone  days,  and  the  feebly  active  season  (autumn 
and  winter,  including  32. 

10.  In  general  ozone  shows  itself  more  frequently  on  rainy  days  (48  ozone  days  in  a 
hundred  of  rain,  to  28  in  a  hundred  of  fine  weather). 

11.  AVinds,  according  to  their  strength,  exert  the  greatest  influence  on  the  manifesta- 
tion of  ozone  (24  ozone  days  in  100  when  the  air  was  calm  or  but  slightly  agitated,  and 
60  in  100  when  the  air  was  greatly  disturbed). 

12.  At  Eouen,  the  largest  number  of  ozone  days  occur  when  the  wind  is  in  the  west 
or  south-west,  the  smallest  number  when  it  is  in  the  east. 

13.  Most  frequently  an  exaggerated  manifestation  of  ozone  is  in  intimate  relation 
to  the  great  atmospheric  perturbations,  known  as  thunder  storms,  gales  and  hurri- 
canes. 

14.  These  gi-eat  commotions  of  the  atmosphere  act  at  very  great  distances.  Some- 
times they  momentarily  affect  the  ozone  of  entire  towns  and  localities,  which 
nevertheless  continue  to  enjoy  very  fine  weather. 

15.  Atmospheric  electricity  appears  to  be  the  most  active  cause  of  the  formation  of 
atmospheric  ozone. 

ATOMICITir.  A  mathematical  theory  of  chemical  attraction  and  atomicity  has 
been  proposed  by  Michaelis  (JDeut.  Chem.  Ges.  Bei:  v.  48).  Tlie  attraction  of  an  atom 
for  other  atoms  is  supposed  to  be  exerted  in  certain  directions  only,  or  rather  to 
exhibit  maxima  of  intensity  in  these  directions,  the  number  of  these  maxima  being 
in  fact  the  number  of  units  of  atomicity  exhibited  by  the  atom.  The  acceleration 
imparted  by  any  atom  to  another  atom  will  therefore  be  a  function,  not  only  of  the 
distance  between  the  two,  but  also  of  the  direction  in  space  of  the  line  joining  their 
centres. 

The  exact  form  of  the  function  with  regard  to  the  distance  is  unknown  ;  but  it  is 
probably  not  negative — that  is  attractive — for  all  distances,  like  gravitation,  but 
positive  or  repulsive  for  very  small  distances.  Suppose  that  the  force  with  which 
the  atoms  act  upon  each  other  varies,  like  that  of  gravitation,  according  to  an  inverse 
power  of  tlie  distance,  then  the  motion  of  an  atom  to  or  from  another,  regarded  as 
fixed,  may  bo  represented  by  the  equation  : 


where  ^  is  the  acceleration,  r  the  distance  between  the  atoms,  n  and  m  any  positive 
whole  numbers,  and  A  a  quantity,  the  value  of  which  is  constant  for  each  element  [or 
rather  for  each  pair  of  elements],  but  different  for  different  elements.  The  value  of  p 
is  negative  or  positive  according  as  r  is  greater  or  less  than  1.  Supposing,  then,  that 
for  r  =  1,  the  movable  atom  has  a  velocity  directed  towards  the  fixed  atom;  then 
since  for  all  values  less  than  1,  the  acceleration  is  positive,  this  velocity  will  be 
gradually  diminished,  as  the  movable  atom  approaches  the  fixed  atom,  till  it  is  reduced 
to  0.  The  repulsion  which  then  ensues  carries  the  atom  beyond  the  point  »•  =  1,  at 
which  the  acceleration  again  changes  sign.  In  this  manner  an  oscillatory  movement 
is  imparted  to  the  movable  atom,  the  amplitude  of.  the  vibrations  being  for  the  most 
part  restricted  within  certain  limits,  but  capable  of  becoming  infinite  for  certain  values 
of  the  velocity,  so  that  the  movable  atom  then  no  longer  returns  to  the  neighbour- 
hood of  the  fixed  atom,  or  in  other  words  tlie  combination  is  broken  up. 
.  The  smaller  attractive  forces,  not  in  the  directions  of  the  maxima,  are  perhaps  con- 
cerned in  the  formation  of  the  so-called  molecular  combinations. 
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ATKACTTKIC  ACID,  C'off  'S^O"  (Lofranc,  J".  PA«m.  [4]  ix.  81  ;  s.  325; 
xvii.  187,  263  :  Compt.  rend.  Ixvii.  954  ;  Ixxvi.  438). — This  acid  occurs  as  potassium 
salt  together  with  inulin,  laevorotatory  sugar,  a  balsam,  and  (in  May)  asparagin,  in 
the  root  of  Airactylis  gummifcra,  L.,  Carlina  gummifcra,  Bauhin.  To  prepare  it,  the 
dry  root  \r,  exhausted  with  water,  the  solution  evaporated,  and  the  residue  exhausted 
with  alcohol  of  80  pi.  c.  The  alcoholic  solution,  when  evaporated,  deposits  acid 
potassium  atractylatc,  C'H^K-S-O'*,  in  short,  soft,  doubly  refracting  prismatic 
needles,  which  are  colourless  and  scentless,  have  a  bitter-  taste,  are  soluble  in  water 
and  in  dilute  alcohol,  and  turn  the  plane  of  polarisation  to  the  left  (a  =■ — 5'77'^). 
The  dilute  solution  is  not  precipitated  by  barium  chloride,  but  the  concentrated  solu- 
tion yields  a  precipitate  of  barium  atractylatc,  which  dissolves  in  excess  of  water  or  on 
addition  of  hydrochloric  or  acetic  acid. 

The  dry  root  of  Atractylis  contains  0-5  p.  c.  of  the  acid  potassium  salt,  the  fresh 
root  O'l  p.  c.  This  salt  may  also  bo  directly  extracted  from  the  root  by  alcohol  of 
75  p.  c. ;  and  if  the  root,  after  exhaustion  with  alcohol  at  60°,  bo  treated  with  cold 
water,  it  yields  the  potassium  salt  of  another  acid  called  carlinic  acid  {q.  v.). 

To  prepare  atractylic  acid,  the  solution  of  the  potassium  salt  is  treated  with  basic 
acetate  of  lead,  and  the  basic  atractylate  of  lead  thereby  precipitated  is  decomposed 
by  hydrogen  sulphide.  The  acid  is  extremely  soluble  in  water  ;  its  solution  is  scent- 
less and  colourless,  has  a  very  sour  astringent,  bitter  and  saccharine  taste,  and  reddens 
litmus. 

Atractylic  acid  is  tribasic;  its  neutral  potassium  salt  has  the  composition 
C"'H*'K^S'-0".  It  resembles  tartaric  acid  in  forming  crystalline  precipitates  with 
concentrated  solutions  of  the  chlorides  and  sulphates  of  the  alkali-metals  ;  it  also 
forms,  with  concentrated  solution  of  barium  chloride,  a  crystalline  precipitate  of  acid 
barium  atractylate. 

Atractylic  acid  heated  with  potassium  hydrate  above  the  melting  point  of  the  latter 
is  decomposed,  with  evolution  of  hydi'ogen  and  formation  of  a  resinous  body  of 
phenolic  character,  which  is  left  as  potassium  salt,  together  with  sulphate,  and  may 
be  separated  therefrom  by  hydrochloric  acid  ;  nitric  acid  transforms  it  into  a  yellow 
substance  resembling  picric  acid.  The  formation  of  this  resinous  body,  which  is 
analogous  to  that  of  phenols  in  general  by  heating  the  corresponding  sulphonic  acids 
vnth.  caustic  alkalis,  shows  that  atractylic  acid  bears  a  certain  resemblance  to  the 
acids  of  which  benzene-sulphonic  acid  is  the  type  ;  while,  in  other  respects,  it  is 
analogous  to  the  sulphuric  ethers  homologous  with  sulphovinic  acid. 

Atractylic  acid  heated  with  aqueous  potash,  baryta,  or  lime,  reacts  indeed  like  the 
divalerosulphuric  ether  of  a  neutral  substance,  C-''ff  '0",  called  atractylin. 
The  decomposition,  however,  takes  place  by  two  stages,  in  the  first  of  which  only  the 
elements  of  valeric  acid  are  separated,  the  other  elements  remaining  combined  in  the 
form  of  a  new  acid,  also  tribasic,  called  /3-atractylic  or  atractyl-disulphuric 
acid,  C-''H^*S-0"',  while  in  the  second  stage  the  molecule  is  completely  resolved  into 
sulphuric  acid,  valeric  acid,  and  atractylin  : 

(1).    C^'ff^S^O'^  +  2W0  =  2C=^H'»0=  +  C^'H^^S^O'". 

Bcta-atractylic  acid. — When  atractylic  acid  is  heated  with  aqueous  potash  or 
baryta,  the  second  stage  of  the  reaction  above  described  follows  so  quickly  upon  the 
first,  that  it  is  difficult  to  obtain  the  ;8-atractylic  acid  ;  but  by  the  use  of  lime  it  is 
easy  to  regulate  the  action  and  arrest  it  at  the  first  stage.  For  this  purpose,  acid 
potassium  atractylate  is  dissolved  in  about  20  parts  of  water,  to  which  a  quantity  of 
slaked  lime  lias  been  added  about  equal  in  weight  to  the  salt ;  the  liquid  is  gently 
boiled  for  10  or  15  minutes,  then  filtered,  freed  from  excess  of  lime  by  carbonic  acid, 
and  evaporated  to  about  a  fourth  of  its  original  bulk.  In  this  state  it  is  syrupy  and 
uncrystallisable  ;  but  on  adding  a  slight  excess  of  hydi-ochloric  acid  drop  by  drop,  the 
whole  solidifies  to  a  mass  of  silky  nacreous  microscopic  needles,  consisting  of  an  acid 
hcta-atractylate  of  ijofassiimi  and  ccdcitim,  which  may  be  purified  by  cbaining  on  a 
filter,  washing  witli  alcohol  and  ether,  crystallising  twice  from  boiling  alcohol  of 
90  p.  c,  which  dissolves  about  ith  of  its  weight  of  the  salt,  and  finally  from 
water. 

The  conversion  of  atractylic  into  )3-atractylic  acid  may  also  be  effected  by  means 
of  baryta ;  for,  although  the  passage  from  the  first  to  the  second  stage  of  the 
reaction  is  much  more  rapid  in  this  case  than  with  lime,  it  is  distinctly  indicated  by 
the  formation  of  a  precipitate  of  a  barium  sulphate,  so  that  the  reaction  can  easily 
bo  arrested  before  it  has  gone  too  far.  Barium  atractylate  obtained  by  precipitation 
from  concentrated  solutions  of  the  acid  potassium  salt  and  barium  chloride  is  'boiled 
I  2 
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■with  baryta--svater  for  about  a  minuto,  the  liqiiid  quickly  cooled  as  soon  as  it  begins 
to  show  turbidity,  and  freed  from  excess  of  baryta  by  a  current  of  carbonic  acid  g-as. 
The  liquid  thus  neutralised  contains  valerate  and  tribasic  beta-atractylate  of  barium. 
Wlien  evaporated  to  a  syrupy  consistence,  it  quickly  solidifies  to  a  crystalline  mass 
of  well-defined  silky  needles. 

Tribasic  beta-atractylatc  of  barium  differs  from  the  corresponding  salt  of  atractylic 
acid  in  its  capability  of  crystallising  from  water.  Its  concentrated  aqueous  solution 
acidulated  with  hydrochloric  acid  solidifies  almost  immediately  to  a  crystalline  mass 
consisting  of  an  acid  atractylatc  of  barium,  C^''H'-Ba-S-0",  analogous  to  the  natural 
acid  potassium  salt.    It  crystallises  in  the  same  form  as  the  tribasic  salt. 

The  barium-salts  of  )3-atractylic  acid  are  very  convenient  for  preparing  the  corres- 
ponding salts  of  other  metals  by  double  decomposition. 

On  dissolving  the  potassio-calcic  ^-atractylate  above  described  in  baryta-water, 
passing  carbonic  acid  tlirougli  the  liquid  to  remove  the  excess  of  baryt<i,  concentrating 
the  filtrate,  diluting  it  wdth  alcohol  till  it  becomes  slightly  milky,  and  leaving  it  to 
itself  for  24  hours,  it  solidifies  to  a  mass  of  very  delicate,  shining  needles,  having  the 
aspect  and  lightness  of  quinine  sulphate  and  consisting  of  potassio-bario-calcic 
^-atractylate,  C^oH^'Kca'ba'S-O'".*  The  composition  of  this  salt  confirms  the  tri- 
basicity  of  ;8-atractylic  acid. 

The  j8-atractylates  resemble  the  atractylates  in  most  of  their  reactions,  but  are  dis- 
tinguished from  them  by  not  yielding  valeric  acid  -n-lien  boiled  with  alkalis.  They 
are  for  the  most  part  more  soluble  both  in  water  and  in  alcohol  than  the  correspond- 
ing atractylates,  but  crystallise  quite  as  readily.  /3-atractylic  acid  further  resembles 
atractylic  and  also  tartaric  acid,  in  forming  with  the  alkali-metals  very  soluble 
neutral  salts,  and  acid  salts  of  comparatively  sparing  solubility. 

ATRACT'2'I.IM",  C-"ff^O*  (Lefranc,  loc.  cit.). — This  substance  is  formed  as  above 
mentioned  by  the  complete  saponification  of  atractylic  acid.  To  prepare  it,  however, 
it  is  necessary  to  saponify  a  beta-atractylate,  and  not  an  atraetylate,  because  in  the 
latter  case  valeric  acid  is  set  free  as  well  as  atractylin,  and  these  two  substances, 
■when  thus  simultaneously  isolated,  unite  together  in  such  a  manner  that  it  is  im- 
possible to  separate  them.  The  ;8-atractylic  acid,  on  the  other  hand,  simply  splits  up, 
under  the  influence  of  alkalis,  into  sulphuric  acid  and  atractylin  : 

CJ023SS2016  =  2W?>0*  +  C=«H^^O^ 

When  potassium  /3-atractylate  is  boiled  ■with  an  equal  weiglit  of  potassium  hydrate 
dissolved  in  30  parts  of  ■water,  the  saponification  is  complete  in  less  than  ten 
minutes ;  and  if  the  liquid,  which  then  contains  nothing  but  potassium  sulphate  and 
a  compound  of  atractylin  ■with  potash,  be  gradually  mixed  -with  a  slight  excess  of 
hydrochloric  acid,  the  atractylin  is  set  free,  together  -with  a  varying  quantity  of 
atractyligenin  {iyfra,)  resulting  from  its  decomposition,  both,  however,  being  retained 
in  solution.  To  separate  them,  the  liquid  is  shaken  -n-ith  chloroform,  which  takes  up 
the  atractyligenin,  and  separates  it  from  the  liquid  in  the  form  of  a  white  oily  soap, 
■while  the  atractylin  remains  dissolved,  and  may  be  separated  by  saturating  the 
liquid  -with  common  salt.  The  atractylin  then  rises  to  the  surface  in  the  form  of  a 
flocculent  magma,  which  soon  concretes  to  a  solid  mass,  and  may  be  purified  by  wash- 
ing it  -with  ether,  and  precipitating  it  several  times  from  a  concentrated  alcoholic 
solution  by  addition  of  ether. 

Atractylin  is  a  white  substance  having  a  gummy  aspect,  no  smell,  but  a  strong, 
peculiar,  highly  saccharine  taste,  very  soluble  in  water  and  alcohol,  insoluble  in 
etlier  and  in  solution  of  common  salt.  It  has  a  slight  acid  reaction,  and  unites  \vith 
alkaline  and  earthy  bases,  forming  compounds  which  are  very  soluble  in  water,  and 
are  gradually  decomposed  by  boiling.  Since  the  atractylates  are  optically  Isevogyrate, 
it  is  most  probable  that  atractylin  possesses  the  same  property  ;  but  this  point  has  not 
yet  been  verified  by  experiment. 

Atractylin,  heated  on  platinum  foil,  softens  a  little  above  100°,  then  swells  up  and 
carbonises,  giving  off  white  irritating  vapours,  the  odour  of  w-liich  recalls  that  of 
frankincense.  AVhen  cautiously  heated  in  this  manner,  it  leaves  a  greasy  cinder,  which 
bm-ns  with  a  bright  flame. 

Atractylin  dissolves  in  strong  sulphiuric  acid,  with  a  golden-j'ellow  colour  changing 
to  pm'ple-red  and  then  to  violet-red  under  the  influence  of  a  slight  rise  of  temperature. 
Tills  reaction  is  characteristic  of  the  atractylates  and  ;8-atractylates.  Nitric  acid  also 
dissolves  atractylin,  -without  alteration  at  ordinary  temperatures,  but  on  heating 
slightly,  a  strong  reaction  takes  place,  with  production  of  a  yellow  substance  resem- 
bling picric  acid  {produii  xaiitkopicrigiie). 

»  ba  =  IBa  ;  ca  =  1  Ca. 
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By  boiling  witli  very  dilute  hydrochloric  or  sulphuric  acid,  atractylin  is  partly 
decomposed  in  the  manner  of  a  glucosido,  partly  dehydrated.  The  product  of  de- 
hydration, called  atractyliretin,  is  a  yellowish,  non-volatilo,  insolublo  substance, 
•which  is  likewise  produced  when  the  solution  of  an  atractylate  or  a  beta-atractylato  is 
boiled  with  a  strong  acid. 

The  best  reagent  for  effecting  the  decomposition  of  atractylin  in  the  manner  of  a 
glucoside  is  solution  of  caustic  potash.  Boiled  with  this  liquid,  the  atractylin  splits 
up  into  a  saccharine  substance  (different  from  phloroglucin)  and  a  crystallisablo  body, 
atractyligonin,  which  remains  combined  with  the  potash.  The  formation  of 
ntractyligenin  in  the  preparation  of  atractylin,  and  the  method  of  separating  it  by 
moans  of  chloroform  have  already  been  described.  It  docs  not  appear  to  have  been 
analysed. 

Atractyligonin  is  a  white  substance,  having  a  sweetish,  somewhat  acrid  taste, 
nearly  insolublo  in  pure  water,  but  soluble  in  water  containing  atractylin,  very  soluble 
also  in  alcohol  and  in  other,  from  which  it  crystallises  by  spontaneous  evaporation  in 
crusts  formed  of  short,  brilliant,  nacreous  needles  grouped  in  stars.  Cautiously  heated 
on  platinum  foil,  it  melts  above  100^,  to  a  limpid  glass,  then  sublimes,  for  tho  most 
part  unaltered,  in  white  balsamic  irritating  vapour's. 

B.TROPmE.  The  tri-ioclida  of  this  base,  C'H-^NO'.HP,  is  obtained  by  mixing 
a  solution  of  tho  hydriodide  with  the  calcidated  quantity  (2  atoms)  of  iodine  tincture. 
It  forms  brown  prisms,  isomorphous  with  the  corresponding  compound  of  cotarnine. 
By  boiling  it  with  alcohol  of  70  p.  c,  or  by  precipitating  hydrochloride  of  atropine 
with  pcriodide  of  potassium,  and  crystallising  the  precipitate  from  alcohol,  the  jietiia- 
iodide,  C"H-'^NO'.HI',  is  obtained  in  bluish-greeu  laminse,  having  a  metallic  lustre 
(Jorgensen,  ZiUschr.f.  Chnn.  v.  673). 

Tlie  proportion  of  alkaloids  in  Atropa  Belladonna  and  Datura  Stramonium  has  been 
dotorminod  by  N.  Giinther  {Buss.  Zeitschr.  Pharm.  viii.  89  ;  Jahresh.  1869,  781) :  for 
the  method  adopted,  soe  Zeitschr.  anal.  Cham.  viii.  476  ;  Jahresh.  1869,  945. 

lOii  parts  of  the  different  parts  of  tho  plants  in  tho  dried  state  yielded  the  follow- 
ing quantities  of  alkaloid  : — 

Datura  Stramonium. 
SceJ  Stalks  Leaves  Root 

0'318— 0'365  0'083  0-169— 0'307  0'065 

Atropa  Belladonna. 
Leaves         Stalfcg         Fruit  (ripe)     Fruit  (unripe)       Seed  Root 
0'833  0-146  0-813  0-955  0-407  0-810 

Tho  proportion  of  atropine  in  belladonna  leaves  is  smaller  in  spring  than,  in 
autumn  after  the  floral  organs  have  faded.  100  grams  of  dried  May  loaves  yielded 
0-392  to  0-421  gram  of  atropine  ;  the  same  quantity  of  dried  August  leaves  yielded  from 
0-443  to  0-482  gram.  No  difference  is  perceptible  in  the  quantity  of  atropine  obtained 
from  wild  and  from  cultivated  plants.  Roots  two  to  three  years  old  gave  0-472  and 
0-489  p.  c. ;  roots  seven  to  eight  years  old  gave  only  0-254  to  0-313  p.  c.  of  atropine. 
Though  tho  root  is  occasionally  richer  in  atropine  than  tho  loaf,  it  is  much  more 
variable  in  composition :  hence  tho  leaf  is  likely  to  bo  more  uniform  in  its  thera- 
pi'utic  properties  (Lefort,  Pharjii.  J.  Trans.  [3]  ii.  1029). 

iLUGZTE.  Tchermak  {Zeitschr.  f.  Cheni.  v.  634)  regards  tho  aluminous  augitcs  as 
isi.iii.ii-phous  mixtures  of  the  two  silicates,  CaO.Mg0.2SiO^  and  MgO.APO^SiO^ ; 
thii  aluminous  hornblendes  as  mixture  of  tho  three  silicates,  CaO.3MgO.4SiO-, 
CaO.Mg0.2A120'.2Si02,  and  Na-O.AP0^4Si02. 

ATTRimr,  C="H"0^. — A  rod  colouring  matter  produced  by  heating  phenol  with 
oxalic  acid  and  strong  sulphuric  acid.  It  was  first  obtained  by  Kolbo  .a.  Schmitt  in 
1861,  since  which  time  it  has  been  manufactured,  and  is  known  in  commerce  as  aurin 
oryoUowcorallin.  It  has  been  lately  examined  by  Dale  a.  Scherlemmor  (Pro.  Lit. 
Phil.  Soc.  of  Manchester,  vol.  xi.  No.  2  ;  Chcm.  Soc.  J.  [2]  ix.  466  ;  x.  74),  who  find 
that  tho  commercial  product  is  a  mixture,  from  which  the  pure  colouring  matter  may 
bo  extracted  by  solution  in  alcohol  and  treatment  with  ammonia.  A  crystalline  com- 
]iound  of  am-in  and  ammonia  then  separates,  whilst  the  other  bodies  present  remain 
in  solution.  Tho  ammonia-compound,  after  being  washed  -with  alcohol  by  means  of 
a  filter-pump,  is  decomposed  by  dilute  acetic  or  hydrochloric  acid,  and  further 
purified  by  repeated  crystallisation  from  strong  acetic  acid.  Tho  specimens  thus 
I'btiiined  obstinately  retain  varying  quantities  of  water  and  acetic  acid,  a  fact  also 
iibscrved  by  H.  Fresenius  {J.pr.  Chem.  [2]  iii.  477). 

From  strong  hydrochloric  acid,  aurin  crystallises  in  fine  hair-like  red  needles,  which 
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■when  dried  at  110°,  contain  a  large  quantity  of  hydrochloric  acid.  For  further  puri- 
fication, a  dilute  alkaline  solution  -was  precipitated  ■vrith  dilute  hydrochloric  acid,  and 
the  precipitate  waslied  by  the  filter-pump,  but  this  product  also  contained  hydrochloric 
acid,  which  was  only  given  off  above  110°.  By  the  spontaneous  evaporation  of  an 
alcoholic  solution,  aurin  is  obtained  in  dull  red  crystals  with  a  green  lustre,  which 
when  dried  at  110°  do  not  contain  any  alcohol,  but  several  p.  c.  of  water,  which  is 
given  off  only  at  a  temperature  above  140°. 

From  a  mixture  of  alcohol  and  acetic  acid  it  separates  in  dark  red  crystals,  mode- 
rately thick  in  comparison  with  their  length.  These  crysfcils  are  trimetric,  having 
tlie  axes  a:b  :  c  :_=0-5604  :  1  :  0-4719^  and  exhibiting  the  combination  100,  010, 
111,  or  CO  Pco  .  CO  Poo  .  P.  The  face  CO  Poo  has  a  strong^stoel-blue  reflection.  The 
plane  of  the  optic  axes  appears  to  bo  perpendicular  to  oo  Pco  and  oo  P  co  ,  and  there- 
fore parallel  to  OP.  The  red  crystals  from  acetic  acid  have  the  same  form,  but  are 
not  so  tliick  in  comparison  with  the  length. 

Aurin  crystallised  from  acetic  acid  always  retains  a  portion  of  that  acid,  and  is 
therefore  unfit  for  analysis,  but  by  crystallisation  from  alcohol  it  is  obtained  pure  and 
of  constant  composition.  The  numbers  obtained  by  analysis  agree  best  wth  the 
formula  C^'E'^O' ;  but  the  mode  of  formation,  as  will  be  explained  further  on,  shows 
that  the  formula  C-°II"0^,  which  also  agrees  nearly  with  the  analytical  results,  is  more 
probable. 

Calculated  for  Mean  of  analyses 

C2'H"0^  C-»H"0'. 

C    .    .    .           79-75           79'47  79-73 

H   .    .    .    ,         5-06             4-63  5-16 

0  .    .    .    .       1619           15-90  15-11 

100-00  100-00  100-00 


The  compounds  and  derivatives  of  aurin  hitherto  obtained  are  not  well  suited  for 
an  exact  determination  of  its  molecular  weight. 

Aurin  which  has  been  repeatedly  crystallised  from  acetic  acid  or  alcohol  does  not 
melt  at  220°  ;  at  this  temperature  the  crystals  assume  a  darker  shade,  which  dis- 
appears again  on  cooling,  without  any  appearance  of  alteration  in  the  substance. 
When  more  strongly  heated,  it  melts,  emitting  at  the  same  time  the  odour  of  phenol, 
and  solidifies  again  on  cooling  to  an  amorphous,  beetle-green  mass.  Aurin  dissolves 
readily  in  alkalis  v/ith  a  magenta-red  colour,  and  is  precipitated  from  tliis  solution  by 
acids  as  a  crystalline  powder. 

These  properties,  together  with  the  crystalline  form,  are  sufficient  to  distinguish 
aurin  from  Fresenius's  corallin,  wliich  melts  at  150°  and  crystallises  in  combinations 
of  prisms  and  pinacoi'd  planes,  whilst  aurin  does  not  melt  even  at  220°,  and  contains 
only  pinacoids  and  octoids,  which  latter  are  not  to  be  found  in  corallin ;  moreover,  the 
axial  ratios  of  the  two  kinds  of  crystals,  which  both  belong  to  the  trimetric  system, 
are  very  different  (see  Coeallin). 

To  compare  these  two  products  further,  aurin  was  prepared  by  heating  pure  phenol 
with  oxalic  acid  to  100°-110°  for  five  or  six  days,  precipitating  with  water,  boiling  to 
remove  free  phenol  and  further  purifying  the  resinous  product  by  solution  in  dilute 
caustic  soda,  and  reprecipitation  vnth  weak  hydrochloric  acid.  A  crystalline  precipi- 
tate was  thus  obtained,  which,  when  dissolved  in  alcohol,  crystallised  out  in  small  but 
distinct  needles,  having  the  colour  of  chromic  trioxide  and  a  diamond  lustre,  and 
capable  of  bearing  a  heat  of  220°  without  alteration.  The  crj'stals  thus  obtained 
were  identical  in  form  with  those  above  described,  but  the  face  oo  f  oj  did  not  exhibit 
any  steel-blue  reflection.  Aurin  prepared  from  phenol  does  not  retain  water  like  that 
obtained  from  the  commercial  product ;  but  is  anhydrous  after  drying  over  sulphuric 
acid,  and  does  not  lose  weight  when  heated  to  200°.  The  mean  resiilts  of  its  analysis 
were  79-38  p.c.  carbon  and  5'05  hydrogen,  agreeing  most  nearly  with  the  formula 

Aiu;in  from  pure  phenol  is  therefore  very  nearly  related  to  that  contained  in  the 
commercial  product,  if  not  identical  with  it,  and  consequently  different  from  Frese- 
nius's corallin.  The  cause  of  this  difference  must  be  looked  for  in  the  different  modes 
of  preparation.  Fresenius,  as  well  as  Kolbe  and  Schmitt,  prepared  their  com- 
pound by  heating  the  mixture  to  140°-1 50°,  whilst  the  body  above  described  was 
formed  at  a  temperature  not  exceeding  110°. 

The  aurin  from  pure  phenol  being  obtained  without  the  formation  of  bye-products, 
th^  reaction  by  which  it  is  formed  maybe  expressed  by  the  following  equation : — 

SC'H'O  +  2C0  =  C=»  H»0'  +  2W0. 
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Tho  phenol  used  for  the  preparation  of  the  commercial  product  always  contains  a 
pmall  quantity  of  erosol ;  and  it  appears  probable  that  the  latter  takes  part  in  the 
reaction,  which  might  tike  place  as  follo"n-s  :— 

2C''H«0  +  C'H«0  +  2C0  =  C-'H'«0»  +  2H=0. 

This  supposition,  however,  is  negatived  by  tho  fact  that  when  aurin  is  carefully 
heated  in  a  combustion-tube,  a  reddish,  oily  liquid  distils  over,  which  dissolves  almost 
completely  in  potash,  and  when  precipitated  by  hydrochloric  acid,  dried,  and  distilled, 
yields  a  distillate  which  boils  at  184°,  and  solidifies  on  cooling  to  a  mass  of  crystals 
consisting  of  pure  phenol,  witliout  a  trace  of  crosol,  tlie  formation  of  which  might  have 
been  expected  if  it  had  originally  taken  part  in  the  production  of  the  aurin.  From 
this,  then,  it  may  be  inferred  that  the  aurin  contained  in  the  commercial  product  is 
identical  with  that  obtained  from  pui-e  phenol,  and  therefore  has  tho  composition 

Compound  of  Aurin  and  Sulp^iur  Dioxide  (C^"H"0^)'SO^.  When  sulphur  dioxide 
is  passed  into  a  hot  concentrated  alcoholic  solution  of  aurin,  the  dark  yello-nish-red 
liquid  assumes  a  lighter  colour,  and  on  cooling,  a  compound  of  aurin  and  sulphur 
dioxide  separates  out,  forming  either  brick-red  crystalliuo  crusts  or  granular  garnct- 
red  crystals  having  a  more  or  less  beetle-green  lustre.  The  compiound  dried  over 
sulphuric  acid  docs  not  retain  any  alcohol,  but  a  considerable  quantity  of  water,  which 
is  not  expelled  at  100°;  but  above  this  temperature  it  is  given  off,  together  with 
sulphur  dioxide.  Whether  this  water  is  chemically  combined  or  merely  adheres  to 
the  compound  mechanically  is  not  yet  decided  ;  if  it  be  in  combination,  the  formula  of 
the  hydratcd  crystals  is  (C-»H'^0')'S02  -t-  S^H'O. 

Aiirin-potassium  Bisulphite,  C^°H"O^.KHSO',  is  produced  by  adding  a  solution  of 
potassium  bisulphite  to  a  hot,  concentrated,  alcoholic  solution  of  aurin,  until  the 
yellowish-red  colour  of  the  latter  has  disappeared.  A  soft,  white  chalky  powder  tlion 
separates,  increasing  in  quantity  when  the  solution  is  left  at  rest.  Under  the  micro- 
scope it  appears  to  consist  of  small  rectangular  plates.  It  is  more  soluble  in  water 
than  in  alcohol,  and  may  be  recrystallised  from  hot  water  ;  but,  on  boiling  the  aqueous 
solution,  decomposition  takes  place  and  aurin  is  precipitated.  Acids  as  well  as  alkalis 
decompose  it  readily,  so  that  it  soon  acquires  a  yellow  or  reddish  tint  on  exposure  to 
the  air. 

Aurin-ammoiiium  Bisulphite,  (C^°II"0').CNH')HSO',  is  obtained  by  a  reaction 
similar  to  that  whieli  yields  tho  potassium-compound,  to  wliich  it  has  the  greatest 
resemblance.  Tho  aodium-compound  C-''H'*OlNaHSO^  is  also  very  much  like  the 
two  preceding  compounds,  but  appears  to  be  more  soluble  in  water, 

Xieucaurin.  C^H'^O'  or  C-'H"0'. — This  body  is  produced  by  the  action  of 
liydrogcnisiug  agents  on  aurin.  Kolbo  and  Schmitt  found  that  their  red  compound 
yielded,  on  treatment  with  acetic  acid  and  iron  filings,  a  colourless  body  soluble  in 
alkalis.  On  exposing  this  solution  to  the  air,  it  gradually  assumes  a  red  colour,  and 
on  adding  potassium  forricyanide,  an  intensely  red  liquid  is  formed  at  once.  The 
alkaline  solution  of  the  red  body  also  becomes  colourless  in  contact  with  sodium- 
amalgam,  but  turns  red  again  on  exposTire  to  the  air. 

Dale  and  Schorlemmer  prepared  leucaurin,  either  by  heating  an  alkaline  solution  of 
aurin  with  zinc-dust  and  precipitating  the  colourless  liqxiid  with  hydrochloric  acid,  or 
by  acting  with  zinc-diist  on  a  solution  of  aurin  in  acetic  acid,  or  on  an  acidulated 
alcoholic  solution.  On  diluting  tho  colourless  liquid  with  water,  leucaurin  separates 
as  a  crystalline  precipitate,  and  from  the  mother-liquor  a  further  quantity  crystallises 
out  in  needles  on  standing. 

Pure  leucaurin  is  perfectly  colourless  ;  but  when  recrystallised  it  readily  assumes  a 
yellowish  tint.  It  is  freely  soluble  in  acetic  acid,  crystallising  therefrom  in  thick  and 
tolerably  hard  prisms,  tlie  faces  of  which  are  developed  at  one  extremity  only,  whilst 
the  other  extremity  is  very  irregular  ;  it  also  shows  a  strong  tendency  to  twin.  From 
an  alcoholic  solution  it  was  obtained  in  extremely  friable  prisms.  It  may  be  heated 
to  130°  without  melting,  assuming,  at  the  same  time,  a  reddish  colour;  on  heating  it 
more  strongly,  it  gradually  softens  and  assumes  a  deep  red  colour.  Its  alkaline  solu- 
tion readily  absorbs  oxygon,  and  becomes  of  a  dark  red  colour  on  the  addition  of 
potassium  ferricyanido.  The  rod  compound  thus  produced  is,  however,  not  aurin,  but 
probably  an  oxidation-product  of  that  body;  on  adding  an  acid  to  the  solution,  a 
brown  precipitate  is  formed,  which  is  almost  insoluble  in  alcohol  and  acetic  acid. 

The  analysis  of  leucarin  gave,  as  a  mean,  78'8i  p.c.  C.  and  5'93  H.,  the  formula 
C:ojjico3  requiring  78-94  0.  and  5'26  H.,  and  the  formula  C^'H'SO^  79-25  C.  and  5-66  H. 

Leucaurin  prepared  by  heating  aiu-in  from  pure  phenol  with  acetic  acid  and  zinc- 
dust  gave  by  analysis  (mean)  78-42  C.  and  5-79  H..  which  agrees  with  tho  formula 
C-»H'«0'  (78-43  C,  5-88  H.)  better  than  with  C="H"=0^  (78-04  C,  5-26  H.);  but,  as 
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most  of  these  bodies  retain  -vrater  very  obstiuately,  and  to  avoid  oxidation,  the  com- 
pound was  merely  dried  over  sulphuric  acid,  the  formula  C-°H'*0'  may  be  regarded  as 
the  more  probable. 

Leucaurin  contains  tliree  hydroxyls,  the  hydrogen  of  which  can  be  easily  replaced  by 
acid  radicles. 

Triacetyl-leucaurin,  C2''H»(C2H30)303  or  C"H'5(C=H30')0^  is  formed  by  heating 
leucaurin  with  excess  of  acetyl  chloride,  and  purified  by  brisk  agitation  with  cold 
water,  and  crystallisation  from  warm  alcohol.  It  forms  short  silky  needles  readily 
soluble  in  alcohol  and  acetic  acid,  quickly  decomposed  by  boiling  water  and  by  alkalis. 

Trihenzoyl-lcucaurin,  C-»H'3(C'H:*0)'0'  or  C=iH'5(C'H50)'0^is  readily  formed  when 
leucaurin  is  heated  with  benzoyl  chloride.  It  is  a  very  stable  body,  which  is  not  acted 
upon  by  boiling  it  with  weak  caustic  soda,  and  may  be  heated  to  180°,  and  even 
higher,  without  decomposition.  It  is  but  sparingly  soluble  in  alcohol  and  acetic  acid, 
biit  freely  in  benzene,  from  which  it  separates  in  transparent  crystals  containing 
benzene,  which  they  lose  when  exposed  to  the  air  or  when  heated,  the  crystals  falling 
to  powder. 

Other  derivatives  of  Attfin.  1.  Eod  Corallin  or  Pseonin:  a  colouring  matter, 
which  dyes  wool  and  silk  with  a  redder  shade  than  aurin,  is  prepared  by  heating  aurin 
with  aqueous  ammonia  to  140°-150°.   (See  Coeailin.) 

2.  Azurin  or  Azulin  is  produced  by  treating  aurin  with  aniline.  When  aurin  is 
gently  boiled  with  aniline  and  a  little  acetic  acid,  the  solution  soon  assumes  a  pure 
blue  colour.  On  boiling  the  product  with  dilute  hydrochloric  acid,  in  order  to  remove 
an  excess  of  aniline,  a  blue  resinous  substance  is  obtained,  consisting  of  a  mixture  of 
different  bodies,  which  are  partly  soluble  in  alcohol  and  acetic  acid,  and  partly  insoluble 
therein.  By  heating  the  above  mixture  on  a  water-bath,  a  blue  solution  is  formed  in 
16-20  hours,  which,  however,  also  contains  several  bodies.  A  portion  of  the  product 
is  readily  soluble  in  caustic  soda  with  a  purple  colour,  and  precipitated  by  acids  from 
this  solution  in  blue  flakes,  which  dissolve  in  alcohol  and  acetic  acid.  The  portion 
which  is  insoluble  in  alkalis  dissolves  completely  in  acetic  acid  and  alcohol,  ivith  a 
fine  blue  colour,  but  ether  takes  up  only  a  part  of  it,  forming  a  dark  red  solution,  which 
on  evaporation  leaves  a  blue  resinous  body.  The  portion  not  dissolving  in  ether  forms 
a  dark  blue  powder  with  a  golden  reflection. 

AZOBEWZSN'E.    Seo  Benzene  Deeivatives 

AZODIPHSIffYIi  2X.VE,  C'H'^N'  (Hofmann  a.  Geyger,  Deut.  Ckem.  Gcs. 
Ber.  V.  472).  This  blue  colouring  matter,  first  obtained  by  Martius  a.  Griess  (Berl. 
Monatsh.  1865,  640),  is  produced  by  the  action  of  azodiphenyldiamine  on  aniline 
salts : 

C"H>'N'  +  C^H'N  =  NH'  +  C'H'^N'; 

its  formation  being  analogous  to  that  of  the  'Magdala  red'  of  commerce,  CH^'N', 
by  the  action  of  azodinaphthyldiamine,  C-'II'^N^  on  naphthylamine,  CH^IS". 

The  blue  is  prepared  by  heating  equal  weights  of  the  azo-base  and  aniline  hydro- 
chloride with  twice  the  weight  of  alcohol  to  160°  for  four  or  five  hours.  The  product 
is  treated  with  boiling  water,  and  the  residue  is  dissolved  in  alcohol  -svith  the  aid  of 
hydrochloric  acid,  and  reprecipitated  by  soda.  On  dissolving  the  base  in  alcohol, 
adding  hydrochloric  acid,  and  concentrating  the  solution,  a  dark  blue  crystalline  salt 
is  obtained,  insoluble  in  water  and  in  ether,  but  readily  soluble  in  alcohol,  especially 
when  warm.  The  solution,  which  is  of  a  deep  violet-blue  colour,  dyes  wool  and  silk. 
It  is  decolorised  by  zinc  and  hydrochloric  acid,  but  no  corresponding  leuco-base  is 
thereby  produced.  Soda  precipitates  the  base  from  the  concentrated  alcoholic  solution 
of  its  salts,  as  a  dark  brown  powder,  which  is  insoluble  in  water,  but  soluble  in 
alcohol  or  ether  ;  the  addition  of  hydrochloric  acid  to  the  latter  solution  precipitates 
the  base  as  hydrochloride. 

The  hydrochloride  has  the  composition,  C'H'W.HCl,  bub  loses  part  of  its  acid  on 
being  dried  at  a  high  temperature,  or  by  reerystallisation  from  alcohol.  The 
hydriodide  C'»H'*N^.HI  is  very  similar  to  the  hydrochloride  in  its  properties.  The 
ficrate  C"H"*N^.C'=iI^(NO-)'0  forms  a  blue  powder,  quite  insoluble  either  in  water 
or  in  ether,  and  only  very  sparingly  soluble  in  boiling  alcohol.  This  azodiphenyl  blue 
has  the  same  composition  as  thet)iotoi7mc,C'*H'^N^  obtained  by  Girard,  DeLaire,  and 
Chapoteaud  (Isi  Supiil.  1 68),  by  the  oxidation  of  pure  aniline,  SCH'N  —  3H=  =  C"'H"*N', 
but  it  has  not  as  yet  been  ascertained  whether  the  two  are  identical. 

Blue  colouring  matters  very  similar  to  the  azodiphenyl  blue  are  produced  by  the 
action  of  toluidine  or  naphthylamine  hydrochloride  on  azodiphenyldiamine.  These 
most  likely  have  the  compositiou,  C"'H"N^  and  C^-II"N^,  and  it  is  probable  that  azo- 
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ditolyldiamino  -would  produce  similar  compounds.  All  attempts  to  proparo  azo- 
ditolyldiamine,  however,  have  as  yet  been  unsuccessful.  On  passing  a  rapid  stream 
of  nitrous  acid  through  fused  toluidine  floating  on  a  hot  saturated  solution  of  common 
salt,  the  base  gradually  solidifies  to  a  crystalline  mass,  which,  when  purified  by  re- 
crystallisation  from  alcohol,  forms  dark  yellow  needles  of  diasoamido-tolucnc, 
C'H'^N',  the  isomeride  of  azoditolyl-diamino ;  on  boiling  this  with  hydrochloric 
acid,  it  splits  up  into  cresol  and  toluidine,  with  evolution  of  nitrogen  : 
QMH'^N^  +  IPO  =  C'ffO  +  CHON  + 

The  action  of  this  compound  on  aniline,  toluidine,  and  naphthylamine  hydro- 
chlorides produces  colom-ing  matters,  but  the  bye-products  formed  at  the  same  time 
show  that  the  reaction  is  very  complicated. 

^  AZOPKEM-E-S-S^isrs.  C'-H'N=  (A.  Glaus,  Beut.  Ghem.  Ges.  Bo:  v.  367,  610  ; 
vi.  7-3;  Anil.  C/i.  I'karm.  dxYiii.  1). — This  compound  is  formed  by  distilling  calcium 
azobenzoate  or  para-azobenzoate  with  lime.  A  red  oil  then  passes  over,  which  solidi- 
fies after  a  while  to  a  crystalline  mass  consisting  mainly  of  two  substances,  viz., 
azophenylene,  which  forms  the  principal  portion,  and  a  dark  red  body,  the  nature  of 
which  has  not  yet  been  ascertained.  On  slowly  heating  this  mass  in  small  quantities 
in  a  platinum  crucible,  the  azophenylene  sublimes  in  light  yellow,  glistening,  slender 
needles,  more  than  an  inch  long.  It  melts  at  170°-171°,  and  sublimes  at  a  higher 
temperature.  It  is  very  slightly  soluble  in  hot  water,  but  may  easily  be  volatilised 
witli  aqueous  vapour,  whereby  it  is  obtained  in  small  almost  colourless  needles.  It 
dissolves  in  60  parts  of  cold  alcohol,  easily  in  hot  alcohol,  and  to  some  extent  in  other 
and  in  benzene.    With  strong  nitric  acid,  it  appears  to  form  a  nitro-product. 

Constitution  of  Azojphcnylcne  and  of  Azohcnzoic  Acid. — The  reactions  of  azophenylene 
are  best  explained  by  the  following  structural  formula  : 

N 


/ 


In  the  formation  of  azophenylene  bromide  and  hydrazophcnyleue,  the  bromine-  or 
hydrogen-atoms  probably  attach  themselves  to  the  two  nitrogen-atoms,  the  connection 
between  which  is  thereby  loosened. 

But  a  question  then  arises  as  to  how  this  body  is  derived  from  azobenzoic  acid, 
C'*H'"N-OS  which,  according  to  Strecker,  is  related  to  azobenzeno  in  the  same  manner 
as  benzoic  acid  to  benzene,  and  therefore  ought  to  yield,  by  the  dry-distillation  of  its 
calcium  salt,  not  azophenylenoj  C'^H'N^  but  azobenzene,  C'-H'^N-. 

The  most  probable  explanation  of  the  apparent  anomaly  is,  that  azobenzoic  acid  con- 
tains 2  atoms  of  hydrogen  less,  its  true  formula  being  C'^H'N'-'O*,  and  this  view  is 
supported  by  the  following  considerations.  If  this  acid  really  corresponded  with  azo- 
benzene, its  formation  from  nitrobenzoic  acid  by  the  action  of  sodium-amalgam  {\st 
Suppl.  320)  would  be  represented  by  the  following  equation : 

2C'ff(N0=)0=  +  8Na  +  iH^O  =  8NaOH  +  C»Hi»N-0'. 

But  experiment  shows  that  as  soon  as  three-fourths  of  the  quantity  of  sodium  indi- 
cated by  tliis  equation,  that  is  to  say,  6  atoms,  have  been  added,  a  brisk  evolution  of 
hydrogen  commences  and  the  reaction  is  terminated.  This  shows  that  it  really  takes 
place  according  to  the  equation  :  * 

2C'ff(N0^)0-  +  6Na  +  'IW'O  =  GNaOH  +  C'H'N^O'. 

Azobenzoic  acid  is  therefore  azophenylene-dicarbouic  acid,  C'-H"N-.(COOH)',  or 

.C^H^COOH, 


C^H^COOH 

The  calcium  salts  of  meta-  and  para-azobenzoic  acid  likewise  yield  by  dry-distilla- 
tion an  azophenylene  identical  with  that  which  is  obtained  from  ortho-azobcnzoic  acid. 

Azoplionylone  would  probably  be  formed  also  by  passing  azobenzene  through  a  red- 
hot  tube:  C''Ii'«N--H'^=C"H''N-. 

Azo'-plicnyhw  Bromide,  C"H"N^Br=  is  formed  when  bromine  is  added  to  a  concen- 
trated alcoholic  solution  of  azophenylene,  or  better  when  1  part  of  azoplienylene  is 
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dissolved  in  150  parts  of  benzene  and  bromine  is  added  as  long  as  yellow  needle- 
shaped  crystals  continue  to  separate.  These  crystals  being  almost  insoluble  in  benzene 
containing  bromine,  the  quantity  of  the  bromine-compound  obtained  by  this  latter 
process  is  very  nearly  that  which  is  required  by  calculation. 

Hydrazofhenylciic,  C'^H'^N^  is  formed  by  the  action  of  hydrogen  sulphide  on 
an  ammoniacal  solution  of  azophenylene  in  alcohol.  Sometimes  an  intermediate 
compound,  forming  deep  blue  needles,  is  obtained  at  the  same  time. 

Hydrazophenyleno  is  almost  insoluble  in  water  and  benzene,  and  is  taken  up  by 
cold  alcohol  in  small  quantity  only.  At  about  200°  it  gives  oS"  hydrogen,  and  is 
retransformed  into  azophenylene,  the  formation  of  the  blue  intermediate  product  being 
again  observable.  Boiled  with  dilute  acids,  it  dissolves  and  forms  salts  of  a  green 
colour,  but  not  of  constant  composition.  In  strong  sulphuric  acid,  it  dissolves 
with  dark  green  colour,  changing  after  a  while  to  yellowish  brown  ;  but  if  the  solution 
be  left  for  some  time  in  contact  with  moist  air,  the  green  colour  reappears  and  masses? 
of  olive-green  needles  separate,  which  give  up  sulphuric  acid  when  washed  with  water, 
the  water  at  the  same  time  acquiring  a  green  colour.  Hydrazophenylene  treated  with 
an  alcoholic  solution  of  platinic  chloride  containing  free  hydrochloric  acid  yields  a 
platinochloride  containing  2(C'=H"'N2.HCl).PtCl',  or  perhaps  C-<H'«N<.2HCl.PtCP. 

On  the  whole  it  seems  probable  that  hydrazophenylene  does  not  itself  possess  the 
properties  of  a  base,  but  that  a  base  is  formed  from  it  by  the  action  of  acids,  probably 
by  union  of  two  molecules,  with  loss  of  two  atoms  of  hydrogen  :  thus — 


AZOKITE.  On  the  crystalline  form  of  this  mineral,  see  Stravner  {Jahrbuch  f. 
Mincralogie,  1871,  761). 

AZUlilW  or  ilZURXir.  A  blue  dye,  obtained  by  boiling  aurin  with 
aniline  (p.  120). 

Azoxux.»ioxm.^ 


;  Cyanogen,  Action  of  Ammonia  on. 


AZUaiTE,  Cu^H^C'O'  or  3CuO.H20.2CO^  Webel  a.  Tiingel  {Deut.  Chem.  Gcs. 
Ber.  iv.  138)  have  examined  considerable  quantities  of  the  Siberian  azurite  for  am- 
monia, but  with  negative  results,  thereby  invalidating  the  supposition  that  its  deep  blue 
colour  is  due  to  a  combination  with  ammonia,  as  is  the  case  with  some  other  salts  of 
copper,  and  that  it  has  been  formed  from  malachite  in  presence  of  nitrogenous  matter. 
They  found,  moreover,  on  heating  fragments  of  marble  to  200°  in  a  sealed  tube,  with 
solution  of  cupric  sulphate,  that  the  marble  became  covered  with  a  green  carbonate, 
which,  on  standing  for  some  months,  was  converted  in  many  places  into  a  deep  blue 
carbonate,  whilst  at  the  same  time  the  whole  of  the  water  in  the  tube  disappeared, 
and  numerous  crystals  of  gypsum  were  deposited.  The  small  quantities  of  the  two 
carbonates  formed,  and  the  difiiculty  of  separating  them,  have  hitherto  precluded  the 
possibility  of  analysing  the  blue  compound  quantitatively ;  its  external  characters, 
however,  agree  so  perfectly  with  those  of  the  natural  mineral,  that  it  seems  highlj' 
probable  that  azurite  has  been  formed  from  malachite,  Cu-CO^  +  aq.,  by  absorption  of 
carbon  dioxide  and  elimination  of  water,  as  in  the  experiment  above  described. 


B 

SABIM'G'TOBa'XTX:.  This  mineral  from  Devonshire  has  been  analysed  by  D. 
Forbes  {Fhil.  Mag.  [4]  xxxvii.  328),  and  from  Herbornseelbach  in  Nassau  by  Jehn 
{Fogg.  Ann.  cxliv.  594).  The  results  are  given  in  the  following  table,  together  with 
those  of  the  Arendal  mineral,  analysed  by  Rammelsberg  {Mineralchemie,  477)  : — 

Loss  by 

SiO-     APO'     Fe'O'      FeO      MnO      CuO     MgO ,  ignition 

Arendal    ....  61-22    11-00    10-26    7-91    19-32    0-77    0-44  =  100-92 

Devonshire  .  .  .  49-12  1-CO  9-78  12-87  1-25  20-87  3-67  0-73=  99-89 
Herbornseelbach    .  60-44    17-01     7-49    3-22    19-90    1-45    0-43=  99-94 
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The  composition  of  the  Arcndal  and  Devonshire  minerals  agrees  -svitb  Eammels- 
bcrg's  formula,  9MO.SiO-  +  M-0^3SiO-,  in  which  the  oxygen  of  the  monoxidps  is  to 
that  of  the  sesqiiioxides  as  3  :  1  ;  in  the  Nassau  mineral  this  ratio  is  only  8:5;  but, 
in  both,  the  ratio  of  the  oxygen  of  the  silica  is  to  tliat  of  all  the  bases  together 
is  2  :  1. 

Babingtonite  from  Devonshire  forms  black-green  radio-fibrous  groups  having  a 
sp.gr.  of  3-431  toB-iSG;  hardness  =  5'5.  Itis  almost  undecomposible  by  acids,  gives  off 
a  little  hygroscopic  water  when  heated,  and  afterwards  exhibits  an  alkaline  reaction 
(Forbes).  The  crystalline  form  of  the  Nassau  mineral  is  described  by  G.  vom  Rath 
{Pogg.  Ann.  Ergdncimgshand,  v.  420). 

BACTBSIXA.    See  Fermentation. 

BAI^XUM.    On  the  occurrence  of  barium  in  silicates,  see  Silicates. 

Preparation  of  Baryta. — E.  Nieldes  prepares  caustic  baryta  from  heavy  spar,  by 
decomposing  the  mineral  mixed  with  coal  or  charcoal  and  sawdust  in  a  furnace  of 
peculiar  construction,  extracting  the  resulting  barium  sulphide  with  boiling  water  out 
of  contact  with  the  air,  and  decomposing  it  with  H  equiv.  of  zinc  oxide.  The 
barium  hydrate  obtained  by  evaporating  the  solution  may  be  converted  into  anhydrous 
baryta  by  heating  it  in  cast-iron  or  earthen  cylinders  in  the  stream  of  carbonic  oxido 
evolved  hy  the  reduction  of  the  sulphate.  The  sulphide  of  zinc,  when  roasted,  yields 
the  quantity  of  oxide  required  for  another  operation  {Bull.  Soc.  Chim.  [2]  xii.  494). 

A  similar  process  is  described  by  Eosenstiehl  {Bingl,  folyt.  J.  cxcviii.  64  ;  Jahresb, 
f.  Chem.  1870,  1122). 

Barium,  Hydrate. — According  to  Eosenstiehl  a.  Eiihlmann  [Chem.  Centrbl.  1870, 
684),  crystallised  barium  hydrate  molts  in  its  water  of  crystallisation  at  75°,  the 
crystals  then  contain  45*97  p.  c.  BaO. 

The  solubility  of  baryta  in  water  at  different  temperatures  is  given  in  the  following 
tablo :— 


Temp. 

Anhydrous  BaO 

Temp. 

Anliydrous  BaO 

Temp. 

Anbydroiia  BaO 

in  100  water 

in  100  water 

in  100  water 

0° 

1-5 

220 

3-7 

59° 

17-5 

6 

i-s 

30 

5 

64 

23-8 

6-0 

1-9 

36 

6-4 

68-5 

27-7 

12 

2-4 

41 

7-6 

6!) 

31-6 

12-5 

2-9 

46 

9'5 

70 

31-9 

16 

3 

54 

14 

73 

44-9 

21 

3-6 

58-5 

17-2 

77 

70 

BARIiBY.  The  following  observations  relating  to  the  life  and  growth  of  barley 
have  been  made  by  J.  Fittbogen  (in?;,c?w.  Vcrsuchs-Stationc7i,  xiii.  81).  The  plants 
were  reared  in  pots,  and  sand  purified  by  ignition,  digestion  -Nnth  sulphuric  acid,  and 
washing  till  every  trace  of  acid  was  removed,  was  used  as  an  indifferent  soil-material. 
Into  glass  cylinders  were  piut  first  a  layer  of  quartz,  then  of  unsized  cotton,  and 
lastly  the  purified  sand.  18  barleycorns  were  sown  in  each  pot,  at  a  depth  of  2*5  cm., 
having  been  previously  sprouted  between  two  layers  of  damp  filter-paper.  The 
manure  for  each  pot,  expressed  in  milligram-equivalents  was: 

KH=PO'  KCl  MgSO'  Ca(NO')=  Fe'C  SiO= 

20  1-0  1'6  16-0  5-0  10-0 

Thirty  pots  were  so  arranged.  Plants  were  cut  twioo  before  the  ear  appeared,  and 
three  times  afterwards.  There  were  thus  five  periods.  The  plants  were  merely 
divided  into  two  parts  :  that  above  the  surface  of  the  earth,  and  that  beneath  it,  ex- 
cept in  the  last  two  periods,  when  a  separation  was  made  between  the  straw  and 
the  seed. 
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The  aerial  organs  of  100  plants  contained  on  an  average: — 


Grams 

■a 

1 

4th  period 

Cth  period 

1st  pel 

1 
-a 

p. 

Grain 

Straw 
and  cliaff 

Grain 

Straw 
and  cliaff 

Organic  matter  . 
Ash  .... 

11-821 

I'Soi 

44-083 
3-400 

106-667 
4-576 

41-250 
1-000 

99-896 
3-563 

74-654 
1-388 

80-308 
3-767 

Dry  substance  . 

13-675 

47-483 

111-234 

42-250 

103-459 

76-042 

84-075 

Potash.    .    .  . 

Magnesia .    .  . 
Perric  oxide  .  . 
Phosphoric  acid . 
Silica  .... 
Chlorine  .    .  . 

0-748 
0-045 
0-223 
0  075 
0-021 
0-216 
0-329 
0-202 

0-961 
0-066 

0-216 
0-031 
0-454 
0-875 
0-249 

0-957 
0-089 
0-924 
0-282 
0-088 
0-601 
0-392 
0-218 

0-229 
0-009 
0-058 
0-095 
0-022 
0-384 
0-242 
0-028 

0-459 
0-112 
0-980 
0-237 
0-035 
0-295 
0-242 
0-148 

0-235 
0-012 
0-087 
0-149 
0-131 
0-566 
0-308 
0-001 

0-495 

0-  104 

1-  046 
0-168 
0-137? 

0-  169 

1-  625 
0-102 

Nitrogen  .    .  . 

0-897 

1-605 

1-714 

0-661 

0-951 

0-937 

0-732 

The  roots  of  100  plants  contained: — 


Grams 

1st  period 

2nd  period 

Srd  period 

4tli  period 

5th  period 

Organic  matter    .  . 

6-158 

16-669 

23-027 

25-677 

20-764 

2-006 

1-739 

1-663 

1-873 

1-638 

Dry  substance  .    .  . 

8-164 

18-408 

24-690 

27-550 

22-302 

0-230 

0-165 

0-157 

0-159 

0-079 

0-118 

0-114 

0-126 

0-106 

0-087 

0-652 

0-648 

0-688 

,  0-611 

0-645 

0-108 

0-072 

0-047 

0-039 

0-033 

Ferric  oxide    .    .  . 

0-053 

0-043 

0-046 

0-079 

0-075 

Phosphoric  acid  .  . 

0-197 

0-161 

0-128 

0-097 

0-077 

0-590 

0-517 

0-538 

0-715 

0-483 

Chlorine    .    -    .  . 

0-050 

0-041 

0-031 

0-039 

0-035 

Nitrogen  .... 

0-237 

0-438 

0-490 

0-642 

0-583 

From  these  data  given  the  following  table  was  constructed : — 


100  Plants 

Hence  there  wasf  ound, 

at  the  time  ol  liar- 

contained 

contained  at  the  period  of 
maturation 

vest,  more  (+)  or 
less  (— )  than  was 

supplied 

in 

A 
In  the 

B 

In  33-3 

Totalof 

In  the 

In  the 

In  the 

manure 

kils.  of 

A+  B 

grain 

straw 
and 

root 

Total 

A 

A  +  B 

sand 

chafl 

Potash  .    .  . 

1-778 

0-048 

1-826 

0-236 

0-495 

0-079 

0-809 

-0-969 

-  1-017 

Soda.    ,    .  . 

0-993 

0-993 

0-012 

0-104 

0-087 

0-203 

+  0-203 

-  0-790 

Lime     .    .  . 

3-733 

1-740 

5-473 

0-087 

1-045 

0-646 

1-777 

-1-956 

-  3-696 

Magnesia  .  . 

0-207 

0-767 

1-026 

0-149 

0-168 

0-033 

0-350 

+  0-083 

-  0-676 

Ferric  oxide 

3-333 

10-226 

13-559 

0-031 

0-137? 

0-075 

0-243? 

-3-090? 

-13-616? 

Phosphoric  acid 
Silica    .    .  . 

1-183 

0-319 

1-502 

0-566 

0-169 

0-077 

0-802 

-0-381 

-  0-700 

2-500 

1-165 

3-665 

0-308 

1-625 

0-483 

2-416 

-0-084 

-  1-249 

Chlorine    .  . 

0-295 

0-295 

0-001 

0-102 

0-035 

0-138 

-0-157 

-  0-167 

Sulphuric  acid 

0-533 

0-086 

0-619 

? 

? 

? 

? 

? 

? 

Nitrogen    .  . 

1-867 

1-867 

0-937 

0-732 

0-586 

2-252 

+  0-386 

+  0-385 

*  No  account  is  hero  taken  of  the  ash-constituent  in  the  seed  sown, 
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Deducting  O'lOS  gram  of  nitrogen  supplied  in  the  seed  from  tlie  above  0'385 
gram,  there  remains  0'277  gram  nitrogen  derived  from  tho  nitrogenous  compounds 
in  the  air. 

Tho  dally  increase  in  the  amount  of  ash  ms  in  the  first  period  0'386,  in  the  second 
period  0-11 6,  in  the  third  period  0-078,  in  the  fourth  period  0-026,  in  the  fifth  period  0-012 ; 
whilst  that  of  nitrogen  was  in  the  first  period  0-113,  in  the  second  period  0-083,  in  tho 
third  period  0-011,inthe  fourth  period  0-006,  and  in  the  fifth  period  0.  Consequently, 
tho  most  active  assimilation  of  mineral  matters  and  of  nitrogen  occurred  during  the 
early  stages  of  growth,  comprehending,  according  to  the  experiments,  tho  first  third 
of  the  whole  period  of  vegetation. 

The  relative  proportions  of  phosphoric  acid  and  nitrogen  in  the  grain  were  also 
determined,  and  it  was  found  that  in  the  unripe  state  the  proportions  are  1  :  1'72,  and 
in  the  ripe  grain  1  :  1-66.  As  regards  the  migration  of  nutriment  from  the  root  up- 
wards, and  from  the  stalks  and  leaves  into  the  seed,  the  following  was  established. 
A  translation  of  potash  from  tlie  root  into  the  upper  portion  of  tho  plant  appears  to 
occur  during  the  third  period,  and  of  phosphoric  acid  and  magnesia  during  tho  whole 
period  of  vegetation.  In  the  fifth  period  the  nitrogen  decreased  in  the  root  and  in- 
creased in  the  aerial  portion  of  tho  plant.  The  absolute  amount  of  nitrogen  was 
markedly  less  in  the  aerial  part  of  tho  plant  during  tho  period  when  the  seed  was 
forming  (fourth  period),  and  higher  in  tho  root,  than  during  the  preceding  stage  of 
development.  A  passage  of  potash  from  tho  upper  part  of  the  aerial  portion  of  tho 
plant  into  the  grain  was  noted  in  the  fourth  period.  When  the  grain  ripened,  magnesia, 
phosphoric  acid  and  nitrogen  were  given  up  to  the  seed. 

As  regards  the  increase  of  mineral  matters,  it  was  established  tliat  this  is  greatest 
during  the  first  period.  Lime,  phosphoric  acid,  and  silica  increased  up  to  the  time  of 
maturity  of  the  seed  ;  magnesia  and  soda  up  to  the  time  of  formation  of  tho  grain. 
After  the  third  period,  tho  potash  underwent  a  decrease,  and  tho  chlorine  after  tho 
second  period  ;  and  this,  at  the  time  of  the  ripening  of  the  grain,  had  gone  on  to  such 
a  dogroo  that  of  the  former  only  72  p.  c,  and  of  tho  latter  only  48  p.  c.  of  tho 
maximum  amount  remained.  Tho  magnesia  slightly  decreased  after  tho  fourth 
period. 

BASA.I.T.  F.  Zirkel  {Jahrhichf.  Mineralogte,  1870,  358  ;  Jahresh.f.  Chem.  1870, 
1361),  divides  basalts,  according  to  their  microscopic  constituents,  into  tho  following 
classes  :  (1)  FekpathicbasaUs,^]i\ch.&XQt\\a  most  frequent,  and  consist  mainly  of  triclinic 
felspar  and  augite,  always  associated  with  magnetic  and  titaniferous  iron,  often  with 
olivino  and  nepheline,  never  with  leucite. — (2)  Lcucitic  basalts,  containing  whito 
loueite,  augite,  olivino,  and  magnetic  iron  ore,  with  nepheline  always  subordinate. 
(3)  Nepheline  iaWfo,  composed  of  nepheline,  augite,  olivine  and  magnetic  iron  ore; 
frequently  also  with  leucite,  more  rarely  with  felspar. 

BAWSCSTS  or  BEAUSZITE.  Tlie  bauxite  occurring  in  tho  neighbourhood  of 
Beaux  (Eouches  du  Ehono)  is  largely  employed  for  the  preparation  of  aluminium  and 
alumina.  There  are  two  varieties  of  it,  distinguished  as  ferruginous  and  alumi- 
niferous  ;  in  the  former  the  ferric  oxide  varies  from  26  to  60  p.  c.  A  ferruginous 
bauxite  from  tho  neighbourhood  of  Nas  de  Gilles  yielded  by  smelting  42  p.  c.  iron, 
and  was  found  by  analysis  to  contain  4  p.  c.  silica,  18  alumina  and  titanic  oxide,  60 
ferric  oxide,  and  18  water  with  lime.  The  aluminiferous  bauxite  consists,  according 
to  five  analyses  by  C.  Sainte-Claire  Devillo,  of — 


I. 

n. 

III. 

IV. 

V. 

Silica  .... 

20-7 

2-8 

4-8 

2-0 

Titanium  .    .  , 

3-1 

3-2 

1-6 

Ferric  oxide  .  . 

3-8 

25-3 

24-8 

34-9 

48-8 

Alumina  .    .  . 

58-1 

57-6 

55-4 

30-3 

33-2 

Calcium  carbonate 

trace 

0-4 

0-2 

12-7 

6-8 

(coriiDclum) 

Water  .... 

14-2 

10-8 

11-6 

23-1 

8-6 

100-0 

100-0 

100-0 

100-0 

100-0 

I.  and  II.  from  Beaux ;  III.  from  Allach,  near  Marseilles;  IV.  from  Beaux;  V. 
from  Calabria. 

Botli  varieties  of  bauxite  are  compact,  earthy,  and  pisolithic. 

The  bauxito  in  the  neighbourhood  of  B6aux  is  situated  between  the  lowest  zone  of 
the  tertiary  formation  and  the  upper  chalk ;  its  origin  in  this  new  cretaceous  zono  is 
attributed  to  mineral  springs  (Coquand,  Bull.  Soc.geol.  de  France,  xxviii.  98  ;  Jahresb, 
f.  Minemlogie,  1871,  940). 
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Nine  Froncli  bauxites  analysed  by  Siemens  {Chem.  Soc.  J.  [2]  xi.  673)  gave  the  fol- 
lowing average  result : — 

SiO^  A1=0'  Fe=0=  H=0 

Kaw     ....    3-5  59-2  24-5  12-1  =  99-3 

Calcined   .    .    .    4-01         67-89        2'8-09  —  =100-19 

Eight  other  samples  gave  on  the  average : 

SiO'          APO'  Fe'O'  H'O 

Eaw    ....    1-75        39-50  45-50  12-57=  99-32 

Calcined  .    .    .    2-02        45-53  52-45  —  =100-02. 

Irish  bauxite  analysed  bj  Siemens  gave  : 

SiO^        APO'  Fe=0'  TiO'  H»0 

Eaw    ....    3-5        35-0  38-0  2-0  21-5  =  99-0 

Calcined  .    .    .    4-45       44-48  48-0  2-54         —  =99-87 

Bauxite  (or  Wocheinito)  containing  a  larger  proportion  of  alumina  is  found  on  the 
Woehcin  in  Carniola.  The  following  are  analyses  of  a  dark  rod,  and  a  light  red 
variety  by  E.  Drechsel  {Dingl.  fclijt.  J.  cciii.  479). 

SiO"  APO'         Fo=0'       H=0  K'O  Ka=0  LrO  TiO'' 

Dark  .  .  .  .  4-15  63-16  23-55  8-34  0-79  trace  =  99-99 
Light    ....    4-25       72-87       13-49       8-50       0-78      trace  =  99-89 

Bauxite  from  the  same  locality  analysed  by  Siemens  gave : 

SiO"       APO'      Fe=0»      CaO        MgO        S0»      P'0=  E=0 

Raw  .    .    .    6-29      64-24     2-40     0-85     0-38     0-20     0-46  25-74  =  100-52 

Calcined     .    8-40     85-88     3-20      1-13     0-50     0-26     0-51  —    =  99-88 

Bauxite  forms  an  excellent  material  for  the  lining  of  furnaces  which  have  to  bear 
an  intense  heat,  as  in  Siemens'  rotatory  furnace.  A  series  of  experiments  made  by 
Siemens  to  form  solid  lumps  by  using  different  binding  materials,  have  shown  that 
3  p.  c.  of  argillaceous  clay  suffices  to  bind  the  bauxite  powder  previously  calcined.  To 
this  mixture  about  6  p.  c.  of  plumbago  powder  is  addecl,  which  renders  the  mass  prac- 
tically infusible,  because  it  reduces  the  ferric  oxide  contained  in  the  bauxite  to  the 
metallic  state.  Instead  of  plastic  clay  as  the  binding  agent,  water-glass  or  silicate  of 
soda  may  be  used,  which  has  the  advantage  of  setting  into  a  hard  mass,  at  such  a  com- 
paratively low  temperature  as  not  to  consume  the  plumbago  in  the  act  of  burning  the 
brick.  When  the  lining  is  completed,  the  interior  of  the  bricks  is  preserved  against 
oxidation,  by  fluid  cinder  added  to  bind  them  together,  which  prevents  contact  with 
the  flame.  A  bauxite  lining  of  this  description  resists  both  the  heat  and  fluid  cinder 
in  a  very  remarkable  degree.  A  rotative  furnace  at  Siemens'  Sample  Steel  Works  at 
Birmingham  was  lined  partly  with  bauxite  and  partly  with  carefully-selected  plumbago 
bricks.  After  a  fortnight's  working  the  brick  lining  was  reduced  from  6  inches  to  less 
than  half  an  inch,  whereas  the  bauxite  lining  was  still  5  inches  thick  and  perfectly 
compact.  Moreover,  the  bauxite,  when  exposed  to  intense  heats,  is  converted  into  a 
solid  mass  of  emery  of  such  extreme  hardness  that  it  can  hardly  be  touched  by  steel 
tools,  and  is  capable  of  resisting  mechanical  as  well  as  the  calorific  and  chemical 
actions  to  which  it  is  exposed.  The  bauxite  used  for  this  lining  contained  53-62  p.  c. 
alumina,  42-26  ferric  oxide,  and  4-12  silica. 

BSAUS.  The  following  observations  on  the  influence  of  light  on  the  germina- 
tion of  the  kidney-bean  [Phaseolus  vulgaris)  have  been  made  by  H.  Karsten  {Landw. 
Vcrsuchs- Statiojien,  xiii.  176). 

The  beans  selected  were  as  uniform  as  possible.  After  weighing,  they  were  allowed 
to  germinate  between  wet  blotting-paper,  and  the  shells  removed.  When  the  roots 
were  sufficiently  developed,  the  beans  were  supported  on  gauze,  with  their  roots  in 
distilled  water.  One  series  was  then  exposed  to  direct  sunlight,  the  roots  only  being 
shaded  ;  the  other  series  was  kept  wholly  in  the  dark.  Each  bean  was  harvested  as 
soon  as  the  second  leaf  began  to  make  its  appearance ;  this  occurred  in  15-20  days 
in  sunlight,  and  in  25-30  days  in  darkness.  The  number  of  beans  germinated  in  this 
manner  was  564. 
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The  plants  grown  in  the  dark  -woro  of  far  greater  length  than  those  exposed  to 
sunlight.  The  proportion  of  the  various  parts  is  shown  in  the  following  table  ;  the 
figures  represent  the  yield  of  1,000  grams  of  air-dried  beans,  containing  745  grams  of 
dry  matter  free  from  husks  : — 


Leaves 

Stalks 
of  lii-st 
leaves 

Inter- 
uode.i 

Roots 

Cotyle- 
dons 

Total 
plants 

Original 
beans 

722'0 
114'6 

115-0 
12-3 

616-0 
78-3 

1038-0 
87-0 

1551-0 
334-3 

4041-0 
626-5 

1000 
745 

^-•'--<;^weTgr. 

134'0 

22-6 

293-0 
19-6 

2027-0 
174-0 

832-0 
62-4 

1582-0 
277-7 

4886-0 
S56-2 

1000 
745 

The  loss  of  weight  in  germination  is  seen  to  be  greatest  in  the  dark ;  the 
leaves  had  not  in  this  case  the  nutritive  action  which  they  probably  exercised  in 
sunlight. 

A  separate  chemical  analysis  was  made  of  each  part  of  the  young  plants.  The 
composition  of  the  dried,  entire  plants  is  compared  below  with  that  of  the  original 
beans,  1,000  grams  of  air-dried  beans  serving  as  before  for  comparison: — 


Grown 

in  li 

ht 

Grown  in 

darloicsa 

Composition 

of  original 

beans 

Composition 

Gai 

1  or  loss 
r  cent. 

Composition 

Gain  or  loss 
per  cent. 

Crude  fat   ...  . 

19-08 

19-82 

+ 

3-92 

16-00 

16-09 

8-75 

13-93 

+ 

59-16 

8-42 

3-82 

Gummy  matter    .  . 

84-92 

105-89 

+ 

24-69 

78-60 

7-45 

146-01 

74-40 

49-04 

62-21 

57-41 

Celluloso  .... 

17-47 

57-97 

+ 

231-S4 

65-57 

+ 

275-34 

185-79 

100-46 

13-63 

168-69 

9-24 

Ash  

30-17 

34-85 

15-49 

35-43 

+ 

17-44 

Non-nitrogenous  mat-l 
ter  undetermined  / 

252-81 

159-20 

37-03 

121-31 

52-01 

Total  dry  matter  . 

745-00 

626-52 

15-90 

556-23 

25-31 

The  water  in  which  the  young  plants  grew  was  found  to  contain  but  a  trace  of  solid 
matter. 

BEET.  Numerous  analyses  of  sugar-beets  grown  in  England  and  Ireland  in  1869 
and  1870,  have  been  made  by  Dr.  Voolcker,  and  published  in  the  Journal  of  the 
Boyal  Agricultural  Society,  [2]  vii.  60.  The  season  of  1870  proved  more  favourable 
to  the  formation  of  sugar  than  1869.  Samples  grown  in  1869  gave — English  roots, 
8 — 12  p.  c.  sugar;  Irish  roots,  6 — 11  p.  c.  sugar.  Samples  of  the  crop  of  1870  gave — 
English  roots,  9 — 13-3  p.  c.  sugar  ;  Irish  roots,  10 — 14-8  p.  c.  sugar.  Largo  roots  aro 
shown  to  be  more  watery,  and  contain  less  sugar  than  smaller  roots.  Liberal  manur- 
ing increases  the  bulk  of  the  crop,  but  injures  its  quality  ;  one  effect  being  the  increase 
of  albuminous  and  saline  matters,  the  presence  of  which  prevents  the  crystallisation 
of  a  certain  percentage  of  the  sugar.  The  part  of  the  root  grown  above  the  ground 
contains  less  sugar  and  more  nitrogen  than  the  buried  portion :  hence  the  advisability 
of  deep  culture  of  the  soil.    The  following  are  characteristic  analyses  : — 
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Single  root, 

"Viewmout, 

Lavenham, 

Large  root 

Berkshire,  18G9 

1869. 

from 

^1870?''' 

Average  of 

Buscot, 

Average  of 

fifteen  lots 

1809 

Upper 

Lower 

ten  roots 

jxirtion 

portion 

82-46 

91-50 

87-20 

86-05 

77-76 

iro6 

3-89 

4-24 

8-05 

14-73 

Albuminous    com-  | 

•81 

1-04 

2-39 

1-66 

•66 

•36 

-40 

•89 

■69 

Crude  fibre  .... 

3-87 

1-90 

3-73 

3-08 

4-36 

1-14 

1-31 

2-04 

1-11 

•80 

100-00 

100-00 

100-00 

100-00 

100-00 

AVcight  

12-25  lbs. 

•31  lb. 

2-5  lbs. 

r531b. 

The  distillation  of  spirit  from  beetroot  is  largely  practised  on  the  Continent ;  it  has 
been  recently  commenced  in  England  on  a  great  scale  by  Mr.  Campbell,  of  Buscot. 
This  manufacture  turns  to  profit  the  molasses  of  the  sugar-factories,  and  utilizes  the 
crops  of  bad  seasons,  -when  the  percentage  of  sugar  is  below  that  (about  8  p.  c.)  re- 
quired for  profitable  extraction.  It  is  conaidered  by  many  more  remunerative  than 
the  manufacture  of  sugar,  and  is  certainly  more  consistent  -with  high  farming,  the 
albuminous  and  saline  matters  favoured  by  liberal  manuring  being  no  obstacle  to  tlio 
production  of  spirit. 

Beetroot  is  prepared  for  fermentation  by  one  of  three  processes  : — I.  The  roots  are 
pulped  or  sliced,  mixed -with  a  small  quantity  of  sulphuric  acid,  then  pressed,  and 
the  juice  is  fermented.  II.  (Champonoi's  method).  The  roots  are  sliced,  and  treated 
•with  hot  -wash  acidulated  with  sulphuric  acid ;  no  press  is  used,  the  sugar  being  ex- 
tracted by  displacement.  III.  (Leplay's  method.)  The  slices  of  beetroot  are  placed 
in  vats,  and  fermented  without  previous  treatment.  The  residual  pulp  from  each  of 
these  methods  is  used  as  cattle  food. 

Beetroot  spirit  is  very  apt  to  be  contaminated  with  fusel  oil,  but  the  use  of 
good  distilling  apparatus  (as  that  of  the  Messrs.  Savalle)  effectually  removes  this 
impurity. 

Since  sugar-beet  contains  far  more  nutritive  matter  than  the  best  mangolds,  it  may 
frequently  be  of  more  value  for  feeding  purposes  than  for  the  sugar  or  spirit 
manufacture. 

The  distribution  of  mineral  substances  by  the  root  of  beet  has  been  studied  by  Coren- 
winder  (Compt.  rend.  Ixxni.  95).  Samples  of  Italian  beetroot  from  Modena,  Milan, 
Bologna,  and  Viccnza  were  examined,  and  their  composition  compared  with  that  of 
French  beetroot  from  the  departments  of  Nord  and  Pas-de-Calais.  The  Italian  beets  were 
poor  in  sugar  and  contained  much  saline  matter.  1  litre  of  juice  yielded  52-5  to  85 
grams  of  sugar  and  10-2  to  16-2  gTams  of  mineral  salts.  The  juice  of  the  French 
beets  gave  90-7  to  132-4  grams  of  sugar,  and  7'3  to  8-7  grams  of  salts  per  litre.  The 
density  of  the  juice  from  the  Italian  beets  was  compiaratively  high.  Density  is  not  a 
safe  indication  of  saccharine  value,  owing  to  the  disturbing  influence  of  the  saline 
ingredients.  The  amount  of  potash  in  the  Italian  beets  was  very  considerable.  Taking 
all  the  samples  into  account,  it  appears  that  the  proportion  of  potash  bore  an  inverse 
relation  to  the  amount  of  sugar.  Some  of  the  samples  of  Italian  beet  contained  a 
large  proportion  of  chlorides ;  in  these  cases  the  proportion  of  soda  was  also  excessive. 
The  following  analyses  show,  however,  that  sodium  is  taken  up  by  the  plant  in  other 
forms  besides  that  .of  chloride.  The  analyses  were  made  on  three  samples  of  French 
beet  grown  in  the  same  field  with  different  manures  ;  the  quantities  refer  to  1  litre  of 
juice.    (See  Table  on  opposite  page.) 
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No 

Earth  nut 

manure 

manure 

cake 

gram 

gram 

"mm 

Chlorido  of  sodium  .... 

1-238 

-798 

1-611 

2"308 

2-327 

2-315 

•002 

1-125 

-699 

Lime  

•216 

•160 

•371 

Magnesia  

•322 

•293 

•231 

Sulphuric  .acid  

•406 

•201 

•182 

•581 

•657 

•144 

5-973 

0-561 

5-853 

3  also  Czech  {Dingl.  folyt.  J.  cc. 
italiana,  iii.  190;  Ghem.  Soc.  J., 


On  the  results  of  manures  applied  to  beetroots,  i 
499),  iind  Sestini  a.  Del  Torre  {Gazzctta  chimk 
sxvi.  1254). 

BEXiKXS.  The  flower-heads  of  tho  common  daisy  {Bcllis  pcrcmiis)  contain  an 
iron-greening  tannin,  malic,  tartaric,  oxalic,  and  acetic  acid,  a  soft  resin  (antholeucin), 
a  yellow  colouring  matter  (anthoxanthin),  together  with  chlorophyll,  albumin,  &c. 
{J.  Y>.  Enz,  Vicrtclj.f.  Pharm..  xix.  1). 

BEWZAnSiLROn'S.  C'lI^'O^. — A  body  formed  by  the  prolonged  action  of 
alcoholic  put.ish  at  ordinary  temperatures  or deoxybenzoi'n ;  100  grams  of  deoxybenzoin 
digested  with  a  solution  of  104  grams  potassium  hydrate  in  a  litre  of  90  p.  c. 
alcohol,  yielded  about  20  grams  of  crystallised  benzamarone  in  a  fortnight.  Benzama- 
rone  crystftllises  in  needles,  molts  at  225°,  dissolves  in  157  parts  of  boiling,  .md  1130 
parts  of  cold  alcohol  of  77  p.  c.  in  10  pints  of  boiling  benzene  and  35  pints  of 
boiling  acetic  acid.  AVhen  heated  for  some  time  with  alcoholic  potash,  it  is  resolved 
into  about  equal  parts  of  deoxybenzoin  and  amaric  acid  (p.  55),  also  benzoic  acid  and 
a  small  quantity  of  resinous  matter  (Zinin,  Zcitschr.f.  Chcm.  vii.  127). 

BESTZAnxxXtB.    C'H'NO. — This  compound  forms  monoclinic  crystals,  in  which 
tho  axes  «-./;:  c  =  0-228404  :  1  :  1-06827,  and  tho  angle  of  tho  inclined  axes  be  ^ 
89°  2-2'.— Principal  .angles  OP  :  ooPcc  =  90'-'  38';  +  Pot  :  ooPoo  --=  135°  10';  ooP  : 
coP  =  154°  16'  in  the  orthodiagonal  principal  section.    Observed  forms  (Fig.  4): 
cc  P  cc  P  X         OP  -!-  Pco  +  J  P  CO  . 

i  a  h  VI  I 

The  crystals  obtained  by  fusion  are  almost  always  twins,  whoso  twin-axis  is  tho 
principal  axis,  and  face  of  combination  co  Poo  . 
A  solution  of  benzamido  in  ether  often  yields 
simple  crystals  together  with  twins :  an  alco- 
holic .solution  for  the  most  part,  only  simple 
crystals.  The  crystals  are  sometimes  prismatic, 
elongated  in  tho  direction  of  ooP;  sometimes 
they  have  also  short  prismatic  forms.  Occa- 
sionally they  are  tabular  parallel  to  oo  Poo  ,  and 
lengthened  in  the  direction  of  the  orthodiagonal. 
They  cleave  perfectly  parallel  to  co  Pco ,  less 
easily  parallel  to  +  l?co  .  The  faces  oo  P  and 
CO  Poo  have  a  strong  lustre ;  OP,  Poo ,  and 
-f  i  P  00  are  more  or  loss  striated.  The 
crystiils  are  colourless,  seldom  quite  transpa- 
rent. 

The  plane  of  the  optic  axes  coincides  witli 
the  clinodiagonal  principal  section.  The  two 
principal  directions  of  vibration  are  so  situated  in 
tliis  plane  that  one  runs  nearly  parallel  to  +  Poo  , 
tho  other  nearly  at  right  angles  to  it.  Tho  first  of 
those  directions  is  inclined  to  oo  Poo  at  the 
angles  49°  53'  and  130°  7',  the  obtuse  angle 
being  turned  towards  OP.  Dispersion  p  <  y.  2H 
(L.  Klein,  Ann.  CJi.  Fharm.  clxvi.  184). 

Benzamide  heated  for  several  liours  with  bi/ler  almond 
dibonzimide,  C-'H"*N-0-. 

2nd  Sup.  K 


Fig.  4. 


100°  15'  rod  ;  102°  10'  blue 
(7  forms  benzylene- 
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Benzamide  heated  in  sealed  tubes  to  aLout  120°  with  ethyl  nitrite,  yields  nitrogen, 
■water,  and  ethyl  bonzoate  (Meyer  a.  Stiiber,  Beut.  Chcm.  Ges.  Ber.  iv.  962). 

CmCO.NH^  +  C^ffNO-  =  N=  +  WO  +  C«H\COOC=H\ 

Benzamide  unites  with  chloral,  forming  the  compound  C''II''CPNO  =  (CCP.CHO). 
C''H^CONH-,  which  melts  at  160°-151°  (AVallach,  ibid.  v.  251). 

I'richloroben- amide,  CH'CP.CO.NH^  produced  by  heating  trichlorobeiizoyl 
chloride  with  ammonia,  crystallises  in  small  needles,  melting  at  176°,  easily  soluble  in 
alcohol  and  in  ether  (Salkowski,  A'nn.  Ch,  Pharm.  clsiii.  1). 

I)  i  a  m  id  oh  em  a  m  i  de,  ^  |c'H;3(NH=)-0  °^  C<'HXNH=)'-.CONH=  (Muretow,  Zeitsch: 
f.  Chcm.  [2]  vi.  642).  Obtained  by  reduction  of  dinitrobenzamide.  For  this  purpose 
dinitrobenzoic  acid  is  gently  heated  with  excess  of  phosphorus  pentachloride  till 
reaction  begins,  and  when  it  is  over  the  cooled  liquid  is  poured  into  strong  ammonia. 
The  dinitrobenzamide  thus  formed  crystallises  in  pale  yellow  laminae,  exhibiting  the 
properties  described  by  Voit  (i.  541).  Melting  point  177°  (183°  according  to  Voit). 
A  boiling  aqueous  solution  of  this  nitro-amide,  mixed  with  ammonium  sulphide,  left  to 
itself  for  24  hoiirs,  then  boiled  up,  filtered  from  sulphur  and  evaporated  over  the 
water-bath,  yields  the  diamido-amide  in  tlie  form  of  a  brown-black  syrup,  the 
crystallisation  of  which  is  greatly  facilitated  by  the  introduction  of  a  crystal  of  the 
compound  previously  prepared.  The  crystals  thus  obtained  are  black,  and  cannot 
be  decolorised  by  animal  charcoal.  The  solution  of  the  amide,  which  is  nearly 
colourless  at  first,  turns  yellow  after  a  while,  and  deposits  yellow  crystals. 

Diamidobenzamide  forms  large,  four-sided,  brownish-yellow,  needle-shaped  crystal;--, 
slightly  soluble  in  cold,  very  easily  in  hot  water.  The  aqueous  solution  turns  brown 
in  contact  with  the  air,  probably  from  oxidation.  Its  hydrochloride,  C'H*(NH-)"NO. 
2HC1,  is  precipitated  from  the  aqueous  solution  by  hydrochloric  acid  in  white  needles 
having  a  silky  lustre.  The  piarate  is  a  yellow  crystalline  precipitate,  very  slightly 
soluble  in  water  (1  part  in  735),  and  crystallising  from  the  solution  in  small  yellow 
needles. 

Diacetyl-diamidohcn::amide,Q,'^B.\Yi'&.Cm^Oy.CO'^'S.-  +  2H-0,  is  obtained  by  treat- 
ing the  amide  with  acetic  anhydride,  and  recrystallising  the  productfrom  water.  It  forms 
long,  thin,  colourless  needles,  slightly  soluble  in  cold,  freely  in  hot  water.  From 
alcohol,  in  which  it  is  still  more  soluble,  it  separates  in  tufts  of  needles.  Melts  above 
265°,  and  then  solidifies  in  the  vitreous  form.  Gives  off  its  water  of  crystallisation  at 
100°  (Muretow). 

BEirZCREATIirx:.  C»H''N''0-  (Griess,  Deut.  Chan.Ges.  Ber.  i.  191  ;  iii.  703  : 
Zeitschr.f.  Chcm.  iv.  725;  vi.  728).  Abase  produced  by  boiling  cyanide  of  amido- 
benzoic  acid  {Ist  Stippl.  317)  with  moderately  strong  caustic  potash  : — 

C'ff(NH=)02.2CN  +  H=0  =  C^H'N^O^  +  CO. 

The  solution,  when  it  has  become  colourless,  is  left  to  cool  and  then  mixed  with  a 
large  excess  of  acetic  acid ;  the  base  is  thereby  preciijitated  almost  completely,  and 
may  be  purified  by  repeated  crystallisation  from  hot  water,  with  addition  of  animal 
charcoal. 

Bonzcreatine  crystallises  in  thin,  white,  shining,  right-angled,  four-sided  plates 
containing  1  mol.  water  :  it  gives  off  its  water  of  crystallisation  at  120°,  melts  at  a 
higher  temperature,  and  volatilises  gradually  without  decomposition.  It  is  moderately 
soluble  in  hot  water,  but  crystallises  out  almost  completely  on  cooling ;  in  boiling- 
alcohol  it  dissolves  very  slowly,  and  crystallises  therefrom  in  short  thick  needles  ;  it  is 
almost  insoluble  in  ether,  quite  insoluble  in  ammonia.  When  boiled  for  a  long  time 
with  baryta-water,  St  is  resolved  into  amidobcnzoic  acid,  urea,  ammonia,  anduramido- 
beuzoic  acid,  according  to  the  following  equations: — 

cm^yiw-  +  H-'o  =  C'H'NO-"  +  cww-o 

Amklobenzoic  Urea, 
acid. 

and  C'ffN'O^  +  H-0  =  C^H«N=0'  +  NH^ 

Uraniido- 
lienzolc  ncid, 

Beiizcreatine  forms  salts  with  mineral  acids,  but  does  not  unite  with  acetic  acid. 
The  hydrochloride,  C'*H''N'0-.H01,  crystallises  in  somewhat  elongated,  rectangular  four- 
sided  plates,  very  soluble  in  hot,  sparingly  soluble  in  cold  water  ;  it  is  precipitated 
from  its  concentrated  aqueous  solution  by  liydrochloric  acid.    1\xo  plaiinochloride. 
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2(C''H»N^0-.HCl).PtCP,  crystallises  in  yellow  spicula?,  moderatuly  soluble  in  hot, 
sparingly  in  cold  water. 

Benzcreatine  was  at  first  regarded  Ly  Griess  as  a  compound  of  2  mol.  anaidobenzoic 
and  1  mol.  oxamide  :  2C'ff  (NH-)0=  +  C-H^N-O^  =  C'°H'"N'0" ;  but  later  experi- 
ments have  established  the  formida  C'*H"N'0-,  which  gives  very  nearly  the  same  per- 
centage of  carbon  and  hydrogen  as  C'"H"'N'0'*,  or  CffN-'O''. 

BEWZCRSATIimrE.  C^K'N-'O  (Griess,  Proc.  Boy.  Soc.  xviii.  89 ;  Dent. 
Chilli,  li'^.  L'' r.  ii.  -115;  Zcifschr.f.  Chcm.  [2]  v.  574). — A  base  produced  by  heating 
the  eoiniiimiid  (''"n'"N'-0- — resulting  from  the  action  of  cyanogen  on  aiithranilic  (meta- 
amidubciizdio)  acid — with  alcoholic  ammonia  for  some  days  in  a  sealed  tidje  placed  in 
the  water-bath : 

C-n'oN-O-  +  NH^'  =  C^H'N^'O  +  C-H«0. 

It  crystallises  in  nacreous  laminse,  nearly  insoluble  in  water,  slightly  soluble  in 
boiling  alcohol.  Us.  nitrate  forms  white  narrow  lamina,  nearly  insoluble  in  alcohol; 
the  flatinocliloridc,  2(CTI'N^0.HCl).PtCl',  crystallises  in  thick  yellow  needles. 

BENZEWE.  CH".  Physical  Proi^crtics. — Benzene  crystallises  in  trimetric 
pyramids,  having  their  axes  in  the  proportion  : — 

a:b:c:  =  O'SOl  :  1  :  0770 

(Groth,  Zdlschf.  f.  Chcm.  [2]  vi.  5.33).  Its  index  of  refraction  (in  the  liquid  state)  at 
0°  is  1-4593  for  the  line  A,  1-5060  for  D,  1-5307  for  H  (Gladstone,  Chem.  Soc.  J.  [2]  vii. 
101). 

Bcactions.  Benzene,  heated  \i\th.sulj}hur  in  sealed  tubes  to  400°-500°,  forms  a  pro- 
duct which  dissolves  for  the  most  part  in  alcohol,  and  separates  therefrom  in  long  needles 
and  crystalline  crusts,  smelling  like  diphenyl,  and  having  also  the  disagreeable  odour 
of  volatile  sulphur-compounds.  Much  hydrogen  sulphide  escapes  on  opening  the 
tubes  (F.  Schulze,  Bcut.Choin.  Gcs.  Bcr.  iv.  33). 

Benzene  find  potassium  heated  together  in  a  scaled  tube  to  240'^-250°,  combine  into 
a  black  mass,  which  appears  blue  in  thin  layers,  explodes  very  easily  when  dry,  and  is 
violently  decomposed  by  water.  The  gradual  action  of  water  on  it  gives  rise  to  diphenyl 
(Abeljanz,  Deut.  Chem.  Gcs.Ber.  v,  1027). 

Berthelot  found,  in  opposition  to  Harnitzky,  that  carbonyl  chloride  does  not  act  on 
Ijcnzeno  either  at  ordinary  or  at  higher  temperatures  {\st  Sup2>l.  262).  On  repeating 
his  experiments  he  finds  that  no  action  takes  place  at  280°  ;  but  that  when  liquid 
carljonyl  chloride  is  heated  with  5  or  G  vol.  l)cnzene  to  320°  for  36  hours,  the  carbonyl 
chloride  disappears  almost  entirely,  lioing  replaced  by  a  mixture  of  hydrogen  chloride 
and  carbon  monoxide.  Part  of  the  benzene  is  at  the  same  time  charred,  but  no  chrysene 
is  formed ;  only  traces  of  a  volatile,  strong-smelling  hydrocarbon  (?  plienylene),  and 
not  a  trace  of  benzoyl  chloride.  Neither  is  this  last  compound  formed  when  benzene 
and  carbonyl  chloride  are  heated  together  for  20  hours  to  280°.  That  this  negative 
result  is  not  duo  to  decomposition  of  the  benzoyl  chloride  by  heat,  is  shown  by  the  fact 
that  this  compound  may  be  heated  to  290°  for  120  hours  without  perceptible  decom- 
position. Berthelot  concludes,  therefore,  that  benzoyl  chloride  is  not  formed  by  the 
action  of  carbonyl  chloride  on  benzene  at  any  temperatiu-e  {Btcll.  Soc.  Chim.  [2]  xiii. 
391). 

Chromic  oxycMoridc  acts  with  great  violence  on  benzene,  and  if  the  two  bodies  aro 
brought  directly  in  contact,  nothing  is  formed  but  resinous  products  ;  but  if  the  benzene 
be  diluted  with  an  equal  volume  of  glacial  acetic  acid  (which  is  not  acted  upon  by 
chromic  oxychloride),  a  solution  of  cliromic  oxide  diluted  with  2  vol.  glacial  acetic  add 
carefully  dropped  into  it  as  long  as  any  action  takes  place,  and  the  liquid  mixed  with  a 
large  quantity  of  water,  the  benzene  rises  to  the  surface  in  the  form  of  a  golden-yellow 
liquid.  On  removing  this  layer,  repeatedly  agitating  the  green  solution  with  fresh 
portions  of  benzene  as  long  as  they  acquire  a  yellow  colour,  and  distilling  the  united 
portions  of  benzene  till  crystals  begin  to  separate  in  the  retort,  the  remaining  liquid 
solidifies  on  cooling  to  a  laminar  crystalline  mass  of  trichloro-quinone, which  may 
be  purified  by  recrystallisation  from  hot  alcohol.    The  reaction  is : 

C«H«  +  4CrO'Cl-  =  C^HCPO-  +  2Cr^0'  +  5HC1. 

If  the  chromic  oxychloride  contains  free  chlorine,  totrachloro-quinoiic  is  like- 
wise formed,  together  with  an  oil  not  yet  examined  (Carstanjen,  J.  in:  Chcm.  cvii. 
331). 

Ilen-cnc  Hc.vchloridc,  C"H"CK— .\ccording  to  Zachar  UeyeiZcitschr./.  Chcm, 
[2]  vii.  293),  this  compound  is  most  readily  obtained  by  acting  on  boiling  benzene  with 
K  2 
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excess  of  chlorine,  evaporating  off  the  unaltered  benzene,  pressing  the  crystals  which 
separate  on  cooling  to  free  them  from  mother-liqnor,  and  recrystallising  from  alcohol 
or  benzene.  It  melts  at  167°  (according  to  Mitscherlich,  at  132°;  according  to 
Laurent,  at  135°-140^).  According  to  Vohl  {Zeitschr.  [2]  iii.  122),  it  forms  a  crystal- 
line compound  with  fuming  nitric  acid.  Heys,  however,  finds  that  it  is  not  in  Ihe 
least  altered  either  by  boiling  with  fuming  nitric  acid  for  many  hours,  or  by  treating 
it  with  a  hot  mixture  of  nitric  and  sulphuric  acid.  Hence  it  would  appear  that  the 
formation  of  nitro-compounds  in  the  aromatic  group  depends  upon  the  double  linking 
of  the  carbon-atoms ;  it  is  possible  also  that  the  chlorine-atoms  may  influence  the  adja- 
cent hydrogen  and  prevent  their  replacement  by  NO'-. 

When  the  hoxchloride  is  heated  to  160°  with  alcoholic  potassium  acetate,  much 
potassium  chloride  is  formed ;  on  cooling,  the  filtrate  deposits  colourless  crystils, 
insoluble  in  water,  sparingly  soluble  in  cold  alcohol,  but  readilj'  dissolved  by  boiling 
alcohol ;  these  crystals  melt  at  260°.  At  the  same  time  a  fluid  compound  is  produced, 
probably  trichlorobenzeno. 

Constiiution  of  Benzoic. 

Kekule  s  theory  of  the  constitution  of  benzene  and  its  compounds  and  derivatives 
has  been  explained  in  the  First  Supplement  to  this  Dictionary  (pp.  193-215).  It  is  there 
shown  that  tlie  ring-formula  of  benzene,  in  which  the  carbon-atoms  are  supposed  to  be 
linked  together  by  one  and  two  combining  units  alternately,  affords  a  satisfactory 
explanation  of  all  the  best  established  facts  relating  to  the  compounds  of  tlie  aromatic 
group,  and  in  particular,  that  it  explains,  more  clearly  than  any  other  yet  proposed  as 
a  substitute  for  it,  the  remarkable  fact,  that  benzene,  which  for  the  most  part  exhibits 
the  characters  of  a  saturated  molecule,  is  capable,  under  certain  circumstances,  of 
taking  up,  without  substitution,  2,  4,  or  6  atoms  of  a  univalent  radicle,  and  forming 
such  compounds  as  hexchlorobcnzene,  C"II*CP,  just  as  ethylene  C-H^,  which  in  the  free 
state  is  also  a  saturated  molecule,  can  take  up  2  atoms  of  chlorine  to  form  the  compound 
C-H«CP.  _  _ 

The  chief  objections  which  have  been  raised  against  Kekule's  benzene  formula 
are  the  two  following  : — 1.  That,  since  according  to  this  formula,  the  six  atoms  of 
hydrogen  in  benzene  are  of  equal  value,  only  one  pentachlorobenzene  is  possible, 
whereas  two  are  said  to  exist.  This  objection  cannot,  however,  be  regarded  as  of  much 
weight,  inasmuch  as  the  experimental  demonstration  of  the  existence  of  two  such 
compounds  is  still  incomplete  (see  p.  14). 

The  second  objection,  which  at  first  sight  appears  of  more  importance,  is  the 
following: — It  is  argued  that  those  di -derivatives,  in  which  the  substituting  radicles 
occupy  contiguous  positions,  should  differ  according  as  the  replacement  has  taken 
place  on  adjacent  carbon-atoms  united  by  one  affinity  (C — C),  or  by  two  aflSnities 
(C~C) ;  the  so-called  1  :  2  derivatives  should  therefore  be  isomeric,  not  identical, 
with  the  1  :  6  derivatives,  so  that  four  di-derivatives  of  benzene  are  possible,  whereas 
hitherto  at  most  throe  have  been  obtained.  Such  a  difference,  if  it  existed,  would 
perhaps  be  too  slight  to  be  recognisable  ;  and  Kekule  is  of  opinion  that  the  assumption 
of  its  existence  arises  rather  from  tlie  kind  of  diagram  employed  to  represent  the  ben- 
zene molecule,  than  from  the  ideas  of  which  this  diagram  affords  but  an  imperfect  repre- 
sentation. To  show  that  no  such  difference  need  be  supposed  to  exist,  he  brings  forward 
the  following  hypothesis  as  to  the  mode  of  motion  of  the  atoms  in  the  benzene  molecule: — 

The  atoms  in  the  systems  which  we  term  molecules  must  be  considered  as  in  con- 
tinuous movement ;  no  explanation,  however,  has  hitherto  been  given  as  to  the  nature 
of  the  intramolecular  motion.  A  planetary  motion  appears  inadmissible  in  face  of 
the  law  of  the  linking  of  atoms  (Verkettung)  now  recognised  in  chemistry.  Tlie 
motion  must  indeed  be  of  such  a  nature  that  all  the  atoms  of  the  system  retain  the 
same  relative  arrangement,  or  in  other  words,  that  all  the  atoms  return  to  a  mean 
position  of  equilibrium.  The  most  probable  assumption  then  appears  to  be  that  tlie 
separate  atoms  of  the  system,  possessing  an  essentially  rectilinear  motion,  strike  one 
against  the  other  and,  being  elastic  bodies,  then  recoil.  On  this  supposition  the  term 
quantivalcncc  (atomicity)  acquires  a  mechanical  signification ;  denoting,  in  fact,  the 
relative  number  of  contacts  which  occur  in  the  unit  of  time  between  the  atoms.  In 
the  same  time  that  the  univalent  atoms  of  a  monatomic  molecule  strike  against  each 
other  once,  the  bivalent  atoms  of  a  diatomic  molecule  come  twice  in  contact  at  the 
same  temperature.  In  a  molecule  consisting  of  one  bivalent  and  two  univalent  atoms 
the  number  of  contacts  in  the  unit  of  time  is  equal  to  two  in  the  case  of  the  bivalent 
atom,  and  to  one  in  the  case  of  each  univalent  atom.  When  two  atoms  of  carbon  are 
united  by  one  affinity  of  each,  they  strike  ngainst  each  other  once  in  the  unit  of  time, 
that  is  to  say,  in  the  time  during  which  the  univalent  hydrogen  makes  one  complete 
vibration ;  during  the  same  unit  of  time  they  also  each  encounter  three  other  (univa- 
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lent)  atoms.  Cnrboii  atoms  united  by  two  affinities  of  each,  strike  against  each 
othor  twice,  and  during  the  same  time  come  only  twice  in  contact  with  other  atoms. 

Applying  this  view  to  benzene,  Kekule's  formula  is  an  expression  of  the  following 
conception : — Each  carbon-atom  strikes  against  two  other  carbon-atoms  during  the 
unit  of  time,  once  against  the  one  and  twice  against  the  other.  In  the  same  unit  of 
time  it  also  comes  once  in  contact  with  the  hydrogen-atom,  which  during  the  same 
period  makes  one  complete  vibration.  Representing  benzene  by  the  hexagon 
formula,  and  having  regard  to  any  one  of  the  six  atoms  of  carbon,  that  denoted 
by  1  for  example : — 


H  II 


the  contacts  of  this  atom  during  the  first  unit  of  time  may  bo  thus  represented: — 

1.  2,  6,  h,  2, 

in  which  h  denotes  hydrogen.  The  vibrations  of  the  same  atom  during  the  second 
unit  of  time  arc  then  as  follows  ;  — 

2.  C,  2,  h,  6. 

The  contacts  during  the  first  period  being  represented  by  the  above  formula,  those 
occurring  during  the  second  unit  of  time  are  represented  by  tho  following: — 


U  II 

c — c 


H  n 


The  same  carbon-atom  is  therefore,  during  the  first  unit  of  time,  united  by  two 
affinities  to  one  of  the  contiguous  carbon-atoms  ;  during  the  second,  by  two  affinities 
to  the  other  contiguous  atom. 

Tho  number  of  contacts  made  by  the  carbon-atom  dui-ing  the  first  two  units  of  time 
—tho  vibrations  completed  during  these  intervals  being  periodically  repented—  arc 
then  as  follows : — 

2,  6,  h,  2,  6,  2,  h,  6, 

from  which  it  is  evident  that  each  carbon-atom  strikes  against  each  of  the  two  carbon- 
atoms  upon  which  it  impinges,  an  equal  number  of  times,  or,  in  other  words,  that  it 
bears  the  same  relation  to  both  contiguous  atoms.  The  ordinary  benzene  formula 
only  represents  the  contacts  made  during  the  first  unit  of  time,  and  thus  it  is  that  the 
false  view  has  sprung  up  that  di-derivatives  in  which  the  radicles  occupy  the  posi- 
tions 1  :  2  and  1  :  G  respectively  must  be  different.  If  the  above,  or  some  similar 
conception  be  correct,  it  follows  that  no  real  difference  exists  (Kekide,  Aim,  Ch.Pharm. 
clxii.  77). 

Criticisms  of  these  views  have  been  published  by  Ladeuburg  {I)eut,  Chcm.  Crra. 
Bcr.x.  322)  and  Michaolis  {ibid.  463). 


Orientation  of  the  Suhstitutcd  Radicles  or  Lateral  Chains  in  the  Di-dcrivatives 
of  Bcnsenc. 

In  the  article  Aromatic  Series  in  the  J^iV*;;  Supplement  it  has  been  explained  that  the 
di-dcrivatives  of  benzene  may  be  arranged  in  three  isomeric  si  rics  :  tlio  individual  mem- 
bers of  each  of  which  may  bo  formed  one  from  tho  ollin-  l.y  :i  series  of  simple  sub- 
stitutions not  involving  a  complete  change  in  the  struriiiiv  I'l'  t he  molecules,  and  aro 
thereforn  suiipusod  to  have  their  lateral  chains  in  siiiiilai-  |i(iMtions.  These  series  are 
distiiicnishc'd  l.y  1  lie  piTlixis  i. \  p-.rd  :  the  lli->f  including  those  compounds 
which  niav  I'e  .iVi  iviMl  IVuin,  nr  r. .nvrrti'i  1  intu  ]ihi  lialii"  acid  ;  the  second  related  in  like 
manuiT  to  i-ofbl  lial  ir  acid  ;  and  t  lie  t  hird  to  tercplithalic  acid.  It  was  further  explained 
in  ihc  same  ai-liale  tli  il.  allliniiL'h  llie  relative  positions  of  tho  substituted  radicles  or 
lateral  eliaiii-;  in  I  lie  ■  •  ^el■ies  eonld  not  be  fixed  with  certainty,  still  tho  facts  then 
aseerlaiiied  rendered  it  m^^t  probable  that  tho  arrangement  in  the  ortho-series  'was 
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represented  by  the  formula,  1  :  2,  in  the  mefci-series,  by  1  :  3,  and  in  the  para-series 
by  1  :  4 ;  those  three  being  the  only  possible  arrangements. 

Subsequent  researches  have,  in  the  main,  coiiiirmed  these  views,  but  at  the  same 
time  have  somewhat  modified  them  so  far  as  regards  the  individual  compounds  belong- 
ing to  each  series. 

The  derivatives  in  which  the  position  of  the  lateral  chains  is  most  easily  determin- 
able, are  the  diearbon-acids,  ph  thai  ie,  isophthalic,  and  terephthalic,  repre- 
sented by  the  formula  CH'Iqq.,^  •  Of  these,  phthalic  acid  is  inferred  to  belong 
to  the  1  :  3  series :  first,  on  account  of  its  formation  from  naphthalene  ;  secondly,  from 

the  readiness  with  which  it  is  converted  into  an  anhydride  C"H^<:^  >0  :  a 

property  which  indicates  the  contiguity  of  the  two  carboxyl  groups  in  phthalic  acid, 
and  is  not  exhibited  by  isophthalic  or  terephthalic  acid.    Isophthalic  acid  is  formed  by 

oxidation  of  isoxylono,  C*H^  jcH''  '^^^^^'^^^  ^  derivative  of  mesitylene.  Now,  mesi- 
tylene  has  been  shown  to  be  a  symmetrically  constituted  trimethyl-benzene, 
C''H^(CH^)^,  having  its  three  methyl-groups  in  the  positions  1:3:5;  consequently,  the 
two  methyls  in  isoxylene,  and  therefore  the  two  carboxyls  in  isophthalic  acid,  must 
be  in  the  positions  1  :  3.  For  terephthalic  acid,  therefore,  there  remains  only  the 
arrangement  1 :  i  {1st  Siippl.  198). 

Another  compound  in  which  the  relative  position  of  the  lateral  chains  maybe  deter- 

minedwith  comparative  facility  is  hydroquinone,C'^H^<r^       ,  the  conversion  of 

/O 

which,  by  oxidation  into  quinone,  C°H^<^    |  ,  indicates  that    the  two  hycboxyls 
^0 

contained  in  it  occupy  contiguous  positions  (1  :  2).  Of  the  two  other  dioxybenzenes  or 
oxyphenols,  viz.  pyrocatechin  and  resorci  n,  the  last  is  derived  from  compounds 
which  are  convertible  more  or  less  directly  into  terephthalic  acid,  and  is  therefore  a  1  :  4 
compound,  while  the  second  is  similarly  related  to  compounds  of  the  isophthalic  series, 
and  is  therefore  a  1  :  3  compound. 

The  constitution  of  other  di-derivatives  of  benzene  is  best  determined  by  their  con- 
vertibility into  one  of  the  three  dicarbon-acids,  or  one  of  the  three  oxyphenols. 

Oxybenzoicacid  and  the  chloro-,  bromo-,  auiido-benzoic  acids,  &c.,  related  to  it  have 
hitherto  been  generally  regarded  as  1  :  2  compounds;  while  salicylic  acid  and  its 
congeners,  chlorosalylic,  bromosalylic,  anthranilic  acid,  &c.,  have  been  referred  to  the 
1  :  3  series.  This  view,  however,  is  somewhat  at  variance  with  the  fact  that  the 
formation  of  anhydrides,  or  similarly  constituted  bodies,  takes  place,  not  in  the  first 
or  oxybenzoic  acid  group,  but  in  the  second  or  salicylic  acid  group  {e.g.  salicylide, 
coumarin).  It  therefore  seems  more  probable  that  the  1  :  2  arrangement  belongs  to 
this  latter  group.    To  decide  this  question,  V.  Meyer  {Ann.  Ch.  Fharm.  clvi.  265)  has 

examined  the  action  of  sodium  formate  on  sulphobenzoic  acid,  C°H'  |qq2^  >  which, 

according  to  Earth  {ibid,  cxlviii.  3-i),  yields,  by  fusion  with  potash,  nothing  but 
oxybenzoic  acid,  and  is  therefore  a  strict  analogue  of  the  latter.  AVhen  equal  weights 
of  sodium  formate  and  potassium  sulphobenzoate  are  fused  together,  the  fused  mass 
digested  in  water,  and  the  aqueous  solution,  after  acidulation,  shaken  up  with  ether, 
an  acid  is  obtained  which,  when  purified  by  conversion  into  a  barium  salt,  separation 
therefrom  by  hydrochloric  acid,  and  recrystallisation  from  hot  water,  melts  above  300', 
and  exhibits  the  composition  and  properties  of  isophthalic  acid: — 

'^^1C0=K    +    COONa    =  +  JCO^K' 

Since  then,  isophthalic  acid  has  the  two  groups,  CO^H,  in  the  position  1  :  3,  it 
follows  that  the  same  relative  position  of  the  radicles  must  exist  in  sulphobenzoic 
acid,  and  therefore  also  in  oxybenzoic  acid  ;  and  that  the  other  derivatives  of  benzoic 
acid  (chloro-,  bromo-,  nitro-,  araido-)  which  are  convertible  into  oxybenzoic  acid,  must 
also  have  their  lateral  chains  in  tlie  position  1  :  3,  not  as  hitherto  supposed,  in  the 
position  1  :  2.  This  conclusion  has  been  experimentally  verified  in  the  case  of  bromo- 
benzoic  acid  (produced  by  heating  benzoic  acid  with  bromine  and  water,  or  by  the 
action  of  hydrobromic  acid  on  diazobenzo-amidobenzoic  acid  :  1st  Siqjpl.  309) :  the 
potassium  salt  of  which,  when  heated  with  sodium  formate,  also  yields  an  isophthalate. 

Further,  since  the  para-derivatives  of  benzoic  acid,  as  shown  by  Graebe  {Ann.  Ch. 
Phcmn,  cxiix,  27),  have  their  lateral  chains  in  the  position  1 :  4— inasmuch  as  para- 
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liroinotoluene,  which  yields  paralji'omo-ljCDZoic  acid  liy  f'xidation,  is  furtlicr  convertible 
iiiti)  terephtlKilic  acid — there  ronaiiis,  for  salicylic  arid  ,iiid  its  run^'ciiors,  only  theposition 
1  :  2.  This  view,  as  already  oljserved,  is  in  aecordaihv  wii  li  ihi-  '  xistence  of  anhydrides 
in  the  salicylic  series;  and  salicylic" acid  likewise  ris(jni!'lrs  aiknowledged  1  :  2  com- 
pounds, phthalic  acid,  for  example,  in  volatilising  with  vapour  of  water,  whereas  oxy- 
bcnzoic  and  paraoxy-benzoic  acids  do  not. 

These,  liowever.  are  but  indirect  proofs  of  the  existence  of  salicylic  acid  as  a 
member  of  the  1  :  2  series ;  the  following  direct  proof  has  lately  been  given  by  Fittig 
a.  Eanisay  {Ann.  C'fi.  Pharm.  clxix.  242).    Toluene  treated  with  sulphuric  acid  yields 

two  toluene-sulphonic  acids  .en 'I^Qj-jj,  the  more  abundant  of  which,  distinguished 

by  the  sparing  solubility  of  its  potassium  salt,  is  known  to  bo  the  para-compound 
(1:4).  The  other  belongs  to  the  same  series  as  salicylic  acid,  since  by  fusion  with 
potash  it  yields  a  crosol,  which,  by  the  further  action  of  the  alkali,  is  converted  into 
salicylic  acid.  Now,  when  this  second  toluone-sulplionic  acid  (hitherto  regarded  as  a 
mota-compouud)  is  distilled  with  potassium  cyanide,  the  group  SO^II  is  replaced  by 

CN,  and  tolyl  cyanide,  C°n'  |^^  ,  is  obtained,  which,  by  treatment  with  alcoholic 

potash,  is  converted  into  toluic  acid,  C"H'|qqqjj;  and  finally  this  toluic  acid,  when 

treated  with  elm. niic  :i.  id,  is  ci.mjilcti  ly  oxidised  to  carbonic  acid  and  water — just 
like  the  oithotnliiii- , ■K  id  . -lii :i i iii  il  l.y  i.ilior  methods,  whereas  metatoluic  acid,  when 
similarly  lri  :ilcd,  is  n.uvi  i  lcd  jiild  is. 'plii halic  acid.  Consequently  the  second  toluene 
sulphonic  acid — and  tliercl'ore  also  salicylic  acid — belongs  to  the  1  :  2  series. 

The  constitution  of  a  few  other  di-derivatives  of  benzene  has  been  determined  by 
3Ieyer  a.  Ador  {Ann.  Ch.  Pharm.  clix.  i.). 

Sulphauilic  acid,  C^H'NSQs  =  C^Hij^^^^g  is  converted  by  nitrous  acid  into 
diazosulphanilic  acid ;  this  diazo-acid,  heated  with  hydrobroniic  acid,  yields  bromo- 
benzene-sulphonic  acid,  CffBrSO^  =  ^°-H^|,^Q3p[!  '''"'^  ^^^^  ^^^^  acid,  fused  with 
potash,  is  converted  into  resorcin,  without  any  admixture  of  pyrocatechin  or  hydro- 
quinone.  The  same  broniin:itcd  sulphuric  acid,  distilled  -with  potash,  yields  di-cyano- 
benzono  C"H*(CN)-,  wWwh  liy  iH.iliiiL:;  with  jiniM^li  is  converted  into  terephthalic  acid. 

These  reactions  show  tlia;  ilir  bn  jljcnzciic-sulphonio  acid,  and  the  sulphanilic  acid 

from  which  it  is  derived,  belong  tn  the  para-series. 

Sulphanilic    acid    treated  with     nitrous    acid   yields     the  diazo-derivativo, 

C''n'<::^       y  ,  which,  by  boiling  with  water,  is  converted  into  a  phenolsul- 

phonic  acid,  CH'jgQ^jjp  which  yields  resorcin  when  fused  with  potash,  and  is 

therefore  identical  with  the  a-phenolsulphonic  (or  phcnyl-sulphuric)  acid,  which 
Ivekule  obtained  by  the  action  (jf  sulphuric  acid  on  phenol.  This  acid  is,  therefore,  a 
para-compound,  and  affords  further  evidence  of  tlio  constitution  above  assigned  to 
sulphanilic  acid. 

The  following  table,  drawn  up  by  Meyer,  exhibits  the  constitution  of  the  known  di- 
derivatives  of  benzene.    They  are  arranged  as  substitution-products  : — 

(1)  Of  Benzoic  acid;  (2)  of  Toluene;  (3)  of  Phenol;  (4)  of  Aniline;  (5)  of 
Benzenesulphonic  acid;  (6)  of  Chloro- :  (7)  of  Bromo- ;  (8)  of  lodo- ;  and  (9)  of 
Nitro-benzeno,  the  substituted  radicles  being  introduced  in  the  follo\\'ing  order : 
COOH,  OH,  CI,  Br,  I,  F,  N0=,  NH-,  SO^H,  Off. 

The  less  known  compounds  are  characterised  by  tlie  .specification  of  some  special 
property  or  mode  of  formation. 

The  azo-,  diazo-,  hydrazo-,  thihydro-  (SH)  derivatives,  i^-c.  are  not  given  in  the 
table,  since  they  naturally  belong  to  the  same  series  ,is  tlir  nilm-,  amido,  and  sulpho- 
compounds  from  which  they  are  prepared.  Neither  are  deiivatives  introduced  in 
which  substitution  has  taken  place  in  the  lateral  chains,  such  as — 

C.H.S0H.OH.  ,.„,{CH=OII  C.U..jCH:OH,^_ 

as  their  positions  in  the  table  are  evident  without  further  explanation.  For  a  similar 
reason,  compounds  whose  lateral  chains  contain  more  than  one  carbon-atom  (derivatives 
of  ethyl-,  propyl-,  vinyl-,  &c.  benzene)  are  likewise  excluded. 
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Ortho-series.* 
1  :  2 

Plithalic  acid. 
Salicylic  acid. 
Clilorosalylic  acid. 


Anthranilic  acid. 


1  :  2    ToHiic  acid 
(m.  p.  102°). 


-derivatives  of  Bcnsen 
Meta-series. 
1:3  . 
Isophtliali c  acid. 

Oxybcnzoic  acid. 

C  ]i  1  o  r  0  b  6  n  z  0  i  c  acid 
(direct  from  benzoic  acid). 

Bromobonzoic  acid. 

(direct  from  benzoic  acid). 
1  :  3  lodobonzoic 
acid 

(from  diazo-aniidoben- 
zoic  acid. 

Pliiobenzoic  acid 
(from  diazo-amidoben- 
zoic  acid). 

Nitrobenzoic  acid 
(directfrombenzoic  acid). 

Ami  dob  en  zoic  acid. 

Sulphobonzoic  acid. 

Isotoluic  acid? 
(m.  p.  90°-93°). 


1  :  2  Crcsol                  I  1  :  3  Cresol 

(from  1  :  2tohionesulpho-  j  (from  thymol;  liquid; 

iiic  aeid;liqiud:  yields  yields  orthobenzoic  acid), 
salioylic  acid). 

1:2   Clilorotohiono     |l;3  Chlorotohieno 


(from  1  :  2  toluidinc; 
burns  away  whim  oxi- 
dised). 


(yields 
acid). 

1:3  Bromotolueno 
(liquid;    yields  bromo- 
benzoic  acid). 


I o do toluene 
(from  psoudotoluidine,  perhaps  a  mixture  of  1  :  2  and 
1'3  iodotolueno  ?)  yields  1  :  3  iodobenzoic  acid. 


1  :  3  Nitrotoluene 
(liqiud ;  yields  nitroben- 
zoic  acid). 


:3  Toluidine 
(liquid ;  from  the  above 
nitrotoluene). 


1  :  2  Nitrotoluene 
(direct  from  toluene,  to- 
gether with  the    1  :  4 
compound  ;  liquid ;  burns 
away  on  oxidation). 

1:2  Toluidine 

(liquid;  chief  constituent 
of  '  pseudotoluidine  ;  ' 
from  the  nitrotoluene 
above). 

*  The  prefixes  '  Ortho '  and '  Meta '  are  here  used  in  the  sense  originally  assigned  to  them  by 
Kekulfi.  Meyer  reverses  them,  designating  the  1  : 2  dei-ivatives  as  meta,  and  tlie  1  : 
derivatives  as  oi-IJio.  This  change,  however,  appears  unadvisable.  since  it  involves  the  necessity  of 
altering  the  designation  of  a  large  number  of  compounds — hydroquinone  and  pyrocatechin  among 
the  rest— whose  position  in  the  system,  nevertheless,  remains  unchanged  ;  whereas,  by  retaining  the 
original  signification  of  the  prefixes  ortho  and  meta,  all  that  is  necess."iry  is  to  reverse  their  applica- 
tion to  certain  derivatives  of  benzoic  acid,  viz.  salicylic  acid,  oxybenzoic  acid.  And  tlieir  congeners, 
which,  as  Meyer's  experiments  have  shown,  must  actually  be  transferred  from  one  series  to  the  other, 
p.alicylic  acici  having  been  shown  to  belong  to  the  1  :  2,  and  oxybenzoic  acid  to  the  1  :  'i  sei'ies. 


Para-seuies, 
1  :  4 

Tercphthalic  acid. 

Pa  ra  0  xy - b  0  n  z  0  i  c 
acid. 

Chlorodracylic  acid 
(from  ehlorotoluenc). 

Bromodracy  lie  acid 
(from  bromotolueno). 

lododraeylic  acid 
(from  toluidine). 


Nitrodracylic  acid 
(from  nitrotoluene). 

A  m  i  d  0  d  r  a  c  y  1  i  c  acid. 


1  :  4  Toluic  acid 
(ni.  p.  170' ;  yields  tere- 
phthalio  acid  by  oxida- 
tion). 

1  :  4  Cresol 

(from  coal-tar  tuluidine, 
&e.,  solid;  yields  para- 
oxybenzoic  acid). 

1  : 4  Chlorotoluone 
(direct    from     toluene ; 
yields  chlorodracylic 
iicid). 

1  :  4  Bromotolueno 
(direct    from    toluene ; 
solid  ;  yields  bromodra- 
cylicacid). 
1:4  lodotoluene 
(from  toluidine ;  yields 
iododracylic  aeid). 
1  : 4  Nitrotoluene 
(solid  ;  yields  nitrodra- 
cylic acid). 


1  :  4  Toluidine 

(solid  ;  from  the  above 
iiitrolueno :  ordinary 
toluidine). 
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Bi-derivativcs  of  Bcnzcnr — continuod 


OliTHO  SERIKS. 


1  :  2 


Ullph 


1  :  2 

Toluene 
n  i  c  acid 
(direct  from  toluene,  to- 
gether with  the  1  :  4 
compound ;  yields  sali- 
cylic acid). 

I  :   2  Xylene 

(yields  1  :  2  toluic  ncid, 
and  burns  away  on  fur- 
tlier  oxidation). 

II  y  d  r  o  q  u  i  n  o  n  0 . 


Chlorophenol 
(direct  from  phenol). 


:  2  lodophenol 

(direct  from  phenol ; 
yields  hydroquinone). 

:2  Nitrophenol 
(direct  from  plienol ;  vo- 
latile).    Sec  PlIEKOL. 

:  2  Amidophonol 
(from  tho  above  nitro- 
phenol ;  yields  quinono). 


pro- 


Chloranilino 
(from  acotanilide 
bably  1:2). 
1:2   Brom  aniline 
(from  acotanilide  ;  yields 
benzidine). 
1  :  2  lodanilino 

(direct     from    aniline ; 
yields  hydroquinone). 
1  :  2    Nitrani  lino 
(from  acetanilide). 
1  :  2  Phenylene-dia- 
miuo 

(melts  at  140°;  from  the 
above  nitranilinc;  yields 
quinone). 

Amidobenzene-sulplionic  acid 
(from  Schmitt's  and  Laurent's  nitrobenzeno-sulphonie 
acid;  constitution  unknown). 


:  2  Bromobenzene 

s  u  1  p  h  o  n  i  c  acid 
(from  benzene-siilphonic 
acid  and  bromine ;  ap- 
pears to  yield  hydro- 
quinone). 


I  s  o  X  y  1 0  n  0 

(yields  isophlhalic  acid). 


Pyrocatcchin 
1  :  3  Chlorophenol 
(from    tho  diazo-eom- 
pound  of   tho  volatile 
nitrophenol). 
1  :  3  Bromophenol 
direct  from  phenol). 
1  :  3  lodophenol 
(direct,  together  ynx\\  the 
1  ;  2  compound ;  yields 
piyrocatechin). 
1:3  Nitrophenol 
(direct  from  phenol ;  not 
volatile). 

Amidophonol 
(from  tho  above  nitro- 
phenol). 

:  8  Phonolsulphonie 
acid 

(from phenol  and  sulphu- 
ric acid  at  ordinary  tem- 
peratures ;  yields  pyro- 
catechin). 


1  :  3 


:3   Brom  aniline 
from  /9-bromonitro-bon- 
zene). 


:  3  Phenylcne-dia- 
m  i  n  o 

(molts  at  09°  ;  from  iso- 
diamidobenzoic  acid). 


1:4         T  o  1  u  e  n  e  -  s  u  1  ■ 
phonic  acid 
(direct    from    toluene ; 
yields     paraoxy -benzoic 
acid). 

Tore  X  y lone 

(yields  1  :  4  toluic  and 
terephthalic  acid). 


1:4    M  0  u  o  p  li  e  n  0 1 
(direct  from  phenol). 

1:4  lodophenol 
(from      dinitrobenzene  ; 
yields  resorciu). 


1  :  4  Phonolsulphonie 
acid 

(from  plienol  and  sul- 
phuric  acid   at  higher 
temperatures ;  yields 
rosorein). 
1  :  4  Chloraniline 
(from  dinitrobenzene). 

1:4   B  r  0  m  a  n  i  1  i  n  0 
(from  diniti-ubenzeno). 

1:4  lod aniline 
(from  dinitrobenzene). 

1  :  4  Nitranilino 

(from  dinitrobenzene). 
1  :  4  Phenylene-dia- 
m  i  n  e 

(melts  at  63°;  from  di- 
nitrobenzene). 

Sulphanilic  acid 
(from  aniline  and  sul- 
phuric acid  ;  yields  re- 
sorcin  and  terephthalic 
acid). 

Chlorobenzene-sul- 
phonic  acid 
(yields  rosorein). 
1  :  4  Bromobenzene- 
s  u 1 p  h  0  n  i  c  acid 
(from  bromobenzene  and 
sulphuric    acid;  yields 
rosorein  and  terephthalic 
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Di-derivatives  of  iJeH3-£;?ii?»  continued. 

OnTHO-SERrSS.  JIlTA-SEBIES.  PAR.\-SERIEg. 

1:2  1:8  1:4 

lodobenzonesulphonic  acid  (constitution  unknown). 

Nitrobenzonesulpliouic  acid 

(constitution  unknown  :  from  nitrobenzene  (Schmitt) ;  from  benzene-sulplionic  acid 
(Laurent) ;  from  benzene-Bulphurous  acid  (Otto  and  Ostrop). 

lenzenedisulplionic 
acid 

(yields  iresorcin  and  tere- 
phthalic  acid). 


Dichlorobenzenes 
(solid  ;  constitution  doubtful). 
C  Ii  1 0  r  o  b  r  o  m  0  b  0  n  z  e  n  e 
(perliaps  1:2;  from  tlie 
diazo-compounds  of  1  :  2 
broni-  and  clilor-ani- 
line). 

Chloriodobenzone 

(perhaps  1:2;  from  the 

diazo-compound  of  the 

above  chloraniline). 
1:2   Chloro nitroben- 
zene 

(m.  p.  83° ;  from  the 
diazo-compound  of  the 
1  :  2  nitraniline). 

Liquid  Dibromobenzenes 
(constitution  unknown.    See  page  139), 
Bromiodobenzcne 

(from  1  :  2  iodaniline). 
1:2   Bromonitrobe  n- 
zene 

(m.p.  125°;  by  nitration 
of  bromobenzene  ;  yields 
1  ;  2  bromaniline). 


Di-iodobonzene 

(m.p.  127°;  perhaps 
1  :  2). 

1:2  Nitro-iodoben- 
zene). 
(m.    p.    171'5°;  from 
iodobenzene    and  from 
1  :  2  nitraniline). 


1  :  3 


B  r  0  mo  n  itrobe  n  - 
ozene 
(m.  p.  37°  ;  Hiibner  a. 
Alsberg's  7-compound ; 
by  nitration  of  brom- 
benzene,  together  with 
the  1  :  2  compound). 


1  :4  Chlorobromoben- 

zene 

(liquid ;  from  diuitro- 
benzene). 


1 : 4  Chloron itroben- 
ze  ne 

(m.  p.  146°;  from  di- 
nitrobenzene). 

1 :4  Di bromobenzene 
(solid;  yields  tercphtha- 
lic  acid.    Sec  page  139). 

1  :  4    Bromon  itroben- 
zene 

from  dinitro- 


(m.  p.  56 

benzene), 


1:4  Di -iod  ob  enze  n  e 
(m.  p.  94°  ;  fromdinitro- 
benzene). 

1  :  4     Nitro-iodoben  - 

zone 

(m.  p.  34°;  from  dini- 
trobenzone). 
Dinitrobenzene 
(yields  resorcin). 


Other  classifications  of  the  di-derivatives  of  benzene  have  also  been  proposed. 
V.  V.  Eichter  {Lent.  Chem.  Ges.  Ber.  iv.  553)  places  resorcin  in  the  same  series  as 
salicylic  acid,  and  pyrocatechin  with  paraoxybenzoic  acid.  Petersen  {ibid.  vi.  368) 
deviates  still  further  from  the  usual  arrangement,  placing  pyrocatechin  with  salicylic 
acid  in  the  1  :  2  series  ;  resorcin  and  dinitrobenzene  in  the  1  :  3  scries,  .and  hydro- 
quinone  in  the  1:4  series ;  and  the  arguments  in  favour  of  this  last  view 
appear  to  have  considerable  weight,  Sea  the  article  Phenols  in  this  volume 
(p.  924). 

Bromobenzenes.— Dz'iromoicjji-eMC,  C^H^Br-  (F.  Eiese,  Ann.  Ch.Tharm. 
clxiv.  176;  Meyer  a.  Stiiber,  Dad.  Chem.  Ges.  Ber.  iv.  956,  and  v.  52).  This  com- 
pound is  known  in  three  isomeric  modifications,  one  solid  at  ordinary  temperatures, 
the  other  two  liqiiid.  The  first  [o],  which  is  the  ordinary  modification  (commonly 
cnlled  Couper's),  is  obtained  by  the  action  of  bromine  on  benzene  or  on  monobromo- 
iicnzenc.    It  is  a  m.-ignificently  crystalline  body,  melting  at  89°. 
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The  second  [/3]  was  oLtainod  by  Eiese  in  small  quantity,  toftvtlicr  with  the  first, 
by  tlio  actiim  <it  ln'iiminr  (m  benzene.  It  is  a  ci'lnnrlcss,  nmbilo,  sfmii^'ly  i-uiVactiug 
liquid,  niiscil'li'  in  all  ]'iMi«)rtions  witli  ctln'i-  .umI  lu  ii/mr.  imrlcj-Mti'lv  .^dluMc  ineold 
alcohol.    \Ylirn  slowly  to  — 27°,  it  iTinaiiis  l,m  .Mjli.lif'ics  iniiu.a'.iatuly 

on  bcinf;- tiaicln-d  with  a  i^lass  rod  :  the  solid  melts  a,i;aln  at  1"^.  It  tlissolves  readily 
in  cold  liiiiiiim  nilric  acid,  forming  iiitro-;8-dibromobonzeno  which  crystallises  in  palo 
ytdlnw  nr.  , 11.^,  un  iting  at  GS*^  and  boiling  at  296"^. 

Tlii^  tliii-il  nindilication  was  obtained  by  Meyer  a.  Stiiber  by  treating  dibromanilino 
(prcpavil  IVoiii  :icct;inilidr )  with  a  nearly  saturalcd  iilrnholic  solution  of  nitrous  acid. 
Keactinn  br-ins  in  llie  .'nld  ami  is  conipieted  l.y  w.n'iiriii;^-.  The  product  separated  by 
water  i^,  when  pui'itied,  a.  clear  coloiii'less  li.piid,  imiliug,  like  the  second  modification, 
at  215°,  but  not  solidifying  even  at  —28°.  It  is  not  perceptibly  acted  ujxjn  by  the 
strongest  nitric  acid  in  the  cold,  but  dissolves  only  on  warming,  and  is  converted  into 
a  nitrodibromobonzene,  wliich  crystallises  in  pure  glistening  pale  yellow  needles, 
molting  at  (j0°-6l°. 

The  folloT\-ing  is  a  tabular  view  of  the  properties  of  tho  three  dibroino- 
benzenes  :— 


Dibromobenzenes 

Melting 
point 

Boiling  point 

Behaviour  with 
HNO^ 

Jlononitro- 
derivative 

Couper's  ,    .    ,  , 

219° 

Dissolved  on 

Plates  or  flat 

vairming, 

needles,  melt- 
ing at  84^. 

Rieses  .... 

-1° 

218°-2I5°  (cor- 

Dissolved with 

Fine  needles, 

rected) 

spontaneous 

melting  at  68°. 

evolution  of 

heat. 

Meyer  a.  Stiiber's  . 

Liquid  at 
-28° 

About  215°  (un- 

Dissolved on 

Needles,  melt- 

(?)* .... 

corrected) 

warming. 

ing  at  60°- 
61°. 

jlctioii  of  Sodium  on  Ci-i/sfall/scJ,  Bihromohcnsene  (Riese,  Zcit.ichr.  f.  Chcm.  vi. 
7.15;  Ami.  Ch.  PJiami.  clxiv.  161).  When  solid  dibromobenzsne  is  atlded  to  cold 
anhydrous  ether  holding  in  solution  a  quantity  of  sodium  twice  as  great  as  that  which 
should  Ijo  required  for  the  complete  removal  of  tho  bromine,  and  the  mixture  is 
heated  in  a  \A-ater-liath,  reaction  sets  in  after  the  heating  has  been  continued  for 
several  hours,  and  then  goes  on  without  further  application  of  heat,  tho  mixture  con- 
tinuing to  boil  gently,  until,  after  6-7  hours,  the  sodium  is  entirely  coN-i  red  with  a  loose 
gfi  en-black  mass.  On  exhausting  tho  product  with  elliei-  ami  mixiiiL'  ilie  i  ihereal 
extract  with  a  considerable  quantity  of  alcohol,  a  yelluw -br(.u  n  nn--  s,  |,aiMi,'s,  and 
the  supernatant  liquid,  when  evaporated,  gives  a  moss-like  ci-ysi  a  II i-  i i  hhi,  umI  v  a  ])or- 
tion  of  which,  however,  is  re-dissolved  by  alcohol.  13y  rejiealini;  the  tteahnenl  with 
alcohol, &c.,  several  times,  the  product  maybe  separated  int'i  I  \\n  piai  ions.  soluble 
in  alcohol  and  containing  but  little  bromine,  the  other  insolulilo  and  cnntaining  much 
bromine. 

On  submitting  the  mixed  product  to  distillation,  diplionyl,  C"H'",  passes  over 
in  small  quantity  as  a  white  crystalline  body.  Tho  residue,  when  again  distilled, 
decomposes  to  a  consideraljh'  e\ti  iil,  but  at  the  same  time  yields  a  crystalline  body, 
which,  when  purified  by  re|iialed  distillation,  washing  with  petroleum-naplitha 
(ligroin),  and  final  recrystallisation  irom  Ijcnzene,  has  the  composition  of  diphcnyl- 
benzeuo,  C'H'''  =  C''H'(C''1L^)-.  The  same  body  is  obtained  by  the  action  of  sodium 
on  a  mixture  of  mono-  and  dibromobenzene.  It  melts  at  206°  (corr.),  and  boils  at  a 
temperature  above  400°  (in  vapour  of  boiling  sulphur) ;  it  is  insoluble  in  alcohol,  but 
dissolves  easily  in  benzene,  from  which  it  separates  on  cooling  in  small  flat  white 
needles.  It  is  scentless  in  the  cold,  and  smells  but  faintly  when  heated  ;  docs  not 
volatilise  with  vapour  of  water,  but  sublimes  even  below  its  melting  point. 

The  main  product  of  tho  action  of  sodium  on  dibromobenzene  is,  however,  the 
brown  amorphous  brominated  body  above  mentioned.  This  substance  is  nearly  in- 
soluble in  alcohol  and  ether,  but  dissolves  easily  in  benzene  and  carbon  bisulphide, 

*  In  Eiese's  first  paper  (Of  »r.  r/iem.  ffps.  ^w.  ii.  GO  [1869]),  the  Seconal  iiioi  11'  lid  to 

solidify  in  a  freezing  mixture,  but  he  now  states  that  it  remaius  liquid  at —27  ,      :  I  with 

a  solid  body.  The  second  and  third  modifications,  therefore,  resemble  one  anei  Im  i  mieMi  hliinienr 
at  low  temperatures,  as  well  as  in  their  boiling  points,  and  differ  only  in  their  beli;i  \  i'»u  u  it  li  fiuuing 
nitric  acid,  and  the  melting  points  of  the  resulting  uitro-deriTative-s. 
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from  which  it  is  again  precipitated  in  the  amorphous  state  on  addition  of  alcohol  or 
ether.  A  product  thus  purified  gave  by  analysis  77"49p.  c.  carbon,  4'07  hydrogen 
and  17'68  bromine,  which  is  nearly  the  composition  of  monobromoponta- 
phenylene,  C^oH'^Br  (cale.  78-43  p.  c.  C.,  4-14  H.  and  17-43  Br,).  The  reactioa 
may  perhaps  be  represented  by  the  equation  : 

2oC''ffBr2  +  46Na  =  C'=Hi»  +  C^H^Cff)"-  +  4C»''H"Br  +  46NaBr. 

Constitution  of  CrytftaUisccl  Bihromoben-ene. — When  crystallised  dibromobenzeno, 
obtained  by  the  direct  action  of  bromine  on  benzene,  is  mixed  with  methyl  iodide  and 
sodium  in  a  flask  surrounded  by  ice,  reaction  does  not  begin  for  several  hours,  not 
indeed  till  the  ice  is  molted  ;  it  then  proceeds  quietly  and  yields  a  large  quantity  of 
a  hydrocarbon,  the  greater  part  of  which  passes  over  between  135°  and  140°.  This 
hydrocarbon  oxidised  with  potassium  chromate  and  sulphuric  acid  yields  torephthalic 
acid  without  any  trace  of  isophthalic  acid.  This  transformation  seems  to  show  that 
crystallised  dibromobenzene  belongs  to  the  para-series,  the  two  bromine-atoms  being 
separated  by  two  intervals,  ae  represented  by  the  formula  CBrHHBrHH  (V.  Meyer, 
Beut.  Cham.  Ges.  Ber.  iii.  753). 

On  the  other  hand,  V.  v.  Eichter  {ibid.  iv.  459),  states  that  this  same  dibromoben- 
zene is  obtained  by  acting  with  phosphorus  pentabromide  on  orthobromophenol, 
whence  it  would  appear  to  be  itself  an  ortho-compound,  C"BrBrHHH;  and  this  view 
is  in  accordance  with  the  fact  that  when  nitrate  of  orthobromaniline  is  heated  with 
nitrous  acid  and  bromine-water,  and  the  nitrate  of  diazobromobenzene  thereby  pre- 
cipitated is  decomposed  by  boiling  with  alcohol,  a  dibromobenzene  is  obtained  iden' 
tieal  with  that  which  is  formed  by  the  direct  action  of  bromine  on  benzene. 

Chlorobenzeraes.  The  statements  respecting  these  compounds  given  in  the 
\st  Siippl.  (pp.  264-26G),  on  the  authority  of  Jungfloisch,  have  been  modified  in  some 
respects  by  subsequent  experiments  of  that  chemist  (Ann.  Ch.  Phys.  [4]  xv.  186).  They 
are  obtained:  (1)  By  the  action  of  iodine  chloride  on  benzene  ;  (2)  By  distilling  -with 
alcoholic  potash  the  mixture  of  additive  compounds  producedby  the  action  of  chlorine 
in  sunshine  on  benzene,  monochlorobenzene,  or  sulphobenzido. 

1.  Chlorine  is  passed  into  commercial  crystallisable  benzene  mixed  with  iodine,  the 
mixture  being  gently  heated  at  first,  after  which  the  action  goes  on  by  itself.  Mono- 
chlorobenzene is  first  formed,  then  dichlorobenzene,  whereupon  the  mass  solidifies  on 
cooling  ;  on  continuing  the  passage  of  the  chlorine,  trichlorobenzone  is  formed,  and  the 
mass  again  liquefies.  At  length  it  becomes  solid  again,  and  must  be  heated  more 
strongly  to  melt  the  tetrachlorobonzene  which  is  then  formed ;  and,  finally,  when  penta- 
chlorobenzene  has  been  formed,  the  product  becomes  again  more  fusible.  Hexchloro- 
benzene  is  not  easily  obtained  by  this  process,  inasmuch  as  a  high  temperature  is 
required,  at  which  iodine  and  chloride  of  iodine  are  driven  oflT.  In  every  case,  all  the 
substitution-products  are  formed  simultaneously,  but  one  of  tliem  always  predominates, 
according  to  the  temperature  and  other  circumstances  of  the  reaction.  The  mixture 
likewise  contains  small  quantities  of  iodobenzenes  ;  but  by  exposing  the  product  to 
sunshine,  or  by  distillation,  these  compounds  are  decomposed,  with  liberation  of  iodine, 
which  may  then  be  removed  by  potash. 

2.  The  oily  liquid  formed,  together  with  crystals  of  the  compound  C^ffCl',  by 
the  action  of  excess  of  chlorine  in  sunshine  on  monochlorobenzene,  is  separated 
from  the  crystals  and  gently  warmed  with  alcoholic  potash,  and  the  resulting  brown 
liquid  is  treated  with  water,  which  throws  down  a  mixture  of  an  oil  with  crystals, 
-n'hile  chlorinated  phenols  and  other  products  remain  in  solution.  The  mixture  of 
oil  and  crystals  yields  by  fractional  distillation  a  series  of  chlorinated  benzenes. 

The  monochlorobenzenes  oljtained  by  the  two  processes  are  the  same  :  but  the  di-, 
tri-,  tetra-  and  penta(?)-chlorinated  compounds  obtained  by  the  second  process  are 
different  from  those  produced  by  the  first.  It  will  be  convenient  to  distinguish  these 
modifications  by  the  symbols  a  and  j3. 

Monoeldorohenzene,  Cff CI,  prepared  as  already  described  (Is;!  Sujypl.  265), 
and  finally  iDurified  by  cooling  to  —  35°,  and  filtering  at  that  temperature,  boils  con- 
stantly at  131°,  and  solidifies  between -50°  and— 60°  to  a  hard  crystalline  mass,  which 
melts  at  —  40°.  Its  specific  gravity  is  1-1293  atO°  ;  coefficient  of  expansion  0-00116. 
Its  physical  properties  are  therefore  identical  with  those  of  phenyl  chloride  obtained 
by  the  action  of  phosphorus  pentachloride  on  phenol.  It  is  not  attacked  by  potassium 
hyflrate,  or  at  ordinary  temperatures  by  potassium  ;  when  heated  with  sodium  it 
yields  diphenyl;  this  latter  compound  is  also  formed,  together  with  other  products, 
when  the  vapour  of  chlorobenzene  is  passed  over  red-hot  copper. 

a-Bichlorobcnzene,  C"H''CF,  forms  colourless  transparent  crystals  belonging 
to  the  mouoclinic  system  (not  orthorhombic,  as  formerly  stated);  plane  angle  of  tho 
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rhombic  base  ;=  40°  17' 56" ;  inclination  of  principal  axis  to  this  face  =  46'  30 
(Doseloizeaux).    It  niclts  at  53°,  and  boils  without  decomposition  at  171°. 

Specific  gravity     1-4581         1-241  1-2062  M366 

at        20  5°  63°  03°  161° 

Strong  sulphuric  acid  does  not  act  upon  it  in  the  cold,  but  under  the  prolonged  in- 
fluence of  heat  unites  with  it,  forming  a  sulpho-acid. 

fi-Dichlorobenceiie  melts  below  0°,  and  boils  at  about  176°. 

a-Triclilorobcn~cnc,  CH'CF,  is  diflficiilt  to  ^ireparc  by  the  method  above  de- 
scribed, and  can  bo  obtained  only  from  perfectly  pure  benzene.  It  is  best  prepared  by 
passing  chlorine  into  purified  dichloroboiizcne  mixed  with  iodine,  sepnral  iiii;  fnmi  lime 
to  time  the  still  liquid  portion  from  the  crystals,  and  treating  the  lall(  r  liinlu  r  with 
chlorine.  The  product,  after  washing  with  water  and  sodium  carbonate,  is  Mibji  rtrd 
to  fractional  distillation,  and  the  higher  and  lower  chlorobenzenes,  which  crystallise 
more  readily,  are  separated  by  cooling  the  distillate.  By  further  fractional  distillation 
a  product  boiling  at  206°  is  obtained,  which  is  to  be  cooled  with  iced  water,  and 
brought  in  contact  W'ith  a,  crystalline  fragment  obtained  by  cooling  the  liquid  in  a 
freezing  mixture.  The  liquid  in  the  ice-water  then  gradually  solidities  into  crystals, 
which  may  be  freed  from  the  still  fluid  portion  by  decantation.  By  repetition  of  this 
process  the  portion  which  still  rciiiaiiis  fluid  may  be  reduced  to  a  very  small  amount. 

Trichlorobenzene  thus  iii-r|>.iiv>l,  lorms  large,  transparent  and  colourless  crystals, 
apparently  belonging  t"  I  lir  rliniiifh  system;  it  melts  at  17°,  boils  at  206°,  and  has  a 
rather  strong  but  not  unpleasant  odour  : — 

Sp.gr.        1-5740  (cryst.)  1-4658  (liq.)    1-4460    1-4111  1-2427 

at  10°  10°  26°        56°  106° 

whence  the  expansion  coefficient  for  the  liquid  state  is  0-000980.  A  mixture  of  this 
compound  with  a-dichlorobenzene,  in  equal  numbers  of  molecules,  maybe  cooled  to  10°, 
M-ithout  formation  of  crystals  ;  but  towards  0°  part  of  the  dichlorobenzeno  separates 
out,  and  liclow  0°  the  whole  solidifies,  a-Trichlorobenzene  dissolves  in  alcohol  ether, 
carbon  sulphide  and  benzene.  It  is  a  very  stable  compound,  not  being  acted  on  by 
aqueous  potash  or  decomposed  by  distillation  over  caustic  baryta,  or  deprived  of  any 
portion  of  its  chlorine  by  strong  heating  with  alcoholic  potash.    Heated  with  strong 

i^liiirh-  nearly  to  the  boiling  point,  it  forms  tr  i  ch  lorobenzene- sulph  o  ni  c 
acid,  ( '' 11 '( 'I'SO^  -which  crystallises  at  ordinary  temperatures,  and  maybe  precipi- 
tated from  tlie  sulphuric  acid  solution  by  addition  of  -n-ater.  Pure  trichlorobenzene 
is  converted  hj  fuming  nitric  acid,  with  evolution  of  heat,  into  nitro-trichloro- 
benzene,  but  in  the  impure  state  it  is  but  slowly  acted  on,  the  nitration  taking 
place  only  after  prolonged  boiling. 

^-Trichlorobenzene,  formed  together  with  the  a-modification  by  the  second  process 
above  described,  melts  at  60°. 

The  more  highly  chlorinated  derivatives  of  Ijcnzeno  arc,  for  the  most  part,  suffi- 
ciently described  in  the  First  Suiyphmrnt. 

a-Te  trachlorobemcnc  melts  ,it  139°,  boils  at  240°,  and  exhibits  the  following 
specific  gravities: — 

.Sp.gr.       1-7344       1-4339       1-3058  1-3281 
at  10°  149°  170°  230° 

B-Tctravh!„rnhr,rrr„r  melts  at  35°,  and  b..ils  at  253°. 

/irii  Id  r/i/orolii  ii  :.  r  ii  <  there  should,  according  to  Kekul^'s  theory,  be  only  ono 
moditiealion,  but  ,lu?],-tli  i.-rh  and  Ulto  assii-t  that  there  are  two;  both  of  which  are  found 
amongst  the  products  of  the  action  of  alcoholic  potash  on  the  additive  comiKiumls 
obtained  by  the  action  of  chlorine  on  monochlorolienzene  or  on  sidphobcnzidi'  in  snii- 
shine,  and  maybe  separated  by  boiling  alcohol,  in  which  one  is  soluble,  I  lie  oilnv 
insoluble;  one  of  them  (a)  is  also  the  most  abundant  of  the  products  formed  liy  the 
action  of  chlorine  and  iodine  on  benzene.  The  a-modification  melts  at  74°,  and  boils 
at  272°  ;  the  /3-modifieation  (insoluble  in  boiling  alcohol")  forms  .shining  silky  needles, 
■which  melt  at  175°  when  quickly  heated,  but  after  solidification  from  fusion  do  not 
melt  again  till  heated  to  108°,  and  resolidify  at  a  .slightly  lower  temperature.  The 
a-modification  exhibits  the  following  specific  gravities : — 

Sp.gr.        1-8422       1-8342       1-6691  (fused)  1-5732  1-3824 
at  10°  16-6°  84°  114°  261° 

Ladenburg  {Deut.  Chcm.  Gcs.  Bcr.  v.  789)  is  of  opinion  that  the  existence  of  the 
second  modification  of  pcntachlorobenzene  (melting  at  175°-198°)  is  by  no  means 
satisfactorily  proved.    On  repeating  Jungfleisch's  mode  of  preparation,  that  is  to  say, 
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exposing  nionoclilorobenzene  to  tho  action  of  chlorine  in  sunshine  (using,  however, 
moist  instead  of  dry  chlorine),  distilling  the  product  with  alcoholic  potash,  subjecting 
the  distillate  to  repeated  fractional  distillation,  and  the  several  fractions  to  fractional 
crystallisation  from  alcohol,  till  the  melting  and  boiling  points  of  the  several  portions 
became  nearly  constant,  he  finally  obtained  the  following  compounds,  and  no  others  : — 

CWCU  melting  at  27°-28°,  boiling  at  24.5°-248° 
C«HCP  „  85°-86°  „  27.5=-277° 
C"C1>*  „  225° 

Prom  these  results  Ladeuburg  concludes  that  by  the  action  of  moist  chlorine  on 
monochlorobenzene  in  sunshine  only  one  pentachlorobenzene  is  produced  (that  desig- 
nated above  as  o) :  and,  considering  that  the  statements  of  Jungfleisch  and  Otto  with 
respect  to  the  properties  of  the  second  modification  do  not  quite  agree ;  that,  according 
to  Jungfleisch,  the  melting  point  of  this  supposed  modification  varies  from  175°  to 
198°,  and  that  among  the  products  of  the  action  of  moist  chlorine  on  benzene,  this 
particular  product  is  not  found,  whereas  all  tho  others  products  obtained  by  the  action 
cf  dry  chlorine  do  likewise  occur  in  this  case  ;  ho  concludes  that  the  existence  of  this 
second  modification  of  pentachlorobenzene  must  be  regarded  as  doubtful  until  it  is 
established  by  new  and  decisive  experiments. 

Jungfleisch  {Bull.  Soc.  Chim.  [2]  xviii.  631)  replies  to  these  observations,  main- 
taining the  existence  of  tho  second  modification  of  pcntacHorobenzene  described  by 
himself  and  by  Otto,  and  attributing  Ladenburg's  failure  in  obtaining  it  to  the  fact  of  his 
having  used  moist  instead  of  dry  chlorine.  He  states  his  intention  of  publishing 
further  results  relating  to  the  second  pentachlorobenzene  and  its  derivatives. 

Otto  {Ann.  Ch.  Pharm.  cliv.  182)  likewise  maintains  the  existence  of  two  modifica- 
tions of  pentachlorobenzene.  When  dry  sulphobenzene  is  subjected  to  the  prolonged 
action  of  chlorine  in  sunshine,  the  product  dissolved  in  alcohol  (which  leaves  undis- 
solved small  quantities  of  dichlorobenzene  chloride),  decomposed  by  potash,  and  water 
then  added,  the  two  pentachlorobenzenes  are  thrown  down,  and  may  be  separated  by 
alcohol,  in  which  tho  less  fusible  of  the  two  is  insoluble.  The  more  fusible  modification 
melts  at  85°,  the  less  fusible  at  198°-199°.  These  statements  do  not  agree  very  well 
■svith  those  of  Jungfleisch.  Moreover,  Ladenburg,  by  the  analysis  of  two  samples  of 
so-called  pentachlorobenzene  prepared  by  Otto,  one  melting  at  224°-226°,  the  other 
at  21 9°-223°,  found  that  they  contained  respectively  74'39  and  74'06  p.c.  chlorine, 
from  which  it  appears  that  they  were  both  nearly  pure  hexchlorobenzeue,  which  melts 
at  225°,  and  contains  74-74  p.c.  chlorine. 

Fluobenzene,  CHT,  is  obtained  by  heating  the  calcium  salt  of  fluobenzoic  acid 
with  about  four  times  its  weight  of  slaked  lime  : 

Ca(C"H'F.CO=)'^  +  CaffO^  =  ICaQO^  +  aC'H^F. 

The  fluobenzene,  after  being  purified  by  fractional  distillation,  solidifies  to  a  mass 
of  scales.  It  melts  at  40°,  boils  at  180°-183°,  and  has  a  vapour-density  of  3-47<3 
(calc.  3'937).  It  is  insoluble  in  water,  but  dissolves  easily  in  ether  and  iu  alcohol; 
smells  like  benzene,  and  burns  with  a  smoky  flamo  (Schmitt  a.  Gchren,  J,  pr.  Clicnu 
[2]  i.  394). 

xritrobenzenes.  MononitrohenzoiCf  CH^NO-,  is  but  slowly  attacked  by  chromic 
oxycldoridc  mixed  with  glacial  acetic  acid.  Nitrotrichlorobenzoic  acid  is  probably 
formed,  together  with  an  unknown  substance,  which  strongly  attacks  the  eyes  (Cars- 
tanjen,  /.  j)!-.  Chem.  [2]  ii.  83). 

Nitrobenzene,  heated  with  potassitm  or  sodium  hydrate,  gives  off  ammonia  and 
aniline,  and  on  pouring  the  product  into  dilute  hydrochloric  acid,  a  brown  tarry 
matter  separates,  which  solidifies  to  a  crystalline  mass  of  azobenzeue.  These,  however, 
are  only  the  final  jjroducts  of  the  reaction  ;  for  if  it  be  stopped  at  a  certain  stage,  the 
product  dissolves  almost  completely  in  water,  and  h^'drochloric  acid  added  to  the 
solution  throws  down  dark  flocks  of  a  resinous  acid  (Merz  a.  Coray,  Veuf.  Chem.  Gcs. 
Ber.  iv.  981). 

According  to  Post  a.  Hiibner  {ibid.  v.  408)  nitrobenzene  brought  in  contact  for  a 
short  time  with  potassium  hydrate  heated  to  fusion,  gives  off  hydrocyanic  acid; 
dinitrobenzene  is  acted  upon  iu  a  similar  manner  when  boiled  with  solution  of  caustic 
potash  or  soda. 

Kitrobromobenzene,  C''IPBr(NO-).  Throe  modifications  of  this  compound  are 
known,  viz.  1.  Ortho-  oxa-Nitruhromohcncenc  (1  :  2),  produced  by  the  action  of  fuming 
uitric  acid  on  monobromobenzene,  also,  according  to  Griess,  by  heating  the  bromo- 
platinate  of  tt-azophenylaniine /from  o-nitraniline)  with  sodium  carbonate  (iv.  416). 
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Itmelts  at  r25°-126°,  crystallises  inlong  white  needles,  andis  converted  by  ammonium 
sulphide  or  ferrous  acetate  into  a-bromanilin e  melting  at  64°5'. 

'2.  Mcta-  or  ^-Nitrobromohensrnc  crystallises  from  the  mother-liquor  of  the  pre- 
ceding compound  in  long  needles,  melting  at  37°,  and  boiling  almost  without  decompo- 
sition at  250°-251°.  Its  formation  is  most  favoured  by  effecting  the  nitration  at  a 
temperature  of  90°-95°.  By  reduction  with  tin  and  hydrochloric  acid  it  yields 
)3-bromanilino,  which  when  precipitated  with  soda-ley  and  distilled  with  water, 
passes  over  as  an  oil,  solidifying  in  a  freezing  mixture  to  crystals,  and  when  quickly 
pressed  and  dissolved  in  alcohol  separates  therefrom  in  white  needles  melting  at  31"" 
(Hiibner  a.  Alsberg,  Zeitsch-.f.  Chan.  [2]  vi.  309). 

Para-  or  y-Nitrohromobcnccnc*  is  the  modification  which  Griess  obtained  by  heating 
the  perbroniide  of  ;8-azonitrophenyl  ammonium  with  sodium  carbonate  (iv.  416).  It 
melts  at  66°,  and  is  reduced  by  ammonium  sulphide  to  parabromaniline  (Griess,  iv. 
426,  435). 

The  tliree  modifications  of  nitrobromobonzene  yield  corresponding  nitranilines 
when  heated  to  180°-190°  in  sealed  tubes  with  strong  alcoholic  ammonia.  Ortho- 
iiitraniline  thus  prodviced  melts  at  146°,  and  agrees  in  every  respect  with  that 
obtained  from  acetanilide  ;  mcta-nitranilino,  recently  discovered  by  Walker  a.  Zincke, 
{DciU.  Chem.  Gcs.  Her.  v.  114),  melts  at  66°  ;  paranitranilinc,  originally  obtained  by 
reduction  of  dinitrobenzene  (iv.  44.V),  nt  108°. 

Ortho-  and  meta-nitrobromdlirnzcnc,  ^\h('n  subjected  to  tlio  fuvtlwr  action  of 
fuming  nitric  acid,  yield  one  and  llir  . linil ro-broniobcnzene.  C"H^Br(NO'^)-, melt- 

ing at  72*^  (Walker  a.  Zincke).  X.iw.  a -Miiniiig  tliat  the  bromine  and  nitryl  in  these 
two  modifications  occupy  the  positions  1  :  2  and  1  :  3,  it  is  easily  seen  that  dinitro- 
bromobenzcne  must  be  either  1  :  2  :  3  or  1  :  3  :  6,  as  represented  below: — 


To  decide  which  of  these  is  the  actual  arrangement,  the  dinitro-bromobcnzone  was 
treated  with  tin  and  hydrochloric  acid,  whereby  the  two  groups  NO- were  replaced  by 
NH-,  and  at  the  same  time  bromine  by  hydrogen,  the  result  being  paraphenylene- 
diamine,  C"*HH(NH'^)IIH(  Nil-'),  idmtical  with  that  obtained  from  dinitrobenzene. 
This  shows  that  in  the  dinil  in-liniiiHiln'nzene  the  two  groups  NO-  must  be  separated 
by  two  intervals,  and  coiisi'(|uiiil  ly  that  the  bromine  and  these  two  nitryls  must  occupy 
the  positions  1:3:6  (Zincke  a.  tSintenis,  Dcut.  Chan.  Gcs.  Bcr.  v.  791). 

Ortho-  and  para-nitrobromolienzene  heated  with  pure  potassium  cyanide  and  alcohol 
to  180°-200°,  yields  cyano-ljromobcnzcno,  together  with  potassium  nitrite, 
according  to  the  equation  : 

C''IPBr(NO=)  +  KCN  =  KNO=  -t-  CH'Br^CN) ; 

and  by  boiling  the  product  with  alcoholic  potash  as  long  as  ammonia  is  given  off.  then 
diluting  with  water,  filtering,  and  adding  hydrochloric  acid,  a  precipitate  is  obtained, 
consisting  of  bromobonzoic  acid: 

C''H'Br(CN)  +  1W0  =  NIP  +  CH^Br.COOH. 

l)i ditrohromohcmcnc,  C«H'Br(NO-)-.  The  formation  of  the  dinitrc.bromo- 
brnzciic  melting  at  72°  bv  tlie  aetion  of  fuming  nitric  and  sulphuric  acid  on  mono- 
broniobciizcnr  {\st  Siippf.  I'd!))  aj^iicars,  from  the  observations  of  Ql  mm  (./.  p-.  Clicm. 
|2J  i.  ll.H.  ti.br  a.viaiipanir.l  bv  that  of  anotlier  nio.lifh'al  inn  niflting  at  a  lower 
temperature.  Dinitri.broniiibenzene  melting  at  72°  heated  with  strong  potash-ley 
yields  dinitrophonol,  C'ai'(NO-)-(OH),  inciting  at  113'=^114°;  and  when  heated 
with  alcoholic  ammonia,  di  ni  t  ran i li  ne,  C''IP(NO=)=.NII-. — Aniline  heated  '  with 
dinitrobromobenzene  acts  violently  on  its  forming  di  n  i  tr  odi  ph  e  n  y  la  mi  n  e  iden- 
tical with  that  obtained  by  Hofmann  (Clemm). 

*  There  is  some  confusion  about  the  designation  of  these  isoiueriflcs.  Hiibner  n.  Alsbevtr,  whci  tlis- 
rovered  the  second  modification  above  described,  distinguished  it  liy  tlie  jiretix  p.  but  Wnllier  a. 
Ziucke  (Dcut.  Chem.  Ges.  Her.  v.  Hi)  dcsiguatedit  as  y,  and  tlic  para-modificatiou  as  ^  :  it  is  better 
to  keep  to  tlie  mode  of  distinction  adopted  by  the  discoverers. 
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Nitramidohro  moh'enzcne,  C«H^Br(N0^)(NH:2),  is  produced  by  heating  nitrodi- 
bromobenzene  (prepared  by  boiling  solid  dibromobenzene  -with  fuming  nitric  acid)  with 
concentrated  alcoholic  ammonia  to  200°-210°  for  several  hours  : 

CH^Br^NO^  +  2NH^  =  NH'Br  +  C«H^BrNO=NH=. 

On  pouring  the  black  liquid  into  hydrochloric  acid,  separating  the  red-brown  solution 
thereby  formed  from  resin,  and  pouring  it  into  water,  nitramidobromobenzene  separates 
in  line  felted  orange-coloured  needles,  whicli  may  be  purified  by  crystallisation  from 
ether,  repeated  solution  in  hydrochloric  acid,  and  reprecipitation  by  water. 

Nitramidobromobenzene  melts  at  104-5°,  sublimes  without  decomposition,  and 
vola.tilisos  readily  with  vapour  of  water.  It  is  freely  soluble  in  alcohol  and  ether, 
slightly  soluble  in  cold  water,  somewhat  more  so  in  hot  water,  forming  a  yellow 
solution.  It  has  no  basic  properties,  but  dissolves  in  strong  hydrochloric  or  nitric 
acid,  and  is  reprecipitated  on  addition  of  water.  Its  hot  aqueous  solution  dyes  silk 
and  wool  of  a  fine  yellow  colour.  It  is  not  deprived  of  its  bromine  even  by  prolonged 
digestion  with  alcoholic  ammonia  at  a  very  high  temperature. 

If  solid  dibromobenzene  be  a  para-compound  (p.  136),  the  niononitro-compound 
formed  from  it  will  probably  have  the  constitution  1  :  2  :  4  ;  and  the  amido-compound 
formed  from  this  by  substitution  of  NH'-  for  Br,  will  be  similarly  formed,  thus: — 

1  2  3  i  r^  a 
Paradibromobenzeue  ....  C  Br  H  H  Br  H  H 
Nitrodibromobenzene  .  .  .  .  C  Br  NO-  H  Br  H  H 
Nitramidobromobenzene    .    .    .    C"'    NH^    N0'-=    H     Br     II  H 

or  C«     Br     N0=   H    NH=    H  H 

By  treating  this  last  compound  with  tin  and  hydrochloric  acid,  the  NO'  is  replaced 
byNH'^  and  a  bromopheuylene-diamine,  C"H'Br(NH-)^  is  obtained  having  tho 
two  amidogen  groups  either  in  close  proximity  (1  :  2),  or  separated  by  one  interval 
(2:4  or  1  :  3).  On  adding  excess  of  soda,  agitating  the  product  with  ether,  and 
evaporating  the  ethereal  solution,  the  bromophenylene-diamine  is  obtained  as  a  thick 
liquid,  which  solidifies  over  sulphuric  acid  to  a  reddish  crystalline  mass.  By  heating 
it  with  water  and  sodium-amalgara,  the  bromine  is  replaced  by  hydrogen,  and 
phenylene-diamine,  CH^NH.-)'^,  is  formed,  likewise  having  the  two  amidogen 
groups  disposed  either  as  1  :  2  or  as  1  :  3  ;  tliat  is  to  say,  it  is  either  ortho-  or  meta- 
phenyleno-diamine.  (In  Meyer's  table,  p.  137,  the  latter  position  is  assigned  to  it). 
This  phenylene-diamine  melts  at  99°,  and  is  identical  in  characters  and  reactions  with 
that  which  Griess  obtained  by  the  dry  distillation  of  |8-diamidobenzoic  acid  (Meyer 
a.  Wurster,  Dmt.  Chcm,  Ges.  Bar.  vi.  362).    See  Phentlbne-diamines. 

xritrocbloro'benzenes  (Jungfleisch,  Ann.  Chim.  Phys.  [4]  xv.  186  ;  Engelhardt 
a.  Latschinoflf,  ZcUschr.  f.  Chem.  [2];vi.  225;  Clemm,  ibid.  444). — Nitromonochloro- 
icw^oie,  C"II'(N0-)C1,  is  known  in  two  modifications,  both  of  which  are  formed 
when  monochlorobenzene  is  poured  into  cool  fuming  nitric  acid ;  they  are  separated 
by  their  difference  of  solubility  in  cold  alcohol.  The  modification  designated  as  a, 
which  is  but  slightly  soluble  in  this  liquid,  forms  long  crystalline  lamina,  derived  from 
a  rhombic  prism  of  about  125°30';  melts  at  83°;  and  has,  after  solidification,  a  specific 
gravity  of  r380  at22°:  it  boils  without  decomposition  at  242°  (bar.  at  7Cl  mm.); 
smells  like  bitter  almonds  and  Tonka  beans.  Ether,  benzene,  carbon  sulpliide,  boil- 
ing alcohol,  and  hot  nitric  acid  dissolve  it  readily.  It  is  not  attacked  by  aqueous 
potash,  but  alcoholic  potash  acts  strongly  upon  it,  probably  forming  chlorinated  azoxy- 
benzene.  Qtxong  sulphuric  acid  Ahsol^Gs  it  easily  and  turns  brown-red  when  boiled  with 
it,  giving  oiF  a  large  quantity  of  sulphurous  oxide ;  at  comparatively  low  temperatures, 
the  product  consists  of  nitrochlorobeuzen  e-svilphonic  acid.  Fuming  niti-ic 
acid  does  not  act  upon  it,  but  a  mixture  of  strong  nitric  and  sulphuric  acids  quickly 
converts  it  into  o-d  i  n  i  t  r  o-c  h  1  o  r  o  b  e  n  z  e  n  e.  By  tin  and  hydrochloric  acid  the  mono- 
uitrated  compound  is  reduced  to  monochloraniline.  C^H^CIN,  which  appears  to 
be  identical  with  that  which  Hofmann  obtained  from  chlorisati'n. 

fi-Nitromonochlorohenzcne,  the  modification  which  dissolves  easily  in  cold 
alcohol,  is  pm-ified  by  solution  in  a  small  quantity  of  very  cold  alcohol  and  precipi- 
tated with  water.  It  solidifies  in  a  freezing  mixture.  When  placed  in  ice-water  and 
mixed  with  a  few  fragments  of  the  portion  which  has  previously  solidified  in  the 
crystalline  form,  it  crystallises  and  may  be  freed  from  the  still  liquid  portion  by 
docantation.  By  repeatedly  subjecting  the  crystallised  portion  to  the  same  treatment, 
that  is,  dissolving  it  in  a  small  quantity  of  cold  alcohol  and  causing  it  to  solidify  by 
touching  it  after  cooling  with  a  crystal  of  the  same  modification,  it  is  finally  obtained 
in  tufts  of  beautiful  needle-shaped  crystals,  having,  a  nacreous  lustre,  a  scarcely  per- 
ceptible yellowish  tinge,  and  a  fragrant  odour  like  that  of  Tonka  beans  or  clover.  It 
inelts  at  15°,  boils  at  about  243°,  and  has  a  density  of  1"368  at  22°.     In  the  fused 
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state  it  is  misciblc  witli  alcohol  in  all  proportions  ;  ether,  carlion  snlpliido,  benzene 
and  dilute  nitric  aciil  dissolve  it  readity.  With  potassium  liydi-iit'-  it  i-cicts  like  the 
first  mollification.  Fuming  nitric  acid  acts  easily  upon  it,  cspurinlly  at  the  boilinc; 
heat,  converting  it  into  a-  and  j8-dinitromonochlorobenzene.  A  mixture  of  nitric  antl 
sulphuric  acids  acts  upon  it  explosively.  With  strong  sulphuric  acid  it  behaves  like 
the  a-modification.  By  ^Mi  and  hydrochloric  acid  it  is  easily  reduced  to  yS-mond- 
chloraniline,  which  is  obtained  as  a  liquid  not  solidifying  at  low  tempera- 
tures. 

a-I)iniiromonochlorohenzcnc,  C'II^(N0-)'C1,  is  easily  prepared  from  a-  or 
j8-mononitrochlorobenzenc,  or  directly  from  monochlorobenzene,  by  the  action  of  -.i 
warm  mixture  of  strong  nitric  and  sulphuric  acids,  and  precipitation  with  v/ator  ;  it 
maybe  purified  by  several  recrystallisations  from  alcohol,  or  better  from  boiling  ether 
(Jungflcisch).  It  is  also  produced  by  the  action  of  phosphorus  pentachloridc  on 
dinitropheuol  (Clemm).  It  forms  large,  transparent,  very  faintly  yallowish  crystals, 
which,  according  to  Deseloizeaux,  are  orthorhombic  prisms  of  102°5'.  It  has  a  faint 
(jdour  at  ordinary  temperatures,  liut,  when  heated,  gives  off  very  irritating  vapours. 
It  has  a  density  of  1-697  at  22°,  melts  at  60°,  and  boils  with  slight  decomposition 
at  315°.  It  is  insoluble  in  water,  and  very  slightly  soluble  in  cold  alcohol,  but  boil- 
ing alcohol,  as  well  as  ether,  benzene,  and  carbon  sulphide  dissolve  it  frcelj'.  Fuming 
nitric  acid  likewise  dissolves  it  without  decomposition.  Strong  sulphuric  acid  unites 
with  it  when  heated,  forming  a  sulplio-acid.  By  ah  nhnlic  potaah  it  is  attacked  in  the 
same  manner  as  nitrobenzene.  Tin  and  hydrochloric  acid  convert  it  into  nitrochlor- 
aniline,  which  is  obtained  in  fine  orthorhombic  crystals,  melting  at  89°,  and  decom- 
posing partially  when  volatilised  (Jungfleisch). 

By  strong  aqueous  potash,  or  by  alcoholic  soda-sol iition,  it  is  converted  into  dinitro- 
]ihenol.  Heated  for  four  or  five  hours  to  100°~120°  with  alcoholic  ammonia,  it  yields 
a  dinitraniline,  C'^H^(NO-)'NH-,  which  crystallises  in  light  yellow  prisms,  melting 
at  175°  (Clemm). 

^-Dinitrochlorohcii~cnc  is  obtMined  witli  ilifTir'nlly  from  raouonitrochlorobenzonc  by 
heating  with  nitric  acid;  it  ]  n  vl]  ,li  ;ii ,  ,1  mIiIi  \\:\\-\\  washed  with  water  and  then 
with  boiling  alcohol,  and  ri'ri  \,^i  illi>r,|  ii-.iin  j-olnimn  in  cold  ether.  According  to 
Deseloizeaux'  measurements,  its  crysl  idliin.'  form  is  similar  to,  but  not  identical  with 
that  of  the  a-modification.  The  primary  form  is  a  right  rhombic  prism  of  100°  18'. 
The  crystals  arc  faintly  yellowish,  very  brittle,  have  a  density  of  1"6867  at  16°'5,  and 
melt  at  43°  ;  the  boiling  point  is  about  315°  (bar.  at  0'762  met.).  It  is  scarcely 
soluble  in  cold  alcohol,  more  freely  in  boiling  alcohol  ;  ether,  benzene,  and  carbon 
sulphide  dissolve  it  more  readily  than  the  a-modification.  AVith  nitric  acid  and 
alcoholic  potash  it  reacts  like  the  latter.  By  reduction  with  tin  and  hydrochloric  acid, 
it  yields  j8-mo nochlor o ni tran i  1  i  n e,  which  crystallises  in  right  rhombic  prisms  of 
1  lb°22'. 

;8-Dinitrochlorobenzene  undergoes  a  remarkable  change  when  touched  with  the 
smallest  fragment  of  a  crystal  of  the  a-modification,  the  transparent  crystals  becom- 
ing turbid  and  passing  into  the  a-modification ;  by  subsequent  crj'stallisation 
from  ether  or  carbon  sulphide,  they  are  obtained  in  the  exact  form  of  the  a-modifica- 
tion, exhibiting  also  the  same  melting  point  and  the  same  degree  of  solubility. 

On  the  other  hand,  the  a-modification  may  be  converted,  though  less  easily,  into 
tile  ;3-modification :  namely,  by  suddenly  plunging  it,  while  in  the  fused  state,  into  a 
freezing  mixture,  whereupon  it  solidifies  to  a  homogeneous  translucent  crystalline 
mass.  Jungfleisch  supposes  that  the  substance  thus  obtained  is  the  /3-modification, 
because  it  is  more  fusible  than  the  original  a-modification,  and  because,  when 
touched  with  a  crystal  of  the  latter,  it  is  gradually  converted,  from  the  point  of  con- 
tact inwards,  into  a  turbid  crystalline  mass,  made  up  of  crystals  of  the  more  stable 
a-modification.  These  remarkable  changes  appear,  however,  to  require  further 
examination. 

Nitrodichlorohemene,  C"II^(N0-)C1°,  is  prepared  by  the  action  of  nitric  acid 
of  sp.  gr.  1*49  on  dichlorobenzene  (melting  at  53°),  and  purified  by  precipitation 
with  water  and  crystallisation  from  boiling  alcohol.  From  solution  in  carbon  sulphide 
it  separates  by  spontaneous  evaporation  in  faintly  yellow,  soft,  flexible  crystals  of  the 
triclinic  system.  It  melts  at  5-4'5°  and  boils  at  26ti°.  Sp.  gr.  1'669  at  22°.  Boiling 
alcohol,  carbon  sulphide,  bisnzene  and  chloroform  dissolve  it  freely,  cold  alcohol 
sparingly.  Aqueous  potash  does  not  act  upon  it ;  alcoholic  potash  attacks  it  strongly, 
probably  forming  dichlorazoxybenzcno.  Strong  sulphuric  acid  dissolves  it  readily, 
forming  a  sulpho-acid  ;  in  boiling  the  liquid,  sulphurous  oxide  is  given  oflf.  By  tin 
and  hydrochloric  acid,  it  is  convertcil  into  il  i  c  li  1  ora  n  i  1  i  ii  e. 

Dinitro-dichlorohcit::  i,r.  C"l  In  N( )-/-( is  forinrd  in  Uvo  uHHlifieal  l..iis  by 
'"liling  the  preceding  compcjuiid  I'oi'  ;im  Jioiii'  with  a  mixture  ol'  t\iiiiiiig  nitric  and 
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strong  siilpluiric  acids.  One  of  these,  distinguished  as  the  o-nicdilication,  is  less 
soluble  in  alcohol  than  the  otlicr,  and  may  therefore  be  obtained  pure  by  crystallisa- 
tion from  alcoliol,  :v,v\  -wnshiiip-  v,-\tli  the  same  liquid.  It  iorms  small  nacreous 
laminse,  having  I!  '..  li  iwi-li  ilii-  ;  smells  faintly  at  ordin;iry  temperatures,  but 

gives  off  a  pum.       :      1  •  ,vhen  heated;  melts  at  87°  O^t  101°,  according 

to  Engelhardi  : :  ,  ,r  '  :  v.  ith  slight  decomposition  at  312°.  Aftcrfusiou 
and  solidifical  Inn.  ;,  ii,  s  a  eiii  ■  ;u-avity  of  MOS  at  16°.  It  is  nearly  insoluble  in 
coldalci'lml.  Inii  ■  H -snives  more  easily  in  boiling  alcohol,  and  still  more  in  ether, 
carbon  siilibidc ,  ai"!  I'enzene.  Strong  suJiJliuric  acid  unites  with  it,  forming  a sulplio- 
acid  whi'Si;  liariuiu  salt  crystallises  easily.  Alcoholic  potash  decomposes  it  rcadil}-, 
forming  crystallised  products.  Tin  dLwA  hydrochloric  acK?  convert  it  into  dichloro- 
uitrauiline  (Jungfieisch). 

Boiled  with  sodium  carbonate,  it  yields  a  sodium  salt,  C''H-Na(NO-)-CIO  +  311-0, 
which, -when  decomposed  by  acids,  j'ields  a  di  n  i  tr  ochlorophenol,  C^ff  (NO-)-ClO, 
melting  at  80°,  and  probably  identical  with  that  obtained  by  Duljois  and  by  Faust  a. 
Saame  {\st  Sitppl.  914).    (Engelhardt  a.  Latschinoff.) 

The  ;8-modification  of  dinitrodichlorobenzene  is  obtained  by  evaporation  from  the 
mother-liquors  of  the  a-modification,  and  may  be  completely  freed  from  tlio  latter  by 
cooling  the  hot  alcoholic  solution  of  the  residue,  the  /8-modfication  then  separating 
in  the  crystalline  form,  while  the  a-modificatiou  separates  as  an  oil  which  may  be 
decanted  from  the  crystals  together  vidth  mother-liquor.  The  final  purification  i.s 
effected  by  repeated  crystallisation  from  alcohol.  It  forms  nearly  colourless  well- 
defined  crystals,  melts  at  107°  (at  101°,  according  to  Engelhardt  a.  Latschinoff); 
boils  with  slight  decomposition  at  318°,  dissolves  somewhat  more  easily  than  the 
a-modification  in  cold  alcohol ;  but  in  other  solvents  the  two  modifications  dissolve 
with  equal  facility- 1  they  also  react  in  the  same  manner  with,  sulphuric  acid,  with, 
alcoholic  potash,  and  with  tin  and  hydrochloric  acid  (Jungfieisch). — By  boiling  with 
sodium  carbonate,  it  is  converted  into  the  easily  soluble  sodium  salt  of  a  dinitro- 
chlor  ophenol,  whose  barium  salt,  [C''II-(N0-)-'C10]=Ba  +  3H-0,  crystallises  in 
yellow  needles.  The  dinitrochloroplienol  separated  from  it  crystallises  from  water  in 
tufts  of  long  needles,  melting  at  70°  (Engelhardt  a.  Latschinoff). 

Nitrotrichlorobcn~cne,  C''H-(NO=)CP,  which  Lesimple  obtained  by  the  action  of 
fuming  nitric  acid  at  the  boiling  heat  on  triehlorobenzene  {\st  Suppl.  269),  crystallises 
from  carbon  sulphide  in  light  sulphur-yellow,  oblique  rhombic  prisms  of  lOo'^oO', 
whose  prismatic  faces  make  an  angle  of  OS"-!©'  v/ith  the  base.  It  melts  at  75°  to  ii 
yellow  liquid,  which  boils  without  essential  decomposition  at  288°.  Sp.  gr.  1700  at 
22°.  It  dissolves  slightly  in  cold,  more  freely  in  hot  alcohol,  and  with  great  facili-j' 
in  ether,  benzene,  and  carbon  sulphide.  Mcoholic  poiash-Iei/  acts  strongly  on  it ; 
strong  sulphuric  acid  does  not  act  upon  it  in  the  cold,  but  dissolves  it  when  heated, 
with  formation  of  a  sulpho-acid :  at  the  boiling  heat  the  liquid  becomes  dark,  and 
gives  off  sulphurous  oxicle.  By  tin  and  hydrochloric  acid  it  is  converted  into  trichlor- 
aniline  (Jungfieisch). 

Binitrotrichlorobcnccnc.  C"H(NO-)=CP,  is  obtained  by  boiling  the  preced- 
ing compound  for  some  lionrs  with  a  mixture  of  strong  nitric  arid  sulphuric  acids, 
precipitating  with  water,  washing;  v.itli  dilute  potash-ley,  and  crystallisation  from 
alcohol.  It  forms  light  yellow,  six-sided,  needle-shaped  prisms,  having  a  density  of 
1-850  at  23°;  melts  at  lt)3'5°,  and  boils  with  slight  decomposition  at  335°.  It  is 
insoluble  in  cold,  but  soluble  in  warm  alcohol,  also  in  benzene,  carbon  sulphide,  and 
other.  Alcoholic  potash  attacks  it  with  violence  ;  tin  and  hydrochloric  acid  convert  it 
into  nitrochloraniline  (Jungfieisch). 

Trinitrochlorobcnzene,  C"H-(NO')'C'l,  is  produced  by  the  action  of  phos- 
phorus pentachloride  on  picric  acid.  It  was  originallv  obtained  by  Pisani  {\st  Suppl. 
416),  who,  however,  does  not  appear  ti)  !i:ivr  prcivir-Ml  it  in  the  pure  state.  Clemm 
(Zaitschr.  f.  Chcm.  vi.  414)  mixes  100  lt  nn-^  nl  drv  i-irric  acid  with  twice  itswoip;htof 
])]iosphorus  pentachloride  in  a  capacious  v-s-.  I  \a-'^\\''<  .\  wiili  n  w  i-nii,Ir;isiMU'  tnbr, 
applying  a  gentle  heat  at  first,  and-\vli>'i'  f  li.-  i  ^  \  r •  :•  •  '•  -.  '  ••wiiir  I'l-- 
mixture  for  some  time  to  the  boiling  ]  i  ;  il:      :   .  -  p'l  -- 

phorus  oxychloride  is  then  distilled  ott.  111.'  ic- 1,1  ,-i  mil..'.  ^1  I'V  v..!,..)',  ;!1kI  till' 
separated  trinitrochlorobcnzene  is  wiislir  I  v,  ii]i  .■!  Iiiilr  vihn-  and  crystallised  from 
alcohol  or  light  petroleum  oil.  It  crv-;  Mi.^i  m  in'iirly  colourless  shining  needles, 
which  becomcduU  in  contact  with  the  inr :  im  li^  n:  MIV',  often  remaining  liquid  for  a 
long  time.  It  is  not  decomposed  by  Iioihng  water,  but  solution  of  sodium  carbonate 
or  caustic  alkalis  decompose  it  at  the  boiling  heat,  forming  metallic  cliloride  and  t  r  i  - 
nitrophenol.  By  ammonia  or  ammonium  carbonate  it  is  converted  into  trini- 
t  rani  line  (Pisani's  picramide").  Aailinc  acts  viulenfly  on  it,  forming  tri  ni  trodi - 
idienvlamine,  MI^CH*)!  C«l[-|  NO- rl.  With  <lh>il  \i,ulme,  nothina  Imt  resinous 
jn'uduct.';  arc  formed.    Vfith       :il;'i'l;nl',i.  Miluii-m  phcnatc,  tri)iitroc'ldoro- 
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benzene  yields  liyJrocbloric  acid,  sodium  plcrate,  .and  phenol.  With  an  alcoholic  solu- 
tion of  poias^sium  sniplioci/anafo,  a  complicated  reaction  takes  place,  yielding  a 
ci'3'stallisablo  body,  wliose  composition  has  not  yet  been  determined  (Clemm). 

Nitrotetrachlorobonscnc,  C''H(N0-)C1-',  is  prepared  by  treating  tetrachlorn- 
benzoiio  with  strong  nitric  acid,  or  better  with  a  mixture  of  nitric  and  sulphuric  acids. 
It  crystallises  from  boiling  alcohol  in  thick  striated  needles ;  from  carbon  sulphide  by 
slow  evaporation  in  large  transparent  and  colourless  triclinic  crystals.  It  has  a 
peculiar  slightly  pungent  odour  ;  melts  at  90°,  and  boils  with  decomposition  at  SO  t°. 
Sp.  gr.  at  25°.    Insoluble  in  cold,  easily  soluble  in  hot  alcohol,  also  in  benzene, 

carbon  sulphide,  and  chloroform,  slightly  in  hot  strong  sulphuric  acid.  By  tin  and 
hyclroclilorio  acid,  it  is  converted  into  tetraehloranilino  (Jungfleisch). 

Nitrop  cntachlorobcnz  CHC,  C'^(NO-)CP,  is  formed  by  the  action  of  finning 
nitric  acid  on  pontachlorobonzono  (molting  at  71°),  and  separates  from  the  solution  on 
cooling  in  boantiful  six-sided  crystalline  plates  ;  after  washing  with  water,  and  boiling 
with  dilute  potiish,  which  removes  a  quantity  of  adhering  brown  substance,  it  reerys- 
tallises  from  alcohol  in  slender  colourless  shining  needles,  from  carbon  sulphide  in 
large  monoclinic  tables  ;  melts  at  146°,  and  boils  with  partial  decomposition  at  328°. 
Sp.  gr.  1-718  at  25°.  Insoluble  in  cold  alcohol,  easily  in  Ijoiling  alcohol,  especially 
when  mixed  with  benzene,  still  more  in  carbon  sulphide  and  in  chloroform.  By 
till  and  hi/d rocMoric  acid  it  is  converted  into  pen tachloranili ne ,  CCPNII- 
(Jungfleiseii). 

In  all  the  nitrochlorobenzenes,  the  chloriuc  has  completely  lost  the  passive  character 
which  it  exhibits  in  the  chlorobenzenes,  and  is  replaceable  by  other  radicles,  with 
greater  facility  in  proportion  as  the  compound  contains  a  larger  number  of  nitryl  groups. 

a-  and  ^-Nitrocldorohcnzenc,  CH^NO-ICl,  heated  to  130°  for  three  days  with  solu- 
tion of  sodium  carboniiti:  or  hydrate  give  up  their  chlorine  and  are  converted  into 
nitrophenols,  tli^  a-iuu  lilh  atiou  (melting  at  83°)  giving  non-volatilo  nitrophenol,  but 
only  in  very  siii  iU  4U.111I  ity,  the  /8-niodification  yields  volatile  nitrophenols.  Ammonia 
likewise  withdraws  thi-  chlorine  from  these  compounds. 

NilrodicMorobcnccnc,  C'^IP(N0-)C1-,  is  Iiut  little  acted  upou  by  caustic  soda  or 
by  ammonia ;  but  dinilrocklo?vbenccne,  C"H'(N0''')-C1,  easily  gives  up  its  chlorine, 
yielding,  when  boiled  witKsolution  of  sodium  carbonate,  a  dinitrophenol  melting  at 
11-1°;  -with  ammonia,  a  dinitraniline  melting  at  177°;  and  with  toluidine,  a  compound 
which  melts  at  13 6°,. crystallises  from  ether  in  long  red  plates  or  orange-yellow  tables, 
and  probably  consists  of  dinitrophenyl-toluidine,  C"H^(NO-)-C'irNH.  Still  more  easy 
is  the  decomposition  of  irinitrochlorobcn-cnc,  C"II-(N0-)'C1,  and  of  diniiro-diililoro- 
ben::ciic,  C"H-'(N0-)C1- ;  by  boiling  with  alkalis  (pp.  145,  1  IG) ;  the  former  being 
converted  by  ammonia  or  ammonium  carbonate  into  trinitraniline,  the  latter  by  sodium 
carbonate  into  dinitromonochloroplienol,  C''ff(N0-)-C10  (Eiigelhardt  a.  Latschinoff). 

Compounds  formed  bi/  Beduction  of  the  Xiirobcnccncs. 

Amldobenzene,  C"*IP(NIP).    Sec  Aniline  under  PHENvr-AiiisEs. 

Triamidohcn::enc,  C-WW  +  G^W(SWy,  is  obtained  by  distilling  triamido- 
benzoio  acid  with  pounded  glass.  It  is  a  crystalline  solid,  varying  in  colour  between 
flesh-colour  and  chocolate.  It  is  readily  soluble  in  water,  alcohol,  and  ether,  and 
remains  on  evaporation  as  a  radiate  crystalline  mass,  molting  at  about  103°  dis- 
tilling at  336°  (corrected),  and  readily  subliming  at  a  much  lower  temperature.  The 
aqueous  solution  has  a  strong  allcalino  reaction,  and  gives  with  ferric  chloride,  first 
a  violet  and  then  a  brown  precipitate,  and  with  hypochlorites  and  nitrites  brown 
precipitates.  It  reduces  an  ammoniacal  silver-solution  in  the  cold.  On  dissolving 
triamidobenzene  in  concentrated  sulphuric  acid  and  adding  a  trace  of  nitric  acid,  the 
liquid  assumes  at  first  a  dirty  green  colour,  which  soon  changes  into  a  fine  blue  and 
cIi^^appears  on  standing  or  on  dilution  with  water.  The  same  reaction  is  shown  by 
trianndobenzoic  acid. 

Triamidobenzene  combines  with  two  molecules  of  a  monobasic  or  1  mol.  of  a  bil)asic 
acid,  forming  very  stable  salts.  Triamidobenzene  hi/drocMoridc,  Ci'H'(NH-)''.2HCl. 
crystallises  in  shining  needles  ;  it  is  very  soluble  in  water,  but  only  sparingly  in  con- 
centrated hydrochloric  acid.  The  Iti/driodidc  is  also  readily  soluble  and  forms  long 
radiate  needles.  Triamidobenzene  sulphate,  C»W{^WfW&0^  +  2H-0,  crystallises  in 
large  plates  (Salkowsky,  Ann.  Ch.  Pharm.  clxiii.  23). 

Azobenzene,  C"H"N-  or  C'ff — NziN — CH''. — Compound  with  Benzene, 
C'-H"'N-'.C''H''.  This  compound  separates  on  cooling  from  a  hot-saturated  solution 
of  azobonzene  in  pure  benzene,  or  better,  from  a  cold-prepared  solution  by  spontaueous 
evaporation  in  transparent,  thick,  oblique  rhombic  prisms,  sometimes  an  inch  long, 
and  differing  but  little  in  colour  and  appearance  from  azobenzeno  crystallised  from 
L  2 
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petroleum.  These  crystals,  when  exposed  to  the  air,  exhibit  an  appearance  of  efflor- 
escence, becoming  opaque  and  of  a  pale  yellowish-red  colour,  and  being  converted  into 
easily  friable  aggregates  of  small  shining  crystalline  laminae,  which  retain  the  external 
form  of  the  original  crystals.  This  change  is  due  to  a  loss  of  benzene.  The  crystals, 
heated  to  35°  in  a  stream  of  dry  air,  give  off  the  whole  of  their  benzene,  amounting 
to  30-6  p.  c. ;  the  formula  requires  30  p.  c.  The  crystals,  heated  in  a  sealed  tube, 
melt  at  38°  to  a  dark  red  liquid,  which  often  retains  its  fluidity  for  a  long  time  after 
cooling  to  the  ordinary  temperature. 

Azolienzeno  quickly  absorbs  benzene  vapoiir.  When  placed  at  ordinary  tempera- 
tures in  the  state  of  powder  undel-  a  bell-jar,  together  with  an  open  vessel  containing 
benzene,  it  becomes  darker,  increases  in  weight,  and  is  converted  into  the  compound, 
C'^H'^N-.C^H".  The  absorption  of  the  benzene  does  not,  however,  stop  at  this  point ; 
for  in  a  few  days  the  whole  of  the  powder  deliquesces  to  a  clear  dark  red  liquid,  which 
still  goes  on  increasing  in  volume.  The  exact  limit  of  the  absorption  hiis  not  yot 
been  determined  (G.  A.  Schmidt,  Dcut,  Ckcm.  Ges.  Bcr.  v.  1106). 

Sromazobenzesies. — Werigo  {Ami.  Ch.Pharm.  cIxy.  189).  The  brominatcd  com- 
pound produced  by  the  action  of  bromine  on  azobenzene,  and  formerly  regarded  as  an 
addition-product,  C'-H'°N-Br-  (Ut  Suppl.  270),  appears  on  further  examination  to  be 
a  substitution-product,  viz.  dibromazobenzene,  C'-H"Br-N-.  This  conclusion  is 
based  on  the  following  facts  : — 1.  The  compound  is  remarkably  stable,  like  azoben- 
zene itself,  and  unlike  the  addition-products  of  the  latter,  which  decompose  with 
facility ;  the  two  atoms  of  bromine  are  indeed  so  intimately  united  with  the  rest  of 
the  group,  that  they  cannot  be  removed  either  by  the  action  of  silver-salts,  or  by 
heating  with  potash  in  sealed  tubes.  2.  Fuming  nitric  acid  converts  azobenzene  into 
trinitro-azoxybenzene,  C'^H'(NO^)'N^O  {1st  8u2'>pl.  9.'J2),  and  the  brominated  body 
treated  with  fuming  nitric  acid,  yields — besides  the  nitro-brominated  compounds  of 
azobenzene  formerly  described — t r i n i t r o-d ibromo-azoxybenzene,  C'-H'(KO^)' 
Br-N^O,  as  ultimate  product.  3.  The  brominated  compound  is  converted  by  ammo- 
nium sulphide  into  hydro-dibromazobenzene,  C'^H'^Br-N^,  just  as  azobenzene  is 
converted  into  hydrazobenzene,  C'-H'^N-.  4,  Digested  with  warm  fuming  sulphuric 
acid,  it  yields  dibromazobenzene-sulphonic  acid,  C'-H'Br^N-'SO' .  3H-0, 
analogoiis  to  Griess's  azobenzenesulphonic  acid  {\st  Suppl.  270).  5.  The  brominated 
body  is  produced  by  treating  the  alcoholic  solution  of  monobromonitrobenzene  with 
potassium  hydrate,  just  as  azobenzene  is  obtained  from  nitrobenzene. 

Dibromazobenzene  dissolves  easily  in  boiling  benzene,  and  separates  on  cooling  in 
large  yellow  needles.  It  is  also  dissolved  readily  by  carbon  sulphide  and  by  chloro- 
form.   It  melts  at  206°,  and  sublimes  without  decomposition. 

Tetrabromazobcmcnc,  C'^ffBr^N-,  is  obtained  as  a  bye-product  in  the  pre- 
paration of  dibromazobenzene,  and  is  likewise  produced  when  bromine  is  added  drop 
by  drop  to  a  hot,  strong,  alcoholic  solution  of  azobenzene.  It  forms  white  crystals, 
very  slightly  soluble  in  alcohol,  easily  soluble  in  boiling  benzene  of  high  boiling  point, 
from  which  it  crystallises  on  cooling  in  white  silky  needles  ;  it  is  but  slightly  soluble 
in  chloroform,  ether,  and  carbon  sulphide.  It  melts  at  about  320°,  and  then  begins 
to  decompose  and  blacken.  Strong  nitric  acid  dissolves  it,  and  the  solution  mixed 
with  water  yields  long  yellow  needles  of  a  substance  which  explodes  when  heated. 

Werigo  once  obtained,  in  the  preparation  of  dibromazobenzene,  another  product  ex- 
hibiting the  composition  of  tribromazobcnzene,  C'-H'Br'N-,  but  it  was  not  pro- 
duced on  any  subsequent  occasion. 

Hydroclihromazohcheenc,  C'2H"'Br=N^,  is  prepared  by  passing  dry  ammonia 
gas  and  hydrogen  sulphide  into  an  alcoholic  solution  of  dibromazobenzene,  mixed 
with  an  excess  of  that  substance  in  the  solid  state ;  the  excess  then  gradually  dis- 
solves, the  solution  soon  becomes  colourless,  and,  on  adding  water,  the  Jiydrodibromazo- 
licnzene  separates  in  slender  white  silky  needles,  easily  soluble  in  alcohol  and  ether, 
and  unaffected  by  exposure  to  the  air.  Like  hydrazobenzene,  it  is  decomposed  in 
alcoholic  solution  by  nitrous  acid,  yielding  dibromazobenzene,  which  separates  in 
yellow  crystals.    The  reaction  is : 

C'=H'»Br^N=  +  0  =  WO  +  C'-H^Br^F^ 

Hydrodlbromazobenzene  turns  red  and  melts  at  130°,  and  begins  to  decompose  at 
160°.  AVhen  heated  to  150°  and  then  cooled,  it  solidifies  to  a  mass  from  which 
hydrochloric  acid  removes  monobromaniline,  leaving  dibromazobenzene,  the  decompo- 
sition being  precisely  analogous  to  that  of  hydrazobenzene  into  aniline  and  azoben- 

2C'=H'»Br=N2  =  2C»H<'BrN  +  C'=H»Br^N=. 
It  has  not  yet  been  corverted  into  a  compound  analogous  to  benzidine, 
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Ilyilri.«lil)i-()inaz()li(«nzenc  ni']icMrs  to  be  trimorplious.  Its  concentrated  alcoholic 
sdlmioii  li  If  tn  iisclf  ill  ,1  cldscil  ti'st-tube,  deposits,  first  transparent  prismatic  crystals, 
wliicli  ur.nluiilly  lifroiiic  <ip:i(jiir  nil  oxposure  t,o  the  air,  then  yellowish  lamina?,  and 
lastly,  thick  yi.lluw  crystals.  AU  three  forms  have  the  same  melting  point  (130°),  and 
bcliave  in  tlic  same  manner  when  heated. 

Additive  Bromine  and  Chlorine  Compounds  of  A:ohcn::cnc. 

(a.)  2C'-H"'N-.3HBr  and  2C'=H"'N2.3HCI.  The  trihydrobromide  separates  in  ear- 
mine-red  crystals  -when  dry  hydrogen  bromide  is  p)assed  into  a  solution  of  azobenzene 
in  carbon  sulphide  or  chloroform.  Wlien  exposed  to  the  air  it  quickly  decomposes 
into  azobenzene  and  hydrogen  bromide,  and  must  be  washed  -with  carbon  sulphide 
saturated  with  hydrogen  bromide,  in  which  it  is  but  slightly  soluble.  It  dissolves  in 
pure  carbon  suljihide  and  in  chlordfurni,  licinc,  at  tln!  same  time,  resolved  into  azo- 
benzene and  hydrogen  bmiiiidr.  Aln.li,,!,  ctlna-.  and  water  decompose  it  in  a  similar 
liiauner.    When  cautiously  In  atril.  ii  jravcs  a  I'l  ^iilur  of  azobenzene. 

The  trihi/drocMoridc,  prcjiarod  like  the  trihydrobromide,  forms  yellow  crystals  still 
mure  unstable  tlian  the  latter. 

(/3)  C'-H "N-.HBr.Br-.  A  Ijody  having  this  composition  may  be  obtained  in  the 
three  following  ways  : — (1).  By  adding  excess  of  phosphorus  pentabromide  to  a  solu- 
tion of  azobenzene  or  azoxybenzeno  in  ether  or  in  chloroform,  and  heating  the  mixture. 
The  reaction  proceeds  quietly,  witli  evolution  of  hydrogen  bromide,  and  the  addition- 
]ir(iduct  ((8)  separates  in  crystals  whirli  niust  lie  washed,  not  witli  otiicr  but  with 
carlnia  sulpliid.'.  I'.ntli  lli.-^r  solvents  d.v. an | msi ■  \]u-  .•nin|H,niid  laniv  .,r  1l-s.  but  the 
prodai-ls  loriiird  l.y  r:ii'l,(.n  salpliidr  are  di-snlvrd  at  the  saiin-  time  and  caiaa.  d  away, 
leaving  llu' n-t  iif't  In'  emu |m ann I  ,ni  t  lie  lilter  in  lis  (.rii;inal  statu,  (li).  By  adding 
bromine  to  a  solutnni  nl  llie  liydi-nlu-oniide,  2C"-lI'"N-'.31IBr,  in  chloroform,  and 
washing  the  crystals  \\lHeh  s(  paraie  witli  carbon  sulphide,  containing  bromine  in 
solution.  (3).  By  addbii,' liroiiiine  ami  then  benzene  to  a  solution  of  azobenzene  in 
carbon  sulphide,  and  exposing  the  mixture  to  sunshine  ;  the  bromine -compound  then 
separates  in  crystals  which  fill  the  liquid.  The  hydrogen  bromide  required  for  its 
f  irnialion  is  scnerated  by  the  action  of  the  bromine  on  the  benzene :  hence  the  advan- 
tage iif  e\].iisiiie:  tlie  mixture  to  sunshine. 

The  ,  M)n|.c,n)id  ( - i  1 '  'N'-'.HBr.Br-  is  a  yellow,  crystalline,  very  unstable  body, 
deeiini|iiisei|  l.y  et  liei-,  a  lei  ilnd,  carbon  sulphide,  and  chloroform,  less,  however,  by  chloro- 
form tiiau  by  any  other  of  these  solvents.  From  its  hot  concentrated  solution  in 
chloroform  it  may  be  partly  recovered,  in  crystals,  by  rapid  cooling.  The  presence  of 
free  bromine  in  thes-e  liquids  diminishes  their  action  upon  it,  and  an  excess  of  phos- 
phorus pentabromide  is  essential  in  preparing  it  by  the  first  mellnid  in  order  to 
diminish  the  action  of  the  ether.  Azobenzene  is  always  reproduced  in  its  deeomposi- 
tion  by  these  liquids,  and  the  whole  of  the  bromine  maybe  ]ireeii'il  ated  I'njni  its 
alcoholic  solution  by  silver  nitrate,  silver  oxide,  or  barium  peroxide.  'When  cautiously 
heated  or  exposed  to  the  air,  or  left  over  sulplim  ie  acid  nmlei-  n  bell-jar,  it  deeompcses, 
and  finally  leaves  a  residue  of  azobenzene  ;  laiLw  ln  n  jaep  n-ed  by  the  third  method, 
and  generally  also  when  prepared  by  tlinhrst,  it  likcuise  yields,  on  exposure  over 
sulphuric  acid  an  intermediate  product,  consisting  of  ruby-red,  short,  jirismatic 
crystals,  which  increase  in  size  for  a  time,  and  then  break  up>,  yielding  azobenzene 
as  one  of  the  products  of  their  decomposition  ;  whereas,  when  prepared  by  the  second 
method,  and  occasionally  also,  when  prepared  by  the  first,  it  passes  into  azobenzene 
without  the  previous  formation  of  these  ruby-red  crystals.  This  difference  of  be- 
haviour might  induce  the  supposition  that  the  processes  in  question  yield  two  different 
bodies,  perhaps  C'-H'°iS!-.HBr.Br=,  and  C'-H"'N''.2HBr.Br ;  but,  on  estimating,  by 
means  of  sodium  thiosulphate,  the  quantity  of  free  bromine  resulting  from  the 
decomposition  of  the  compound,  this  amount  is  found  to  be  the  same  in  both  cases, 
namely,  Br-. 

(7)  The  hexhro-mide,  C"^H"'N-.Br'',  separates  after  some  time  from  a  dilute  solution 
of  azobenzene  in  chloroform  to  which  on  excess  of  bromine  has  been  added,  in  large, 
dark  red,  transparent  prisms,  which  decompose  very  rapidly  when  removed  from  the 
mother-liquor  ;  they  may  be  washed  with  a  solution  of  bromine  in  chloroform,  and 
dried  in  an  atmosphere  of  bromine.  The  hexbromide  is  apt  to  be  mixed  with  a  little 
dibromazobenzene,  unless  great  care  has  been  taken  to  prevent  rise  of  temperature 
during  its  preparation  (Werigo,  Ann.  Ch.  Tliarm.  clxv.  203-21G). 

Azobenzene  heated  in  sealed  tubes  with  fuming  hydrochloric  acid,  is  converted,  as 
shown  by  Zinin,  into  ben zi<line,  C  "H'-'N-.  In  this  case  an  addition  of  H- takes 
place,  but  the  product  u;v!i'i-goes  an  isomeric  transformation.     Tlie  same  result  is 
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obtained  by  boiling  azobonzeno  with  fuming  Iiydrobromio  acid ;  also,  and  witli  slill 
greater  facility,  with  hydriodic  acid. 

Azozybenzene,  C'-H'^N-O,  or  |  ^>0.  This  compound  is  not  attacked 

by  strong  hydrohomic  acid  at  the  boiling  heat,  but  -whou  the  two  substances  are 
heated  together  in  a  sealed  tube,  reaction  begins  at  250°,  and  the  whole  solidifies  on 
cooling  to  a  crystalline  mass  of  dibromaniline  hydrobromide.  By  heating 
with  hydriodic  acid,  azoxybenzene  is  easily  converted  into  benzidine  hydriodido, 
with  separation  of  iodine.  Strong  hydrochloric  acid  heated  with  azoxybenzene  in 
sealed  tubes,  begins  to  act  upon  it  at  a  high  temperature,  but  the  tubes  then  explode 
(Sendzink,  Zeitschr.  f.  Chem.  [2]  vi.  266). 

Azoxybenzene  is  violently  attacked  by  phosphorus  peniabromidc,  with  evolution  of 
hydrogen  bromide  and  formation  of  resinous  products;  but  when  the  action  is  moder- 
ated by  the  use  of  ethereal  solutions,  yellow  crystals  are  formed,  consisting  of  the 
compound  C'-H"N-Br^  or  C'=II"'N'-.HBr.Br-,  already  described  (p.  149)  (Worigo, 
Zeitschr.  f.  Chem.  [2]  vi.  387). 

Phosphorus  pentachloride  rapidly  converts  azoxybenzene  into  azobenzone,  but  in 
ethereal  solution  a  product  is  formed,  apparently  similar  to  that  which  is  obtained 
with  the  pentabromide  (Werigo,  Ann.  Ch.  JPharm.  clxv.  202). 

Sodium-amalgam  does  not  simply  reduce  azoxybenzene  to  azobenzone,  but  converts 
it  into  hydrazobenzene,  and  azoxy-compounds  generally  into  the  corresponding 
hydrazo-compounds  {\st  Siipfl.  270). 

Dihromasoxyhcnzene,  C''-H.*Br=N=0.  Sodium-amalgam,  which  converts  nitro- 
benzene into  azobonzene,  according  to  the  equation  2C''H^N0-— 0^  =  C'-H"'N-,  does 
not  act  in  a  precisely  similar  manner  on  monobromonitrobenzene,  so  as  to  produce 
<libromazobenzene,  but  takes  away  only  3  atoms  of  oxygen  instead  of  4,  producing 
dibroniazoxybenzene:  2C"H'BrN'0'-— 0^  =  C'-H"Br''N-0.  This  substance  is 
yellow,  crystalline,  easily  soluble  in  hot  alcohol  and  hot  benzene,  melts  at  176"  (Werigo, 
Ann.  Ch.  Pharm.  clxv.  198).  Hofmann  a.  Geyger  {Deut.  Chem.  Gcs.  Ber.  v.  915)  by 
treating  an  ethereal  solution  of  bromonitro-benzene  (melting  at  126°)  with  sodium,  ob- 
tained a  black  substance  which,  when  decomposed  by  methyl  iodide  or  hydrochloric  acid, 
yielded  dibromazoxybenzene,  crystallising  from  alcohol  in  leaflets,  and  melting  at  172°. 

Trinitro-dihromazoxyhcnzcne,  C'-H'Br2(N0-)^N-0,  is  formed,  together 
with  nitrated  dibromazobenzenes,  by  tlio  action  of  fuming  nitric  acid  on  dibromazo- 
benzene.  It  is  crystalline,  very  slightly  soluble  in  alcohol,  melts  at  174°,  solidifying 
to  a  resinous  mass  on  cooling,  and  decomposes  at  a  higher  temperature  {ibid.  191). 

Bichlorazoxybcmcne,  C'^H*Cl-N-'0,  is  formed  by  heating  solid  chloronitro- 
benzene  with  alcoholic  potash.  A  violent  reaction  takes  place,  and  the  mixture  on 
cooling  solidifies  to  a  mass  of  long,  hair-like  crystals  of  dichlorazoxybenzene,  melting 
at  165°-166°,  insoluble  in  water,  and  slightly  soluble  in  alcohol,  from  which  it  is 
deposited  in  pale  yellow  needles  having  a  silky  lustre. 

The  liquid  modification  of  chloronitrobenzene,  treated  with  alcoholic  potash,  yielded 
also  a  small  quantitj'  of  dichlorazoxybenzene ;  but  this  was  probably  due  to  the 
presence  of  a  small  quantity  of  the  solid  modification,  inasmuch  as  the  greater  part  of 
the  fluid  chloronitrobenzene  remained  unacted  upon,  even  in  presence  of  an  excess  of 
potash. 

Dichlorazoxybenzene  dropped  into  warm  fuming  nitric  acid  is  dissolved,  and  the 
solution,  on  addition  of  water,  or  on  cooling,  deposits  dichloronitrazoxybenzene, 
C'-H'Cl^(NO-)N'-0,  as  a  bright  yellow  substance,  melting  at  134°,  insoluble  in 
water,  and  sparingly  soluble  in  alcohol,  from  which  it  is  deposited  in  felt-like  flocks, 
consisting  of  small  needles.  Its  crystals  have  a  beautiful  silky  lustre,  and  are  difficult 
to  powder.  It  is  apparently  reduced  by  ammonium  sulphide,  but  the  product  has  not 
been  isolated. 

Dichlorazoxybenzene  added  to  fuming  sulphuric  acid,  dissolves  with  slight  evolu- 
tion of  Iieat,  the  solution  at  the  same  time  acquiring  a  metallic  reflex,  like  that  of  the 
aniline  colours.  On  cooling,  a  crystalline  substance  is  deposited,  which,  when  boiled 
with  alcohol  and  animal  charcoal,  yields  long,  reddish-yellow  needles  of  dichlorazo- 
benzene,  melting  at  183°,  insoluble  in  water,  and  sparingly  soluble  in  alcohol. 
Otlier  products  ajjpear  to  be  formed  at  the  same  time. 

If  solid  chloronitrobenzene  be  heated  with  alcoholic  potash,  and,  after  the  conversion 
into  dichlorazoxybenzene,  the  mixture  be  distilled  in  a  retort,  a  stage  is  reached  at 
which  a  violent  reaction  takes  place,  resulting  in  the  formation  of  chloranilino,  which 
passes  over  in  oily  drops,  and  of  dichlorazobenzene,  which  sublimes  in  yellowish-red 
crusts,  melting  at  183°,  and  identical  with  that  above  described.  Diehlorazo])enzcne 
treated  with  ammonium  sulphide  j-ields  wJiite  needles,  the  nature  of  which  has  not 
yet  been  determined  (K.  Ileumann,  Dettf.  Chem.  Gcs.  Bir.  v.  910). 
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Wlien  chlr:ronltro;ienzrne  (meltin;^  at  83°)  is  dissolved  in  aidijdrous  cdier,  and 
gni.'"  fV  lit'  s  vlium  are  added,  the  motal  i.s  gradually  transformed  into  a  black 

In:!'  !-  I      ,  \\'rr!i  bocoraes  warm  and  turns  yollowon  exposnre  to  the  air.  Tins 

•  ,  -  >A<-~]:i  water -with  red  colour,  and  wlien  heated  to  100°  with,  ether  and 

nu-iiivl  i."!id-,  3  ichl.^  .-I  vrll(,«-  ,-;-;:,:i;iIIino  mass,  which,  on  distillation  with  water, 
givL'b  a  distillate  contini;:  -  '  '  l  iido  and  chloronitrobenzene,  melting  at  83", 
anil  tlio  residue,  Avhen  i  i  •,  i  ,  :  :  -  alcoliol,  yields  d i ch  1  orazoxybenzen  o . 
The  black  substance,  trca'i 'I  .■.  u  ■  ncentrated  hj'drochloric  acid,  yields  a  yellow 
crystalline  mass  similar  to  that  obtained  by  the  action  of  methyl  iodide,  and  likewise 
yielding  diehlorazoxylieuzenc. 

When  the  black  substance  is  suspended  in  other  and  treated  Vi'itli  benzoyl  chloride, 
an  I  111  r;j,  ria  .i -rion  takes  place,  the  black  colour  changes  to  yellow,  and  the  product, 
ui.siill.  il  wii::  v.atcr,  gives  a  distillate  containing  nitrochlorobenzene.  The  residue  on 
crystal li>ai  ina  frnm  alcohol  yields  a  substance  which  has  the  composition  C'-"H"*C1-N''0', 
crystallises  iu  long  prisms,  molts  at  125°,  is  insoluble  in  water,  and  moderately  soluble 
in  alcohol  or  ether.  This  substance  may  be  regarded  as  hy  dro  -  di  chloraz  oxyb  en - 
zone,  C'^H'"CP!N-0,  in  which  two  hydrogen-atoms  are  replaced  by  benzoyl: — 

C'H'CIN— 0-NClH'C« 
I  I 
C'lPO  C'H'O. 

The  l)lack  substance  may  be  regarded  as  containing  the  corresponding  sodium  com- 
pound:— 

C^ffClN— O-NCIII'C" 
I  I 
Na.  Na. 

Dichlorazoxybenzeno  treated  with  ammonium  sidpliide  yields,  not  the  correspond- 
ing hydro-compound  C'-ir''Cl-N'-0,  as  iin;:lit  liivr  boon  expected,  but  hydrodi^ 
chlorazobeuz  ene,  C''-H"'Cl-N-or  CH't'l — UN'-  ?>n— C'H^Cl,  a  compound  formed 
from  dichlorazoxybenzeno  by  substitution  of  H'-  for  0.  This  substance  crystallises 
I'rom  alcohol  in  fine  colourless  crystals,  melting  at  122°.  Its  alcoholic  solution  boiled 
in  the  air  for  a  long  time,  or  lieated  to  the  boiling  point  with  animal  charcoal,  turns 
yellow,  and  deposits  crystals  of  dichlorazolicnzono. 

Sodium  has  no  action  on  an  ethereal  solution  of  fluid  chloronitrobenzene  (Ilofmann 
a.  Gej'gcr,  Dcui.  Ckem.  Ges.  Bcr.  v.  015). 

Ozyazo benzene,  C'-H^N^O  or  C^II'— NuN— OC=H\  This  compound, 
isomeric  with  azoxylionzene,  is  formed  by  the  action  of  potassium  phenatc  in  aojueouii 
solution  on  nitrate  of  diazobenzonc  : — 

Cqi--'— N=N— NO^  +  C^IPOK  =  KNO'  +  C'lP-N— N-OC"IP 
Uiazobenzone  Xitrate.  Oxyazobenzeuc. 

The  reaction  takes  pkice  without  evolution  of  gas,  and  the  oxyazobenzeno  gradually 
separates  in  a  brown  resinous  mass,  whicli  soon  solidities  in  the  crystalHno  form.  It 
agrees  in  all  its  properties  with  the  phonol-diazobenzeno  (.a.zodiphenylamic  acid 
C''H«O.C«H=N'',  iv.  433),  wliiih  Orioss  oblaiaod,  tii;_'othor  with  phenol-didiazobenzeno 
G"H"0.2C"H''1SC-,  by  heatin!.'-  m  aijuoMus  siib'lion  of  ilia.zoljcnzene  nitrate  with  barium 
carbonate  (Kekulc'a.  Ileidi  -ii,  Zut.<il,r.  /'.  Cln,,,.  vi.  384).  According  to  Tehcr- 
vinsky  {Bcut.  Chem.  Gcs.  Ucr.  vi.  oGO),  it  crystalli;:i  s  in  brick -red  prisms,  melting  .at 
loO°  (according  to  Griess  at  148°),  dissolves  at  boiling  lieat  in  dilute  alcohol  and  in 
toluene,  slightly  in  boiling  water.  Its  ammoniaeal  solution  gives  with  silver  nitrato 
a,  gelatinous  precipitate  which  becomes  crystalline  on  standing.  Nitric  acid  converts 
it  into  picric  acid. 

Ticnzoxyazohenzene,  C'"H'(C'H"'0)N'-0,  is  easily  soluble  in  toluene,  sparingly  in  other, 
still  less  in  alcoliol,  crystallises  in  tables,  nodules,  or  tetrahedrons,  melts  at  136° 
(Tschcrvinsky). 

When  oxyazobenzeno  is  heated  to  100°  with  phosphorus  pentachloride,  hydrochloric 
acid  is  given  off ;  and  a  body  is  formed  which  crystallises  from  alcohol  in  long  orange- 
red  needles  having  the  composition  C'-H'^N-O-.  This  body  is  probably  oxy-azoxy- 
benzcno, 

 >^ 

!  /O 

C^H'OH— N/ 

It  is  converted  by  soilium-amalgam  into  a  Ijody  vohich  crystallises  in  yellowish 
needles:  probably  the  corresponding  hydrazo-compound  (Keknlt^  a.  Ileidegh,  loc.  cit.). 
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hemenic  acid,  ^11^(80^11)-.  The  potassium  salt  of  this  acid  mixed  with  potas- 
sium cyanide  and  subjected  to  dry  distillation,  yields,  together  -with  a  large  quantity  of 
ammonia,  a  liquid  consisting  of  benzene,  benzonitril,  and  paradicyanobenzone, 
C''H^(CN'-)  (1:4);  a  liquid  which  does  not  boil  at  195°,  solidifies  on  cooling,  and 
■when  boiled  with  an  alkali  yields  terephthalic  acid  :  hence  benzene-disulplionic  acid, 
prepared  as  above  is,  for  the  most  part,  a  para-compound..  (Wislicenus  a.  Brunner, 
Dnit.  Chem.  Gcs.  Ber.  iv.  984). 

Amidobenzene-sulpbonic  acid,  C«H'(NH-).SO'H. — This  mixture  of  isomeric 
acids,  obtained  by  tlio  action  of  suljihuric  acid  on  phenol,  gives  with  aniline  (amido- 
benzene),  a  crystalline  product  soluble  in  water  and  in  alcohol.  This,  when  freed 
from  excess  of  sulphuric  acid  and  cautiously  lieated,  gives  off  phenol,  aniline  and 
sulphurous  oxide,  and  leaves  an  amidobenzene-sulphonic  acid  isomeric  with  Laurent's 
sulphanilio  acid,  and  apparently  identical  -with  the  sulphanilic  acid  of  Gcrhardt, 
Hofmann,  Buckton,  and  Schmitt  (v.  477).    Pratesi  {Dent.  Chem.  Gcs.  Ber.  v.  970). 

Amidobenzene-sulphonic  acid  in  aqueous  solution  is  not  acted  upon  by  cupric  chlo- 
ride alone  ;  but  if,  whilst  the  liquid  is  boiling,  ammonium  chloride  and  a  small  quantity 
of  ammonia  be  added,  it  becomes  immediately  of  a  dark  red  colour.  On  removing 
the  copper  by  suljphuretted  hydrogen,  the  colouring  matter  is  reduced,  and  the 
liquid  becomes  brown.  On  allowing  it  to  remain  in  contact  with  air,  it  is  again 
oxidised,  the  surface  becomes  once  more  red,  and  on  shaking,  or  on  removing  the 
sulphuretted  hydrogen  by  warming,  the  original  colour  returns.  On  evaporation, 
the  colouring  matter  is  obtained.  By  the  addition  of  a  sufficient  quantity  of  copper 
chloride,  amidobenzene-sulphonic  acid  is  completely  decomposed.  The  colouring 
matter  is  easily  dissolved  by  water  and  alcohol,  which  it  colours  intensely  red  ;  it  is 
completely  insoluble  in  ether  and  in  benzene.  It  is  destroyed  by  tin  chlorine  and 
nitric  acid ;  concentrated  sulphuric  acid  dissolves  it  with  brown  coloration ;  on 
diluting  the  solution,  the  characteristic  red  colour  reappears  (H.  Eose,  Beut.  Chem. 
Gcs.  Ber.  v.  41). 

.Azobenzene-sulpbonic  acid,  C'*H"'N-SO^ — This  acid,  discovered  by  G-riess 
(Ann.  Ch.  I'hanii.  cxxxi.  89:  eliv.  208),  and  further  examined  by  Skandarow 
[Zeitschr.  f.  Chtia.  [2]  vi.  613),  is  lu'oduced  by  heating  azobenzene  with  fuming  sul- 
phiiric  acid  to  13U°.  The  liquid,  diluted  with  a  moderate  quantity  of  water,  deposits 
the'  sulpho-acid,  which  when  re-crystallised  from  a  larger  quantity  of  water,  forms 
shining  orange-yellow  laminse.  Its  salts  are  mostly  crystallisable.  The  potassium 
salt  C'-H^KN-SO^  +  2H-0  crystallises  in  shining  orange-yellow  tables;  the  silver 
salt  C''^H''AgN=S03  also  in  tables.  The  barium  salt  Ba(C'=H'N-SO^y-'  is  sparingly 
soluble  in  water. 

The  acid  fused  at  a  gentle  heat  with  potassium  hydrate  yields  the  compound 
C'-H"'N-0,  identical  with  phenol-diazobenzeno  or  azodiphenylamic  acid 
(iv.  438) ;  and  by  treating  this  compound  with  ammonium  sulphide,  a  base  is  pro- 
duced, probably  C'^H'^N-O. 

By  saturating  an  ammoniacal  solution  of  azobenzene-sulphonic  acid  with  hydrogen 
sulphide,  evaporating  and  precipitating  with  hydrochloric  acid,  benzidine-sul- 
phonic  or  hydrazobenzene-sulphonic  acid,  C'-H'"N-SO',  is  obtained.  This 
acid  dissolves  sparingly  in  hot  water  and  crystallises  therefrom  in  yellow  needles  or 
laminse.  Its  barium  salt  Ba(C'-H"N^SO^).^  crystallises  in  light  yellow  shining  laminae. 
The  acid  does  not  dissolve  in  ammonia  or  other  alkalis,  but  is  resolved  thereby  into 
benzidine  and  sulphuric  acid. 

Asobcnzcne-sulphonic  Chloride,  C'-H^N-SO-Cl,  is  formed  by  treating  potas- 
sium azobenzene-sulphonate  dried  at  165°  with  phosphorus  pentachloride.  The  action 
commences  at  ordinary  temperatures,  but  must  be  completed  by  heating  for  a  few 
hours  in  the  water-bath,  after  which  the  product  may  be  mixed  with  water,  and  the 
precipitated  solid  chloride  dried  and  crystallised  from  pure  ether.  It  forms  loosely- 
coherent  orange-yoUovr  nodules,  insoluble  in  water,  and  slowly  resolved  by  boiling 
with  water  into  hydrochloric  and  azobenzene-sulphonic  acid.  It  dissolves  in  alcohol, 
and  is  decomposed  thereby,  without  however  yielding  an  ether.  It  is  also  decomposed 
by  ammonia  and  by  boiling  potash  (Skandarow). 

■  Azobeneenesulphamide,G^'^WlS,-SO''-'^'E?,  is  prepared  by  treating  the  chloride 
with  strong  ammonia.  The  reaction  begins  spontaneously,  and  is  attended  with  rise 
of  temperature.  The  product  is  heated  in  the  water-bath  to  expel  the  excess  of 
ammonia ;  the  sal-ammoniac  formed  in  the  reaction  is  dissolved  out  by  cold  water  ;  and 
the  amide,  after  drying,  is  recrystallised  from  boiling  alcohol.  It  is  an  orange-yellow 
powder,  insoluble  in  water,  slightly  soluble  in  boiling  alcohol,  insoluble  in  caustic 
alkali ;  gives  off  ammonia  when  boiled  with  potash  (Skandarow). 
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Dihroma^oben~ene-sulphonic  acid,  C^-WBv-WSO^  +  Sil-0.  Whenawarm 
solution  of  dibromazobenzene  in  fuming  sulphuric  acid  is  dip:ested  for  some  time,  and 
then  poured  into  boiling  water,  tho  liquid  becomes  filled  with  yellow  crystals  of  the 
brominated  sulpho-acid,  provided  a  certain  quantity  is  jjresent;  if  more  or  less  than 
tliis  particular  quantity  of  water  has  been  taken,  the  acid  remains  in  solution.  It 
thus  resembles  azobonzone-sulphonic  acid  in  being  soluble  both  in  water  and  in  strong 
sulphuric  acid,  as  well  as  in  the  mode  of  its  production.  It  is  monobasic,  and  dissolves 
easily  in  water,  alcohol,  and  etlior,  the  solutions  having  an  acid  reaction.  A  hot  concen- 
trated aqueous  solution  gelatinises  when  suddenly  cooled,  but  gradually  becomes  filled 
with  crystals.  It  occurs  in  three  forms,  appearing  under  the  microscope  as  very 
slightly  coloured  needles,  broad  yellow  plates,  and  reddish  crystals  pointed  at  both  ends. 

The  potassium  salt  resom.bles  tho  free  acid  in  appearance,  but  is  loss  soluble  in  water 
and  still  less  in  alcohol.  From  its  hot  alcoholic  solution  it  separates  on  cooling  in 
orange-yellow  needles.  Tho  silver  salt  is  a  yellow,  amorphous  powder,  very  shghtly 
suhiblo  in  water  and  in  alcohol  (Werigo). 

Oxyasohcmetie-sul'phonic  acid,  C'-H^N"O.SO'H,  obtained  by  heating  oxyazo- 
I'cnzeno  in  the  water-bath  with  3  or  4  parts  of  fuming  snlpliuric  acid,  and  purified  by 
separation  from  its  barium  salt,  crystallises  in  well-defiiifd  (H'tnli(-d,-:il  combinations, 
and  is  easily  soluble  in  water.  The  sparingly  soluble  hariuni  ynil  ll.ii  ( ''-'IPN-O.SO''/ 
+  2H-0  crystallises  in  gold-yellow  laminae.  The  easily  i,o\n\i\L-  c«p]>rr  salt  and  the 
magnesium  salt  contain  6H-0  ;  iho  iwtassium  salt  is  anhydrous  (Tsehirvinsky,  Beat. 
Chem.  Ges.  Ber.  vi.  560). 

Bromobenzene-sulphonic  acid,  CH'Br.SO'H. — According  to  A.  Roi-p-Gnri-iek, 
the  acid  formed  by  tho  action  of  bromine  on  benzene-sulphonic  acid  is  isomeric,  not 
identical,  with  that  which  Coupcr  obtained  by  dissolving  bromobenzene  in  sulphuric 
acid,  diiFering  from  the  latter,  partly  by  the  forms  of  its  salts,  but  more  esp!'cially  in 
apparently  yielding  hydroquinone  when  fused  with  potash,  whereas  Couper's  acid  j-ields 
rcsorcin.  According  to  Genz,  on  the  other  hand,  the  isobromobenzenc-sulphonic  acid 
prepared  by  tho  action  of  bromine  on  benzene-sulphonic  acid  yields  resorein  as  well  as 
hydvorjuiiioii,.  by  fusion  with  pot.-ish  (l.s/  Snppl.  274). 

T(i  liii-'iw  I'lirlliir  liulil  oil  tliis  qiirvtiDii,  I  111' brhuviour  of  isobromobenzene-siilphonic 
acid  uill,  p^t;l^simu  liy.ii-iitr  has  Immh  rr-rx.-iiiiined  by  A.  Wolz  {Zeitschr.f.  Chem.  [2] 
vii.  44 'J  ;  Add.  Ch.  I'hunn.  clxviii.  «8),  who  obtained  an  oily  product-.,  exactly  as 
described  by  Garrick,  only  partially  soluble  in  water ;  tho  aqueous  solution  left  on 
spontaneous  evaporation  a  dark-coloured  orystnllino  residue,  from  which,  by  sublima- 
tion, pure  resorein  was  obtained.  Pure  hydroquinono  was  ascertained  to  give  no  trace 
of  its  isomerides  when  similarly  sublimed,  nor  was  it  altered  by  fusion  with  potassium 
hydrate,  so  that  tho  resorein  cannot  have  been  a  product  of  the  conversion  of  hydro- 
quinono. 

Further,  potassium  isobromobonzone-sulphonato  was  distilled  with  potassium 
cyanide,  whereby  a  liquid  and  a  solid  product  were  obtained:  the  former  gave  benzoic, 
the  latter  terephthnlic  acid  on  treatment  with  alkali.  The  results  obtained  with 
potassium  hydrate  and  with  potassium  cyanide  are,  therefore,  in  complete  accordance, 
and  necessitate  a  re-examination  of  the  two  series  of  salts. 

Bromohcnzene-stilphochloride,  C''H''Br.SO^Cl,  is  produced  by  dissolving  bromo- 
licnzcne  -with  gentle  heat  in  fuming  sulphm-ic  acid,  neutralising  tho  solution  with 
lime,  separating  tho  calcium  salt  of  the  bromobenzene-sulphonic  acid  from  tho  gypsum 
by  extraction  with  boiling  water,  converting  it  into  the  corresponding  sodium  salt,  and 
heating  the  latter  in  the  dry  st.itr  llir  ciliniliitcd  i|u:intily  of  ].linsphorus  ponta- 

clilorido  in  a  capacious  fla^I.-  till  I  he  .■nl  i  iv  ina.xs  b:Tniiics  liipiid.  A  I'ler  cooling,  tho 
sulphochloride  is  washed  wiili  u.il cr  .inil  (li^sul\•^Ml  in  i  l Iht  frrc  Iruni  alcohol,  from 
n-hich  it  crystallises  with  gruat  facility,  fMrniiiig  large  .sliiuiiig  ja-isniatic  crystals 

belonging  to  the  triclinic  .system,  and  exhibiting  the  combination  P  co  .      .  OP.  It 

melts  at  T.'.-TG"'  (ITiibncr  a.  .-Usbcrfr,  7y,tsrhr.  f.  Chem.  [2]  vi.  389). 

l',r..ri,uhni  :i  ,;/  -.«/'/;//■//,//■.//(  .  ( '"  1 1 '  1  !rS 1 1 .  is  1'.  .riiird  by  heating  the  sulphocllloride  with 
fin  and  runci-iil ral rd  liyd i-i irh loiar  ariJ.  ih,.  Ii(|iild  then  turning  blue.  It  volatilises 
with  vapnurdf  water,  dissiilvcs  easily  in  ]iul,  sl.iwly  in  cold  ah'oliol,  and  crystallises 
'u  wliite  laminai  resembling  naphtliaiciu',  and  lll^ltill^  at  ':>°.  The  alroholic  solution 
forms  with  lead  ncfto/c  a  bright  yellow  ].i-rc;|>italr  ;  wiili  mi  rm  ric  rldnridc  a  heavy 
white  precipitate,  both  insoluble  in  water  and  in  alculidl  :  witli  euj-iric  acetate  and 
silver  nitrate  it  forms  dirty  yellow  precipitates  (Hubner  a.  Alsberg). 

Bihromobencenc-sulphonic  acid,  C"H^Br=.SO^H,  is  obtained  by  dissolving 
dibromobenzone  in  Nordhausen  sulphuric  acid,  diluting  with  water,  neutralising  with 
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lime,  decomposing  the  resulting  calcium  salt  with  sulphuric  acid,  and  dissolving  out 
t!ie  sulpho-acid  with  alcohol;  or,  better,  by  neutralising  with  load  carbonate  and  deoom- 
po(<ing  the  lead  salt  with  hydrogen  sulphide. 

The  sulpho-acid  crystallises  in  silky  needles,  which  gradually  change  into  compact 
plates.  It  contains  2  mol.  water  of  crystallisation,  and  molts  at  about  117°,  be- 
coming brown  at  the  same  time. 

Its  calcium  salt  (C''II'Br-SO^)2Ca-(-4H-0  forms  long  colourless  needles,  very  soluble 
in  water ;  the  silver  salt  CH^Br-SO^Ag  +  3H^0  transparent  needles,  also  very 
soluble.  The  lead  salt  {C'WBv-SO^yi'h  +  311-0  crystallises  from  a  saturated  solution 
in  fine,  long,  six-sided  prisms,  which  change  after  some  time  into  largo,  compact, 
rhombic  tables.  The  liarium  salt  (C«H^Br-S03)=Ba  +  2H-0,  the  sodium  salt 
C^H^Br-SO^Na  -i-  liH-'O,  and  the  potassium  salt  CH^Br-SO'K  +  H-0,  are 
very  soluble  in  water ;  the  first  crystallises  in  four-sided  tables,  the  other  two  in 
noedles  (E.  Douglas  Williams,  Zeitsohr.  f.  Ckem.  [2]  vii.  302.  Hiibner  a.  Williams, 
Ann.  Ch.  Fharm.  clxvii.  117). 

This  acid  has  also  been  prepared  in  the  same  manner  as  above  by  A.  Wolz  {ibid. 
353;  further,  Ann.  Ch  Fharm.  clxviii.  81),  whose  results  agree  for  the  most  part 
with  those  of  Williams.  He  finds,  however,  that  the  crystallised  acid  contains 
3  mol.  water  of  crystallisation,  only  2  of  which  are  given  oft'  at  100°,  the  remainder 
at  about  120'',  at  which  temperature  ths  acid  undergoes  further  decomposition. 
According  to  Wolz,  also,  the  calcium  scdt  contains  9  mol.  water  instead  of  4,  as  found 
by  Williams  ;  the  barium  salt  dried  ever  sulphuric  acid  is  anhydrous;  the  cop'pir  scdt 
((>H^Br-SO^)-Cu  forms  long  shining  laminae,  apparently  containing  14H-0 ;  the 
ammonium  salt  C''H%-SO^(NH*)  crystallises,  from  a  concentrated  solution,  in  .shining 
needles,  and  by  slow  evaporation  in  compact  plates.  Wolz  believes  that  his  dibromo- 
beTizeno-sulphonic  acid  is  identical  with  that  of  AVilHams,  and  isomeric  with  that  which 
Sclimitt  obtained  some  years  ago  by  decomposing  dibromodiazobonzone-sulphonic  acid 
with  boiling  alcohol  {Ann.  Ch.  I'Jiarm.  cxx.  1.58). 

Bihnimonitroben~ene-sulphonio  acid,  C'^H=Br-(NO-).SO'II,  is  obtiiinod  as  a  viscous 
mass  on  boiling  dibromosulphobenzone  with  fuming  nitric  acid.  The  potassium  salt 
C'H'-Br-NO-SO^K  +  2.5-II-0  forms  small  needles,  soluble  in  alcohol  and  water ;  tho 
barium  salt  (C'=II=Br2NO-S03)'-'Ba  +  2|H^0  groups  of  small  needles.  The  caj^i'er 
salt  (C°H-Br'-NO-SO^)-Cu  +  H-0  is  very  soluble  in  water,  alcohol,  .'ind  ether;  on 
evaporating  the  latter  solution,  it  remains  as  a  syrup,  in  which  crystalline  nodules 
gr;idually  appear.  The  lead  salt  (CH'^Br-NO^SO^y-Pb  +  H-0  forms  very  small, 
reddish  needles,  sparingly  soluble  in  water.  The  strontium  salt  is  very  solulilo,  and 
crystallises  in  microscopic  needles  (Hiibner  a.  Williams,  Ann.  Ch.  Fharm.  clxvii.  121). 

BEUZHYBHOXAIWCIC  AGXBS.  (Lossen,  Ann.  Ch.  Fharm.  clxii.  347.)— The 
successive  replacement  of  the  3  atoms  of  hydrogen  in  hydroxylamiue  NH'O  by  benzoyl, 
p  ves  riss  to  two  acids,  namely,  bonzirydro-xamic,  NH-(C'H^O)0,  and  dibenzhydroxamic, 
NH(C'H=0-)0,  whilo  the  replacement  of  the  third  atom  in  like  manner  produces  a 
neutral  body  N(C'ff0)^0,  called  tribenzyhydroxylamine. 

Frcparation  of  Jienzydro.ramic  and  Bibcnzydroxamie  Acid.  —  Benzoyl  chloride 
poured  into  an  aqueous  solution  of  hydroxylamino  or  its  hydrochloride  supersaturated 
with  soda,  is  almost  entirely  converted  into  benz-  and  dibenz-hydroxamic  acid.  The 
two  acids  being  produced  simultaneously, 

NH^O.HCl  +  C'ffOCl  +  Na^CO^  =  NH-^(C'ffO)0  +  2NaCl  -I-  CO-  +  ffO 
Benzhydro.xamate. 

2NffO,HCl  +  4C'ff OCl  +  SCOW  =  2NH(C'H50)'0  -t-  6NaCl  +  SCO^  SH^O 

Dibenahydroxamate. 

1  part  of  hydroxyiamine  salt  is  dissolved  in  8  to  10  parts  of  water  with  sufficient 
soda  to  take  up  all  the  chlorine  set  free  by  the  reaction,  and  3  parts  benzoyl  chloride 
are  added  gradually  with  constant  agitation,  keeping  tho  mixture  cold.  Tho  sparingly- 
soluble  dibenzhydroxamic  acid  which  separates  should  be  recrystallised  from  alcohol, 
and  the  benzhydroxamic  acid,  which  remains  for  tho  most  part  in  solution,  may  be 
obtained  by  precipitating  with  baryta-water,  decomposing  with  sulphuric  acid, 
purifying  the  product  by  crystallisation  from  a  small  quantity  of  warm  alcohol,  and 
washing  the  crystals  with  ether.  Tho  hydroxyiamine  solution  for  this  preparation 
may  bo  obtained  by  digesting  tin  for  a  week  in  the  cold  with  nitric  acid,  hydrochloric 
acid  and  water,  and  precipitating  the  tin  with  soda  {\st  Suppl.  723). 

Besszliyclroixamic  Acid,  Nir-(G"H'0)0. — The  pure  acid  crystallises  in  colourless 
rhombic  plates,  exhibiting  tho  forms  ooP,  ooP  cc,  f  oo,  Poo,  and  cleaving  perfectly 
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parallel  to  cof  co.  Ratio  of  axes  a  :  b  :  c  =  0-32o563  :  1  :  0-321707.  The  crystals 
are  strongly  double-refractive,  and  have  the  plane  of  the  optic  axes  parallel  to  Ac 
(Klein.  Ann.  Ch.  Phann.  clxvi.  180).  The  acid  dissolves  in  4-i-5  parts  of  water  at  6^, 
inucli  more  easily  in  wurm  water,  very  easily  in  alcohol,  sparingly  in  ether  and  in 
carbon  sulphide,  and  not  at  all  in  benzene.  The  impure  acid  forms  warty  masses. 
It  has  an  acid  reaction,  and  melts  at  124*6^.  The  acid  and  its  salts  are  decomposed 
more  or  loss  violently  at  a  high  temperature.  Heated  with  dilute  hydrochloric  or 
sulphuric  acid,  it  splits  up  into  benzoic  acid  and  a  salt  of  hydroxylamine. 

Bcnzhydroxamic  acid  is  moiioliasic,  but  has  a  tendency  to  form  acid  salts.  Tlie 
avJd potassium  salt  NH(C'1PO)OK.NH'-(C'H»0)0,  and  the  acid  sodium  salt  NH(C"I1^0) 
UNa.Nir(C'lPO)0  +  3II-0,  form  rliombic  prisms  or  plates,  moderately  soluble  in 
warm  water,  little  soluble  in  alcohol.  The  sodium  salt  effloresces  in  dry  air.  An 
alcoholic  solution  of  the  frco  acid  treated  with  potash  gives  a  precipitate  of  tlie  acid 
salt,  redissolved  by  further  addition,  but  reappearing  in  crystals  as  the  solution 
evaporates  in  air. 

The  neutral  barium  salt  is  obtained  in  microscopic  needles  when  the  acid  potassium 
salt,  neutralised  with  ammonia,  is  treated  with  barium  chloride.  If  the  ammonia  be 
omitted,  a  variable  mixture  of  neutral  and  acid  barium  salt  is  precipitated.  Tlie 
latter  crystallises  in  small  prisms,  together  with  the  free  acid,  when  the  neutral  salt  is 
decomposed  with  an  insufficient  quantity  of  sulphuric  acid,  and  the  filtrate  allowed  to 
evaporate.  It  is  nearly  insoluble  in  water  and  alcohol.  The  calcium  and  cine  salts  aro 
neutral :  the  former  is  an  amorphous,  the  latter  a  crystalline  precipitate. 

Solutions  of  the  acid  sodium  salt  give  white  precipitates  with  manganous  chloride, 
cailiiiium  snlpli.ato,  alum  and  lead  nitrate,  iic-irly  wliito  with  cupric  sulphate,  green 
with  clii'i.iiir  alum,  whitish  green  with  ui.-ki  1  sulphate,  peach-colo\ired  with  cobalt 
iiifratr,  yi  lldw  with  mercuric  chlori'lc,  all  snlulilc  in  i  xecss;  white  with  silver  nitrate, 
rapidly  blackening,  and  insoluble  in  excess.  Ferric  chloride  gives  a  dark  red  precipi- 
tate, soluble  with  intense  red  colour  in  excess,  or  in  dilute  sulphuric  or  hycbochlorie 
acid.  The  latter  when  concentrated  destroys  the  colour,  but  it  appears  again  on 
dilution. 

Dlbenzhydrosamic  Acid,  NH(C'H'0)-0,  crystallises  by  cooling  in  needles  or 
prisms,  liv  spiinfanedus  evaporation  of  the  alcoholic  solution  in  shining  rhomljiccrystals, 
which,  according  to  Klein,  exhibit  the  faces  OP,  cnPoo,  ooP,  2Po!>,  P  co,  2P  co,  and 
cleave  perfectly  parallel  to  coP  ;  they  exert  strong  double  refraction,  and  have  the  plana 
of  the  optic  axes  parallel  to  be.  The  acid  dissolves  with  diflicidty  in  water,  cold  alcohol, 
ether,  or  carbon  sulphide,  more  easily  in  hot  alcohol,  not  at  ail  in  benzene.  It  has  an 
acid  reaction,  melts  at  145'^,  decomposes  violently  at  a  higher  temperature,  with  forma- 
tion, among  other  products,  of  benzanilido.  With  acids  it  splits  up  like  benzhydros- 
amic  acid  ;  with  alkalis  it  gives  a  benzoate  and  a  benzhydroxamate.  The  latter,  by 
shaking  with  benzoyl  chloride  and  water,  maybe  reconverted  intodibenzhydroxaniic  acid. 

The  acid  is  monobasic  and  forms  neutral  salts.  The 23otassiit7n  salt  N(C'H''0)-OK 
crystallises  from  alcohol  in  pearly,  very  thin  plates,  or  microscopic  six-sided  tables, 
decomposing  with  violence  by  heat,  and  leaving  a  benzoate  and  a  sparingly  soluble 
indifferent  body.  The  aqueous  solution  decomposes  on  standing,  without,  however, 
producing  benzhydroxamic  acid.  Tho  sodium  salt  is  rather  more  soluble  in  alcohol 
than  the  potassium  salt,  and  forms  sharp-pointed  prisms. 

A  fresh  solution  of  potassium  dibenzhydroxamato  gives  white  precipitates  with 
manganous  chloride,  with  lead,  silver,  and  cobalt  nitrates,  and  with  zinc  and  cadmium 
sulphates  ;  blue-green  with  chrome  alum  ;  apple-green  with  nickel  sulphate;  and  with 
ferric  chloride  a  reddish-yellow  precipitate  but  no  coloration.  It  is  distinguished  from 
benzhydroxamate  and  oxalhydroxamate  by  giving  no  precipitate  witli  salts  of  the 
alkaline  earths. 

Tribenzliydroxylamine,  N(C'ffO)'0,  is  among  the  products  of  the  action  of  a 
solution  of  Ijcnzoyl  chloride  in  a  hjalrocarbon  boiling  at  110°,  on  dry  hydroxylamine 
hydrochloride.  It  is  also  formed  by  heating  potassium  dibonzhydroxamate  to  100° 
with  benzoyl  chloride  in  excess,  aftervi^ards  removing  the  benzoyl  chloride  with  ether 
and  the  potassium  chloride  with  water,  and  recrystallising  the  residue  from  alcohol.  It 
is  insoluble  in  water,  ether,  and  benzene,  nearly  insoluble  in  cold,  but  easily  soluble 
ill  lioiling  alcohol,  from  which  it  crystallises  in  groups  of  small  sliining  prisms".  Those 
crystals  (fig.  5),  are  monoclinie,  luiving  tho  axes  a  :  i  :  c  =  I'lloSSo  :  1  :  0-334900, 
an<l  tho  angle  of  the  inclined  axes  be  =  83°  21'  20".  Angle  -P  :  -P=149°  24'; 
mP  :    coP  =  90°  36';  -  P  :  ooP  =  118°  14'.    Observed  forms  :— 

(xP,  —  P,  (Pot),    ooPao,  (coPcc). 
T         c  n  k  II 

The  plane  of  the  optic  axes  coincides  Vv-ith  the  clinodiagonal  principal  section,  and  the 
two  principal  directions  of  vibration  arc  so  situated  in  this  nlano  that  one  runs  nearly 
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piimllel  to  P  OS,  the  other  nearly  at  right  angles  to  it  (Klein,  Icc.  cit.).  Tribenzhy- 
druxylamine  melts  at  140°,  and  decomposes  at  190°.  Its  alcoholic  solution  treated 
with  potash,  splits  up  ■  into  benzoato  and 
dibenzhydroxamate. 

Tribenzhydroxylamine  admits  probably 
of  only  one  rational  formula ;  but  benzliy- 
droxamic  and  dibenzhydroxamic  acid  admit 
each  of  two :  the  first  may  be  either  NH 
(C'H^O)  (HO)  or  NH^fOCaiK)),  the  second 
N(C'ffO)=(HO)  or  NH(C'ff OXOC'H^O). 

SEn-ZHVBKYX.-BEN'ZOXC  ACXS. 
See  BuNzoYL-BENzoic  Acid. 

B-SNZIDINE,  C'-H'-N''  =  C'-n^(NH-)=. 
—The  cyanide  of  this  base,  C'-H'-N^2CN, 
is  formed  when  benzidiDO,  prepared  from 
azobenzene,  decolorised  by  boiling  with 
animal  charcoal,  and  purified  by  several  re- 
crystallisations  from  alcohol,  is  dissolved  in 
alcohol,  and  cyanogen  gas  is  passed  into  the 
solution  till  the  liquid  smells  strongly  of 
it.  The  liquid,  if  then  left  to  itself  for  two 
days,  deposits  benzidine  cyanide  as  a  rod 
mass,  the  quantity  of  which  gradually  increases.  This  compound  appears  amorphous 
under  the  microscope ;  it  is  insoluble  in  water,  slightly  soluble  in  alcohol,  ether,  and 
benzene,  somewhat  more  freely  in  light  petroleum  oil,  but  even  in  this  liquid  it  is  not 
sufficiently  soluble  to  admit  of  purification  by  solution  and  separation.  It  is  resolved 
by  acids  into  benzidine  and  oxalic  acid  (Wittenstein,  Beut.  Chem.  Gcs.  Bir.  iii.  723). 

Bfitrobenzidines. — Benzidine  treated  with  nitric  acid  yields  only  oxidation-pro- 
ducts, no  nitro-compounds.  To  obtain  the  latter,  benzidine  must  first  be  converted 
into  acetobenzidine,  which  is  easily  eiFected  by  boiling  benzidine  with  glacial  acetic 
acid  for  two  hours. 

Acctoben::idi)ic,  C'-H^(NH.C-il^O)-,  is  insoluble  in  water,  and  crystallises  from  hot 
alcohol  in  white  needles.  It  is  a  very  stable  compound,  not  so  easily  decomposed  by 
stronger  acids  as  acetanilide. 

Cold  nitric  acid  converts  it  into  dinitracetohen-idme,  C'=H«(N02)2(NH.C'^H30)=,  a 
yellow  crystalline  powder  which,  when  boiled  with  caustic  potash,  yields  dinitro- 
benzidine,  C'-H''(NO-)(NH-)-,  a  light  red  crystalline  powder,  insoluble  in  water,  but 
soluble  in  hot  alcohol,  from  which  solution  it  separates  after  some  time  in  larger 
crystals  having  a  beetle-green  lustre.  The  hydrochloride  forms  shining  dark  yellow 
-plates,  and  is  a  very  unstable  body,  being  readily  decomposed  by  water  as  well  as 
by  heat. 

Dinitrobenzidine  does  not  appear  to  be  convertible  into  amidobenzidine  by  the 
action  of  reducing  agents.  By  acting  on  the  dinitro-compoiind  with  tin  and  hydro- 
chloric acid,  the  nitrogen  of  the  nitro-group  is  separated  in  the  form  of  ammonia, 
and  benzidine  is  formed,  whilst  by  heating  it  with  ammonium  sulphide  only  indefinite 
brown  substances  are  obtained. 

On  digesting  benzidine  with  carbon  sulphide,  the  compound  C'-H*|^g|  cSis 

obtained,  a  body  quite  insoluble  in  all  common  solvents.  Besides  this  substance, 
another,  having  the  same  composition,  but  soluble  in  alcohol,  is  formed  in  smaller 
quantity,  to  which  perhaps  the  above  formula  should  be  given,  whilst  the  insoluble 
body  might  be  a  polymeride  (Strakosch,  Bmt.  Cham.  Ges.  Bcr.  v.  236). 

Benzidine-disul'phonic  acid  or  Hydrasohcnzcne- sul'phonic  acid, 
C'^H'^N^SO^,  is  formed  by  the  action  of  ammonium  sulphide  on  azobenzene-sulphonic 
acid  (see  page  152). 

Base  Iiomolog:ous  witb  Benzidine,  C"H"=N=  (Petrielf,  ZeUschr.  f.  Chem.  [2] 
vi.  265).  This  base  is  obtained  as  a  hydi-ochlorido  or  sulphate  when  strong  hydro- 
chloric or  sulphuric  acid  is  added  by  drops  to  an  alcoholic  solution  of  liydrazotoluone 
j)ropared  from  azotoluene  by  the  action  of  sodium-amalgam  ;  hydrazotoluene  prepared 
with  ammonium  sulphide  does  not.  yield  it.  The  aqueous  solution  of  the  hydro- 
cliloride  treated  with  ammonia  deposits  the  base  in  colourless  transparent  lamin» 
having  a  silvery  lustre.'  These  crystals  are  easily  soluble  in  boiling  water,  soluble 
also  in  alcohol  and  in  ether,  melt  at  128°-129°,  and  decompose  at  a  higher  tempe- 
rature. 

The  liydrocMoridc,  C"H"''N=.2HC1,  crystallises  in  colourless  lamina;,  wliich  dissolve 


BENZILE— BBNZILIC  ACID. 


157 


easily  in  water,  but  separate  from  the  solution  on  addition  of  strong  hydrochloric  acid. 
It  is  insoluble  in  alcohol  and  ether.  The  aqueous  solution  forms  a  yellow  ci7stallino 
precipitate  \nth  platinic  chloride.  There  are  two  sulphates,  which  resemble  otio 
another  in  external  characters,  but  differ  in  solubility,  the  one  being  soluble,  the  otiicr 
insoluble  in  hot  water  and  in  alcohol.  The  insoluble  salt,  which  has  the  composition 
C"H"'N-.2HC1,  is  a  white  pulverulent  mass,  partially  decomposed  by  water,  the 
liquid  gi'adually  turning  reddish. 

BEirZIXii:,  C'*H"'0-. — This  compound  distilled  with  soda-limo  yields,  together 
with  benzene,  considerable  quantities  of  benzophenone  or  diphenyl  ketone,  C"H'''0-  — 
CO  +  CO(C*H^)-.  Heated  with  potassium  sulphydrato,  to  120°,  it  is  converted  into 
benzoin  and  toluylone  oxide  or  deoxybenzoin : 

C"H'»02  +  2KHS  =  K-S-  +  C"H'-0- 

Benzclo.  Benzoin. 

C"H'-0-  +  2K1IS  =  K=S-  +  H-0  +  C'^H^O 

Eonzoin.  Deoxybcuzoin. 
(Jena,  Ann.  Ch.  Pharm.  civ.  77). 

BcnzUe  tetrachloride,  C'^H'"0=C1\  treated  with  zinc  in  alcoholic  solution  yields  two 
isomeric  compounds,  C'*II"'C1-,  the  first  of  whicli  forms  white  rhombic  plates,  melting 
at  15.3°,  and  dissolvingin  lOparts  of  boiling  alcohol,  whereas  the  second  crystallises  in 
long  needles  or  six-sidod  prisms,  which  melt  at  63°  and  dissolve  in  any  411,1111  ity  of 
boiling  alcohol ;  10  parts  of  the  tetrachloride  yield  2-2  to  2-4  parts  nt  1  li.-  lii--;  mikIG  to 
6-2  p.arts  of  the  second  compound.  Both  these  compounds  dissolve  williiml  ilreomposi- 
tion  in  ether  and  acetic  acid.  They  are  not  attacked  by  zinc,  or  by  alcoholic  potash 
at  130°;  sodium-amalgam,  on  the  other  hand,  converts  them  into  toluene  (Zinin, 
Zcitschr.f.  Chem.  [2]  vii.  284). 

Bhiifrobcnzile,  C'*H*'(N02)-0^. — Benzile  treated  with  boiling  fuming  nitric  acid, 
yields  two  isomeric  dinifrohcniziles,  one  crystallising  in  octohedrons  "which  melt  at 
13P  and  dissolve  in  41  parts  of  boiling  and  137  parts  of  cold  alcohol;  the  second 
crystallising  in  ]ilates,  which  melt  at  147°  and  dissolve  in  52-5  parts  of  boiling  and 
290  parts  ot  enlil  alcohol  (Sagumenny,  Dcut.  Chcm.  Gcs.  Ber.  v.  1100). 

BENZXX.XC  ACZB,  C"H'-'0^  (Jena,  Ann.  Ch.  Pharm.  elv.  77).— This  acid  is 
formed  by  heating  benzile  with  water,  or  better  with  alcoholic  potash  : 

C"ir"0=  +  H-O  =  C"H'20^ 

Benzile  dissolves  in  alcoholic  potash  with  deep  violet  colour,  and  its  conversion  into 
benzilic  acid  takes  place  sometimes  at  ordinary_  temperatures,  the  liquid  becoming 
heated  to  the  boiling  point  of  the  alcohol,  sometimes  only  after  heating  over  a  gas 
flame.  After  the  reaction  is  ended,  the  liquid  must  be  heated  till  it  becomes  light 
yellow,  then  mixed  with  water  and  precipitated  with  hydrochloric  acid.  If  the 
benzilic  acid  is  only  slightly  contaminated  with  benzoic  acid,  it  may  bo  com- 
pletely purified  by  one  or  two  crystallisations  from  hot  water.  If  a  larnm-  i|iiant  ity  of 
benzoic  acid  is  present,  it  is  best  to  digest  the  precipitate  with  a  (juanl  ily  <it  s.idium 
carbonate  not  sufficient  to  dissolve  it  completely;  the  benzilic  acid  is  llim  cliicily  dis- 
solved, and  may  be  precipitated  from  the  filtrate  by  hydrochloric  acid  and  recrystaUised 
from  hot  water. 

Benzilic  acid  was  originally  obtained  Ijy  oxidation  of  benzoin,  C'^H'-0-(i.  615),  and 
is  commonly  said  to  be  formed  from  that  substance  also  by  the  action  of  alcoholic 
potash  ;  according  to  Jena.,  however,  this  takes  place  only  when  the  benzoin  is  con- 
taminated with  benzile  ;  and  according  to  Limpricht  a.  Schwanort  {Dent.  Chcm.  Gcs. 
Bcr.  iv.  336),  the  products  obtained  by  heating  benzoin  with  alcoholic  potash  are 
different,  according  as  the  reaction  takes  place  in  an  open  flask  or  in  sealed  tuljes.  In 
the  former  case  the  benzoin  is  partly  converted  by  the  oxidising  action  of  the  ;iir.  into 
Ijenzilo — the  formation  of  which  is  rendered  evident  by  the  deep  violet  colour 
wliioh  the  liquid  assumes  from  the  beginning  of  the  action, — and  the  benzile  is  then 
converted  into  benzilic  acid  as  above.  AVhen,  on  the  other  hand,  the  reaction  takes 
place  in  sealed  tubes,  no  benzilic  acid  is  obtained,  or  only  a  trace — and  the  liquid 
exliibits  the  violet  coloration  above  mentioned  only  at  the  commencement  of  the 
reaction,  a  small  quantity  of  benzile  being  then  formed  by  the  oxidising  action  of  the 
air  in  the  tube. 

Benzilic  acid  crystallises  in  small  monoclinic  needles,  whicli  have  a  white  colour  and 
satiny  lustre,  but  assume  a  fine  reddish  colour  at  110°,  melt  at  160°,*  the  liquid 

»  It  is  con,?nonly  stated  that  benzilic  .acid  melts  at  120°  ;  this,  however,  is  tlie  melting  ]ioint  of 
Ijcnzoic  acid,  which  is  often  formed  in  considerable  qua!\tity  shnultancously  with  benzilic  acid,  by 
tlio  action  of  alcoholic  potash  on  benzils,  and  when  contaminated  with  traces  of  benzilic  acid, 
exhibits  the  red  coloration  characteristic  of  the  latter  when  heated  or  acted  npon  by  sulphuric  acid. 
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becoming  deep  red  at  a  higher  temperature ;  the  same  colour  is  produced  ty 
treatment  with  strong  sulphiu-ic  acid,  but  disappears  on  addition  of  -(vatcr.  It  has  a 
bitter  taste;  dissolves  easily  in  alcohol,  ether  and  hot  water,  very  sparingly  in  cold 
water. 

Barium  Ben;:rilaic,'B-A{C^'W^O^)-  +  GWO,  obtained  by  dissolving  the  acid  in  baryta- 
water,  decolorising  ■with  animal  charcoal  and  evaporating,  forms  white  crusts.  The 
silve7-  salt  obtained  by  precipitation  is  white,  but  becomes  dark  coloured,  gradually  at 
ordinary  temperatures,  more  quickly  when  heated.  Ethi/l  benzi'aie  is  precipitated  on 
adding  water  to  the  alcoholic  solution  of  benzilic  acid  mixed  with  hydrochloric  acid, 
as  a  yellow  oil,  which  has  an  odour  of  peppermint,  does  not  crystallise,  and  is  decom- 
posed by  distillation. 

Benzilic  acid  heated  for  several  hours  to  180°  is  converted  into  a  deep  red  liquid, 
which  solidifies  on  cooling  to  au  amorphous  mass  easily  soluble  in  alcohol.  On 
evaporating  the  alcoholic  solution  thus  obtained,  several  compounds  crystallise  out, 
among  which  are  dibenzilic  acid  'C-^H^O"  =  2C"II'-0''  —  K-0,  and  benzo- 
phenone  C''il"'0.  A  similar  decomposition  appears  to  take  place  when  benzilic 
acid  is  heated  to  150°  with  hydrochloric  acid.  By  dry  distillation  benzilic  acid 
yields  a  red-brown  empyreumatic  oil,  which  may  be  distilled  with  aqueous  vapour, 
but  carbonises  when  heated  alone  to  270-280°.  Benzilic  acid  is  not  altered  by 
heating  to  150°  for  three  liours  with  alcoholic  potash. 

By  oxidising  substances,  chromic  acid  for  example,  benzilic  acid  is  converted  into 
carbon  dioxide,  water,  and  benzophenone: 

C'*H'=0'  +  0  =  CO"-  +  H-0  +  C'H'oO. 

Benzophenone  is  likewise  formed  by  the  dry  distillation  of  silver  benzilate,  or 
by  prolonged  boiling  of  that  salt  with  water. 

Barium  benzilate  distilled  with  J-th  of  its  weight  of  soda-lime  is  resolved  into  carbon 
dioxide  and  bonzhydrol:  C"Hf-'0»  =  00=  +  C'W-0. 

2>eoxyl)eniylic  Acid,  C'lJ'^O''. — Benzilic  acid  is  not  acted  upon  by  sodium- 
amalgam  or  by  zinc  and  hydrochloric  acid;  but  when  heated  to  150°  with  con- 
centrated hydriodio  acid,  it  is  reduced  to  deoxybenzylic  acid.  On  digesting  the  pro- 
duct with  water,  dissolving  the  residue  in  aqueous  sodium  carbonate,  and  acidulating 
with  hydrochloric  acid,  the  deoxybenzylic  acid  is  precipitated,  and  may  be  purified 
by  crystallisation  from  hot  water  or  from  alcohol,  separating  from  the  former  in 
needles  resembling  those  of  benzilic  acid,  from  the  latter  in  large  laminae.  It  is 
sparingly  soluble  in  cold  water,  but  dissolves  easily  in  hot  water,  also  in  alcohol  and 
ether;  molts  at  146°,  and  when  more  strongly  heated  yields  a  small  sublimate,  but 
does  not  turn  red,  like  benzilic  acid.  Heated  with  strong  sulphuric  acid,  it  assumes 
a  greenish-yellow  colour.  By  oxidation  With  chromic  acid  it  yields  the  same  pro- 
ducts as  benzilic  acid.  Its  silver  salt  AgC'  'H"0=  +  2W0  obtained  by  precipitation 
from  a  neiitralised  solution,  forms  small  needles  blackening  on  exposure  to  light. 
The  bariuni'Salt  Ba(C"H"0=)'-  t  2H-0  is  easily  soluble  in  water,  and  crystallises  in 
tufts  of  satiny  needles,  melting  above  300°.    This  salt  distilled  with  a  small  quantity 

of  soda-lime  yields  diphonyl-methane,  CH'^or  CH-jQ„|^5: 

Ba(C"H"0-)'-  +  2NaH0  =  BaCO'  +  Na^CO^  +  20"!!'^ 

The  diphenyl-m ethane  passes  over  as  an  oil,  crystallises  at  low  temperatures,  and 
when  purified  by  solution  in  alcohol,  decoloration  with  animal  charcoal,  evaporation, 
and  recrystallisation  in  a  freezing  mixture,  forms  monoclinic  prisms,  having  a  very 
fragrant  odour,  like  that  of  oranges,  melting  at  26-'l°,  soluble  in  ether  and  in  alcohol. 
The  ethereal  solution  gives  a  precipitate  after  a  while  with  bromine  (Jena). 

Benzilic  acid  is  regarded  by  Stadeler  and  by  Limprichta.  Schwanert,  ^sdiphcnylgli/- 
coUio  acid  C(OH)(C''H')-.C'0'-H,  and  dcoxybcnzilic  acid  as  dijjlunyl-acetic  acid 
CH(C''H'>)-.C02H  (see  Benzoin). 

Ettoyl-benzilic  acid,  C'^H'^O^  =  C"H"(CTl^)0'.—xi  body  having  this  compo- 
sition is  formed,  together  with  several  other  products,  when  benzoin  is  heated  with 
sodium-alcohol  to  150°  in  sealed  tubes  (4  grams  of  benzoin  with  1  gram  of  sodium 
dissolved  in  20  c.  c.  spirit  of  92  p.  c,  for  two  or  three  hours).  On  evaporating  off  the 
alcohol,  mixing  the  slightly  yellowish  residue  with  water,  filtering  after  12  hours,  and 
treating  the  filtrate  with  hydrochloric  acid,  ethyl-benzilic  acid  is  precipitated,  together 
with  a  little  benzoic  acid  and  a  very  small  quantity  of  benzilic  acid.  These  two  acids 
may  be  removed  by  cold  solution  of  sodium  carbonate,  which  leaves  the  ethyl-bcnzilic 
acid  undissolved ;  and,  on  washing  with  water,  dissolving  the  residue  in  alcohol  or 
ether,  and  evaporating,  ethyl-bcnzilic  acid  remains  as  a  light-yellow  uncrystallisable 
mass,  having  the  eonsistcnco  of  turpentine. 
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Ethyl-bfinzilie  acid  distils  apparently  unaltered,  Icavin";  only  a  small  residue. 
Heated  with  strong  sulphuric  acid,  it  turns  first  red-brown,  then  dark  broy/n,  but  not 
red  like  bonzilic  acid.  It  is  insoluble  in  water,  but  dissolves  easily  in  dleohol  and 
ether,  the  alcoholic  solution  having  an  acid  reaction.  It  does  not  dissolve  in  cold 
solution  of  sodium  carbonate  or  in  ammonia,  and  is  nearly  insoluble  in  aqueous  potash, 
but  dissolves  very  easily  on  addition  of  a  little  alcohol.  Boiled  with  baryta-water,  it 
partly  dissolves,  and  is  reprecipitated  by  hydrochloric  acid,  while  another  portion  is 
converted  into  a  viscid  adhesive  resin  probably  a  barium- compound.  The  alcoholic 
solution  of  ethyl-benzilic  acid  gives  a  precipitate  witli  neutral  lead  aceta,te  and  a  little 
ammonia,  none  with  silver  nitrate,  oven  on  careful  addition  of  ammonia.  The 
alcoholic  solution,  mixed  with  a  small  quantity  of  soda-ley,  forms  with  silver  nitrate 
a  white  precipitate,  which,  after  drying,  turns  brown  even  at  a  gentle  heat.  Ethyl- 
benzilic  acid  is  not  altered  by  heating  to  160°  for  three  hours  with  alcoholic  potash, 
or  by  digestion  in  alcoholic  solution  with  sodium-amalgam.  Heated  to  170°  with 
hydriodic  acid,  it  yields  a  brown  mass  insoluble  in  alcohol  and  in  sodium  carbonate. 
Eromino  acts  but  feebly  on  it  even  with  the  aid  of  heat,  forming  resinous  products. 

It  will  be  seen  from  the  preceding  description,  that  the  acid  properties  of  this 
compiound  are  by  no  means  well  defined;  indeed,  it  is  doubtful  whether  the  name 
ethyl-benzilic  acid  can  be  appropriately  applied  to  it.  (Jena  a.  Limpricht,  Ann.  Ck. 
I'harin.  civ.  100). 

Eespectiiig  tlie  constitution  of  benzilic  acid  and  its  derivatives,  see  Benzoin. 

BESfZIMZBS.  Laurent's  bonzimide,  C-^H'^N'-O-,  produced  by  the  action  of 
hydrocyanic  acid  on  bitter  almond-oil,  is  resolved  by  heating  with  water  to  100-180° 
into  benzoic  aldehyde  and  the  imide  of  formo-benzilic  (maudelic)  acid  (Ziniu,  Dciit. 
Chcm.  Ges.  Bcr.  iii.  552): 

CTI'«.N=0=  +  H-0  ^  Qm«0  +  C'<'H"0'N-. 

BBurZOIC  ACXB,  C'II«0-.— This  acid  is  formed  l)y  fusing  a  dry  mixture  of 
sodium  formate  and  potassium  phenylsulphitc: 

H.COONa  -i-  CH^.SO'K  =  HKSO^  +  CH'.COONa. 

By  dissolving  the  fused  mass  in  water,  distilling  after  aeidulation,  neutralising  the 
distillate  with  sodium  carbonate,  boiling  it  with  animal  charcoal  to  remove  sulphur- 
compounds,  then  concentrating  by  evaporation,  and  acidulating  with  h^ydrochloric  acid, 
benzoic  acid  is  separated,  and  maybe  obtained  perfectly  pure  by  recrystallisation  from 
water  and  sublimation  (V.  Meyer,  Deut.  Clum.  Gcs.  Bcr.  iii.  112). 

Lowe  (J.  fr.  Chcm.  cviii.  257)  finds  that  when  gum  benzoin  is  dissolved  in  alcohol 
of  95  p.  c.  and  the  filtered  solution  is  mixed  with  alcoholic  soda,  it  deposits  after  4S 
hours  a  red-brown  substance,  the  aqueous  solution  of  which  gives  with  hydrochloric 
acid  an  amorphous  precipitate,  whieli,  when  heated,  yields  an  abundant  sublimate  of 
benzoic  acid.  Hence  Lowe  infers  that  the  greater  part  of  the  benzoic  acid  does  not 
exist  in  the  resin  ready  formed — .'^ince,  in  tliaX  case,  it  would  have  gone  down  in  the 
soda-precipitate  and  would  have  licen  precipiUited  in  the  crystalline  form  on  addition 
of  hydrochloric  acid  to  the  aqueous  solution  of  that  precipitate — but  is  produced  by  tlie 
action  of  heat  on  a  substance  previously  existing  in  the  resin.  The  acid  filtrate  did 
indeed  yield  on  evaporation  a  small  quantity  of  benzoic  acid,  which  probably  existed 
in  till'  resin  in  the  free  state.  The  formation  of  benzoic  acid  from  the  resin  by  heat 
dues  not  dcjiond  on  tlie  action  of  tho  air,  for  Lowe  found  that  the  same  quantity  of 
the  acid  product  is  obtained  by  heating  the  gum  benzoi'n  with  an  equal  weight  of  sul- 
phuric acid  (fi-cc.  from  nitric  acid),  to  170°.  The  mixture,  contained  in  a  leaden  dish, 
is  placed  in  a  shallow  vessel  of  iron  or  copper  covered  with  tho  usual  paper  covei', 
and  having  fixed  to  its  side  a  vertical  glass  tube  within  which  a  thermometer  is  placed. 
Tho  heat  must  be  applied  slowly,  as  otherwise  tho  mass  is  apt  to  froth  over. 

According  to  Guichard  (lUd!.  Soc.  CJiiin.  [2]  xix.  359"),  benzoic  acid  may  be  advan- 
t.igeously  extracted  from  gum  benzoin  by  means  of  carbon  sulphide.  Having  left  a 
ciuantity  of  benzoin  macerating  for  some  time  with  carbon  sulphide,  he  found  it  covered 
with  colourless  crystals  of  benzoic  acid,  and  the  liquid  on  evaporation  yielded  a  further 
crop  of  nearly  pure  crystals. 

The  following  determinations  of  the  melting  points  of  mixtures  of  benzoic  and 
cinnamic  acids  are  given  by  J.  Kachler  {Zcistchr.f.  Chcm.  [2]  vi.  60) : — 
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Benzoic  Acid 

Cinnamic 
Acid 

Melting  Point 

Benzoic  Acid 

Cinnamic 
Acid 

Melting  Point 

100  p.e. 

0 

123-3° 

40 

GO 

98-7° 

90 

1 

118-2 

30 

70 

108-2 

00 

10 

111-5 

20 

80 

118-0 

80 

20 

106-4 

10 

90 

12G-(5 

70 

30 

101-4 

1 

99 

131-8 

60 

40 

87-1 

0 

100 

133-3 

50 

50 

84-3 

Hence  it  appears  that  the  lowest  melting  point  is  exhibited  by  a  mixture  of  the  two 
acids  in  equal  proportions. 

Rcactio.is. — 1.  When  bromine  is  added  by  drops  to  a  mixture  of  1  mol.  benzoic  acid 
and  1  mol.  2}hosphorits  trichloride,  a  violent  action  takes  place,  hydrobromic  acid  being 
given  off,  and  the  mass  gradually  becoming  liquid.  The  product  when  subsequently 
distilled,  yields  benzoyl  chloride  and  oxychlorobromide  of  phosphorus  : 

(1)  .       C^ffO.OH  +  POP  +  Br-  =  HBr  +  PCP  +  C-H^^O.OBr 

(2)  .      C^ffO.OBr  +  PCP  =  C'lPOCl  +  PCPOBr. 

Phosphorus  pentachloridc  acts  in  a  similar  manner  (Wichelhaus,  Dcut.  Ckem.  Gcs.  Bcr. 

According  to  Geuther  a.  Michaelis  {Jenaische  Zcitschrift,  vi.  242),  the  action  of 
bromine  and  phosphorus  trichloride  on  benzoic  acid  takes  place  in  a  different  manner, 
namely,  as  represented  by  the  equation  : 

3PCP  +  3Br-  +  3(C'H50.0H)  =  2P0CP  +  POBr^  +  3C'IP0C1  +  SHOr. 

When  40  grams  of  benzoic  acid,  46-2  PCP,  and  52-4  bromine  were  made  to  act  on  one 
another  as  described  by  Wichelhaus,  and  the  mass  afterwards  fractionated,  it  separated 
into  a  portion  boiling  at  110°-llo°  and  another  passing  over  at  160°-190°,  whereas 
nothing  was  obtained  having  a  boiling  point  of  135°-137°  (oxychlorobromide  of  phos- 
phorus.) From  the  higher-boiling  portion,  by  cooling  and  addition  of  a  crystal  of 
phosphorus  oxybromide,  a  portion  was  obtained  in  the  crystalline  state,  having  the 
properties  and  composition  of  the  oxybromide.  The  greater  part  of  the  latter,  how- 
ever, remained  dissolved  in  the  benzoyl  chloride, 

2.  When  benzoic  acid  is  fused  with  potassium  hydrate  at  360°  for  about  half-an- 
hour,  paraoxybenzoic  acid  is  formed,  together  with  a  yellow  amorphous  body,  C"'H"0-\ 
and  brown  resinous  bodies.  A  small  quantity  of  a  crystalline  acid,  C'H'-O',  easily 
solulile  in  alcohol  and  ether,  and  giving  a  violet-red  colour  with  ferric  chloride,  is 
likewise  produced  by  the  further  action  of  the  fused  potash  on  the  paraoxybenzoic 
acid. 

3.  When  benzoic  acid  is  fused  with  an  equal  weight  of  potassium  sidphocr/anate,  the 
reaction  commences  at  150°,  and  is  terminated  at  170°.  Carbon  oxysulphide,  sulphu- 
retted hydrogen,  and  carbon  sulphide  are  evolved,  and  a  residue  is  left,  consisting 
principally  of  benzamide,  which  can  easily  be  purified  by  crystallisation.  The  yield 
is  large,  amounting  to  81  p.c.  of  the  benzoic  acid  taken,  so  that  this  method  can  be 
advantageously  employed  for  the  preparation  of  benzamide. 

When  potassium  sulphocyanate  is  distilled  with  two  molecules  of  benzoic  acid, 
scarcely  anything  but  benzonitril  is  formed  (as  previously  shown  by  Letts),  so  that  it 
would  seem  that  the  potassium  benzoate  formed  during  the  reaction  abstracts  water 
from  the  benzamide,  forming  benzonitril.  Benzamide  distilled  with  potassium  ben- 
zoate yields  benzonitril.  Ammonium  benzoate,  on  the  contrary,  has  no  action  on 
benzamide  (Kelaile,  Dcut.  Chcm.  Gcs.  Bcr.  vi.  110). 

metallic  Benzoates. — Several  of  these  salts  have  been  examined  by  Scstini, 
Cicofrnaiii  ;i.  Ziiv.itti  I  Bull.  8oc.  Chim.  [2]  xiii.  488).  The  poiassiuvi  salt  KC'H-'*0-  + 
:!H-0  is  oblaiiicd  by  spontaneous  evaporation  of  its  solution,  in  irregular  whitish 
laminae,  which  ttflorcsco  and  fall  to  powder  on  exposure  to  the  air.  By  evaporation 
under  a  bell  jar  over  sulphuric  acid,  colourless  anhj-drous  needles  are  obtained. 

Sodium  Ben-oate,  NaC'H^O^  +  H^O,  forms  small  efflorescent  nodules  made  up  of 
microscopic  prisms. 

The  magnesium  salt  Mg(C'H^O-)-  +  H-O  is  obtained  by  spontaneous  evaporation 
over  sulphuric  acid,  in  spherical  masses  composed  of  small  oblique  prisms,  or  by 
evaporating  tlie  solution  till  a  crystalline  film  forms  on  the  surface,  as  a  -n-liito  lam- 
inated mass. 
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The  sine  salt,  Zu(C'H'*0-)'  crystallises  in  oblique  prisms  when  its  concentrated 
solution  is  left  to  cool,  and  in  shining  laminae  united  in  arborescent  masses  when  left 
to  evaporate  over  sulphuric  acid.  It  is  more  soluble  in  cold  than  in  hot  water  :  con- 
sequently a  solution  saturated  in  the  cold  becomes  tiu-bid  when  heated,  and  deposits 
part  of  the  salt  in  the  anhydrous  state. 

The  nickel  salt  Ni(C'ffO'-)-  +  3H^0  crystallises  by  spontaneous  evaporation  in  light 
green  crusts.    It  is  efflorescent,  slightly  soluble  in  cold,  more  soluble  in  hot  water. 

The  cobalt  salt  Co(C'ffO-)-  +  23^0  forms  delicate,  shining,  longitudinally  striated 
laminae,  which  are  colourless  when  viewed  separately,  but  appear  peach-blossom- 
coloured  in  mass.  When  heated  it  gives  off  its  water  and  acquires  a  fine  blue-violet 
colour. 

The  copper  salt  Cu(C'H^O-)-  +  2W0  is  a  light  blue  precipitate,  slightly  soluble 
in  cold,  abundantly  in  hot  water,  and  crystallising  therefrom  in  thin,  light  blue,  rhom- 
boidal  laminae  united  in  spherical  groups;  when  heated  it  gives  off  its  water  and 
becomes  deep  blue. 

Tin  salts.  Benzoates  yield  insoluble  precipitates  both  with  stannous  and  with 
stannic  chloride.  The  stannous  precipitate  is  reddish  and  appears  to  have  the  com- 
position Sn(C'ffO-)-  -I-  H-O.  The  white  precipitate  obtained  with  stannic  chloride 
appears  to  be  a  molecular  compound  of  stannic  hydrate  with  benzoic  acid,  SnH'O*. 

c'H«o=  +  m-0. 

Tho  aluminium  salt,  AP  |(0H)-^  ^  white,  easily  soluble  crystals, 

grouped  in  dendritic  forms. 

The  ferrous  and  ferric  salts  were  not  obtained  in  the  crystalline  form. 

Silver  bemoate,  treated  with  bromine,  yields  benzoic  acid  and  a  resinous  body 
(Bunge,  Zeitschr.  /.  Chem,  [2]  vii.  119).  With  liquid  phosgene  it  forms  benzoyl 
chloride : 

C'H«Ag02  +  COCP  =  AgCl  +  C02  +  C'ffOCl. 

A  small  quantity  of  a  chlorinated  oil,  probably  CH^'CF,  is  formed  at  the  same  time 
(V.  Meyer,  Zeitschr  f.  Chem.  [2]  vi.  496). 

Ethyl  Bemoate.  C^ffCffO^.— This  other,  treated  with  sodium  ethylato,  yields 
sodium  benzoate  and  ethyl  oxide,  according  to  the  equation : 

C^ff.C'HsO-  -t-  NaOC^ff  =  NaC'ffO-  +  {C'W'fO, 

besides  formic  acid,  and  two  oily  bodies,  one  of  which  lias  the  composition  C^'H^'O' 
(or  perhaps  C-^R^^O^  and  the  other  C^'H^^O.  Their  formation  may  perhaps  be  re- 
presented by  the  equation : 

Tho  production  of  formic  acid  may  be  due  to  the  action  of  the  liberated  oxygen  on  the 
benzoic  ether  (Gouther,  Jcnaische  Zcitschrift,  vii.  126). 

_  Bromobenzoic  acids.  — Parabromobenzoic  or  bromodracylic  acid,  o  btained  by  oxid- 
ising bromotoluene  with  chromic  acid,  melts  at  251°  ;  metabromobeuzoic  acid,  produced 
by  the  action  of  bromine  on  benzoic  acid,  melts  at  153°  {\st  Suppl.  pp.  309,  310). 
The  ortho-modification,  or  bromo-salylic  acid,  does  not  appear,  to  have  been  obtained. 
V.  V.  Eichtcr  indeed  states  that  it  is  formed,  together  with  the  meta-acid,  by  ths 
action  of  bromine  on  benzoic  acid ;  but  this  statement  is  contradicted  by  Hiibner  a. 
Petermann  {Ann.  Oh.  Pharm.  cxlix.  131),  who  found  that  only  one  brominated  acid 
(the  meta-acid)  is  formed  in  this  way  ;  also  by  Hiibner  a.  Friedbiirg  {ibid,  clviii.  19), 
who  obtained  in  this  same  manner  a  mixture  of  metabromobenzoic  with  unaltered 
benzoic  acid.  Such  mixtures  often  melt  at  temperatxu-es  lower  than  the  melting  points 
of  either  of  their  constituents  ;  thus  a  mixture  of  2  parts  benzoic  with  1  part  bromo- 
benzoic acid  melts  at  about  196°,  and  a  mixture  of  1  part  benzoic  with  5  parts  bromo- 
benzoic acid  at  about  115°.  This  circumstance  has  probably  given  rise  to  the  sup- 
position that  two  brominated  acids  are  formed  by  the  action  of  bromine  on  benzoic 
acid.  Peligot,  by  treating  silver  benzoate  with  bromine,  obtained  a  brominated  acid 
melting  at  100°  (i.  634),^and  Angerstein  {Ann.  Ch.  Pharm.  clviii.  1)  has  shown  that 
the  product  thus  obtained  is  a  mixture  of  bromobenzoic  with  benzoic  acid  ;  fiu'ther 
that  the  bromobenzoic  acid  separated  from  it,  agrees  with  metabenzoic  acid  in  its 
melting  point  (163°),  in  the  characters  of  its  barium  salt,  which  crystallises  in  .small 
smooth  needles,  and  in  those  of  its  nitro-acid. 

_  Metabromobenzoic  acid  then  is  formed  by  the  action  of  bromine  on  benzoic  acid,  on 
silver  benzoate,  and  on  benzamide  {1st  Suppl.  316),  whence  it  appears  that  the  three 
gi'oups  COOH,  COOAg,  CONH=,  have  the  same  influence  on  the  bromine-atom,  causing 
it  to  stand  to  the  group  COOH,  &c.  in  the  position  1  :  3.  Moreover,  it  is  known  that  the 
2nd  Sup.  M 
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presence  ol  the  group  CH^  gives  rise  to  tlie  formation  of  a  para-compound,  bromo -toluene 
CH^.CII^  being  converted  hj  oxidation  into  para-oxybenzoic  acid  ;  lience  it  appeared 
possible  that  the  presence  of  the  group  CN  might  cause  the  formation  of  orthobromo- 
benzoic  acid.  On  heating  benzonitrile,  C^ffCN,  with  bromine  in  closed  tubes,  a 
reddish-brown  thick  liquid  was  obtained,  which  was  dissolved  in  alcohol,  and  the 
solution  diluted  with  water ;  microscopic  crystals  gradually  separated  out,  which 
were  scarcely  attacked  by  caustic  potash  solution  at  120°.  From  the  alkaline  liquid 
a  small  quantity  of  an  acid  was  obtained,  melting  at  230°-235°,  which  was  probably 
parabromobenzoic  acid.  Other  experiments  to  prepare  the  missing  or  orthobromo- 
benzoic  acid,  likewise  gave  only  negative  resiilts.  As  Hem-y  as  shown,  this  acid  is 
not  formed,  as  chlorosalylic  acid  (orthochlorobenzoic  acid)  is,  by  treating  salicylic  acid 
with  phosphorus  pentabromide,  and  decomposing  the  product  with  water.  Friedburg 
found,  like  Henry,  that  only  bromosalicylic  acid  is  thereby  formed.  He  tried  further  to 
prepare  diazo-orthoamidobenzoic  acid,  in  order  to  convert  it  by  the  action  of  hydrobromic 
acid  into  metabromobenzoic  acid,  but  did  not  succeed  in  obtaining  tliediazo-compound, 
which  appears  to  be  a  most  unstable  body.  On  mixing  a  solution  of  the  sulphate  of 
ortho-amidobenzoio  acid  (anthranilic  acid)  with  potassium  nitrate  in  the  cold,  and  adding 
hydrobromic  acid,  nitrogen  is  evolved,  but  no  orthobromobenzoic  acid  is  formed  ;  the 
solution  containing  only  salicylic  and  nitro-salicylic  acids,  which  shows  that  the 
diazo-compound  is  decomposed  by  the  water  before  the  hydrobromic  acid  can  act 
upon  it  (Friedburg,  Aim.  Cli.  Pharm.  clviii.  29). 

Friedburg  fui-ther  confirms  the  results  of  Hubner,  Ohly,  and  Philipp,  that  by 
treating  pure  meta-bromobenzoio  acid  with  strong  nitric  acid,  two  isomeric  bromoni- 
trobenzoic  acids  are  formed,  viz.  a-hromonitrohcmoic  acid,  which  melts  at  260°,  and  the 
j8-acid  melting  at  140°  {\st  Suppl.  316,  316). 

Potassium  bromobenzoate  fused  with  sodium  formate  yields  isophthalic  acid, 
together  with  benzoic  acid.  The  formation  of  isophthalic  acid  is  represented  by  the 
equation : 

C«H^Br.CO^H  +  H.CO^H  =  HBr  +  C''ff(CO^H)= 
(Ador  a.  Meyer,  Beut.  Chem.  Ges.  Bn:  iv.  359). 

Dibromobensoic  acid,  C'H^Br-0-  (Hiibner  a.  Angerstein,  loc.  cit).  This  acid  is 
best  obtained  by  enclosing  6  grams  of  benzoic  acid  and  13'1  grams  of  bromine  in  tubes, 
half  filled  with  water  and  heating  them  to  200°_230°,  until  the  colour  has  nearly 
disappeared.  The  resulting  mixture  of  mono-,  di-,  and  tri-bromobenzoio  acid  is  boiled 
with  water  and  barium  carbonate,  and  the  solution  concentrated,  Tribromobenzoate 
then  crystallises  out  first,  and  afterwards  impiu-e  dibromobenzoate  ;  whilst  the  salt  of 
the  mono-bromobenzoic  acid  remains  in  tlie  mother-liquor.  The  complete  separation 
of  the  three  acids  is  very  difficult,  and  can  only  be  effected  by  employing  large  quan- 
tities of  material. 

Barium  dibromobenzoate,  Ba(C'H%^C0-)^  -t-  2W0,  crystallises  in  fine,  short,  trans- 
parent needles.  The  calcium  salt  forms  shining  plates  ;  the  sodium  salt  is  very 
soluble,  and  does  not  crystallise  well ;  the  silver  salt  forms  a  white,  and  the  copper  salt 
a  light  green  precipitate.  Pure  dibromobeuzoic  acid  is  sparingly  soluble  in  water, 
readily  in  ether  and  alcohol,  and  crystallises  in  tufts  of  slender  needles,  melting  at 
223°-227°,  and  subliming  without  decomposition. 

Silver  monobromobenzoate  treated  with  bromine  does  not  yield  dibromobeuzoic  acid, 
the  product  consisting  of  silver  bromide,  monobromobenzoic  acid,  and  a  few  drops 
of  a  volatile  oil,  which  attacks  the  eyes  powerfully. 

Bibromonitro-bcnzoic  acid,  CH-Br-.NO-.COOH.  To  prepare  the  compound,  impure 
dibromobenzoic  acid  is  dissolved  in  hot  concentrated  nitric  acid.  The  solution  is 
evaporated  on  the  water-bath,  and  the  residue  dissolved  in  sodium  carbonate.  As  the 
sodium  salt  of  the  acid  crystallises  exceedingly  well,  it  is  easily  obtained  by  recrystal- 
lising  the  mixture  of  the  sodium  salts,  rejecting  the  first  crystals  and  the  last 
mother-liquors.  The  middle  portion  yields,  on  further  crystallisation,  the  pure  salt 
NaC''H-Br-.(N02).C0-  -i-  3H-0,  which  separates  from  a  hot  concentrated  solution  in 
large  shining  leafiets,  and  from  a  diluted  solution  in  long  fine  needles.  When  heated 
it  deflagrates,  leaving  a  bulky,  carbonaceous  mass  behind. 

Barium  dibromonitrobenzoate,  Ba(C^H=Br=N0-.C00)-  -I-  1W0,  forms  fine  silky 
needles.  The  strontium  salt  crystallises  in  very  long  and  fine  silky  needles.  The 
lead  and  silver  salts  are  white  precipitates,  and  the  copper  salt  forms  a  light  green 
precipitate.  The  acid  crystallises  from  water  in  white  needles,  which  melt  at  162°, 
and  deflagrate  on  further  heating. 

Bibromamido-bensoic  acid,  C^H2Br=(NH-)C00H,  is  obtained  by  boiling  dibrom- 
nitro-benzoicacidforashort  time  with  tin  and  stTong  hydrochloric  acid.  On  addingwater 
to  the  cold  solution,  the  amido-acid,  which  does  not  combine  with  hycbochloric  acid,  is 
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precipitated ;  it  crystallises  from  boiling  water  in  microscopic  needles,  and  from 
dilute  alcoliol  in  distinct  needles:  it  melts  at  196°,  and  decomposes  on  stronger 
lieating.  By  sodium-amalgam  it  is  converted  into  ori!/io-amido-benzoic  (anthranilic)  acid. 
The  motlier-liquor  from  the  preparation  of  tliis  compound  contains  metamido-hcnzoio 
acid. 

The  relative  positions  of  the  radicles  in  the  above-described  brominatefi  derivatives 


of  benzoic  acid  may  bo  represented  as  follow,  regarding  bromo-benzoic 


acid  as  a  meta-compound,  and  supposing  that  the  carboxyl  is  combined  with  carbon 
No.  1  of  the  benzene  nucleus : — 

Bromobenzoic  a-Bromonitrobonzoio  |3-Bromonitrobenzoic 
acid.                            acid.  acid. 
Br                   Br         NO^  Br  NO- 

3  3  2  3  6 

Dibromobenzoic  acid.  Dibromonitrobenzoic  acid. 

Br  Br  NO^ 

3  and  5  3  and  5  2 

Bromoclilorohcn:;oic  acids  (Glaus  a.  Pfeiffer,  jDgjti.  Chcm.  Gcs.Bcr.  v.  656). — 
The  three  chlorobenzoic  acids  are  not  all  converted  with  equal  ease  into  the  corre- 
sponding bromochlorobenzoic  acids  by  the  action  of  bromine  on  their  aqueous,  alcoholic, 
or  ethereal  solutions.  Chlorosalylic  acid  is  scarcely  altered  even  after  heating  with 
bromine  in  sealed  tubes,  whereas  chlorobenzoic  acid  is  acted  upon  with  comparative 
readiness.  They  may  all  be  easily  brominated,  however,  by  the  action  of  bromine  on 
a  hot  solution  of  the  silver  salt. 

Bromocklorosalylic  acid  crystallises  in  fine,  small,  glistening  needles,  melting  at 
151°,  and  soluble  in  380  parts  of  water  at  21°.  Like  chlorosalylic  acid,  it  melts 
under  boiling  water,  but  is  more  soluble  than  that  acid.  Its  salts  are  also  more 
soluble  than  the  corresponding  chlorosalylates. 

Bromoclilorohen^oic  acid  also  crystallises  in  fine,  white,  felted  needles,  but  is  less 
soluble  than  the  above  (1080  parts  of  water  at  21°  dissolve  1  part  of  the  acid),  and 
does  not  melt  under  boiling  water.  Its  barium  salt  crystallises  with  two  molecules 
of  water ;  that  of  the  above-mentioned  isomeric  acid  contains  three. 

In  the  preparation  of  chlorobenzoic  acid  by  the  action  of  potassium  chlorate  and 
hydrochloric  acid  on  benzoic  acid,  somewhat  considerable  quantities  of  dichloroben- 
zoic  acid  are  formed.  The  properties  of  the  acid  tlius  obtained  differ  in  several 
respects  from  those  described  as  characteristic  of  dichlorobenzoic  acid  by  Otto,  and 
by  Beilstein  and  Kuhlberg. 

The  two  acids  above  described  appear  to  be  converted  into  dioxy-benzoic  acids  by 
fusion  with  potassium  hydrate.  This  appears  to  succeed  if  the  temperature  be  care- 
fully regulated,  but  if  the  heating  be  carried  too  far,  chlorobromosalylio  acid  yields 
considerable  quantities  of  salicylic  acid. 

Clilorotoemzolc  acid  s. — Parachlorobenzoic  or  chlorodracylic  acid  heated  in  a 
sealed  tube  to  200°  with  antimony  pentachloride  is  converted  into  dichlorobenzoic 
acid  boiling  at  201°,  and  identical  in  every  respect  with  that  which  is  obtained  by 
the  action  of  chloride  of  lime  on  benzoic  acid,  &c.  &c.  {1st  Suppl.  312). 

In  this  acid,  therefore,  the  two  chlorine-atoms  occupy  the  para-  and  meta- positions, 
that  is  to  say,  its  formula  is  C«HC1HHC1.C0=H.  Ortho-chlorobenzoic  (chlorosalylic) 
acid  similarly  treated  would  probably  yield  an  isomeric  dichlorobenzoic  acid  (Beil- 
stein a.  Kuhlberg,  Zeitschr.f.  Chcm.  [2]  vi.  417). 

Another  modification  of  dichlorobenzoic  acid  is  obtained,  together  with  the  mono- 
chlorinated  acid,  by  the  action  of  potassium  chlorate  and  hydrochloric  acid  on  benzoic 
acid  in  difilised  daylight.  It  crystallises  in  soft,  silky,  interlaced  needles,  melting  at 
156°,  and  subliming  without  decomposition.  Its  barium  salt  Ba(C'II^Cl-0=)-  +  3H-0 
forms  long,  thin  lustrous  needles,  which  dissolve  in  12'5  parts  water  at  28°.  The 
calcium  salt  Ca(C'H^Cl-O-)  -i-  2II-0  crystallises  in  slender  radiated  needles  (Glaus, 
Deut.  Chem.  Ges.  Ber.  721). 

Otto,  by  boiling  dichorhippuric  acid  with  strong  hydrochloric  acid,  obtained  a 
dichlorobenzoic  acid,  melting  at  196°-197° ;  its  calcium  and  barium  salts  have,  however. 
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the  same  form  and  composition  as  those  of  the  acid  obtained  by  Clans  (Ann.  CL 
Pharm.  cxxii.  129 ;  cxxiii.  216). 

Trichlorohenzoio  acid,  CH^CP.CO-H.  A  trichlorobenzoic  acid,  isomeric  -with 
that  produced  from  trichlorotoluene-trichloride  {\st  Suppl.  312),  is  obtained  by  heat- 
ing chrysanisic  (amido-dinitrobenzoic)  acid  with  concentrated  hydrochloric  acid  for  nine 
hours  to  200°-210°.  On  opening  the  tubes,  torrents  of  nitrogen  and  carbon  dioxide 
escape,  and  the  residue  contains  ammonium  chloride  and  some  nitro-products.  This 
reaction,  -which  may  be  represented  by  the  equation : 

3[C''H2(NH=)(N02)2.C02H]  +  llHCl  =  oNffCl  +  2W  +  iCO-  +  2[C«ffCP.C02H], 

affords  the  first  example  of  the  replacement  of  amido-  and  nitro-gi'oups  by  chlorine. 

The  trichlorobenzoic  acid  thus  obtained,  crystallises  from  dilute  alcohol  in  fine 
needles,  melting  at  203°,  but  subliming  at  a  lower  temperature;  it  is  almost  insoluble 
in  cold,  and  sparingly  soluble  in  boiling  ■water.  Its  silver  salt  AgC'H'-CPO-  is  a  -white 
precipitate  crystallising  from  boiling  -water  in  microscopic  needles.  The  harium  salt 
Ba(C'ffCPO-)-  +  4H^0  crystallises  from  a  hot  solution  in  small  prisms.  "She  calcium 
salt  Ca(C'ffCP02)2  +  &S?0  is  but  slightly  soluble  in  cold  -water,  and  crystallises 
from  a  hot  solution  in  small  shining  needles.  The  etliylic  ether  is  insoluble  in  -water, 
and  crystallises  from  alcohol  in  slender  needles  melting  at  86°. 

The  chloride,  CffCP.CO^Cl,  obtained  by  the  action  of  phosphorus  pentachloride  on 
the  acid,  is  readily  soluble  in  ether,  benzene,  and  carbon  sulphide,  and  forms  bard 
prisms,  melting  at  36°,  and  having  a  faint  but  pungent  odoiu*.  The  amide, 
C'H-Ci^.CONH-,  produced  by  heating  the  chloride  -with  ammonia,  is  readily  soluble  in 
alcohol  and  ether,  and  crystallises  in  small  needles  melting  at  176°  (Salko"wski,  Ann. 
Ch.  Pharm.  clxiii.  33). 

riuobenzoic  acid,  C'H*FO=  (Schmitt  a.  Gehren,  J.  p:  Chem  [2]  i.  394).  Hydro- 
fluoric acid  decomposes  diazo-amidobenzoic  acid  in  a  manner  similar  to  hydriodic  and 
hydrochloric  acids,  producing  fluobenzoic  and  liydrofluo-amidobenzoic  acids,  ■with 
evolution  of  nitrogen : 

C"H>'N^O*  +  2HF1  =  C'ffF10=  +  C'H'NO-HFl  +  W. 

The  mixture  of  the  t-wo  acids  ■was  gently  heated  in  a  platinum  dish  till  it  had 
become  entirely  fluid,  and  the  evolution  of  nitrogisn  had  ceased.  On  cooling,  the  crude 
fluobenzoic  acid  crystallised  out,  and  was  purified,  first  by  treatment  ■with  animal 
charcoal  and  crystallisation  from  -water,  and  finally  by  solution  in  ether,  in  order  to 
separate  the  hydrofluo-amidobenzoic  acid  -\vhich  remained  undissolved.  Fluobenzoic 
acid  crysta,llises  in  colourless  rhombic  prisms  very  similar  to  benzoic  acid.  It 
volatilises  readily  at  100°,  melts  at  182°,  and  solidifies  at  170°.  It  dissolves  -with 
difficulty  in  cold  -water,  but  easily  in  hot  -water,  alcohol  and  ether.  It  has  a  strong 
acid  reaction,  expels  carbonic  acid  from  the  alkaline  carbonates,  and  does  not  etch 
glass.  It  is  soluble  ■\vithout  decomposition  in  concentrated  sulphm'ic  acid  and  ■with 
nitric  acid  it  forms  nitrofluo-benzoic  acid. 

With  the  metals,  fluobenzoic  acid  forms  neutral  salts  which  crystallise  well  from 
their  aqueous  solutions.  The  silver  salt,  prepared  by  precipitating  the  ammonium 
salt  with  silver  nitrate,  and  recrystallising,  forms  yellow  plates  having  the  composition 
AgCH^FlCO-.  The  calcium  salt  Ca(C'H^F10-)=  +  3H-0,  obtained  by  neutralising 
the  acid  with  calcium  carbonate,  crystallises  in  large  prisms.  The  barium  salt 
Ba(C'H'FlO-)-  +  4H-0  was  prepared  in  a  manner  similar  to  the  calcium  salt.  Ethyl 
jiuohensoatc  was  obtained  by  saturating  an  alcoholic  solution  of  the  acid  with  dry 
hydrochloric  acid ;  it  crystallises,  and  may  be  volatilised  without  decomposition. 

Calcium  fluobenzoate  distilled  with  4'3  times  its  weight  of  calcium  hydrate  is  de- 
composed, with  formation  of  fluobenzene  C^H^Fl  (p.  142). 

Xodobenzoic  acid. — The  iodobenzoic  acid  which  Griess  obtained  by  the  action  of 
hydriodic  acid  on  sulphate  of  diazosaljdic  acid  (from  antliranilic  acid)  crystallises  in 
long  white  needles,  which  may  be  readily  sublimed.  It  dissolves  somewhat  in  hot, 
very  sparingly  in  cold  water,  very  easily  in  cold  ether  and  alcohol;  melts  at  152°. 
This  is  doubtless  the  ortho-acid.  Another  modification  which  Griess  obtained  by  the 
action  of  hydriodic  acid  on  diazobenzo-amidobenzoic  acid  melts  at  185°,  and  this  is 
most  probably  the  meta-acid,  inasmuch  as  Korner  has  obtained  the  para-acid  (iodo- 
dracylic  acid)  and  found  it  to  melt  at  250°  (Griess,  Dcut.  Chem.  Gcs.  Per.  iv.  521  ; 
Chem.  Soc.  J.  [2]  ix.  702).    See  also  1st  Suppl.  p.  313. 

Xfitrobenzoic  aeids. — Ortho-nitrobenzoic  acid  (not  hitherto  known)  is  pro- 
duced by  oxiilising  ortho-nitrocinnamic  acid  with  chromic  acid.  That  the  nitro- 
benzoic  acid  thus  obtained  is  really  the  ortho-acid  is  proved  by  its  conversion  into 
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oi-tlio-aniiJoljenzoic  or  anthraiiilic  acid  by  reduction  -with  tiu  and  hydrocldoric  acid, 
and  conversion  of  the  latter  into  salicylic  acid  by  the  action  of  nitrous  acid. 

Crude  nitro-eimiamio  acid  (which  likewise  contains  the  para-acid),  may  be  used  for 
the  prcparaticm,  inasmuch  as  the  para-nitrobenzoic  acid  formed  at  the  same  time  is 
much  Its?  soluMo  than  the  ortho-acid,  and  therefore  easily  separated  from  it. 

Orthuiiitniliriiziiic  acid  crystallises  from  water  in  small  needles  readily  soluble  in 
cold  alci)h()l  .1111 1  (  I  her.  It  melts  at  141°,  the  same  temperature  at  which  metanitro- 
benzoic  acid  melts,  but  differs  from  the  latter  by  being  more  soluble  in  water  (100 
parts  of  water  dissolving  at  16-5°,  0-61  parts  of  the  ortho-acid  and  only  0-235  of  the 
meta-acid) ;  the  barium  and  zinc  salts  of  the  former  are  also  more  soluble  than  the 
salts  of  the  meta-acid.  The  barium  salt  Ba[C'H^(NO-)02]2  +  3H-0  forms  radiated 
crystalline  groups.  The  calcium  salt  Ca[C'H'(NO-)0'-]-  -t-  2H-0  is  very  soluble  in 
water,  and  crystallises  in  small  thin  needles.  The  lead  salt  Pb[C'H''(NO-)0^]--l-H-0 
crystallises  in  small  shining  prisms,  sparingly  soluble  in  cold  water.  The  zinc  salt  is 
obtained  in  a  syrup  which  gradually  ciystallises.  The  ethylic  ether  melts  at  30°.  The 
amide  C''H\NO'^).CONH-  crystallises  in  short  needles  (Beilstein  a.  Kuhlberg,  Ann. 
Ch.  P/iarm.  clxiii.  134). 

Binitrohensoic  acid,  C^W^SOy .00-11  (Tiemann  a.  Judson,  Bcut.  Chem.  Gcs. 
Bcr.  iii.  223.  Muretow,  Zcitsclir.  f.  Chem.  [2]  vi.  641).— 1.  From  Binitrotoluenc. 
When  pure  dinitrotoluene  is  heated  for  some  time  with  fuming  nitric  acid,  especially 
at  100°  under  pressure,  the  unaltered  dinitrotoluene  then  removed  by  precipitation 
with  water,  and  the  filtrate  evaporated,  crystals  of  dinitrobenzoic  acid  are  obtained, 
which  may  be  purified  from  small  quantities  of  adhering  dinitrotoluene  by  solution  in 
aqueous  sodium  carbonate.  The  acid  precipitated  from  the  solution  by  dilute  nitric 
acid  may  be  recrystallised  from  boiling  water,  in  which  it  first  melts,  then  dissolves 
and  separates  in  long  prisms  on  cooling.  In  the  dry  state  it  melts  at  179°.  It  sub- 
limes without  decomposition  and  forms  well  crystallised  salts.  The  lead,  barium,  and 
silver  salts  are  soluble  in  water,  and  may  be  recrystallised  therefrom  (Tiemann  a. 
Judson). 

2.  From  Mononitroheneoic  acid. — When  pure  nitrobenzoic  acid  melting  at  127°  is 
continuously  heated  with  a  mixture  of  fuming  nitric  and  fuming  sulphuric  acid,  and 
the  cooled  mixture  is  diluted  with  water,  dinitrobenzoic  acid  separates  after  a  while 
in  shining  crystals,  an  additional  quantity  of  which  may  be  obtained  by  partially 
neutralising  the  excess  of  nitric  and  sulphuric  acids  present  with  sodium  carbonate, 
or  by  shaking  the  acid  liquid  with  ether  (Tiemann  a.  Judson).  Muretow  boils  100 
grams  of  nitrobenzoic  acid  with  300  grams  of  fuming  nitric  acid,  sp.  gr.  1-48  — 1-49, 
and  600  grams  of  oil  of  vitriol,  as  long  as  red  fumes  are  given  off  (four  or  five  hours), 
and  then  leaves  it  to  cool,  whereupon  the  pure  dinitro-acid  crystallises  out;  this  may 
be  drained  on  asbestos,  and  the  rest  of  the  dissolved  acid  precipitated  by  water,  in 
which,  in  fact,  it  is  less  soluble  than  in  weak  nitric  acid.  To  purify  it  from  adhering 
mono-nitrobenzoic  acid,  it  may  be  combined  with  ammonia,  precipitated  with  silver 
nitrate,  and  crystallised  from  water;  the  less  soluble  silver  dinitrobenzoate  then 
crystallises  out  first,  in  needles  ;  or  the  acid  may  be  combined  with  baryta,  whereupon 
needles  of  the  mononitrated  salt  separate  first ;  if  they  are  mixed  with  nodules,  the 
quantity  of  water  added  has  not  been  sufficient.  The  solution  is  to  be  precipitated 
with  hydrochloric  acid,  and  the  precipitate  recrystallised  from  water ;  35  grams  of 
nitrobenzoic  acid  yield  by  this  process  15  grams  of  the  dinitro-acid. 

Cahours,  who  discovered  dinitrobenzoic  acid,  prepared  it  by  heating  benzoic  acid 
with  a  mixture  of  nitric  and  sulphuric  acids  {1st  8u])])l.  557).  According  to  Muretow, 
this  process  yields  only  the  mono-nitrated  acid.  As,  however,  this  acid  is  converted  by 
the  same  treatment  into  the  dinitro-acid,  it  is  difficult  to  understand  how  some  quantity 
of  the  latter  can  fail  to  be  produced  when  benzoic  acid  is  subjected  to  the  prolonged 
action  of  a  mixture  of  sulphuric  and  nitric  acids. 

Dinitrobenzoic  acid  prepared  as  just  described  is  nearly  insoluble  in  cold,  somewhat  • 
soluble  in  boiling  water  (1  part  in  53  according  to  Muretow)  and  crystallises  there- 
from on  cooling  in  shining  laminae,  which  melt  when  dry  at  202°,  but  begin  to  sub- 
lime at  a  lower  temperature  (Tiemann  a.  Judson).  According  to  Muretow,  it  crystal- 
lises from  water  in  square  plates,  which  gradually  become  larger,  but  remain  so  thin 
that  they  exhibit  the  finest  interference  colours.  It  dissolves  in  alcohol  more  freely 
than  in  water,  and  separates  in  large,  transparent,  well-defined  prisms,  melting  at  204°- 
205°. 

Dinitrobenzoic  acid  forms  dark  red  solutions  with  alkalis  and  with  baryta-water. 
It  dissolves  in  a  small  quantity  of  strong  aqueous  ammonia,  and  the  solution  deposits 
crystals  which  dissolve  in  a  larger  quantity  of  ammonia,  like  those  of  the  mononitrated 
acid.  With  excess  of  ammonia,  a  red  solution  is  formed  which  becomes  colourless  on 
boiling,  and  then  deposits  crystnls  of  nmmouium  dinitrobenzoate.    The  barium  salt 
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Ba[C'H'(NO-)-0°]-  +  5H-0  crystallises  from  water  in  pale  yellow  nodules;  detonates 
when  heated.  The  silver  salt  is  yellowish  when  recently  precipitated,  but  crystallises 
from  water  iu  nearly  colourless  needles.  It  is  permanent  in  the  air  and  detonates 
when  heated  (Muretow). 

The  dilFerences  of  melting  point  and  crystalline  form  of  the  dinitrobenzoic  acids 
prepared  from  dinitrotoluene  and  from  mononitrobenzoic  acid,  show  that  they  are 
isomeric,  not  identical. 

Dinitrobenzoic  acid  heated  in  alkaline  solution  with  sodium-amalgam,  is  converted 
into  a  black  humus-like  body,  having  the  composition  of  diazosybenzoic  acid, 
C'ffN^O^  (Meyer  a.  Michler,  p.  1G8). 

Trinitrobenzoic  acid,  G«E:\T^{0-)\COm,  is  obtained  by  digesting  trinitro- 
toluene with  fuming  nitric  acid  at  100°  in  sealed  tubes  ;  the  transformation,  however, 
is  not  complete,  even  when  the  action  is  continued  for  a  fortnight.  The  unaltered 
trinitrotoluene  having  been  precipitated  by  water  and  the  liquid  filtered,  the  filtrate 
on  evaporation  deposits  trinitrobenzoic  acid  in  large  well-defined  prismatic  crystals 
which  may  be  further  purified  in  the  manner  above  described  for  the  dinitro-acid. 
Pure  trinitrobenzoic  acid  melts  at  190°  when  dry,  and  sublimes  without  decomposition. 
Its  ammonium  salt  is  erystallisable.  The  silver  salt  crystallises  in  reddish  laminae, 
slightly  soluble  in  water.  When  the  free  acid  is  heated  with  an  excess  of  alkali, 
especially  of  ammonia,  it  first  turns  red  and  then  decomposes  (Tiemann  a.  Judson). 

Bediiotion-derimtivcs  of  the  lUitrobenzoic  Acids. 

Amidobenzoic  acids,_  C'ff(NH»)02  =  Q>^-3.\T^W).GOOB..  —  Meia-amido- 
benzoic  acid.    When  this  acid  is  treated  with  carbon  bisulphide  in  alcoholic 

I  (CS)" 

solution,  hydrogen  sulphide  is  evolved  and  dicarboxyl-sulphocarbanilide  W-l  (C^W 

I  E.- 

COOH)=,  is  separated  in  white  needles  (Merz  a.  Weith,  Zeitschr.f.  Chan.  [2]  vii.  45). 

Carboxamidobenzoic  and  TJramidohenzoio  acids  (Griess,  J.  -pr.  Ghcm. 
[2].  iv.  292 ;  v.  369). — When  amidobenzoic  acid  and  ui-ea  are  melted  together 
at  a  moderate  heat,  nramidobenzoie  or  oxy benzuramic  acid,  CffN-O^  (Isi! 
Suppl.  318)  is  formed: 

C'H'NO^  +  COH'N=  =  NH3  +  C^H^N'O^ ; 
and  this  acid,  if  kept  at  the  temperature  of  20°,  is  gradually  resolved  into  urea  and 
carboxamidobenzoic  acid,  C'^H'^N^O^ : 

This  method  of  preparation  consequently  yields  a  mixture  of  the  two  acids,  the  relative 
quantities  depending  on  the  time  and  temperature. 

By  heating  amidobenzoic  ether  with  urea,  the  ethers  of  both  the  above  acids  are 
obtained  ;  and  from  this  mixtiu'e  nramidobenzoie  ether  may  readily  be  extracted  by 
hot  water.    It  melts  at  176°;  carbamidobenzoic  ether  at  162°. 

Uramidobenzoic  ether  is  easily  prepared  by  adding  hydrochloric  solution  of  amido- 
benzoic ether  to  aqueous  solution  of  potassium  cyanate.  This  ether  is  identical  with 
the  one  obtained  by  the  method  given  above ;  and  the  carboxamidobenzoic  ether, 
obtained  from  it  by  the  action  of  heat,  is  identical  with  that  mentioned  above.  These 
two  ethers  may  also  be  obtained  by  the  action  of  cyanic  acid  upon  alcoholic  solution 
of  amidobenzoic  acid.  A  compound  is  thus  formed  having  the  composition  C-'H^'N^O". 
By  evaporation  in  a  vacuum  over  sulphuric  acid,  it  loses  3  mols.  of  water,  becoming 
C-"H- 'N^'C,  a  compound  isomeric  with  uramidobenzoic  ether,  into  which  it  is  converted 
by  the  application  of  heat. 

Carbamidodracylic  and  Uramidodracylic  acids  are  obtained  in  like 
manner  by  fusing  a  mixture  of  urea  and  amidodracylic  acid. 

Uramidodracylic  acid  crystallises  in  anhydrous,  white  plates,  diificultly  soluble  even 
in  boiling  water.  It  is  obtained  with  these  properties,  however,  only  when  very  small 
quantities  of  material  are  operated  iipon  ;  if  more  than  3  grams  of  the  two  substances 
are  fused  together,  the  product  crystallises  in  minute  round  forms  which,  under  the 
microscope,  have  a  certain  resemblance  to  yeast-cells.  All  attempts  to  obtain  these 
two  modifications  similarly  crystallised  have  been  unsuccessful ;  both,  however,  yield 
exactly  the  same  products  of  decomposition.  The  latter  modification  is  also  obtained 
by  the  action  of  potassium  cyanate  on  amidodracylic  hydrochloride. 

Carboxamidodracylic  acid,   (CO)  ,        ,  crystallises  in  minute  needles,  insoluble  in 
C'IFH}nO= 

all  neutral  solvents. 
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Ortho-amidohen:oic  oi-  Anthrani  lie  acid,  fused  with  urea,  yields,  uot  a 
uramiclo-acid.  but  cyananthrauilie  acid,  C"H'^(CN)NO'  {\st  Siippl.  320) : 

C'H^NO=  +  CH'N-0  =  NH'  +  H-0  +  C'H'N^O'-. 

(Griess,  loc.  cit.). 

Triamidobemoio  acid,  _C^H^_(NH-70=  =  C^H^CNHO^CO-H,  is  produced  by  the 
action  of  tin  and  hydrochloric  acid  on  chrysanisic  (dinitro-amidobenzoic)  acid.  It 
crystallises  from  a  hot  aqueous  solution  in  fine  shining  needles,  which  in  the  pm-e  state 
are  almost  colourless,  but  generally  have  a  chocolate  coloiu-.  It  is  sparingly  soluble 
in  cold  water  and  nearly  insoluble  in  alcohol  and  ether ;  the  solution  lias  an  acid 
reaction.  It  is  resolved  by  heat  into  carbon  dioxide  and  triamidobeuzene,  C*H^(NH2)' 
(p.  M7)._ 

Triamidobenzoic  acid  combines  with  other  acids  as  well  as  with  bases.  The  hydro- 
chloride C''H-'(NH2)5C0-.2HC1  is  obtained  liy  treating  the  liquid,  after  reduction, 
with  hydrogen  sulphide.  It  is  veryreadilj  scil'ubli^  in  wnti  r,  ami  crysl iilliscs  in  silver- 
grey  needles;  the  aqueous  solution  undcr-i.is  (l(  t(jiii|ioMl  ion  (jh  cxiiusiLre  to  the  air, 
with  separation  of  brown  amorphous  flaki  s.  \\  iih  jil^iiiui.'  rlilnnd.'  it  gives,  not  a 
double  salt,  but  a  black  residue;  but  it  couiljiiies  with  stannous  chloride,  forming 
the  compound,  C6ff(NH«)^CO'-.2HCl.SnCl-  +  S-JH-O,  which  is  obtained  on  evapo- 
rating the  product  of  reduction,  and  forms  monoelinic  crystals.  Tho  sulphate 
C'^II^(NII2)^C0-'.II-S0*  -I-  H-O  forms  hard  brownish  crystals,  sparingly  soluble  in 
boiling  water.  The  nitrate  C«HS(NH-)'CO=.2imO^  crystallises  in  small  rhombic 
six-sided  brown  plates,  and  is  moderately  soluble  in  cold  water.  The  oxalate  is 
obtained  in  fasciculated  needles  on  mixing  the  hot  concentrated  solutions  of  the  two 
acids. 

The  triamidobenzoates  of  the  aliali-metals  and  magnesium  have  not  been  obtained 
in  crystals.  Calcium  triamidobenzoate  Ca[C°H2(NII^)^C0''']-  is  obtained  by  neutral- 
ising the  acid  with  calcium  carbonate,  and  forms  brown,  hard  crystalline  crusts.  Zinc 
triamidobenzoate  Zn[C<^W(EE''yCO-Y-  +  GWO,  forms  hard,  light-brown  shining 
crystals. 

The  aqueous  solution  of  triamidobenzoic  acid  does  not  dissolve  lead  oxide,  but  on 
evaporating  it  with  lead  acetate,  small  shining  prisms  separate  out,  which,  when  once 
formed,  arc  quite  insoluble  in  water.  Tho  solution  of  the  free  acid  is  precipitated  by 
copper,  silver,  and  mercuric  salts ;  ferric  chloride  produces  a  brown  precipitate,  the 
solution  containing  ferrous  chloride  (Salkowski,  Ann.  Ch.  Fharm.  clxiii.  12). 

Ethyl-amidobenzoic  acids  (Griess,  Deut.  Chem.  Ges.  Ber.  v.  1038).— When 
potassium  amidobenzoate  is  treated  with  ethyl  iodide,  a  mixtm-e  of  ethyl-  and  diethyl- 
amidobenzoic  acids  is  produced,  which  may  be  separated  by  crystallising  their  hydro- 
chlorides from  hot  dilute  hydrochloric  acid. 

Ethyl-aiividobenzoic  acid,  G^I["NO-  =  C'II'^(NH.C^II^)0^  isomeric  with  the  ethyl 
amidolsenzoate,  CH'^NG^.C^ff,  which  Cahours  obtained  by  reducing  ethyl  nitrobenzoato 
with  ammonium  sulphide,  crystallises  in  small  white  or  greyish  prisms,  slightly 
soluble  in  hot,  very  sparingly  in  cold  water,  but  soluble  in  any  quantity  of  alcohol  or 
ether.  Tho  solutions  are  tasteless,  but  have  an  acid  reaction.  The  acid  melts  at  112°, 
and  volatilises  without  decomposition  at  a  higher  temperature.  Like  amidobenzoie 
acid,  it  unites  both  with  bases  and  with  mineral  acids,  not,  however,  with  acetic  acid. 
The  hydrocMoride,  C°H"N0-.HC1,  crystallises  in  small  four-  or  six-sided  plates,  also 
in  needle-s,  especially  from  dilute  hydrochloric  acid.  It  is  moderately  soluble  in  cold, 
freely  in  hot  water,  almost  insoluble  in  cold  hydrochloric  acid.  It  forms  a  double  salt 
with  platinic  chloride. 

Barium  cthylamidobcnzoate,  Ba(C'H'"N02)2  +  crystallises  from  water  and 

from  alcohol  in  smaU  indistinct  very  soluble  plates. 

Nitroso-ethylamidobenzoio  acid,  Cff^N  |^^o)^"'      formed  when  nitrous  acid 

is  passed  into  a  moderately  strong  solution  of  hydrochloride  of  ethylamidobenzoic  acid, 
or  when  potassium  nitrite  is  added  to  it,  and  separates  as  a  crystalline  precipitate. 
It  is  sparingly  soluble  in  boiling  water,  and  crystallises  therefrom  almost  completely, 
in  yellowish-white,  long,  narrow  plates.  It  is  almost  tasteless,  but  has  a  strong  acid 
reaction  ;  dissolves  freely  in  cold  alcohol  and  ether ;  and  combines  with  bases,  but  not 
with  acids.  The  silver  salt  forms  small  yellowish-white  six-sided  plates,  and  is  but 
slightly  soluble  in  boiliug  water. 

Dieihyl-amidobcnzoid  acid,  G"H'^NO-  =  C'H''(C-ff)-NO-,  crystallises  in  perfectly 
white  prisms  very  much  like  tho  crystals  of  ethyl-amidobenzoic  acid,  and,  like  the 
latter,  hns  no  tatte,  but  an  acid  reaction  ;  it  melts  at  90°,  and  can  be  distilled  without 
decomposition.  The  hydrochloride  C'H'^NO-.IIC'l  +  H-O  forms  shining  four-sided 
plates,  which  are  freely  soluble  in  cold  water  and  in  hydrochloric  acid,  and  give  off 
their  water  at  130°. 


168 


BENZOIC  CHLORIDE. 


Biallyl-amidohcnzoic  acid,  C'H^(C^H^)^NO-,  is  formed,  as  sole  product,  by  the  action 
of  allyl  iodide  on  potassium  amidobenzoate.  It  crystallises  in  small,  soft,  -white,  plates, 
melting  at  90°,  sparingly  soluble  in  boiling  water,  but  dissolring  in  all  proportions  of 
alcohol  or  ether.  The  MjdrocJihridc  C'ff(C*ff)'^NO=.HCl  +  H^O  forms  large  -white 
prisms,  very  sparingly  soluble  in  cold  dilute  hydrochloric  acid ;  it  combines  -with 
platiuic  chloride. 

Biazobenzoic  adid,  C'H^N-0=  (Griess,  J.  pr.  Chem.  [2]  i.  102).  When  the 
gold  salt  of  this  acid,  C'H^N-O-.HCl.AuCP,  suspended  in  alcohol,  is  decomposed  by 
hydrogen  sulphide,  gold  sulphide  is  precipitated,  nitrogen  gas  is  evolved,  and  three 
organic  acids  are  formed,  namely,  benzoic,  chlorobenzoic,  and  a  sulphuretted  acid.  To 
obtain  the  latter,  the  filtrate  from  the  gold  sulphide  is  freed  from  alcohol  by  evapora- 
tion, and  the  residue  is  repeatedly  boiled  with  a  large  quantity  of  water  which  does 
not  dissolve  the  sulphuretted  acid.  On  dissolving  the  residue  in  hot  dilute  baryta- 
water,  evaporating,  and  extracting  several  times  with  hot  water,  the  barium  salt  of 
the  sulphiu-etted  acid  remains  behind ;  it  may  be  decomposed  with  ammonium  car- 
bonate, and  the  acid  precipitated  from  the  residting  ammonium  salt  by  hydrochloric 
acid.  This  sulphuretted  acid  is  nearly  insoluble  in  water  even  at  the  boiling  heat, 
also  in  cold  alcohol.  From  a  solution  in  boiling  alcohol  it  separates  on  cooling  in 
white  needles,  melting  at  242°.  It  gives  by  analysis  numbers  which  may  be  repre- 
sented approximately  either  by  C'H'^SO-  or  by  C"H'°S-0*,  but  Griess  prefers  the 
latter. 

Compounds  of  Diazohemoic  with  Oxyhenzoic  acid  (Griefs,  loc.  cit). — 1.  An  acid, 
C''H'°N-Os  =  C'H''0^C'H''N20=,  isomeric  with  azoxybenzoic  acid  {1st  Suppl.  322), 
is  formed,  together  with  a  brown  amorphous  acid  and  a  large  quantity  of  oxybenzoic 
acid,  when  an  aqueous  solution  of  the  nitrate  of  diazobenzoic  acid  is  left  in  contact  for 
several  days  with  barium  or  calcium  carbonate.  Hydsochloric  acid  added  to  the 
filtrate  tlu'ows  down  a  mixture  of  the  three  acids  just  mentioned,  and  on  treating  this 
mixtiu:e  .with  cold  alcohol,  the  acid  C'*H'"N=0^  remains  undissolved.  It  dissolves  with 
great  difficulty  in  cold  alcohol,  but  very  easily  in  boiling  alcohol  and  ether ;  water 
takes  up  only  traces  of  it.  From  the  hot  alcoholic  solution  it  separates  in  golden - 
yellow  needles.  When  heated  it  swells  up  strongly  and  leaves  a  difficultly  combustible 
cinder.    Its  silver  salt  C'^'H^Ag^N^O*  is  a  yellow  gummy  precipitate. 

2.  An  acid  having  the  composition  C-'B['«N'0'  =  C'B:''0^2C'H^N20=  is  obtained 
by  the  action  of  sodium  carbonate  on  an  aqueous  solution  of  the  nitrate  of  diazobenzoic 
acid  for  24  hom'S  at  ordinary  temperatures,  and  is  precipitated  from  the  residting 
solution  by  hydrochloric  acid,  together  with  a  small  quantity  of  a  brown  amorphous 
acid,  probably  having  the  composition  C-^H'^N^O';  this  latter  may  be  removed  by 
cold  alcohol  in  which  the  acid  CH'-'N^O'  is  but  very  slightly  soluble.  This  acid 
crystallises  from  hot  alcohol  in  brown-red  grains  or  short  thick  needles.  Its  ammo- 
niacal  solution,  which  has  a  deep  blood-red  colour,  gives  with  silver  nitrate  a  brown- 
red  precipitate,  having  the  composition  C-'H'°Ag*N'0'. 

The  formation  of  the  two  acids  just  described  may  be  represented  by  the  equations; 


the  action  of  6  p.c.  sodhmi-amalgam  on  dinitrobenzoic  acid  dissolved  in  caustic  soda. 
The  resulting  black  liquid  neutralised  with  liydi-ochloric  acid  deposits  a  black  floocu- 
lent  precipitate,  which  when  dry  forms  a  black  velvety  powder,  insoluble  in  water, 
alcohol,  ether,  benzene  and  acetic  acid.  The  salts  are  black  and  amorphous,  like  the 
acid  itself.  The  analyses  of  the  zinc,  silver,  and  barium  salts  lead  to  the  formula  of 
the  acid  above  given.  The  acid  bears  a  remarkable  resemblance  to  the  so-called 
humous  or  ulmous  substances,  which  are  regarded  by  some  chemists  as  nitrogenous 
(Meyer  a.  Michler,  Deut.  Chem.  Gcs.  Ber.  vi.  746). 

BEIfZOXC  CHI.OBXDE  or  BEXTZOVX.  CHIiORXDE,  Cff.COOCl,  is 
strongly  acted  upon  by  sulphuric  acid,  with  rapid  evolution  of  hydrochloric  acid,  the 
liquid  becoming  sensibly  warm.  Wlien  an  excess  of  sulphuric  acid  is  used,  a  com- 
pound is  formed  which  crystallises  out  in  prisms.  As  soon  as  it  is  brought  in  contact 
with  water,  much  benzoic  acid  separates.  The  crystals  placed  on  a  porous  tile  in 
a  vacuum  become  opaque,  amorphous,  and  completely  soluble  in  water,  without 
separation  of  benzoic  acid.  On  adding  the  sidphuric  acid  to  an  excess  of  benzoyl 
chloride,  heating,  and  distilling  oif  the  excess  in  a  cm-rent  of  carbonic  acid,  a  fused, 
hard,  hygroscopic  mass  remains,  which,  like  the  preceding  product,  is  completely 


and 


2C'H^N20=  +  WO 
3C'H^N=0=  +  H=0 


N-  +  C"H'»N=0^ 
W  +  C='H'*N^O-. 


Siazoxybenzoic  acia,  CffN^O^ 
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soluble  in  water,  and  consists  of  sulpliobenzoic  acid.-wliich  in  this  way  is  easily  obtained 
in  large  quantity  (Oppenheim,  Zeitsclir.f.  Chem.  [2]  vii.  21). 

An  alcoholic  solution  of  potassimn  sulphydi'ate  produces,  by  its  action  on  benzoyl 
cliloride,  not  thiobenzoic  as  might  be  expecteil,  but  principally  a  body  indifferent  to 
alkalis,  and  crystallisable  from  alcohol  in  p.-il.Mv.l  iir.  illcs  ;  this  substance  appears, 
from  its  p)roperties  and  composition,  to  be  idem  ii  .i I  w  illi  the  benzoyl  sulphide  of 
Liebig  and  Wohler  (A.  Weddige,  J.  p:  C/wui.  ['J]  iv.  60). 

BEXTZOXC  PEROXXBE  or  BESTZOVX.  PEBOXIBE  (C'ffO)-O.— For 
the  preparation  of  this  compound,  Spcrlich  a.  Lippmanu  {!Vir/i.  A/icid.  Ber.  [2  Abth.] 
Ixii.  613),  recommend  the  use  of  commercial  barium  peroxide,  the  quantity  of  active 
oxygen  in  which  they  determine  by  titration  with  iodine  and  sodium  thiosulphate. 
The  peroxide  is  triturated  in  a  mortar  with  benzoyl  chloride,  and  when  the  reaction 
is  over,  the  product  is  exhausted  with  water,  washed  with  dilute  solution  of  sodiimi 
carbonate,  pressed,  dissolved  in  ether,  and  left  to  crystallise. 

When  an  ethereal  solution  of  benzoyl  peroxide  is  heated  to  100°  with  amylcne,  the 
ether  and  unaltered  amylene  then  distilled  off,  and  the  solid  residue  washed  with 
solution  of  sodium  carbonate,  a  heavy  oil  is  left  which  remains  undecomposed  even  in 
rarefied  air,  and  has  the  composition  of  amylcne  in  which  1  atom  of  hydrogen  is  re- 
placed by  benzoyl  peroxide : 

C^H>»  +  {C'WOfO  =  C'H^O.HO  +  C^H»(C'ffO=). 

BEM'ZOIN'.  C'*H''^0-  (Jena  a,  Limpricht,  Ann.Cli.  Pkarm.  civ.  89  ;  Limpricht 
a.  Schwanert,  Deut.  Chem.  Ges.  Ber.  iv.  335). — This  compound  distilled  over  heated 
zinc-dust  is  partly  or  wholly  deoxidised,  yielding  deoxybenzoin  or  toluylene  oxide, 
Cujjizo,  toluylene  C"H'-  (melting  at  120°),  and  an  oily  compound  isomeric  with  the 
latter,  boiling  at  about  260°. 

Decomposition  of  Benzoin  by  Alcoholic  Potash. — The  products  of  this  reaction  rary 
according  to  the  proportions  of  the  reacting  substances,  the  temperature  and  diu'ation 
of  the  action,  and  the  presence  or  absence  of  air. 

1.  When  benzoin  is  heated  to  100°  in  a  sealed  tube  for  12  hours  with  a  small 
quantity  of  alcoholic  potash,  and  the  contents  of  the  tube,  after  evaporation  of  the 
alcohol,  are  treated  with  water,  a  precipitate  is  formed  consisting  of  hydrobenzoin 
or  toluylenic  alcohol,  C"H''0-,  and  the  aqueous  solution  treated  with  hydrochloric 
acid  gives  a  precipitate  of  benzoic  acid,  with  traces  of  benzilic  acid. 

2.  When  4  grams  of  benzoin  are  heated  for  two  or  three  hours  in  a  sealed  tube  to 
150°  with  1  gram  of  sodium  dissolved  in  20  c.c.  alcohol  of  9'2  xj.c.  the  product  treated 
with  water  as  above,  the  liquid  filtered  off  after  twelve  hoiu's,  and  the  undissolved 
portion  taken  up  with  alcohol,  a  solution  is  obtained  which  deposits  first  hydrobenzoin, 
then  ethyl-benzoin,  C"H"(C-H*)0-,  and  lastly  a  compound  C-*H-"0-,  which,  on 
account  of  its  great  solubility,  is  difScult  to  separate  from  the  last  mother-liquors. 

The  aqueous  solution  mixed  with  hydrochloric  acid  gives  a  precipitate  of  ethyl- 
benzilic  acid  (p.  158). 

The  hydrobenzoin  obtained  in  the  manner  just  mentioned  is  the  orthorhombic 
modification,  which  forms  large  well-defined  crystals,  melting  at  132°. 

According  to  Zinin  {Deut.  Chem.  Ges.  Ber.  vi.  1207)  benzoin  is  partly  decomposed 
by  boiling,  or  when  its  vapour  is  passed  through  a  red-hot  tube,  yielding  benzoic 
aldehyde,  benzil,  deoxybenzoin,  and  water. 

Ethyl-henzo'in,  C"^H'«0=  =  C'<H"(C'H=)02,  may  be  freed  from  hydrobenzoin  by 
repeated  crystallisation.  It  crystallises  in  well-defined  glassy  prisms,  often  united  in 
concentric  groups,  which  dissolve  easily  in  alcohol  and  ether,  and  melt  at  95°.  It  is 
not  altered  by  prolonged  digestion  of  its  alcoholic  solution  with  sodium-amalgam.  When 
it  is  heated  with  nitric  acid  of  sp.  gr.  1'4,  and  the  product  treated  with  water,  a  resin 
gradually  separates,  the  alcoholic  solution  of  which  yields  on  evaporation,  crystals, 
apparently  of  benzoin,  melting  at  137°,  and  afterwards  an  uncrystallisable  oil,  which, 
when  purified  by  repeated  solution  in  cold  alcohol  and  evaporation,  and  dried  at  70°, 
exhibits  the  composition  C'°H"0',  and  may  therefore  be  regarded  as  an  isomeride  of 
Zinin's  acetyl-benzoin  C"H"(C^H^O)0'''.  Bromine  acts  violently  on  ethyl-benzoin, 
fo]'ming  partly  crystalline,  partly  oily  products. 

The  compound  C^^H^^O-  crystallises,  after  several  days'  standing  at  a  low  tempera- 
ture, from  the  oily  mother-liquor  which  remains  after  the  hycL-obenzoin  and  ethyl- 
benzoin  have  been  removed  from  the  pirecipitate  formed  by  water ;  the  crystals  are 
purified  by  draining,  pressure  between  paper,  and  reerystallisation  from  alcohol.  It 
dissolves  in  all  proportions  of  ether  and  alcohol,  and  separates  therefrom  at  a  low 
winter  temperature,  sometimes  in  well-defined  crystals;  it  melts  at  161°.  Distilled 
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■ndth  dilute  sulphuric  acid,  it  gives  ofif  an  oil  -svhicli  gradually  solidifies,  and  leaves  a 
soft  yellow  residue  convertible,  by  agitation  with  ether  and  alcohol  in  succession,  into 
crystals,  consisting  partly  of  a  substance  soluble  in  hot  alcohol,  and  separating 
therefrom  in  transparent  crystals  melting  at  108°,  partly  of  a  white  crystalline  powder 
melting  at  190°,  and  soluble  only  in  large  quantities  of  alcohol.  The  latter  has  not 
been  analysed  ;  the  former  has  the  composition  C-'*H-'0,  showing  that  sulphuric  acid 
acts  on  the  compound  C'*H-''0-,  in  the  same  manner  as  on  the  other  members  of  the 
benzoin  group,  viz.  as  a  dehydrant. 

3.  When  benzoin  (4  parts)  was  heated  with  sodium  ethylate  (1  part  sodium  in  20  parts 
alcohol  of  92  p.  c.)  to  170°,  a  gas,  probably  hydrogen,  escaped  on  opening  the  tubes, 
and  the  products  were  somewhat  different  from  those  obtained  in  the  experiments 
described  under  (2),  toluylene  C'^H'-  being  obtained  instead  of  toluylenic  alcohol 
C  'H^O^,  (this  alcohol  being  converted  by  the  sodium  ethylate  at  the  high  temperature 
of  the  reaction  into  toluylene  hycbato  benzoic  acid  and  hydrogen,  and  the 
hydi-ate  being  then  resolved  into  water  and  toluylene).  The  precip'itate,  formed  by 
water  in  this  case,  likewise  contains  the  compound  C-^H^f^O- ;  and  the  precipitate 
formed  by  hydrochloric  acid  in  the  aqueous  solution  consists  of  ethyl-benzilio  acid, 
together  with  benzoic  and  very  little  benzi.lic  acid. 

When  benzoin  is  heated  for  three  hours  to  160°,  with  very  concentrated  alcoholic 
potasli,  strong  pressure  shows  itself  on  opening  the  tubes  ;  water  throws  down 
toluylene  and  the  compound  C-^H-»0- ;  and  hydrochloric  acid  added  to  the  filtrate 
precipitates  a  large  quantity  of  benzoic  acid,  with  a  little  othyl-benzilie,  and  traces  of 
benzilic  acid. 

The  formation  of  the  compounds  above  described  may  be  explained  as  follows  : 

C»H'=0=  +  C^ffNaO  =  C»H''(C=ff)02  +  NaHO. 
Benzoin.         Sodium  Ethyl-benzo'in.  Sodium 

ethylate.  hydrate. 

C"H'>(C^ff)0'  +  H=0  =  C  <H"(C2H^)03  +  H-. 
Ethyl-benzoin.  Ethyl-benzilio  acid. 

The  nascent  hydrogen  produced  in  this  last  reaction  converts  part  of  the  benzoin 
into  toluylenic  alcohol,  C"H'*0-,  which  by  the  action  of  the  alcoholic  potash  at  high 
temperatures  is  resolved,  as  above  mentioned  into  toluylene  hydrate,  C'^H'-'O,  benzoic 
acid  and  hydrogen,  and  the  toluylene  hydrate  is  in  some  cases  further  resolved  into 
toluylene  and  water.  The  compound  C^'K^^O^  is  probably  formed  from  benzoin  by 
the  action  of  nascent  hydrogen  in  the  manner  shown  by  the  equation : 

2C"H'-0=  -f  H*^  =  C-«H"'^0=  -t- 

(Jena  a.  Limpricht). 

4.  When  benzoin  is  heated  with  alcoholic  potash  in  an  open  flask,  the  alcohol  being 
replaced  as  it  evaporates,  and  the  product  is  treated  with  water  and  hydrochloric  acid, 
a  resinous  precipitate  is  formed,  and  the  liquid  after  a  while  deposits  crystals  of 
benzoic  acid  containing  a  trace  of  benzilic  acid.  The  resin  freed  from  benzoic  acid  by 
digestion  with  sodium  carbonate,  dissolves  easily  in  hot  alcohol,  forming  a  solution 
which  deposits,  first  nodular  crusts  of  small  white  crystals  consisting  of  dibenzoi'n 
Q28JJ2303  =  2  mols.  benzoin  —  H-0,  and  afterwards  a  soft  white  mass  the  constitu- 
tion of  which  has  not  been  distinctly  made  out  (.Jena  a.  Limprieht). 

According  to  more  recent  experiments  by  Limprieht  a.  Schwanert,  the  precipitate 
formed  on  adding  water  to  the  product  obtained  by  several  hours'  digestion  of  benzoin 
with  alcoholic  potash  in  an  open  vessel,  consists  of  hydrobenzoin  (orthorhombic)  and 
benzile  (in  sealed  tubes  no  benzile  is  formed) ;  and  the  liquid  filtered  from  this 
precipitate  and  mixed  with  hydrochloric  acid  deposits  benzoic  acid,  benzilic  acid  and 
ethyl-dibenzoin,  C^TC'^O*  =  C28H2'(C-ff )0^  (formerly  regarded  by  Jena  as 
isomeric  with  benzoin,  and  designated  as  tolane  alcohol).  On  boiling  the  precipitate 
formed  by  hydrochloric  acid  with  water,  the  benzoic  and  benzilic  acids  dissolve,  and 
ethyl-dibenzoin  remains  as  a  resinous  mass,  which  dissolves  in  alcohol  and  separates 
therefrom  in  crystals  melting  at  200°.  Heated  with  acetyl-chloride,  it  is  converted 
into  acetyl-ethyl-dibenzoin,  C28H-'o(C2H'0)(C=H')0^ 

It  appears  from  the  observations  above  described  that  the  action  of  alcoholic  potash 
on  benzoin  gives  rise  to  the  formation  of  three  compounds  derived  from  two  molecules 
of  benzoin,  viz.  dibenzoin,  C^^H-^O',  ethyl-dibenzoin,  C'^ffW,  and  the  com- 
pound C-^H-^O^ 

A  fourth  compound,  similarly  derived,  is  oxy  lepidene,  which  Zinin  obtained  by  the 
action  of  hydrochloric  acid  upon  benzoin.  Dilute  sulphuric  acij  produces  the  same 
effect : 

2C>'H'-0^  -  2H-0  =  C=«H=«0'. 
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Oxylepidone  is  closely  allied  to  the  compound  C-^H-^O^,  and  would  undoubtedly  bo 
obtained  from  it  by  the  action  of  acids.  When  a  mixture  of  oxylepidene  and  benzoin 
is  heated  -with  -water  to  150°,  these  bodies  are  converted  into  lepidene,  C-^H-^O,  and 
benzilo,  respectively.  This  would  account  for  the  results  obtained  by  Zinin,  who 
found  the  two  latter  to  be  the  chief  products  of  the  action  of  hydrochloric  acid  on 
benzoin.    (Limprieht  a.  Schwanert.) 

Slydrobenzoiu.  C'''H"0-. — It  was  stated  in  the  First  Sicpplement,  p.  333,  that 
the  prodnrls  thus  designated  obtained  from  different  soiirces,  exhibit  considerable 
differences  of  moiling  point ;  and  it  now  appears  from  the  experiments  of  Ammann 
{Zeitsehr.  f.  Chem.  [2]  vii.  83;  Ann.  Chem.  Pharm.  clxviii.  69),  that  there  are  two 
modifications  of  hj'drobenzoin,  both  of  which  are  formed  by  the  action  of  sodium- 
amalgam  on  benzoic  aldehyde  in  aqueous  or  alcoholic  solution.  One  of  these  is  iden- 
tical with  Zinin's  hydrobenzoi'n,  obtained  by  treating  benzoic  aldehyde  with  zinc 
and  hydrochloric  acid  (iii.  185);  the  other,  named  isohydrob  enzo'in,  is  the  principal 
product  of  the  action  of  sodium-amalgam  on  bitter-almond  oil  in  presence  of  warm 
water ;  both  isomerides  are  obtained  if  an  alcoholic  solution  be  used,  the  proportion 
of  hydrobenzoin  rising  with  the  strength  of  the  alcohol  employed.  Their  separation 
is  very  difficult,  and  can  only  be  effected  by  repeated  crystallisation  from  alcohol,  in 
which  isohydrobenzoin  is  somewhat  the  more  soluble. 

Hydrobenzoi'n  crystallises  from  water  and  alcohol  in  anhydrous  silky  scales,  soluble 
in  80  parts  water  at  100°  and  400  parts  water  at  15°,  easily  soluble  in  alcohol,  fusible 
at  132°-5. 

Isohydrobenzoin  crystallises  from  water  in  glistening  hydrated  needles,  from  alcohol 
in  well-defined  hexagonal  crystals.  It  dissolves  in  80  parts  water  at  100°  and  52G 
parts  at  15°,  is  easily  soluble  in  alcohol,  and  melts  at  119°-5.  It  is  unaltered  by 
eight  days'  digestion  in  alcoholic  solution  with  sodium-amalgam,  and  therefore  seems 
to  be  not  convertible  into  benzyl  alcohol. 

Action  of  Acetyl  Chloride. — After  24  hours'  digestion  with  acetyl  chloride  and  ex- 
pulsion of  the  excess  by  a  current  of  air,  both  substances  yielded  products  correspond- 
iug  with  the  formula  C"II'-(OC-H-''0)-;  the  isohydrobenzoin  derivative  is  obtained  with 
difficulty  in  crystals,  which  melt  at  117°-118°  ;  this  substance  seems  to  bo  identical 
with  the  acetic  ether  obtained  by  Limprieht  and  Schwanert  from  stilbono  bromide 
(which  melts  at  106°-120°). 

Action  of  Nitric  Acid. — Zinin  found  that  hydrobenzoin  is  easily  converted  into 
benzoin  by  nitric  acid.  Isohydrobenzoin  dissolves  readily  in  this  acid ;  the  product 
of  the  reaction  collects  on  the  surface  of  the  liquid  in  oily  drops,  which  in  contact 
with  water  pass  into  a  tough  yellow  mass,  which  could  not  be  made  to  yield  any  definite 
compound. 

Action  of  P/iosphorio  Chloride. — The  reaction  with  isohydrobenzoin  seems  to  be 
more  energetic  than  with  hydrobenzoin.  The  product  of  the  reaction  was  the  same 
with  both  substances,  was  very  sparingly  soluble  in  alcohol,  and  crystallised  from 
toluene  in  colourless  needles,  melting  at  184°,  and  having  the  composition  C'*H'-CP. 

Limprieht  a.  Schwanert  {Ann.  Chem.  Pharm.  c]x.  177),  by  heating  toluylene  bromide 
C'*H'-Br-  with  an  equivalent  quantity  of  silver  acetate  mixed  with  glacial  acetic  acid 
for  some  hours  in  a  flask  with  reversed  condenser,  obtain  toluylene  acetate  C"H'- 
(C-H'O-)-,  which,  when  precipitated  by  water  and  heated  with  alcoholic  potash  for 
24  hom-s,  yields  at  least  two  isomeric  compounds  having  the  formula  C'''II'^(OH)-, 
separable  by  successive  crystallisation  from  alcohol. 

The  least  soluble  of  these,  called  toluylenic  alcohol,  melts  between  115°  and 
146°;  but  all  attempts  to  obtain  from  it  a  substance  of  constant  melting  point  having 
failed,  it  appears  most  probably  to  consist  of  two  mutually  convertible  isomerides  : 
when  heated  with  glacial  acetic  acid,  acetic  anhydride,  or  acetic  chloride,  it  yields 
acetic  others,  which  likewise  do  not  exhibit  any  constant  melting  point.  Nitric  acid 
of  sp.  gr.  1-4  oxidises  it  to  benzoin,  and  bromine  converts  it  chiefly  into  benzile,  accord- 
ing to  the  equation : 

2C»H"0=  +  Br'  =  Cm'oO-  +  C'^H'-Br^  +  2n-0  4-  2HBr. 
ToUiyleiiic  Benzilc.  Toluylcuo 

alcohol.  bromide. 

Alcoholic  potash  or  soda  at  180°-200°  decomposes  toluylenic  alcohol,  with  evolution 
of  inflammable  gas,  yielding  toluylene  and  oily  substances  which,  when  licated,  gives 
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off  vapours  having  an  odour  of  geranium.  Dilute  sulphuric  acid  abstracts  the  elements 
of  water,  forming  a  crystalline  compound  C'H'^O,  which  melts  at  95°. 

Isotoluy  lenic  alcohol  crystallises  in  slender  needles  from  the  mother-liquors  of 
toluylene  alcohol  prepared  as  above  described ;  it  melts  at  96°,  and  when  heated  to  1 60° 
for  two  hours  with  acetic  anhydride,  gives  two  isomeric  acetic  ethers,  melting  respec- 
tively at  135°  and  96°.  Dilute  sulphuric  acid  (20  p.c.)  gives  a  small  quantity  of  a  crys- 
talline compound,  CH'-O,  melting  at  95°,  and  probably  identical  with  that  obtained 
from  toluylenic  alcohol ;  the  principal  product,  however,  is  an  oily  isonieride  of  this 
crystalline  compound.  Nitric  acid  of  sp.  gr.  1"4  converts  isotoluylenic  alcohol  into 
benzoin. 

Limpricht  a.  Schwanert  give  the  name  of  stilbene  alcohol  to  the  modification 
hitherto  called  hydrobenzoi'n,  which  Zinin  obtained  by  the  action  of  alcoholic  potash 
on  benzoin,  reserving  the  name  hydrobenzoi'n  for  the  other  modification  obtained  by 
the  action  of  nascent  hydrogen  on  benzoic  aldehyde  (Ammann's  isohydrobenzoin). 
They  find  that  stilbene  alcohol  crystallises  in  large  tabular  prisms  melting  at  132°  ; 
heated  with  glacial  acetic  acid  t«  170°  for  two  hours  it  furnishes  the  mono-  and  di- 
acetic  ethers,  C'  'H"0=(C=H30)  and  Ci'H'=0=(C-ffO)2,  melting  respectively  at  77°  and 
135°  ;  acetyl  chloride  and  acetic  anhydride  give  the  diacetic  ether  melting  at  135°. 
Bromine  forms  benzil  and  bromo-toluylene,  just  as  with  toluylenic  alcohol ;  alcoholic 
potash  at  180°  for  some  hours  forms  benzoic  acid  and  toluylene  hydrate,  C'^H"0 ; 
this  latter  is  further  split  up  into  water  and  toluylene,  C'^H'-.  On  heating  stilbene 
alcohol  with  dilute  sulphuric  acid  for  half  an  hour,  a  crystalline  compound,  C'^H'-O, 
is  produced,  melting  at  125°. 

The  general  conclusion  deduced  by  Limpricht  a.  Schwanert  from  these  experiments 
is,  that  toluylene  bromide  gives  at  least  two  isomerides  of  the  formula  C'H'^O- ;  that 
benzoin  and  alcoholic  potash  give  another,  with  which  the  hycbobenzoi'n  of  Ammann 
is  probably  identical,  the  isohydrobenzoin  of  this  chemist  being  probably  a  different 
isomeride.  These  isomerides  differ  in  the  melting  point,  &e.,  of  the  acetyl  derivatives, 
and  yield  different  bodies  by  the  action  of  sulphuric  acid;  in  some  instances,  however, 
both  the  toluylene  and  stilbene  alcohols  form  the  same  products,  e.g.,  by  the  action  of 
bromine. 

Ammann,  on  the  other  hand,  infers  from  the  description  given  by  Limpricht  a. 
Schwanert  of  their  toluylenic  and  isotoluylenic  alcohols,  that  the  substances  so  designa- 
ted were  not  definite  chemical  compounds,  but  mere  mixtures.  Their  melting  points 
show  that  they  could  not  bo  mixtures  of  bydrobenzoi'n  and  isohydrobenzoin. 

Deoxybeuzoiin  or  Toluylene  Oxide.  C"H'-0  (Limpricht  a.  Schwan- 
ert, Ann.  Ch.  Pfiarm.  civ.  59). — This  compound,  discovered  by  Zinin  in  1860,  was 
obtained  by  the  action  of  zinc  and  hydrochloric  acid  on  benzoin  and  on  benzilo 
chloride  (l.si  Suppl.  382).  Limpricht  a.  Schwanert  believed  that  they  obtained  the 
same  compound  by  heating  toluylenic  acetate  with  alcoholic  potash,  but  they  have 
since  found  that  the  compound  thus  obtained  is  not  toluylene  oxide  C"H'-0,  but 
toluylene  hydrate  C'*H"0. 

Deoxybenzoin  is  also  produced  when  benzoin  is  passed  over  heated  zinc-dust,  but  the 
deoxidation  sometimes  goes  further,  producing  toluylene  C'^H'^,  and  an  oil  isomeric 
therewith;  and,  lastly,  it  is  obtained  by  heating  bromo-toluylene  C''H"Br  with 
water  for  several  hours  to  180°-190°  in  a  sealed  tube  :  this  last  appears  to  be  the  most 
convenient  mode  of  preparation. 

The  tube  after  cooling  is  opened  (strong  pressure  sometimes  showing  itself) ;  the 
aqueous  hydrobromic  acid  resulting  from  the  action  is  decanted  from  the  crystalline 
deoxybenzoin  ;  and  the  latter  is  piu'ified  by  several  recrystallisations  from  alcohol. 

Deoxybenzoin  thus  prepared  agrees  in  its  properties  with  that  obtained  by  Zinin. 
It  crystallises  in  plates  sometimes  of  considerable  size,  dissolves  easily  in  alcohol  and 
ether,  melts  at  54°-55°,  and  may  be  distilled  without  alteration. 

According  to  Kadziszewski,  deoxybenzoin  is  produced  by  heating  a  mixture  of  bcn- 
zoate  and  phenylacetate  of  calcium,  whence  it  appears  to  have  the  constitution  of 
phenyl-benzyl  ketone : 


(Dent.  Chem.  Gcs.  Bcr.  vi.  489). 

Deoxybenzoin  is  converted,  by  abstraction  of  oxygen,  into  toluylene  (stilbene),  as 
when  benzoin-vapour  is  passed  over  heated  zinc-dust:  heated  to  180°  for  six  hours, 
with  highly  concentrated  hydriodic  acid  (b.  p.  127°),  it  likewise  yields  toluylene,  and 
afterwards  dibenzyl  C'*H". 


CH=(C«H5) 
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By  addition  of  hydrogen,  deoxybenzoi'n  is  converted  into  the  two  compounds 
C2SH=602  =  2C»H'-0  +  ff,  and  C'<H"0  (toluylene  hydrate)  =  C'H'^O  +  H-.  To 
obtain  the  former  of  these  compounds,  the  alcoholic  solution  of  deoxybenzoi'n  is  heated 
for  several  hours  in  the  water-bath  with  zinc-filings  and  hydrochloric  acid,  then 
filtered ;  the  filtrate  is  mixed  with  water  ;  and  the  precipitate,  collected  after  twelve 
hours,  is  dissolved  in  alcohol.  The  resulting  solution  first  deposits  the  compound 
C-*H-''0- in  white  shining  needles  melting  at  156°,  and  afterwards  unaltered  deoxy- 
benzoin,  finally  leaving  a  viscid  mother-liquor.  By  digesting  the  alcoholic  solution 
of  deoxybenzoi'n  with  sodium-amalgam  for  twenty-four  hours  in  a  steam-bath,  filter- 
ing, neutralising  the  filtrate  with  hydrochloric  acid,  evaporating  off  the  alcohol,  and 
mixing  the  remaining  liquid  with  water,  a  precipitate  is  obtained,  the  alcoholic  solution 
of  which  first  deposits  the  compound  C-'H-i^O^  in  small  quantity,  and  then  toluylene 
hydrate  C'^H"0. 

Toluylene  hydrate  is  likewise  formed  by  heating  hydrobenzo'in  or  deoxybenzo'in  with 
alcoholic  potash  or  sodium  ethylate: 

3C"H"0-  =  2C'^H"0  +  2C'H«02  -f  IP 
Hydrobenzoin.      Toluylene  Benzoic 
hydr.ate.  '  acid. 

3C'*H'=0  +  2C=H''0  =  2C'^H»0  +  C'«H'«02  -i-  WO 

Deo.xybcnzoln.      Alcohol.  Toluylene 
hydrate. 

and,  lastly,  as  abeady  observed,  by  heating  toluylene  acetate  with  alcoholic 
potash. 

AVhen,  deoxybeuzoin  is  heated  in  sealed  tubes  to  150°  for  three  hours  with  sodium 
cthylatc,  (each  tube  containing  4  grams  of  deoxybeuzoin  and  a  solution  of  1  gram  of 
sodiimi  in  strong  alcohol),  and  the  contents  of  the  tubes  are  mixed  with  water  after  the 
alcohol  has  been  driven  off  by  gentle  heating,  the  liquid,  after  standing  for  some  time, 
deposits  the  toluylene  hydrate  completely  in  crystals,  and  the  filtered  mother-liquor 
mixed  with  hydrochloric  acid  yields  the  compound  C'H'^O-.  If  the  temperature  has  not 
been  allowed  to  rise  above  150°,  these  two  bodies  are  the  only  products  obtained,  and 
no  pressure  is  exhibited  on  opening  the  tubes  ;  but  if  the  temperatm-e  has  risen  to 
160°,  slight  pressure  is  perceptible,  and  if  to  170°,  a  very  strong  pressure  is  exerted, 
and  the  toluylene  hydrate  is  then  for  the  most  part  resolved  into  toluylene  and 
water. 

Toluylene  hydrate  forms  long,  slender,  glassy,  brittle  needles,  often  radiating  from 
a  common  centre,  very  soluble  in  alcohol  and  ether,  insoluble  in  water,  melting 
at  62°,  and  distilling  without  decomposition.  Nitric  acid  of  sp.  gr.  1-3  con- 
verts it  into  deoxybeuzoin.  When  bromine  is  poured  upon  it,  hydroljromic  acid  is 
evolved,  and  several  compounds  are  formed,  among  which,  only  bromotolaue  C"H°Br. 
could  be  distinguished  with  certainty. 

The  hydrate  heated  with  dilute  sulphuric  acid  (1  part  hydrogen  sulphate  to  4  parts 
water)  is  resolved  into  toluylene  (melting  at  120°)  and  water.  The  same  decomposi- 
tion takes  place,  as  already  observed,  when  toluylene  hydrate  is  heated  to  170°  with 
alcoholic  potash  ;  but  in  that  case,  another  reaction  seems  also  to  occur,  inasmuch  as 
on  opening  the  tube,  pressure  is  exerted,  probably  resulting  from  hydrogen. 

Toluylene  hydrate  dissolves!, very  easily  in  acetyl  chloride,  forming  acetyl-toluy- 
lene  hydrate  C"II'^(C'-H°0  0,  which,  when  the  excess  of  acetyl  chloride  has  been 
expelled  by  gentle  heating,  and  the  hydrochloric  acid  by  leaving  the  product  for  a 
week  in  a  vacuum,  is  obtained  as  a  coloiu-less  viscid  liquid.  The  acetylated  com- 
pound dissolves  easily  in  alcohol  and  ether,  distils  for  the  most  part  undecomposed, 
a  small  portion  only  being  resolved  into  acetic  acid  and '  toluylene.  Heated  vnth 
alcoholic  potash,  it  is  quickly  resolved  into  acetic  acid  and  toluylene  hydrate,  part  of 
which  is  converted  into  toluylene.  By  heating  to  150°  for  four  hours  with  excess  of 
acetyl  chloride,  it  is  completely  resolved  into  acetic  acid  and  toluylene. 

The  compound  CH'^O-  is  precipitated  by  hydrochloric  acid  as  a  resinous  mass, 
which  dissolves  easily  in  alcohol,  and  either  crystallises  therefrom  very  quickly,  or 
separates  by  gradual  evaporation  in  the  form  of  an  oil,  and  remains  in  that  state  for 
weeks;  it  may  then  be  made  to  crystallise  by  pouring  alcohol  upon  it  and  stirring 
briskly.  From  a  hot  concentrated  alcoholic  solution  it  separates  in  tufts  of  long  white 
needles  ;  the  crystals  formed  by  slow  transformation  of  the  oil  are  often  short  trans- 
parent prisms.  It  melts  at  100°  (not  in  boiling  water,  but  in  an  oil-bath  heated  to 
102°-103°) ;  dissolves  easily  in  ether  andglacial  acetic  acid,  with  moderate  facility  in 
boiling,  much  less  in  cold  alcohol ;  with  yellow  colour  in  warm  strong  sulphuric  acid, 
and  is  reprecipitated  by  water.  Sodium  carbonate,  ammonia,  and  caustic  soda  do 
not  dissolve  it,  even  when  heated ;  but  it  dissolves  in  alcoholic  potash,  and  is  pre- 
cipitated therefrom  by  hydrochloric  acid,  but  not  by  water.    The  alcoholic  solution  is 
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not  precipitated  hy  neutral  lead  acetate,  or  silver  nitrate,  even  on  addition  of  am- 
monia ;  mixed  -with  a  very  small  quantity  of  potash,  it  gives  with  silver  nitrate  a 
brown  precipitate  of  silver  oxide.  It  is  not  attacked  by  sodium-amalgam,  or  when  its 
solution  in  acetic  acid  is  boiled  with  nitric  acid.  Bromine  acts  on  the  free  compound 
and  on  the  solution  in  acetic  acid,  forming  crystalline  and  oily  products.  Heated  to 
180°  with  fuming  hydrochloric  acid,  or  boiled  for  two  hours  with  dilute  sulphuric  acid, 
it  forms  a  brown  oil  easily  soluble  in  alcohol ;  water  slowly  added  to  the  alcoholic 
solution  throws  down  a  brown  resin,  and  the  liquid  decanted  therefrom'  yields  pris- 
matic crystals  which  have  likewise  the  composition  C'^H^O-,  but  melt  at  132°. 

Bromodeoxybenzo'in  or  Bromotoluylcnc  Oxide,  C"H"BrO,  is  formed  by 
adding  1  mol.  bromine  to  1  mol.  deoxybenzoin  in  ethereal  solution.  On  distilling  olf 
the  ether,  a  large  quantity  of  hydrobromie  acid  is  given  off,  and  the  oily  residue 
solidifies  after  some  time  to  a  crystalline  mass.  The  alcoholic  solution  of  this  pro- 
duct slowly  deposits  drops  of  oil,  which  on  immersing  the  vessel  in  ice,  are  converted 
into  white  nodular  crystals. 

Bromodeoxybenzoin  dissolves  easily  in  ether  and  hot  alcohol,  melts  at  50°,  and 
turns  yellow  at  100°.  When  it  is  heated  with  water  to  160°,  or  with  alcoholic  potash  to 
160°,  or  when  its  alcoholic  solution  is  digested  with  sodium- amalgam  or  mixed  with 
silver  nitrate,  the  whole  of  the  bromine  is  removed. 

By  completely  precipitating  the  alcoholic  solution  with  silver  nitrate,  removing  the 
excess  of  silver  with  hydrochloric  acid,  neutralising  the  filtrate  with  sodium  carbonate, 
evaporating,  mixing  the  residue  with  water,  dissolving  the  precipitate  in  alcohol,  and 
leaving  the  alcoholic  sohition  to  evaporate,  an  oil  is  obtained  having  the  composition 
of  benzoin,  Its  formation  is  represented  by  the  equation : 

C»H"BrO  +  AgNO'  -i-  H^O  =  C'^H'=0=  -i-  AgBr  +  HNO'. 

It  does  not  appear,  however,  to  be  a  definite  compound,  for  after  some  days  it  de- 
posits crystals  of  benzile  in  large  quantity,  leaving  an  oil  which  remains  liquid 
for  several  months. 

Bromodeoxybenzoin  heated  with  water  to  160°  yields  benzile,  deoxybenzoin  and 
hydrogen  bromide  : 

2C"H''BrO  +  WO  =  C»H'»02      C'^H'-O  +  2HBr. 

The  products  obtained  by  heating  it  with  alcoholic  potash  to  150°,  or  by  digesting 
its  alcoholic  solution  with  sodium-amalgam,  have  not  been  examined. 

JDihromodcoxybensoin  C'''H"'Br=0,  analogous  to  chlorobenzile  C''H"'CPO,  is 
the  compound  which  Zinin  obtained  by  dropping  bromine  into  fused  deoxybenzoin 
(\st  Siippl.  332).  It  is  likewise  obtained  by  adding  bromine  in  excess  to  the  ethereal 
solution  of  the  latter.  It  crystallises  in  hard  perfectly  white  prisms ;  dissolves  easily 
in  ether  and  in  hot  alcohol,  sparingly  in  cold  alcohol;  melts  at  110°-112°  (at  87°  accor- 
ding to  Zinin)  and  turns  brown  at  200°.  Silver  nitrate  added  to  the  alcoholic  solution 
removes  all  the  bromine  and  forms  benzile.  Heated  with  water  to  160°,  it  is  com- 
pletely resolved  into  hydrogen  bromide  and  benzile  :  C'''H"'Br20  +  H-0  =  2HBr  + 
Qi4jjioQ2^  On  treating  the  alcoholic  solution  with  hydrochloric  acid  and  zmc,  filtering 
after  four  hours,  and  adding  water,  a  precipitate  is  obtained,  the  alcoholic  solution  of 
which  deposits  crystals  of  deoxybenzoin  and  hydrobenzo'in. 

Acctyl-deoxi/bcmotnoT^Acetyl-toluylene  Oxidc,C}^B}\C^WO)0  is  obtained 
by  heating  bromotoluylene  C'*H"Br  {\st  Suppl.  1107)  to  130°-140°  with  silver  acetate 
and  glacial  acetic.  On  filtering  after  eight  hours,  distilling  off  the  greater  part  of 
the  acetic  acid,  and  adding  water,  a  brown  syrup  is  precipitated  which  separates  from 
alcohol  in  the  same  form  and  shows  no  tendency  to  crystallise.  It  is  decomposed  by 
distillation  even  in  a  vacuum,  deoxybenzoin  passing  over,  and  a  considerable  resinous 
residue  being  left.  The  acetyl-compound  is  slowly  decomposed  by  water  at  200°,  yield- 
ing deoxybenzoin  and  acetic  acid : 

Ci^H"(C=H'0)0  +  WO  =  C'*H'20  +  C^ffO'. 
Boiled  with  alcoholic  potash,  it  yields  potassium  acetate  and  tolane  : 

Ci^H"(C-H^O)0  +  KHO  =  C"H'»  -t-  0-H'KO  +  WO. 

Tolujlene  oxides  isomeric  with  that  above  described  are  produced  by  the  action  of 
dilute  sulphuric  acid  on  the  several  modifications  of  the  alcohol  C"H'*0^,  described  by 
Limpricht  a.  Schwanert  (p.  172).  The  oxide  C'^H'^0,  obtained  in  this  manner  from 
toluylonic  alcohol,  melts  at  95°,  and  the  same  modification  is  obtained  from  isotoluylenic 


BENZOI^f. 


175 


alcohol,  together  ■with  another  which  is  an  oily  liquid.  Stilbeno  alcohol  (Ziiiiu's 
hydrobenzoi'n)  yields  an  oxide  melting  at  125°. 

Constitution  of  Benzoin  and  its  Derivatives. — The  constitution  of  these  compounds 
has  been  variously  represented  by  diiferent  chemists,  the  main  point  of  discussion  being 
■whether  the  t'wo  phenyl-atoms  contained  in  them  are  attached  to  the  same  or  to  dif- 
ferent carbon-atoms.    Limpricht  a.  Schwauert,  as  "well  as  Grimaux,  in  1867,  proposed 

for  deoxybenzoin,  the  formula  Qjj'csjjsj^'  which  was  afterwards  adopted  by  Kekule 
in  1860.    Stadeler,  in  the  same  year  {Ann.  CJi.  Pharm.  cli.  467),  proposed  for  this 

compound  the  formula  0\  |  ,  in  ■which  the  two  phenyl-atoms  arc  attached 

to  the  same  atom  of  carbon ;  and  this  formula  has  subsequently  been  adopted  by 
Limpricht  a.  Schwanert  (ibid.  civ.  74),  in  preference  to  their  own,  mainly  on  account 
of  the  relation  of  deoxybenzoin  to  bcnzilic  acid,  which  they  regard  as  difhcnyl-qhjcoUic 

C(C''ff)-On 
aeid,  I  (p.  158). 

COOH 

The  formulae  of  the  principal  compounds  of  the  series,  according  to  this  view,  are 
as  follow : — 

C(C'=H^)=OH  C(C<'ff)= 
Benzilic  acid  |  Benzile  | 

COOH  GQ-"-"'^ 

QiC'WY  C(C''ff)20H 
Deoxybenzoin  |  "^0  Benzoin  | 

CH^"—"''^  COH 

C(C«ff)^OH  Stilbene  C(C'^ff)= 

Hydrobenzoi'n  |  (Toluylene)  || 

CH-OH  CW 

But  the  formula  thus  assigned  to  stillienc  is  not  consistent,  either  with  its  formation 
from  the  sulphides  of  benzyl  {\st  ^uppl.  1107),  or  -with  its  conversion  into  dibenzyl 
Cff — CH- — CH^ — CH*,  by  heating  with  hydriodic  acid.  Both  these  reactions,  indeed, 
lead  to  tlie  formula  CH*— CH=CH— Cff  for  stilbene;  thus  its  formation  from 
benzyl  sulphide  is  represented  by  the  equation  : 

/CH2(C''H'')  CH.C-'H'' 
S(  =  ffS  II 

\CH2(C«ff)  CH.C^ff 

The  formation  of  benzoin  or  of  hydrobenzoin  from  bitter-almond  oil  is  likewise  incon- 
sistent with  Stadeler's  formula,  inasmuch  as,  in  so  easy  a  transformation,  it  is  difficult 
to  imagine  that  two  atoms  of  phenyl,  originally  belonging  to  two  diiferent  molecules 
of  bitter-almond  oil,  should  attach  themselves  to  the  same  atom  of  carbon. 

To  throw  furtlier  light  on  this  question  Zincke  {BetU.  Chcm.  Ges.  Bcr.  v.  836)  has 
examined  the  products  of  oxidation  of  stilbene,  benzoin  and  benzile.  Stilbene  oxidised 
with  chromic  acid  mixture,  is  converted  into  benzoic  aldehyde  and  benzoic  acid.  The 
production  of  the  former  of  these  compounds  from  stilbene,  regarded  as  CH'' — 
CH==CH — C"H*,  is  easily  explained,  the  introduction  of  2  at.  oxygen  splitting 
the  molecule  up  into  two  molecules  of  benzoic  aldehyde  CH^O,  part  of  which  is  then 
further  oxidised  to  benzoic  acid.  Benzoin  similarly  treated  is  likewise  oxidised  to 
benzoic  aldehyde  and  acid ;  also  by  potassium  permanganate,  whereas  nitric  acid  and 
arsenic  acid  do  not  act  upon  it.  Benzile  is  somewhat  less  readily  oxidised  than  stil- 
bene or  benzoin  ;  but  by  continued  heating  with  the  oxidising  mixtm-e,  it  is  finally 
converted  into  benzoic  acid. 

These  results  are  likewise  inconsistent  with  Stadeler's  formula,  according  to  whieli 
the  bodies  above  mentioned  should  be  converted  by  oxidation  into  benzophenone  or 
diphenyl  ketone  CO{G''B?Y. 

The  following  formulae  are  regarded  by  Zincke  as  most  in  accordance  with  the  known 
reactions  and  modes  of  formation  of  these  bodies  : — 

Hydrobenzoin.  Bcnzo'i'n.  Deoxybenzoin. 

Cff— CHOH  CH'— C— OH  C«ff— C— H 

I  1)0  l> 

CH'— OHOH  C»H'>— C— H  CH'— C— H 
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Cff— CH 

On  the  other  hand,  the  mode  of  formation  of  deoxyhenzoin  ohserved  by  Eadzis- 
zewski  (p.  173),  loads  to  the  inference  that  this  body  and  its  congeners  should  be 
represented  by  ketonic  formida,  thus  : 


Hydrobenzoin. 

Benzoin. 

Deoxybenzoin. 

cm' 

Benzil 

1 

CH(OH) 

1 

CH(OH) 

1 

ho 

1 

CH(OH) 

CO 

1 

CO 

1 

CO 

1 

C«H= 

1 

C«ff 

1 

C=H= 

Hydrobenzoin  and  isohydrobenzoi'u  appear  to  be  chemically  identical,  inasmuch  as 
they  yield  the  same  chloride  when  treated  with  phosphorus  pentachloride  (Zincke.) 
The  modifications  of  hydrobenzoin  and  deoxybenzoin  described  by  Limpricht  a. 
Schwanert — supposing  their  existence  to  be  established — are  perhaps  also  merely 
physical  modifications. 

SEirZOPHSSrOIJ'E  or  SIPKEWYX.  KETONE,  C'^H'oO  =  C0(C«H5)=, 
may  be  produced  bv  the  action  of  benzoyl  chloride  on  morcury-diphenyl  (Otto, 
J.2}r.  Chcm.  [2]  i.  144): 

(C«ff)=Hg  +  2G'^ffC0Cl  =  HgCP  +  200(0"^)^. 

A  new  modification  of  benzophenone  is  obtained  by  the  oxidation  of  diphenyl- 
mcthane,  CB[^(C°H^)^.  It  is  first  obtained  as  an  oily  liquid,  which,  on  standing  in 
the  cold,  deposits  largo,  transparent,  apparently  monoclinic  crystals,  having  great 
resemblance  to  Iceland  spar;  they  melt  at  26°-26°-5  to  a  clear  liquid  whicli  boils 
constantly  at  300°.  The  same  modification  of  benzophenone  is  obtained  as  a  by- 
product in  the  preparation  of  methyl-phenyl  ketone.  After  some  time  the  transparent 
crystals  change  their  appearance ;  they  become  milk-white,  and  this  change  is 
accelerated  by  touching  or  gently  warming  them.  They  then  melt  at  48°-49°,  being 
transformed  into  common  rhombic  benzophenone,  which  is  the  more  stable  form  of  the 
two  (Zincke,  Deut.  Chem.  Gcs.  Ber.  iv.  576). 

Benzophenone  heated  to  180°  with  excess  of  pliosphoriis  pentachloride,  forms 
diphenyl-dichloromethane  C(C'^H*)-C1-,  which,  however,  cannot  be  obtained 
pure,  as  it  is  decomposed  by  heat,  and  by  the  action  of  water.  Wlien  freed  by  warming 
from  phosphorus  oxychloride,  and  then  treated  with  finely  divided  silver,  it  yields 
tetraphenyl-ethylone  C-(C*II*)',  which  separates  from  solution  in  hot  benzene 
in  spicular  ciystals  melting  at  221°.    {Behi,Deut.  Chem.  Ges.  Ber.  iii.  751). 

■C'H^SO^H. 
IC^H^SO-^H 

— Benzophene  dissolves  without  alteration  in  cold  sulphuric  acid  and  is  reprecipitated 
by  water  ;  but  if  the  liquid  be  warmed,  and  especially  if  fuming  sulphuric  acid  be  used,  a 
s«lphonio  acid  is  formed  which  yields  readily  soluble  potassium  and  sodium  salts,  and 
a  sparingly  solubla  crystalline  anhydrous  barium  salt,  CO/Qg^igo^-'^^'  ^  small  quan- 
tity of  an  unci-ystallisable  barium  salt  is  also  formed,  apparently  isomeric  with  the 
crj"stalline  salt. 

The  potassiiim  salt  fused  with  potash  yields  a  small  quantity  of  phenol,  a  large 
quantity  of  paraoxybenzoic  acid,  and  a  small  quantity  of  a  more  soluble  acid.  The 
principal  reaction  is  represented  by  tho  equation  : 

C0(C»H'S03K)-  +  3K0H  =  C'S^j^^Qj^.  +  C^ffOH  +  2K=S0', 

The  formation  of  paraoxybenzoic  acid  as  the  principal  product  shows  that  the  two 
groups  SO^H  are.  in  the  position  1  :  4  with  respect  to  tho  gi'oup  CO  (Stadel,  Zeiischr. 
f.  Chem.  [2]  vii.  563). 

BEarZOYSi  CHlrOISZBE.    See  Benzoic  Chloeide,  (p.  169). 

BEKrZ07I,-BEZrZ0XC  ACID.    C'lH^O'  =  C^ff— CO— C«H'— CO^H  (V.  V. 


B>ENZOPKSirOirE-SVX.FKOiriC    ACID.   C^ff'S-'O'   =  CO-^ 
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Eichter,  Bctit.  Chon.  Gcs.  Ber.  iv.  459). — Produced  by  oxidising  benzyl-toluene 
C"H'— CII= — C''H'(CH^)  with  chromic  acid,  the  hydrocarbon  being  first  converted  into 
mcfliyl-benzophenone  or  tolyl-phenyl  ketone  CH^ — CO — ^^(CH^),  the  gi-eater  part 
of  "which  is  then  further  oxidised  to  benzoyl-benzoic  acid. 

On  adding  an  acid  to  a  cold  solution  of  one  of  its  salts,  the  benzoyl-benzoic  acid 
separates  as  a  gelatinous  precipitate  ;  from  a  hot  solution  it  is  obtained  in  tho  form 
of  small  silky  needles.  It  is  sparingly  soluble  in  cold  water,  in  chlorofonn,  benzene, 
and  toluene,  a  little  more  in  hot  water;  in  ether,  alcohol,  and  glacial  acetic  acid  it 
dissolves  readily,  less  easily  in  dilute  alcohol.  From  hot  dilute  alcohol  or  chloroform 
it  crystallises  in  thin  plates  having  a  satiny  lustre;  from  dilute  acetic  acid  it  separates 
in  thin  long  needles.  It  melts  at  194°-195°,  and  sublimes  at  a  higher  temperature 
in  largo  needles  very  much  like  sublimed  benzoic  acid.  The  barium  salt  Ba(C'^H'O^)^ 
+  II-O  crystallises  from  a  hot  aqueous  solution  in  ramified  needles,  which  become 
anhydrous  at  150°-160°.  On  evaporating  a  saturated  solution,  the  salt  crystallises  in 
anhydrous  plates.  The  calcium  salt  Ca(C"H"0')-  +  2H-0  crystallises  in  needles  like 
the  barium  salt,  but  is  more  soluble.  The  silva-  salt  AgC'^H'O^  is  a  white  precipitate, 
soluble  in  large  quantities  of  hot  water. 

Benzoyl-benzoic  acid  is  at  the  same  time  a  ketone.  On  boiling  its  alcoholic  solu- 
tion with  zinc  and  hydrochloric  acid,  it  takes  iip  hydrogen,  being  converted  into 
benzhydryl-benzoic  acid,  C^ff—CHOH—C^H^—CO^H,  which  is  much  more 
readily  soluble  in  water  and  dilute  alcohol  than  benzoylbenzoic  acid.  It  crystallises 
in  ramilied  needles,  melts  at  164°-165°,  and  is  decomposed  at  a  higher  temperature. 
By  oxidising  agents  it  is  easily  reconverted  into  benzoyl-benzoic  acid.  The  barium 
salt  Ba(C"lI"0')^  forms  long  hard  needles  grouped  in  stars'  tho  calcium  salt 
Ca(C'^H"0^)-  -I-  3H-'0  crystallises  in  white  needles  resembling  wavellite.  T\\q  silver 
salt  AgC"H"0^  is  a  white  precipitate  sparingly  soluble  in  boiling  water. 

Benzhydrylbenzoic  acid  has  the  same  composition  as  benzilic  acid,  but  these  two 
acids  arc  not  identical. 

When  benzhydryl-benzoic  acid  is  heated  with  concentrated  hydriodic  acid  to  150° 
for  some  hours,  it  is  transformed  into  bonzyl-benzoic  acid,  C^H* — CH- — C^H' — 
C'O'-H,  which  is  also  obtained,  besides  other  products,  by  acting  on  the  hydrocarbon 
with  dilute  nitric  acid.  This  acid  is  sparingly  soluble  in  cold  water ;  from  a  hot 
solution  it  crystallises  in  microscopic  needles  ;  from  dilute  alcohol  in  larger  needles 
or  plates  with  a  satiny  lustre.  It  melts  at  154°-155°,  and  sublimes  like  benzoyl- 
benzoic  acid. 

The  barimn  salt  Ba(C'*Ii"0=)-  is  sparingly  soluble,  and  forms  crystalline  crusts. 
The  calcium  salt  Ca(C'''II"0-)^  has  similar  properties,  and  the  silver  salt  is  a  white 
precipitate.  By  oxidising  agents  it  is  reconverted  into  benzoylbenzoic  acid.  On 
subjecting  the  calcium  salt  to  distillation,  diphenylmethane  is  produced. 

BSnrzoVIi-SVI.PHON'XC  ACXB.  C'H«S0*  =  Csff— CO— SO'H.— This  acid, 
isomeric  with  sulphobenzoic  acid,  is  obtained  by  the  action  of  sulphuric  acid  in  excess 
on  benzoyl  chloride.  It  crystallises  in  prisms,  and  is  decomposed  by  water,  yielding  a 
large  quantity  of  benzoic  acid.  By  keeping,  and  more  quickly  by  heating,  it  is  con- 
verted into  sulphobenzoic  acid,  which  may  accordingly  bo  conveniently  prepared  liy 
heating  benzoyl  chloride  with  excess  of  sulphuric  acid  (Oppenheim,  Deut.  Chan.  Gcs. 
Ber.  iii.  735). 

SEWZVZ.,  or  StXBSN-ZYZi,  C'H".  passed  in  tho  state  of  vapour  through 
rod-hot  tubes  throe  feet  long  filled  with  pumice,  is  resolved  into  toluene  and 
toluylene  (stilbene),  2C"H'^  =  2C'H''  +  C'<H'=  (Otto  a.  Drcher,  Ann.  Ch.  Pharm. 
cliv.  176). 

Stilbene  is  also  formed  in  considerable  quantity,  together  with  another  hydrocarbon 
not  yet  isolated,  when  dibenzyl  vapour  is  passed  over  heated  lead  oxide  (Bchr  a.  van 
Dorp,  Dcut.  Chan.  Gcs.  Ber.  vi.  753). 

BEWZYI,  AI.C0H03:..  C'H«0  =  C«mCH=OH.--Kachler  {J.  pr.  Chcm..  cvii. 
307)  prepares  this  alcohol  from  Peru  balsam  by  the  following  process  : — This  balsam, 
which  consists  essentially  of  benzyl  cinnamate,  together  with  cinnamicacid  and  resins, 
is  shaken  with  twice  its  volume  of  concentrated  alcoholic  potash  (whereupon  potassium 
lienzoate  separates),  then  with  warm  water,  and  the  separated  oil  is  heated  -viith 
four  times  its  volume  of  aqueous  potash  of  sp.  gr.  1-3,  till  the  layers  previously  sepa- 
rated have  dissolved  to  a  clear  liquid.  Tho  crystals  which  separate  on  cooling  are 
pressed,  and  the  liquid  is  diluted  and  boiled,  whereupon  the  benzyl  alcohol  passes 
over. 

Benzyl  alcohol  may  also  be  obtained  from  liquid  storax.  By  saponifying  the  crude 
styrnciu  (chiefly  cinnylic  cinnamate)  obtained  from  this  resin,  a  product  is  obtained 
which  begins  to  boil  a  little  above  100°,  and  yields  by  fractional  distillation  benzyl 

2ncl  Sup.  N 
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alcohol,  boiling  at  205^-207°,  sylyl  alcohol  Cm">0  boiling  at  217^^  and  other 
products  (^Laubenheimer,  Ann.  Ch.  Pkarm.  clxiv.  280).    See  Stobax. 

Action  of  Cyanogen  CJiloridc  on  Benzi/l  Alcohol. — When  gaseous  cyanogen  chloride 
liquefied  by  cooling,  is  mixed  in  tubes  drawn  out  in  the  middle  (for  convenience  of 
sealing)  and  immersed  in  a  freezing  mixture  -with  benzylio  alcohol,  in  the  proportion 
of  CNCl  to  2C'ffO,  and  the  tubes,  after  being  sealed,  are  exposed  for  an  hour  or 
two  to  the  temperature  of  the  air,  the  contents  become  hot  and  acquire  a  yellowish 
colour,  and,  on  subsequent  cooling,  solidify  to  a  crystalline  mass,  mixed  in  the  lower 
parts  with  a  small  quantity  of  white  amorphous  substance.  If  the  tubes  be  then 
opened  (after  again  immersing  them  in  the  freezing  mixture  to  prevent  loss  from  pro- 
jection) and  the  contents,  liquefied  by  gentle  warming,  are  pom-ed  into  a  flask  and 
distilled  under  a  pressure  of  about  10  mm.,  first  in  the  water-bath  and  finally  in  a 
bath  of  salt  water,  benzyl  chloride  passes  over,  and  the  residue  solidifies  to  a  crystal- 
line mass  containing  benzyl  carbamate,  which  may  be  purified  by  repeated  crystal- 
lisation from  ether  till  it  dissolves  completely  therein,  and  finally  by  crystallisation 
from  boiling  water.  The  matter  insoluble  in  ether  (the  white  amorphous  substance 
above  mentioned),  consists  of  sal-ammoniac,  and  an  organic  substance  insoluble  in 
water,  alcohol,  a.nd  ether,  slightly  soluble  in  carbon  sulphide. 

If  an  excess  of  cyanogen  chloride  be  added,  the  reaction  takes  place  in  the  same 
way,  the  .excess  partly  remaining  unaltered,  and  being  partly  converted  into  solid 
cyanogen  chloride  ;  a  small  quantity  of  hydrochloric  acid  is  also  frequentlj-  evolved. 

The  principal  and  final  action  of  gaseous  cyanogen  chloride  on  benzyl  alcohol  may 
therefore  be  represented  by  the  following  equation  : — 


The  same  products  are  obtained  with  solid  cyanogen  chloride.  When  this  substance 
is  triturated  in  a  mortar  with  benzyl  alcohol,  added  drop  by  drop  till 'the  proportion 
amounts  to  C'N'Cl'  to  GC'H'O,  the  reaction  commences  with  evolution  of  heat,  a  small 
quantity  of  hydrochloric  acid  being  given  oS  before  the  whole  of  the  benzyl  alcohol 
has  been  added ;  and  on  placing  the  mortar,  after  the  reaction  is  terminated,  in  a 
steam-bath,  decanting  the  liquid  portion  of  the  contents  into  a  flask,  and  distilling  as 
above,  benzyl  chloride  passes  over  and  benzyl  carbamate  remains  behind.  The 
solid  residue  in  the  mortar  yields  to  ether  another  portion  of  the  carbamate,  and  the 
portion  insoluble  in  ether  contains  sal-ammoniac,  together  with  a  white  substance 
slightly  soluble  in  boiling  water,  crystallising  therefrom  in  gelatinous  flocks,  and  very 
similar  in  appearance  to  the  substance  which  Habich  obtained  in  preparing  cyanuric 
acid  by  heating  urea. 

Solid  cyanogen  chloride  heated  with  benzyl  alcohol  to  higher  temperatures  (180°- 
200°)  yields,  in  addition  to  benzyl  chloride  and  sal-ammoniac,  two  crystalline  sub- 
stances and  scarcely  a  trace  of  benzylic  carbamate.  By  repeated  crystallisation 
from  alcohol  and  ether,  these  two  bodies  are  obtained,  the  one  in  slender,  flexible, 
dazzling-white  needles,  melting  at  about  153°,  and  having  nearly  the  composition  of 
benzyl  cyanate  or  cyanurate ;  the  other  in  hard  yellowisli  prisms,  melting  at  about 
1-43°,  and  containing  about  75-76  p.c.  carbon,  6'1  hydrogen,  and  ir2  nitrogen,  a 
composition  agreeing  approximately  with  the  formula  C'^H'^N^O.  This  latter  sub- 
stance, treated  with  potash,  yields  a  liquid  base  resembling  dibenzylamine  in  odoiir 
and  appearance  (Cannizzaro,  Gaczetta  chimica  italiana,  i.  33). 

Action  o  f  Urea  Nitrate.  The  products  of  this  reaction  vary  according  to  the  tempe- 
rature. When  the  two  substances  are  heated  together  ;n  a  water-bath,  or  to  any 
temperature  below  120°,  the  chief  i^roducts  are  dibenzylurea,  CH-(C'H')=ISr-0 — 
identical  with  that  which  Cannizzaro  obtained  by  the  action  of  potassiimi  cyanate  on 
benzyl  chloride — and  benzoic  aldehyde ;  but  when  the  temperature  of  the  mixture 
is  raised  to  130°-140°,  the  chief  product  is  benzyl  carbamate,  together  with  a  small 
quantity  of  another  substance  insoluble  in  cold  ether,  soluble  in  very  strong  alcohol 
and  in  boiling  ether,  from  which  it  separates  in  crystals  melting  at  151°-lo2°'6. 
This  process  cannot,  however,  be  recommended  for  the  preparation  either  of  dibenzyl- 
urea or  of  benzyl  carbamate,  as  the  product  in  either  case  is  but  small  in  proportion 
to  the  quantity  of  benzyl  alcohol  consumed  (Campisi  a,  Amato,  Gazsetta  chimica 
italiana,  i.  39). 

SEZrZYXi  CAKBAMATE  or  BEIffZirSi-trJaETMAETB.  C'H"NO=  =• 
CO  IqJ^?!!-?- — This  compound,  whether  prepared  with  gaseous  or  with  solid  cyanogen 


Benzyl 
carbamate. 
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cliloride,  crystallises  in  beautiful  transparent  colourless  laminae,  melting  at  86°,  mode- 
rately soluble  in  warm  water,  from  which  it  cr3'stallises  on  cooling,  more  soluble  in 
ether,  extremely  soluble  in  alcohol.  AVlien  it  is  heated  in  a  retort  to  200°-230°,  a 
very  small  portion  sublimes  unaltered,  but  the  greater  part  is  resolved  into  benzyl 
alcohol  and  cyanuric  acid  : 

(Cannizzaro,  !oc.  cH.) 

BENZVX.  CHX.OItZ21&.  C'H'Cl  =  CH'.CffCl.— This  eompoimd.  heated  in  a 
sealed  tube  with  sodium  thiosulphate,  yields  a  thick  brownish  oil,  which  contains 
a  largo  quantity  of  sulphur,  smells  faintly  of  bitter-almond  oil,  and  when  distilled, 
gives  off  hydrogen  sulphide,  small  quantities  of  benzyl  suljiliydr.il.',  and  toluene,  but 
chiefly  toluylene  (stilbene).  On  raising  it  to  a  very  high  temiu  ral  m-r.  I  hinnessal  and 
tolyl-allyl  sulphide  distil  over.  Now  as  these  products  are  tbrmed  liy  tlio  decompo- 
sition of  the  sulphide  and  sulphydratc  of  benzyl  (1st  Suppl.  1087),  it  may  be  inferred 
that  these  latter  compounds  aro  the  primary  products  of  the  action  of  sodiiun  thio- 
sulphate on  benzyl  chloride  (E.  Otto,  Zeitschr.f.  Chan.  vi.  26). 

Benzyl  chloride  heated  with  ethylic  chlorocarbonate  and  sodium-amalgam  is  con- 
verted into  dibenzyl-carbonylic  acid  C"'H'''0-.  The  reaction  apparently  takes 
place  by  two  stages,  two  molecules  of  benzyl  chloride  uniting  together,  witli  climi- 

natiou  of  HCl,  to  form  chloro-dibenzvl  I       ,  and  tliis  compound  being  cou- 

c«ii',cnci 

verted  by  the  joint  action  of  the  sodium  and  the  chlorocarbonic  ether  into  ethylic 

dibcnzylcarbonylntc  |  (Wurtz,  Com-pt.  rend.  Ixx.  350). 

CH^CH.CO-CC-H^) 

BEWZYl,  CYAWIDE,  BERXVATXVES  OP.  (Czumpilek,  Dcut.  Chen.  Gcs. 
iVr.  iii.  472),  Nitrohcmyl.  Ci/aviclc,  C«H-xW-  =  C«H\N0=).CH-CN,— This 
compound  is  produced  by  dropping  benzyl  cyanide  (prepared  by  repeatedly  distilling 
benzyl  chloride  with  alcoholic  potassium  cyanide)  into  fuming  nitric  acid  contained  in 
a  cooled  vessel.  On  leaving  the  liquid  to  stand  over-night,  and  tlien  pouring  it  into 
water,  the  nitro-compound  separates  as  an  oily  body,  which  soon  solidifies  in  crystals  ; 
it  may  be  purified  \>y  washing  it,  first  with  water,  then  on  a  filter  with  cold  alcohol, 
and  dissolving  it  in  boiling  alcohol,  whence  it  crystallises  on  cooling  in  long  needles, 
which  turn  reil  in  an  alcoholic  solution  of  potash  or  soda,  the  colour  being  changed  to 
green  by  acids. 

Amidoben-yl  CtjanUlc,  C^H'N-  =  C"H\NH-).C'1PCN,  is  obt.aiucd  as  a  Iiydro- 
chloride  by  treating  the  nitro-cyanidc  willi  tin  and  hy.liMchluric  arid. dfvoinposing  the 
resulting  tin-compound  with  hydrogen  sulphide,  .and  cnn.  , ni  r.ii  m-  ilir  lilifi-ed  liquid. 
The  A.V(iroo/;^m'(Zt' C»H»N-.HCl  then  srp.aral.  s  in  b.  ant  dul  l a  1  1,  i >.  .-j.a i  in-ly  soluble 
in  cold,  more  soluble  in  hot  alcohol.  The  2'/i'i"io-<://lorn/e  h.is  the  composition 
2^C''H*^N=.HCl).PtCl'.  Tlie  base  CSH^N^,  obtained  by  decomposing  the  hydrochloride 
with  soda-ley,  agitating  witli  ether,  and  evaporating,  forms  concentric  groups  of  scaly 
crystals  ;  from  water  it  separates  as  an  oil. 

The  corresponding  «5-o-co  w,pot(?j(/ appears  to  bo  formed  by  treating  nitrobenzyl 
cyanide  dissolved  in  absolute  alcohol  with  sodium-amalgam  ;  the  liquid  turns  red,  and 
after  a  while  acquires  a  fine  blue  colour. 

SESTZYI.  XOSIBE,  Cff.CII-I. — ^Produced  by  the  prolonged  action  of  hydriodio 
noiil  of  sp.  gi:  1-06  on  benzyl  chloride  at  ordinary  temperatures;  at  120°-140°,  the 
pi-oduot  coiLsists  of  toluene  and  oils  boiling  above  280'',  TIio  iodiiU'  formsf  colourless 
crystals,  liaving  at  25°  a  sp.  gr.  of  1-7335,  compared  with  ^v:\\rr  ,il  lln  same  tempera- 
ture; it  melts  at  24-1°,  contracts  in  solidifying,  does  not  volal  ili-e  williMui  de,'i.,mposition. 
It  is  soluble  in  ether,  carbon  sulphide,  and.aleohul  (slipliily  .-ii  o  in'-ohiMc  in  water. 
Its  vapour  excites  tears.  By  silver  .an  t.ite  .il  urdin.iry  t.ni]HiMlare^  ii  is  immediately 
converted  into  benzyl  acetate,  and  willi  .alci.liMlic  .aniiiMini.i  ii  iniiidily  yields  crystals  of 
tvilicnzylaminc  (melting  at  02°),  wdiile  llie.  livdriodides  i>f  na^no- and  dibenzylamine 
remain' in  solution  (Lielien,  Zeitschr.f.  Chcm.  [2]  vi,  730), 

BESJZ-sra.     ZSOCYAOTATE     and     ZSOCVAIVVRATE,     N  |q7jp 

I  (C'H.')'  (Letts,  ChciH.  Soc.  J.  [2]  x.  416),  These  ethers  are  produced  by  the  action  of 
silver  cyanate  on  benzyl  chloride.  On  heating  these  substancse  together  in  a  paraffin- 
bath,  the  isoeyanate  distils  over  as  a  colourless  transparent  liquid;  and,  on  heating  tlie 
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remainder  over  a  naked  flame,  the  isocyanurate  passes  over  as  a  yellowisli  oily  liquid, 
■which  solidifies,  on  cooling,  to  a  hard  crystalline  mass. 

The  isocyanurate  has  an  excessively  pungent  odour,  and  its  vapour  causes  the  eyes 
to  smart  painfully.  It  boils  between  175°  and  200°,  but  cannot  be  completely  freed  by 
distillation  from  benzyl  chloride, -which  boils  at  175°.  Alcoholic  ammonia  converts 
the  isocyanate  into  benzyl-urea. 

The  isocyanurate  ]Sr'(CO)^(C'Ii')^  is  the  chief  product  of  the  reaction  above 
mentioned.  It  dissolves  slowly  in  hot  alcohol,  and  separates  on  cooling  in  beautiful 
light  silky  needles.  It  is  insoluble  in  water ;  dissolves  with  difficulty  in  ether,  more 
readily  in  alcohol ;  melts  at  157°,  and  boils  at  a  temperatitre  above  320°.  By  repeated 
sublimation  in  a  tube,  it  is  converted  into  the  isocyanate ;  when  fused  with  caustic 
potash,  it  yields  potassium  carbonate  and  benzylamine  : 

N'(C0)^(C'H')3  +  6KH0  =  3NH=(C'H')  +  SK^CO^. 

The  solid  substance  melting  at  about  153°,  which  Cannizzaro  obtained,  as  above 
mentioned,  among  the  products  of  the  action  of  solid  cyanogen  chloride  on  benzyl 
alcohol,  was  perhaps  also  the  isocyanurate. 

BEWZYZ.  KETOX7BS.    See  linTOKES. 

BENZYX.  OXYGEW-ETHERS.    (Sintenis,  Beut.  Chem.  Ges.  Bcr.  iv.  909). 

—  These  ethers  tivatcil  willi  chlorine  or  bromine  are  decomposed,  without  forma- 
tion of  subslitutiuii-pni  hicls.  Ikmyl-mdhyl  ox Lcle  C^W.CW.OCW  beiuyl-ethyl 
oxide  CH^.CH'-.OC'-ii-',  treated  with  cby  chlorine  in  the  cold,  yield  benzoic  aldehyde, 
hydrochloric  acid,  and  chloride  of  methyl  or  ethyl ;  and  chlorohe7izyl-ethyl  oxide 
0'H"C1.0C-H*  is  decomposed  into  chlorobcnzoic  aldehyde,  CffClO,  and  ethyl  chloride. 
By  the  action  of  chlorine  at  the  boiling  heat,  the  methyl  and  ethyl  ethers  yield  methyl 
or  ethyl  chloride  and  benzoyl  chloride,  and  chlorobenzyl-ethyl  oxide  splits  up  into 
chlorobenzoyl  chloride  and  ethyl  chloride : 

C«H<C1.CH^0C=H5  +  cii  =  C«H<C1.C0C1  +  C-ffCl  +  2HCL 

When  benzyl-ethyl  oxide  is  acted  upon  by  chlorine  in  presence  of  iodine,  the  products 
are  ethyl  iodide  and  monochlorobenzoyl  chloride,  whicli  by  oxidation  is  converted  into 
parachlorobenzoic  acid. 

Bcnsyl-phenyl  oxide,  C^H'.CH-.OCff,  prepared  by  heating  an  alcoholic  solution  of 
benzyl  chloride  with  potassium  phenate,  is  also  decomposed  by  chlorine  or  bromine, 
which,  when  acting  in  the  cold,  yield  trichlorophenol  or  tribromophenol  and  benzyl 
chloride  or  bromide.  As  a  similar  decomposition  takes  place  whin  only  one  molecule 
of  chlorine  or  bromine  is  used,  it  is  obvious  that,  in  the  first  stage  of  the  reaction,  a 
substituted  ether  is  formed,  wliich  is  furtlier  decomposed  by  the  hydracid  produced, 
just  as  the  auisols  are  split  \\\>  by  the  action  of  hydriodic  acid ;  and  indeed  by  heating 
benzyl-phenyl  oxide  with  hydrochloric  acid  to  100°,  benzyl  chloride  and  phenol  were 
formed. 

To  obtain  substitution-products,  it  is  therefore  necessary  to  remove  the  acid  as  soon 
as  it  is  formed,  which  is  easily  effected  by  adding  mercuric  oxide.  By  adding  bromine 
to  an  alcoholic  solution  of  the  ether  in  which  freshly  precipitated  mercuric  oxide  is 
suspended,  benzyl-bromopheuyl  oxide  Cff.CH^.OCH^Br  is  formed.  This  compound 
crystallises  from  alcohol  in  long  white  needles  melting  at  69°-59'5° ;  it  is  not  acted 
upon  by  caustic  soda-solution.  By  the  action  of  chlorine  under  the  same  conditions, 
the  chloriiiated  ether,  Cff.CH^.OCH^Cl,  is  obtained,  which  forms  long  needles  melting 
at  71°— 71-5°. 

BEItrZYI.  STTXPHOCYANATE,  C^H'NS  =  S  Iq,^''  metameric  with  benzyl- 
tulphocarbimidc  N  (Isi  Suppl.  1056),  is  formed  by  heating  benzyl  chloride  with 

the  equivalent  quantity  of  potassium  sulphocyanate  in  presence  of  alcohol  in  a  retort 
with  reversed  condenser.  When  recrystallised  from  alcohol,  it  forms  large  transpar- 
ent prisms,  insoluble  in  water,  slightly  soluble  in  cold  alcohol,  easily  in  hot  alcohol, 
easily  soluble  also  in  ether  and  in  carbon  sulphide.  It  has  a  pungent  taste  and 
smell,  melts  at  36°-38°,  and  boils,  with  partial  decomposition  at  256°  (benzyl-sulpho- 
carbimide  boils  at  243°).  It  unites  rapidly  with  dry  gaseous  hydrogen  bromide,  form- 
ing a  crystallised  compound,  insoluble  in  ether  and  instantly  decomposed  by  water. 

Puming  nitric  acid  converts  it  into  nitrobcnzyl  sulphocyanate,  S  |  q^s^-nt-q--;)'  '^^^ 
same  compound  is  formed  by  heating  nitrobeuzyl  chloride  C'II''(N0-)C1  with  potas- 
sium sulphocyanate  in  the  manner  above  described.    It  crystallises  from  alcoholic 
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Bolution  in  small  brittle  needles,  ■vvbich.  volatilise  at  about  70°,  but  decompose  when 
heated  before  they  distil  (L.  Henry,  Zcitschr.f.  C'hcm.  vi,  207). 

BEBTZITSi  VREAS.  (Cannizzaro,  Gazsetta  cldmica  italiana,  ii.  41. — Letts, 
Chem.  Soc.  J.  [2]  x.  449).  Monobcnzyl-urea  CH3(C'H:')N-0  and  Dibcnzyl-vrca 
CH-(C'H')-K-'0  are  produced  simultaneously  when  benzyl  chloride  and  potassium 
cyanate  iu  alcoholic  solution  are  continuously  heated  in  an  apparatus  with  reversed 
condenser. 

On  distilling  off  tlie  alcohol  and  treating  the  residue  with  boiling  water,  an  oily 
substance  separates,  which,  on  cooling,  solidifies  to  a  crystalline  mass  containing 
dibenzyl-xu'ea.  The  aqueous  solution  contains  the  potassium  chloride  formed  in  the 
reaction,  the  carbonate  resulting  from  (IccumiHcition  of  the  cyanate,  and  monobenzyl- 
urea ;  and  on  evaporating  this  sohilinii  lo  ili-yin'ss  over  the  water-bath,  treating  the 
residue  with  a  large  quantity  of  eth I  T.  :ind  disiilliug  ofi"  the  ether,  the  monobenzyl- 
urea  remains  behind,  and  jnay  be  piirilied,  liy  recrystallisation,  either  from  water  or 
from  alcoliol.  The  two  benzyl-ureas  may  likewse  be  obtained  with  tolerable  facility 
by  iieating  m-ea,  benzyl  chloride,  and  alcohol  together  in  an  apparatus  with  reversed 
conilenser,  then  distilling  off  the  alcohol,  and  treating  the  residue  with  water.  The 
dibenzyl-m-ea  is  contained  iu  the  oily  insoluble  portion  of  the  product,  while  the 
monobenzyl-mrea  dissolves  in  the  water,  and  may  be  separated  and  purified  as  above 
(Cannizzaro). 

Monobenzyl-urea  is  also  produced  by  the  action  of  alcoholic  ammonia  on  benzyl 
isocyanate,  and  dibenzyl-urea  by  heating  the  same  compoimd  to  100°  witii  water  in 
a  sealed  1-ubo  (Letts) : 

2N(C0)(C'H')  -^  H=0  =  CO"-  +  N=(CO)(C'H')"-H=. 

Monobenzyl-urea  crystallises  in  long  wliite  needles  moderately  soluble  in  water  and 
iu  alcohol,  more  soluble  at  high  than  at  low  temperatures,  freely  soluble  in  ether.  It 
melts  at  147''-147"o°,  but  begins  at  the  same  time  to  give  off  ammonia,  and  after 
being  once  fused,  melts  at  a  lower  temperature  (Cannizzaro).  According  to  Letts, 
it  melts  at  144°.  Heated  to  about  200°,  it  slowly  gives  off  ammonia,  and  yields  a 
■^\hite  sublimate,  which  crystallises  from  alcohol  in  white  needles  having  the  appear- 
ance, composition  and  melting  point  of  dibenzyl-urea  (Cannizzaro). 

Dil)enzyl-urea  is  insoluble  in  water,  but  dissolves  very  easily  iu  alcohol,  from  which 
it  crystallises  in  beautiful  white  needles,  melting  at  167°.  Both  dibenzyl-  and  mono- 
benzyl-urea form  crystalline  platinochlorides,  but  no  solid  compounds  with  nitric  or 
hydrochloric  acid  (Letts). 

Phewjl-hmzyl-urea,  CH-(C''H^)(C'H')N-0. — A  mixture  of  benzyl  isocyanate  and 
aniline  becomes  hot  and  solidifies  on  cooling  to  a  brown  crystalline  mass  of  phenyl- 
l)onzyl-urea,  which,  when  purified  by  recrystallisation  from  alcohol,  forms  wliite 
needles  melting  at  168°.  This  compound  is  insoluble  in  water,  and  in  hydrochloric 
acid,  and  forms  an  insoluble  platinum  salt,  but  not  a  crystallisable  nitrate.  When 
heated,  it  gives  off  pungent  fumes  of  benzyl  isocyanate  (Letts). 

BENZYIAMIWE,  C'H°N  =  C"ff .CH-NH=.  (Strakosch,  Beut.  Chem.  Ges.  Ber.  v. 
692). — -Tlie  decomposition  of  isocyanate  or  isocyanurate  of  benzyl  (p.  180)  with  potash, 
affords  the  means  of  preparing  this  base  more  readily  than  by  the  former  method  of 
heating  benzyl  chloride  with  alcoholic  ammonia  {1st  Suppl.  336).  The  product 
obtained  by  beating  benzyl  chloride  with  silver  cyanate  is  distilled,  and  the  distillate, 
consisting  of  a  mixture  of  the  isocyanate  and  isocyanurate,  is  digested  with  caustic  potasli 
and  subjected  to  distillation.  The  product  generally  contains  some  di-  and  tri-benzy- 
bimine,  owing  to  the  presence  of  undecomposed  benzyl  chloride.  To  purify  it,  the 
distillate  is  treated  with  hot  hydrochloric  acid  ;  tri-benzylamine  hydrochloride  then 
remains  undissolved,  while  the  dibenzylamine  salt  soon  crystallises  out.  The  solution 
is  then  decomposed  by  caustie  potash,  and  the  base  dried  over  solid  potash.  Benzy- 
lamine  boils  constantly  at  185°. 

Bcrivativcs  of  Bensylamine. 

Cyanhcnzylamine,  (C'H'.NH-)-(CN)^  is  produced  by  passing  cyanogen-gas  into  a 
cnld  solution  of  benzylaminc.  When  recrystallised  from  alcohol,  it  forms  colourless, 
shining  crystals  melting  at  140°.  It  is  insoluble  in  water,  but  dissolves  in  alcohol 
and  ether.  The  hydrochloride  (C'H'NH^)=(CN)=.2HC1  crystallises  in  white  silky 
needles  soluble  in  water  and  alcohol,  and  forms  a  crystalline  platinum-compound. 
Cyanbeuzylamine,  heated  for  some  time  with  hydrochloric  acid,  is  converted  into 
benzyloxamide,  dibcnzyloxamide,  and,  on  continued  heating,  even  into  oxamide. 
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I)ib(n:yi/lo:camide, 


may  also  he  obtained  by  boiling  benzylamine 


■with  oxalic  ether.  It  crystallises  from  boiling  alcohol  in  white  silkj' scales,  dissolving 
sparingly  in  hot  alcohol,  but  not  in  water  and  ether  ;  it  melts  at  216°. 

Cyanbenzylamide,  C'H'.NH.CN,  is  obtained  by  passing  dry  cyanogen  chloride  into 
a  cold  ethereal  solution  of  anhydrous  benzylamine.  The  saturated  solution  is  filtered 
from  the  benzylamine  hydrochloride,  the  ether  evaporated,  and  the  residue  placed  in 
a  vacuum.  AVhen  recrystallised  £rom  ether,  it  forms  transparent  plates  melting  at 
33°  ;  it  is  readily  soluble  in  alcohol  and  ether,  but  insoluble  in  water.  It  docs  not 
combine  with  hydrochloric  acid ;  on  boiling  it  with  this  acid  or  -with  water,  it  is 
converted  into  monobenzyl-urea : 


Trihen-yhnelamine  or  Tricyantrihen-yltriaminc,  (C'H')^(NII)3(CN)'. — Cyanbenzyl- 
amide  soon  undergoes  polymerisation,  even  when  kept  in  closed  vessels  or  in  a 
vacuum ;  the  crystals  melt,  forming  a  heavy  liquid  which  after  some  time  becomes 
viscid,  and  at  last  solidifies ;  this  transformation  takes  place  more  quickly  on  a  water- 
bath.  On  treating  the  product  with  hydrochloric  acid,  the  hydrochloride, 
(C'H')3(NH)'(CN)3.2HC1,  is  formed,  which  is  sparingly  soluble  in  water,  more  freely 
in  alcohol  and  other,  ancl  crystallises  in  needles.  The  free  base  obtained  by  decom- 
posing this  salt,  dissolves  in  water  and  alcohol,  crystallises  in  laminoe,  melts  at  a  much 
higher  temperature  than  cyanbenzylamide,  and  forms  a  platino-chloride. 


boiling  an  alcoholic  solution  of  cyanbenzylamide  and  benzylamine  hydrochloride, 
and  the  free  base  is  formed  by  the  action  of  dry  cyanogen  chloride  upon  pure  dry 
benzylamine.  The  hydrochloride  crystallises  in  laminfe,  melting  at  176°,  and 
dissolving  sparingly  in  water,  more  readily  in  alcohol ;  with  platinic  chloride  it  forms 
a  crystalline  double-salt.  By  adding  soda-solution  to  a  solution  of  the  hydrochloride 
the  base  is  precipitated  as  an  oil  which  soon  solidifies,  and  crystallises  from  alcohol  in 
colourless  laminae  or  plates,  melting  at  100°,  and  dissolving  freely  in  water,  alcohol, 
and  ether. 

Dihcnzyl  Siil]pho-urea,Ci3^^^^^^  —  An  alcoholic  solution  of  bonzlyamine  is 

heated  in  a  flask  connected  with  a  reversed  condenser  as  long  as  hydrogen  sulphide  is 
given  off.  The  product  is  evaporated  and  the  residue  crystallised  repeatedly  from 
alcohol.  It  forms  large  four-sided  brilliant  plates,  melting  at  11-1°,  and  dissolving  in 
alcohol  and  ether,  but  not  in  water.  On  heating  it  with  mercuric  oxide,  it  is  converted 
into  dibenzyl-urea. 

Bensylacetamide,  C'H''.C^ffO.HN,  is  formed  when  anhydrous  acetic  acid  and 
benzylamine  are  heated  together  for  some  hours.  It  forms  radiate  needles,  melting  at 
30°,  boiling  above  250",  and  having  a  pleasant  odour  like  that  of  flowers.  It  is  very 
freely  soluble  in  alcohol  and  ether,  and  does  not  crystallise  from  these  solutions. 
It  is  remarkably  stable,  not  being  acted  upon  by  acids,  and  not  deprived  of  its 
acetyl  by  treatment  with  potash.  By  nitric  acid  it  is  converted  into  nitrobenzy  1- 
acetamide,  which  crystallises  from  ether  in  yellow  deliquescent  needles  or  laminae. 
From  this  compound,  too,  the  acetyl-group  cannot  be  removed  without  complete 
destruction. 

Nitrobenzyl  Tiiercaptan,  C''ff(NO')CH-.SH,  is  formed  by  treating  nitrobenzyl  chlo- 
ride with  alcoholic  ammonium  sulphide.  It  forms  small  colomiess,  shining,  plates, 
melting  at  140°,  insoluble  in  water,  but  soluble  in  alcohol  and  ether.  The  same 
compound  is  formed  by  boiling  nitrobenzyl  chloride  with  potassium  sulphydrate.  By 
the  continued  action  of  .ammonium  sulphide  or  ammonia  on  this  mercaptan,  nitro- 
benzyl disulphide,  C6H^(N0=)CH-SJ''  Pi'O'luced,  in  yellow  microscopic  crystals, 
melting  at  89°;  it  is  insoluble  in  water,  but  dissolves  in  alcohol  and  ether. 

When  nitrobenzyl  chloride  is  heated  with  alcoholic  ammonia  in  a  sealed  tube,  a 
mixture  of  difiFerent  bases  is  produced,  including  nitrotribenzylamine,  the 
hydrochloride  of  which  is  insoluble  in  water  and  sparingly  soluble  in  alcohol 
(Strakosch). 

BENZYl-BlSM-ZEIffE,  C'^H'=  =  C«H^(C'H')  =  C'ff— Off— CH\  (Zincke, 
Vcut.  Chem.  Ges.  Ber.  iv.  298;  Chem.  Soc.  J.  [2]  ix.  508,  688).— This  hydrocarbon, 
which  has  the  constitution  of  diphenvl-methane,  is  formed,  together  with  other 


C'H'.NH.CN  +  WO  =  C'H'.NH.CO.NH-. 


fNH-.C'H' 


-The  hydrochloride  of  this  base  is  produced  by 
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proiluc't«.  \vlii'ii  lionzyl  chloride  is  Iieated  with  benzene  and  zinc-dust.    It  constitutes 
thu  l"\\v"-iM,:!ir- jM)rtiou  of  tlio  distillate,  and  solidifies  on  cooling  to  ;i  crystalline 
'  :  |  !  i    .,  ;    needles  melting  at  2-1^-25°  ;  by  slow  cooling,  largo  fine  tables  are 
sonicl  i<.iM-,|.    It  dissolves  readily  in  strong  nitric  acid,  torniing  a  crystalline 

nitro-proiluei,  and  is  slowly  oxidised  by  a  boiling  mixture  of  dilute  sulphuric  acid 
and  potassium  dichromate,  yielding  a  small  quaiitity  of  benzoic  acid  and  benzophenone 
CH'' — CO — C"ff,  identical  with  that  obtained  from  calcium  benzoatc.  These  reactions 
indicate  tlie  constitution  of  tho  compound  ;  it  is  probably  identical  with  the  diphcny- 
hited  marsh-gan  which  Jena  obtained  by  distilling  barium  diphenylacetato  -nith  soda- 
lime  {Ann.  Vh.  Fharm.  civ.  86). 

By  using  toluene,  xylene,  &c.,  in  place  of  benzene  in  tho  above  reaction,  homologues 
of  lienzyl-benzene,  represented  by  the  general  formula,  C"H-""",  may  be  obtained. 
Reduced  iron  or  finely  divided  copper  may  be  used  in  place  of  zinc-dust ;  with  copper, 
however,  a  higher  temperature  i.s  required. 

Sensyl-toluene,  C>'H"  or  probably  Cm^—GW—Cm*—CW  (Zincke,  Deuf. 
Clieiii.  Gi-g.  Ikr.  iv.  298  ;  v.  683),  isomeric  with  dibenzyl  and  ditolyl,  is  formed  by 
heating  a  mixture  of  benzyl  chloride  and  toluene  with  zinc-dust  or  reduced  iron.  It 
is  a  colourless  oil,  which  boils  at  277°;  and  when  boiled  with  chromic  acid  mixture 
yields  benzoyl-benzoic  acid  CH'^O^  (p.  177). 

Vapour  of  benzyl-toluene  passed  over  heated  lead  oxide  yields  a  considerable 
quantity  of  anthracene  (Behr  and  van  Drop,  Chan.  Gcs.  Her.  vi.  75.3). 

Benzyl-toluene  is  violently  acted  upon  by  broiainc.  even  when  dissolved  in  carbon 
bisulphide,  but  it  has  not  been  found  possible  to  isolate  a  definite  compound  from  tho 
product. 

'Nitrohenzyl-tolucncs — Concentrated  nitric  acid  converts  benzyl-toluene  into 
dinitrobenzyltoluene  C"Ii'-(NO-)-,  a  largo  quantity  of  a  resinous  body  being 
formed  at  tho  same  time.  The  dinitro-compound  crystallises  from  hot  alcohol  in 
su  nder  white  needles,  or  on  slowly  cooling  in  thinpri.sms,  and  by  spontaneous  evapora- 
tion of  the  solution  it  is  obtained  in  brilliant  prisms  melting  at  137°.  If  instead  of 
concentrated  nitric  acid,  an  acid  of  sp.  gr.  I'l  isiiscil.  flic  action  begins  only  at  the  heat 
of  tho  water-bath  ;  nitrous  fumes  are  evolved,  .iiid  Im  si.li  nitration,  oxidation  also  takes 
phice,  the  cliief  product  having  the  compo.-ii  ion  ( i  I  "(NO^)O^,  probably  nitro- 
luetliylbenzophenone  ^^(NO'-)— CO— C"ii^— Cil-'.  It  crystallises  from  hot 
dilute  alcohol  in  long  flat  needles,  or  silky  plates,  melting  at  127°,  and  subliming 
without  decomposition  in  shining  plates.  When  treated  with  tin  and  hydrochloric 
aeid,  it  yields  an  amido-compound,  forming  amorphous  salts,  from  which  it  is  pre- 
cipitated by  soda-solution  as  a  light  white  powder  (Zincke).  Tetran  itrobenzyl- 
f  oluene,  C''H''(NO-)*,  is  obtained,  together  with  resinous  bodies,  by  acting  on  the 
hydrocarbon  with  a  mixture  of  highly  concentrated  nitric  acid  and  concentrated 
sulphuric  acid.  It  crystallises  from  hot  benzene  or  chloroform  in  small  but  well- 
defined  prisms,  melting  at  160°- 161°,  and  deflagrating  at  a  higher  temperature 
(Zincke). 

Biamidohenzyltoluane  C'''H'-(NH-)-,  is  formed  by  treating  the  dinitro-com- 
pound with  tin  and  hycbochloric  acid.  The  product  of  the  reaction  is  a  stanno- 
chloride,  which  crystallises  in  small  very  soluble  needles.  Wlien  decomposed  liy 
hydrogen  sulphide,  it  yields  the  hydrocJdoride  C'''H'''(NII'^)-.2HC1,  which  is  very  soluble 
in  water  and  alcohol,  and  can  be  purified  only  by  recrystallisation  from  hot  dilute 
hydrochloric  acid;  it  forms  white  needles  or  plates.  The  sidphate  C'^II'^(NII'^)-H*SO* 
is  also  very  soluble,  and  crystallises  from  hot  alcohol  in  long  colourless  needles.  By 
decomposing  the  hydrochloride  with  potash,  the  free  base  is  obtained  as  a  white  crystal- 
line powder.  It  is  freely  soluble  in  alcohol  and  ether,  and  the  solution  darkens  when 
exposed  to  the  air. 

Bcnzyltolucne-sul'pliuric  acid. — Benzj-ltoluene  dissolves  in  hot  fuming  sul- 
phiu-ic  acid,  with  formation  of  at  least  two  sulpho-acids  ;  but  only  the  disulpho- 
acidlias  been  isolated,  its  potassium  salt  being  almost  in.sohible  in  strong  alcohol, 
and  crystallising  from  hot  dilute  alcohol  in  white  laminse  or  broad  needles,  having 
the  composition  C'-'H'2(S0^K)=  +  3iH'-0,  and  readily  soluble  in  water.  The  barium 
salt  C'''H'^(SO^)-Ba  +  Si-H-O  separates  from  an  aqueous  solution  on  addition  of 
alcohol  in  crystalline  crusts,  which  redissolve  in  water  but  slowly.  The  copper  salt 
C"H'-(SO')-Cu  -I-  4iH20  crystallises  from  a  hot  concentrated  solution  in  small  blui.sh- 
grcen  laminse,  and  from  dilute  .iienliol  in  prisms.  'I'ho  Irad  salt  is  readily  soluble  in 
hot  water,  sparingly  in  cold,  and  toians  rol(iiii  l;  -s  |irisiiis.  1h.e  free  acid  is  easily 
soluble  in  v."ater,  alcoliol,  ai;  I  elle  r,  .lad  i'urais  a  ei  vslalline  mass,  consisting  of  long 
colourless  neclles  melting      "A"'  (/ineke). 
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Benzyl-ethyl-benzene,  C"H>«  =  C°H=— CH=— C^ff — C-ff,  is  formed,  togetlier 
■sritli  ijilii  i'  Ihj  Hi  -J.  liiiiliiijr  n  mixture  of  benzyl  chloride,  ethyl-benzene  and  zinc,  as 
long  as  hy>h-ix-liloi-ii-  aciil  r(jiitinues  to  escape,  and  separated  from  the  product  by  frac- 
tional distillation.  It  is  a  colom-less  liquid,  having  a  faint  aromatic  odom-,  and  boil- 
ing at  294°-295°.  By  oxidation  it  yields  benzoic  acid,  together  "vvith  a  ketone  (J.  1\ 
Walker,  Deut.  Chcm.  Ges.  Ber.  v.  686). 

BfENZYLENE-DIACBTIMIDE,  C'H'^N-O^  =  C"ff.CH         CO  Ch' 
(E.  Eoth,  Awt.  CJi.  Fharm.  civ.  72;  Zeitschr.f.  Chem.  [2]  iv.  650,  vi.  '680).— Pro- 
duced by  the  action  of  benzoic  aldehyde  on  acetamide  : 

psHoPTTO  4-  JNH^CO.Cff       ncmrTT  JNH.CO.CH^  ^ 
Cii.GHU  +  jNHi.CO.CH^  ^  C  H  .CH  |nH.CO.CH^  + 
Benzoic  aldehyde.   2  mol.  Acetamide.  Beuzylene-diacetimide. 

To  prepare  it,  about  equal  parts  of  acetamide  and  commercial  bitter-almond  oil  are 
heated  for  some  hours  in  a  retort  having  its  neck  directed  upwards.  Water,  prussic 
acid,  and  small  quantities  of  an  oil  which  floats  on  water,  then  escape,  and  the  residue 
in  the  retort  solidifies,  on  cooling,  to  a  yellowish  crystalline  mass,  which  may  be  freed 
from  bitter-almond  oil  by  treatment  with  ether,  then  several  times  recrystallised  from 
hot  wster.  From  the  first  mother-liquors,  ammonia  throws  down  small  quantities  of 
a  body  which  appears  to  be  amarine. 

Benzylene-diacetiniide  forms  capillary,  silky,  very  bulky  crystals,  which,  when  dried 
in  the  air,  unite  into  a  felted  mass.  It  dissolves  sparingly  in  cold  water  and  in  ether, 
easily  in  boiling  water  and  in  alcohol,  melts  when  heated,  and  resolidifies  in  the  cold. 
When  its  solution  is  heated  with  hydrochloric  acid,  it  decomposes  with  separation  of 
benzaldeliyde.  Strong  potash-solution,  on  the  other  hand,  does  not  act  upon  it,  even 
on  prolonged  boiling ;  neither  does  sodium-amalg.am  in  neutral  or  a  alkaline  solution. 
Benzylene-diacetimide  is  permanent  at  200°,  but  decomposes  at  a  higher  temperature, 
yielding,  as  distillation-products,  first,  acetamide  ;  then,  at  a  considerably  higher  tem- 
perature, oily  bodies  which  do  not  solidify  on  cooling,  and  finallj',  above  the  boiling 
point  of  mercury,  a  mixture,  recrystallising  on  cooling ;  of  lophino  with  an  easily 
soluble  base  not  yet  examined. 


■SZBEUZXXHCXDS,  C'->HisN-02.  is  prepared  by  heating  bitter- 
almond  oil  witli  benzamido  for  several  hours,  treating  the  product,  which  solidifies  in 
the  crj-stalline  form,  with  ether,  and  recrystallising  the  residue  from  boiling  alcohol, 
It  forms  long  silky  needles,  insoluble  in  boiling  water,  slightly  soluble  in  etlier  and 
cold  alcohol,  melting  at  197°.  It  dissolves  in  dilute  hydrochloric  acid,  but  the  solution, 
even  when  only  moderately  heated,  gives  up  benzoic  aldehyde,  while  beuzamide  re- 
mains dissolved  (Eotli). 


-DZBUTYBXiaXDE,  was  obtained  by  Strecker  from 

bitter-almond  oil  and  butyramide  in  the  same  manner  as  the  acetyl-compound  above 
described.  It  forms  slender  crystals,  nearly  insoluble  in  cold,  sparingly  soluble  iu 
boiling  water,  easily  soluble  in  alcohol,  moderately  soluble  in  ether.  In  the  prepara- 
tion of  this  substance  also,  small  quantities  of  a  light  oil  are  obtained  as  a  secondary 
product  (Eotli). 

BXaVZ'SrXiSVX.PHU'ROVS  ACXB,  C'H'.SOsH  (Bohler,  Zdtschr.  f.  Clicm.  [2] 
iv.  449  ;  Barbaglia,  Devt.  Chem.  Ges.  Ber.  v.  270,  687).— Bohler  obtained  this  acid 
by  boiling  benzyl  chloride  with  a  moderately  strong  solution  of  neutral  potassium 
sulphite :  C'H'Cl  +  K-SO'  KCl  +_  C'H'.SO'K.  The  benzyl  chloride  gradually 
dissolves,  and  the  concentrated  solution  on  cooling  deposits  the  potassiuyn  salt 
C'H'SO^K"  +  II-O  in  colourless  orthorhombio  prisms,  which  give  off  the  whole  of 
their  water  at  100°-150°.  The  barium  salt  (C'H'SO^)=Ba  +  2H-0  obtained  by 
double  decomposition,  crystallises  in  colourless  laminse,  somewhat  sparingly  soluble 
in  water.  By  digesting  this  salt  with  dilute  sulphuric  acid,  and  saturating  the 
filtrate  with  lead  hydrate,  a  basic  lead  salt  (C'H'S0')=Pb.PbH-02  is  obtained  in 
shining  crystals;  and,  on  passing  carbonic  acid  gas  into  the  aqueous  solution  of 
this  salt,  the  neutral  lead  salt  (C'H^SO')-Pb  separates  in  anhydrous  crystalline 
laminse.  The  ammonium  salt,  the  calcium  salt  (C'II'SO')Ca  -i-  211=0,  and  the  silver 
salt  C'H'SO^Ag,  are  crystalline.  The  hydrogen  salt,  or  free  acid,  is  obtained  by  de- 
composition of  the  lead  or  barium  salt,  in  colourless  extremely  hygroscopic  crystals 
(Bohler). 

The  fotassiwm  salt,  distilled  with  cyanide  of  potassium,  yields  a  volatile  cyanide, 
C'H'.CN,  which,  when  boiled  with  potash,  is  converted  into  alpha-toluic  acid 
C^ff.CffCO^H:  this  cyanide,  is  therefore  benzyl  cyanide  C°H^CH''CN■,  and  the  acid. 
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C'H'SO^H,  from  the  potassium  salt  of  wliich  it  is  proJucocl  as  above,  is  benzyl-sulpliurous 
aoid,  C"H\CH-.SO^H,  and  not  cither  of  the  modifications  of  toluene-sulplionie  acid 

C'ff  jg^^'y.,  described  in  the  First  Sv{pplcment,  p.  286  (Barbaglia). 

When  the  potassium  s.ill  is  hi'-itod  -willi  plio^i'li'inis  pentachloride,  suljjhurous 

oxide  is  evolved,  and  iho  di^ililMlc  (  '■.rA\<  li.  n/.vl  rlil^iidc,  together  with  phosphorus 

oxychloride  and  a  liil  Ic  I  hinnv  I  chlDj-idc  S()(.'r-.  Ihs  \ri  sidphm-yl  chloride  or  phos- 
phorus sulphochloride.  llcnci^  the  group  8U'Jv  in  tli;'  potnssium  salt  must  bo  united 
■with  the  carbon  of  the  group  CH-  through  the  medium  of  oxygen,  and  not  through 
that  of  sulphur ;  if  the  formula  of  the  salt  were  Cff.CH-— S— 6— 0— O— K,  it  would; 
when  distilled  with  POP,  yield  benzyl  sulphochloride  C^H^.CH'-— S— 0— 0— 0— CI. 
Its  constitution  formula  must  therefore  be, 

either  Cff.CIP— 0— S-0— 0— K, 

or  C'lP.CH-'— 0— 0— S— 0— K. 

With  either  of  these  formula  it  is  easily  seen  that  the  replacement  of  the  oxygen-ntom 
next  to  the  benzyl,  and  of  that  next  to  the  potassium,  by  an  equivalent  quantity  of 
clilorine,  will  give  rise  to  benzyl  chloride  and  tliionyl  chloride : 

C^ff.Cff.Cl  CI— 0— S— CI  CIK. 

Benzyl  chloride.  Thionyl  chloride. 

The  occui-rence  of  sulphurous  oxide  during  the  reaction  is  due  to  the  fact  that 
thionyl  chloride  easily  gives  up  its  two  atoms  of  chlorine  in  exchange  for  an  atom  of 
oxygen,  and  will  therefore  act  on  the  potassium  salt,  CH'SCK,  in  a  similar  manner 
to  the  pentachloride  of  phosphorus.  The  question  as  to  which  of  the  two  formula? 
above  given  is  the  true  expression  of  the  constitution  of  the  beuzjd  sulphite,  cannot  1)0 
determined  by  the  products  which  it  gives  with  phosphorus  pentachloride.  That  the 
sulphur-atom  is  not  in  immediate  union  with  the  potassium,  in  other  words,  that  the 
formula  of  the  salt  is  not  Cff  .CH-'— 0— 0 — O — S — K,  may  be  inferred  from  the 
non-occurrence  of  phosphorus  sulpho-chloride,  PSCP,  as  one  of  the  products  of  the 
reaction. 

The  preceding  results  lead  then  to  the  conclusion,  that  the  acid  C'H'SO'H,  obtained 
by  the  action  of  benzyl  chloride  on  potassium  sulphite,  is  not  asulplionic  acid,  that  is 
to  say,  an  acid  in  which  the  group  SO'H  is  united  to  the  carbon  through  the  medium 
of  its  sulphur-atom,  but  an  acid  sulphurous  ether,  its  proper  name  being  benzj-l- 
sulphurous  acid.  Eurther,  it  appears  most  probable  that  the  constitution  of  the 
sulphites — neutral  potassium  sulphite,  for  example— should  be  represented,  not  by  the 
formula 

K— S— 0— 0— 0— K, 

but  rather  by 

K— 0— S— 0-0— K. 

These  conclusions,  require  however,  to  be  confirmed  by  the  study  of  other  sulphurous 
ethers  prepared  by  the  action  of  alcoholic  chlorides  on  neutral  sulphites  (Barbaglia). 

AVhen  the  boiling  of  the  benzyl  chloride  with  potassium  sulphite  is  continued  for  a 
long  time,  a  large  quantity  of  sulphurous  oxide  is  evolved,  but  the  layer  of  oil  floating 
on  the  saline  solution  never  disappears  completely.  When  distilled  with  water,  and 
afterwards  alone,  it  yields,  besides  unaltered  benzyl  chloride,  a  considerable  quantity 
of  benzyl  alcohol  and  benzoic  aldehyde,  together  with  benzji  oxide  (Barbaglia). 
According  to  Vogt  a.  Henninger  {Ann.  Chan.  Phys.  [4]  xxy.  129)  there  is  alsc 
formed  a  body  (C'II')-SO-,  isomeric,  if  not  identical,  with  Otto  a.  Grubert's  sulpho- 
tohiide  {\st  Suppl.  289) :  Vogt  a.  Henninger,  however,  call  it  hen~yl  sulphide.  It  is 
insoluble  in  water,  sb'ghtly  soluble  in  alcoliol,  and  crystallises  in  flattened  needles 
melting  at  1,50°.  (Otto  a.  G-rubert's  .sulphotoluide  crystallised  from  alcohol  in  small 
tabular  prisms  melting  at  15r5°-156°). 

Benzyl-sulphurous  acid,  identical  in  properties  and  reactions  with  that  above 
described,  is  obtained  by  the  oxidising  action  of  nitric  acid  on  benzyl  bisulphide 
(C'H*)-S-  (prepared  by  the  action  of  bromine  on  an  ethereal  solution  of  benzyl 
sulphydratc).  Benzoic  aldehyde  is  formed  at  the  same  time,  together  with  a  little 
l)euzoic  acid  ;  on  distilling  the  product,  these  bodies  pass  over  with  the  vapour  of 
water;  and  on  neutralising  the  residue  with  sodium  carbonate,  evaporating,  treating 
the  residue  with  alcohol,  and  leaving  the  solution  to  evaporate,  potassium  benzyl 
sulphite  is  deposited  in  yellowish  laminfe,  which  may  be  rendered  colourless  by 
repeated  crystallisation,  or  l>y  treatment  with  tin  and  hydrochloric  acid,  or  with 
sodium-amalgam,  whereby  adhering  nitro-compounds  are  destroyed. 
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Bcnzylsulflmrous  Chloride,  C"H^.CH'-.S0-C1,  formed  by  the  action  of  phosphorus 
pentachlorido  on  potassium  benzylsulphite,  crystallises  in  prisms  melting  at  92°,  and 
decomposing  at  a  higher  temperature  into  sulphur  dioxide  and  benzyl  chloride. 
Concentrated  ammonia  converts  it  into  the  amide,  C"H^.CH-.SO-NH-,  -svhicli  crystallises 
from  -water  in  small  prisms  melting  at  105°  (Limpricht,  Beut.  Chem.  Ges.  Ber. 
vi.  534). 

ChlorohenzylsuliJhurous  acid,  C^H''C1.CH-.S0'H,  is  obtained  as  a  potassium 
salt  by  boiling  clilorobenzyl  chloride  C''H''C1.CH2C1  (obtained  by  the  action  of 
chlorine  on  chlorotoluuue)  with  potassium  sulphite.  The  solution  on  cooling  deposits 
the  potassium  salt,  C^ffCLCH-SO^K,  in  colourless  needles,  which,  according  to 
Biihlor  {loc.  cit.)  are  anhydrous,  but  according  to  Vogt  a.  Henninger  {Ann.  Ch.  Phps. 
[4]  XXV.  129)  contain  a  molecule  of  -water,  -which  they  give  off  at  160°;  they  are 
soluble  in  -water  and  in  boiling  alcohol.  The  barium  salt  (C''ffCl.CH=S03)=Ba  +  H-0, 
obtained  by  double  decomposition,  forms  colourless  shining  crystals.  The  basic  had 
salt  (C"''H'Cl.CH-S0'')'^Pb.PbH20-,  prepared  by  decomposing  the  barium  salt  -with 
sulphuric  acid,  and  neutralising  with  lead  hydrate,  forms  silvery  crystalline  scales 
(Bohler).  According  to  Vogt  a.  Henninger,  these  chlorobenzylsulphites,  though  they 
appear  to  be  homogeneo-as,  nevertheless  consist  of  mixtures  of  two  isomeridcs,  for 
when  fused  with  potash  they  yield  both  salicylic  and  paraoxybenzoic  acid. 

The  action  of  potassium  sulphite  on  clilorobenzyl  chloride  likewise  gives  rise  to 
clilorosulphotoluide  (C'H''C1)-S0-,  (called  cldorobenzyl  suliphide  by  Vogt  a.  Hen- 
ninger). This  compound  is  insoluble  in  water,  and  after  washing  with  water  and  with 
ether,  and  crystallisation  from  boiling  alcohol,  is  obtained  in  colourless  needles. 
The  mother-liquor  of  these  crystals  contains  two  other  bodies,  melting  at  149°  and 
185°  respectively  (Vogt  a.  Henninger). 

Benzylcne  Chloride  C^H'^.CHCl-,  metameric  with  clilorobenzyl  chloride,  yields,  when 
boiled  with  potassium  sulphite,  only  a  sjnall  quantity  of  a  sulpho-acid  not  yet 
examined,  the  chief  product  of  the  reaction  being  benzoic  aldehyde  (Bohler). 

Nitrobenzj/lsiilphicrous  acid,  C''H'(N0').CH2.S0^H.  The  bariurn  salt  of  this 
acid,  obtained  by  dissolving  barium  benzylsulphite  in  fuming  nitric  acid,  crystallises  in 
shining  colourless  needles  containing  [C''H'(NO-).CH-SO']-'Ba  +  2H^0.  By  decom- 
posing it  -with  sulphuric  acid  and  neutralising  the  filtered  solution  with  lead  hydrate, 
a  basic  lead  salt  [C''HKNO-).CH=SO']-Pb.PbH-0=  is  obtained  in  colourless  needles. 
The  ticutral  lead  salt  [C'^HXNO-),CH=SO']-Pb  +  H-0  forms  beautiful  needle-shaped 
crystals  more  soluble  than  the  basic  salt  (Bohler). 

BSISATTSriTS.  This  mineral,  hitherto  known  only  as  a  pseudomorph  after 
vivianite,  from  the  Hrbek  iron  mine,  at  St,  Benigna  in  Bohemia,  (i,  679),  has  lately 
been  found  implanted  on  brown  haematite,  in  the  Father  Abraham  mine  at  Scheiben- 
berg  in  Saxony.  It  forms  laminar  and  radiate  groups,  also  separate  laminse  and 
rods  running  out  in  crystalline  points,  which  indicate  the  form  of  gypsum.  Colour, 
hyacinth-red  to  reddish-brown  ;  lustre,  nacreous  to  silky  ;  streak-powder,  yellow.  Sp. 
gr.  2-983.  Analysis  gave  54-50  Fe=0^  28-65  P-0^  and  16-55  water,  agreeing  nearly 
with  the  formula  5Fe=0^3P20=+14H-0  (FveBzel,  Jahrbuch  f.  Mineralogie,  1873,  23). 

BERVlb.  A  specimen  of  this  mineral  from  Elba,  of  sp.  gr,  2-699-2-710,  was  found 
to  contain : 

SiO'  APO=  Fe=0'  GIO  Cs=0 

70-00  26-33  0-40  3  31  0-88  =  100-92, 

It  differs  from  all  the  beryls  hitherto  analysed  in  containing  a  smaller  percentage  of 
glucina  and  a  larger  proportion  of  alumina,  and  by  the  presence  of  caesia  (E.  Beclii, 
Jahrbuch  f.  Mineralogie,  1872^  95). 

BSTAinrB.  C*H"NO''.  (Scheibler,  Zcitschr.  f.  Chem.  vi,  505 ;  Liebreich,  ibid. 
506), — This  base,  obtained  from  beet-juice  {\st  Suppl.  340),  is  identical  with  that 
which  is  produced  by  tlie  action  of  trimethylamine  on  monochloracetic  acid,  that  is  to 
say,  triniethyl-glycocine  C-H-(CH^)'NO-  and  therefore  with  oxyuciirine  : 

CffN  +  C'^ffClO^  =  C^H"N02  +  HCl. 

AVlien  fused  -with  potassium  hydrate,  it  gives  off  a  large  quantity  of  pure  trimethy- 
lamine. 

Betaine  is  not  poisonous.  The  crystals  of  the  liydrochloride,  according  to  measure- 
ments by  P.  Groth,  are  monoolinic  ;  they  are  thick,  tabular,  10  mm,  long  and  broad, 
and  cleave  with  moderate  distinctness  parallel  to  the  clinopinacoYd,  (ooPoo),  The 
tribasic  phosphate  and  the  oxalate  have  been  obtained  in  fine  crystals ;  the  nitrate 
malate  and  tartrate  only  in  syrupy  or  hygroscopic  masses  (Scheibler). 
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For  preparing-  betaiue  from  the  juice  or  molasses  of  beet,  Seheibler  now  recom- 
mends tliat  the  liquid  be  first  mixed  "vvith  a  slight  excess  of  basic  lead  acetate,  to 
precipitate  various  acids  and  colouring  matters,  -whicii  ^lould  interfere  with  the  purifi- 
cation of  the  betaine  to  be  subsequently  separated.  The  filtrate  from  the  lead 
precipitate  is  mixed  "with  excess  of  dilute  sulphuric  acid  to  remove  the  lead ;  and  from 
the  acid  filtrate  the  betaine  is  obtained  by  means  of  sodium  phosphotungstate  in  the 
manner  formerly  described. 

Liebreich  boils  the  diluted  molasses  for  twelve  hours  with  liarinm  liydrate  ;  filters 
after  removing  the  excess  of  baryta  with  carbonic  acid;  i  v.i  pnr.; :  i  <  ;  exhausts  the 
remaining  treacly  mass  with  alcohol ;  mixes  the  concent  ral  .  d  :i|(  (iliiilic  extract  with 
an  alcoholic  solutio]i  of  zinc  cldoi-ide  ;  pui'ifies  t he  r(jsu]l  ini;  pi-n-ii'ii  a*,  r  l.y  reerystallisa- 
tion  from  water;  and  preripil  at  cs  its  ,-i((iH'oas  suliit  ion  with  ryl  a-\v  al  cr.  'I'lie  liquid 
filtered  from  the  pi'urlpit  at  zi,,,-  .,xldr  coiitain-  a  c.jiax-iiondii'i-  .inanlily  of  barium 
chloride.  The  barium  is  precipitated  with  tlie  exact  quant ily  uf  dilate  sulphuric  acid 
required;  and  on  evaporating  the  filtrate,  the  hydrochloride  of  betaine  crystallises 
out. 

The  juico  of  the  beet  in  the  earlier  stages  of  growth  contains  a  larger  proportion  of 
betaine  than  that  of  older  beet,  the  proportion,  of  the  base  decreasing  as  that  of  the 
sugar  increases  with  the  ripening  of  the  plant.  Young  beets  gathered  on  July  1 
yielded  a  juice  containing  about  p.c.  betaine,  whereas  ripe  beets  from  the  same  field 
taken  up  on  October  1,  yielded  only  i  p.  c,  of  betaine  (Scheibler). 

Betaine  of  the   Pbosphorus  series  or  Trimetbyl-pbospho^lycoeine, 

C^H"PO-  =  C=H-(CH^)»PO-.  (.\.  n.  Meyer,  Bfuf.  Clam.  Ges.  Ue,:  iv.  731;  C/wm. 
Soc.  J.  [2]  ix.  1066).  The  hydn,:  hl(iridr  of  lliis  base  .C'H"P0-.HC1,  is  produced  by 
heating  1  mol.  trimethylpliiispliiiir  Aiith  1  niol.  cliluraeetic  aciil  to  100°  in  a  sealed 
tube  for  five  or  six  hours.  It,  unites  with  plaliuic  cMoi-lde,  forming  a  platinochloride 
2(0  H"PO'MICl).PtCl*,  and  when  treated  with  sulpliurie  acid,  yields  a  sulphate  from 
whieli  the  free  base  may  be  precipitated  by  baryta-water.  The  base  is  a  very  hygro- 
scopic crystalline  mass,  neutral  to  vegetable  colours,  and  forming  crystalline  salts  with 
hydriodic  and  with  nitric  acid. 

The  homologous  compound,  tridhjl-phospliofilycocine,  C^H'TO^  =  C=ff(C=H^)3P0-, 
is  obtained  in  like  manner  by  the  action  of  chl'oracetic  acid  on  triethylphosphino  (Hof- 
mann,  Proc.  Bay.  Soc.  xi.  525). 

Aromatic  Betaines,  (Griess,  Beut.  Chem.  Ges.  Ber.  vi.  685). — These  bases, 
analogous  in  constitution  to  the  betaine  of  the  fatty  series  (trimcthyl-glycocine).  are 
produced  by  the  action  of  methyl  iodide  in  presence  of  metliyl  alcohol  and  an  alkali 
un  amidated  aromatic  acids,  three  atoms  of  hydrogen  being  replaced  by  methyl. 

Benzhetainc*.  C'H'^iSfO-,  which  has  the  composition  of  trimethyl-amidobenzoic 
acid,  C'1I\CH^)^N0-,  is  prepared  by  pouring  methyl  alcohol  on  amidolienzoic  acid, 
adding  three  times  as  much  strong  potash-ley  as  is  necessary  to  neutralise  the  acid, 
and  then  methyl  iodide  in  tlie  proportion  of  3  mol.  to  1  mol.  of  the  amidobenzoic 
acid.  The  mixture  is  left  to  itself  for  tlirce  days,  the  methyl  alcohol  then  distilled  off, 
hydriodic  acid  added  in  excess,  and  tlu'  liydrioilide  of  benzbetaine,  which  crystallises 
out,  is  decomposed  by  lead  hydralr,  wlii.li  m  pa  rates  the  base. 

Benzbetaine  crystallises  in  small  wliite  needles  containing  1  mol.  water  of  crystalli- 
sation, which  is  easily  given  off  at  105°.  It  is  insoluble  in  ether,  very  soluble  even  in 
cold  alcohol,  and  deliquesces  on  exposure  to  the  air.  It  is  neutral  to  vegetable  coloui-s, 
and  has  a  strong  bitter  taste. 

The  hydriodidc,  C'H'^NO-.HI  -l-  H-0,  ervslallises  in  small  short  j.risms,  which  dis- 
solve very  sparingly  m  cold,  easily  in  hot  uat.  !■  oi-  al.  .ili(il.  liui  ai-e  ipiito  insoluble  in 
ether.  The  2}latmochloride,  2(C'°H'»Nt)-.l  I( 'I  ). I'l  ( '1'  -;  1 11 '(»,  ei  vMallises  in  prisms 
sometimes  of  considerable  size,  slightly  soluble  in  hoi  ,  very  slightly  in  cold  water. 

When  anhydrous  benzbetaine  is  heated  to  its  melting  point,  it  is  converted  into 
the  isomeric  methylic  other  of  dimethyl-amidobenzoic  acid, 
0''H'|q^^^-j£3,  a  yellowish  liquid  having  an  aromatic  odoiu-,  boiling  at  270°  (un- 
corrected), heavier  than  water  and  insoluble  therein,  hwt  dissolved  by  cold  dilute 
acids,  with  formation  of  saline  compounds.    Its  std2yhaie,  C"II' j  ^qq-^".  H-SO'.crj's- 

tallises  in  very  small  prisms,  easily  soluble  in  cold  water,  sparingly  soluble  in  dilute 
sulphuric  acid. 


*  In  Gricss's  memoir,  this  compound  is  called  tvimethyl-licnzbetaine,  and  the  corresponding  anisic 
compound  trimethyl-anis'octaine ;  bat  the  prefix  '  trimcthyl '  is  surely  superfluous  :  the  base 
C-H-(CH=)"1\0=  is  called  betaine,  not  trimeHni-bctaine,  and  by  analogy,  the  base  C"H'(CH")'KO-' 
should  be  called  benzbetaine. 
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The  p/a&oc7i^)7£Ze,2[C''ff  j^^Q^'^^I.HClj.PtCP,  forms  spindle-shaped  laminae, 
very  slightly  soluble  in  cold  -water. 

Anisbetaine  C"H'^NO»  =  C»H»N(CH3)30s,  which  has  the  composition  of  tri- 
methyl-amidanisic  acid,  is  produced  in  like  manner  by  the  action  of  methyl  iodide  on 
amidanisie  acid.  It  crystallises  from  aqueous  solution  in  large,  generally  very  well- 
defined  prisms,  sometimes  an  inch  long,  having  a  vitreous  lustre,  and  containing 
5  mols.  water  of  crystallisation.  It  is  very  easily  soluble  in  hot,  moderately  soluble  in 
cold  water,  less  soluble  in  alcohol,  and  quite  insoluble  in  ether.  Like  benzbetaine,  it 
lias  a  bitter  taste  and  is  neutral  to  vegetable  colours.  Tlio  hydriodidc,  C"H"NO^.HI  + 
H-0,  forms  white  shining  needles,  sometimes  an  inch  long,  moderately  soluble  in  hot, 
very  slightly  in  cold  water,  apparently  less  soluble  in  alcohol,  and  quite  insoluble  in 
ether. 

The  platinocMoride,  2(C"H'^N0-.JICl).PtCl\  crystallises  in  narrow  yellow  laminse, 
very  slightly  soluble  in  cold  water. 

By  dry  distillation,  anisbetaine  is  transformed,  like  the  preceding  compound,  into 

mem' 

themethylic  ether  of  dimethylamidauisic  acid,  CH'*-^  OCH^    ,  which  is  a 

(COOCH^ 

yellowish  liquid,  having  a  faint  aromatic  odour,  insoluble  in  water,  cAid  boiling  at  288'' 
(uncorrected.) 

B&YRICHXTEi    A   native    sulphide  of  nickel  from  the  Westerwald.  See 

i^ICKEL. 

SI2.E.  Modification  of  Pattenkofers  test.  Gr.  Strassburg,  {Pflvger's  Archiv.  f. 
PhjsiGlogie,  iv.  461),  in  testing  icteric  urine  for  bile-acids  by  Neukomm's  improved 
form  of  Pettenkofer's  test  {1st  Suppl.  341),  obtained  only  a  yellow,  but  never  a 
cherry  or  violet  colour,  showing  that  the  quantity  of  these  acids  in  the  urine,  even  in 
cases  of  intense  jaundice,  is  very  small.  The  following  method  was,  however,  found  to 
give  certain  indications :  A  piece  of  filtering  paper  is  dipped  into  the  urine  previously 
mixed  with  a  little  cane-sugar,  and  allowed  to  dry ;  a  drop  of  pure  sulphuric  acid 
is  then  put  upon  it,  and  allowed  partially  to  run  off.  In  a  quarter  of  a  minute, 
a  beautiful  violet  colotir  appears,  best  seen  by  transmitted  light.  By  this  means, 
0-00003  gram  of  glycocholic  acid  can  be  detected.  The  great  delicacy  of  the  test  is, 
perhaps,  due  to  the  absence  of  water,  whereby  the  charring,  which  would  otherwise 
occur  and  obscure  the  reaction,  is  prevented. 

The  spectrum  yielded  by  the  violet-red  liquid  obtained  in  treating  sodium  glyco- 
cholate  with  sugar  and  sulphuric  acid  for  Pettenkofer's  test,  consists  of  three  bands, 
one  extending  from  midway  between  C  and  D  to  D,  the  second  midway  between  D 
and  E,  and  the  third  between  b  and  F  (Heynsius  a.  Campbell,  Pfliiger's  Archiv.  f. 
Physiologie,  iv.  497). 

Action  of  Bile  on  Starch. — According  to  v.  Wittich  {Pflilger's  Archiv.  f.  Physiologie, 
vi.  181),  fresh  human  bile  possesses  the  power  of  converting  starch  into  sugar,  a 
property  previously  observed  by  Masse  in  the  bile  of  the  pig.  Boiled  starch  mixed 
with  20  to  30  cbops  of  human  bile,  and  left  for  an  hour  at  the  ordinary  temperature, 
exhibited  a  distinct  siigar  reaction  with  copper  sulphate.  The  bile  mixed  with 
absolute  alcohol  as  long  as  it  exhibited  turbidity,  left,  on  filtration,  a  residue  which, 
on  being  treated  with  glycerin,  yielded  an  extract,  exhibiting  after  24  hours  an 
energetic  diastatic  action.  Still  more  active  was  the  alcoholic  precipitate  of  the  ex- 
tract dissolved  in  water. 

BIliE-PIGBIEK'TS.— Bilirubin  and  other  bile-pigments,  treated  with  oxidising 
agents,  yield  a  blue  product,  called  bilicyanin,  produced  by  moderate  oxidation, 
and  a' brown  substance  called  choletelin,  resulting  from  more  complete  oxidation. 
These  products  have  been  studied  byMaly  (Wien.  Akad.Ber.  [zweite  Abth.]  lix.  597; 
Jahresb.  1869,  817)  and  by  Heynsius  a.  Campbell  {Pfliigcr' s  Archiv.  f.Pysiologic,\x.  497). 

Bilicyanin  is  best  obtained  by  adding  an  alcoholic  solution  of  bromine  to  bilirubin 
suspended  in  chloroform.  If  the  liquid  be  left  to  evaporate  as  soon  as  it  exhibits  a 
pure  blue  colour,  there  remains  a  shining  dark  mass,  which  appears  dark  green  when 
spread  in  a  thin  laj'or  upon  porcelain,  but  dissolves  with  splendid  blue  colour  in 
alcohol ;  it  is  less  soluble  in  ether,  more  freely  in  ether-alcohol.  The  blue  alcoholic 
solution  (containing  a  little  hycbobromic  acid),  exhibits  the  following  reactions :  oa 
gently  heating  it  with  weak  nitric  acid,  the  blue  colour  passes  slowly  through  violet 
and  purple-red  to  light  brown ;  with  caustic  potash  a  dingy  sap-green  liquid  is  pro- 
duced, becoming  blue  again  on  addition  of  hydrochloric  acid  ;  with  ammonia,  a  dark 
indigo-blue  liquid,  which  becomes  bright  blue  on  addition  of  hydrochloric  acid.  A 
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solution  of  neutral  lead  acetate  forms  a  dark  green-blue  precipitate ;  silver  nitrate 
merely  tlirows  down  a  little  silver  bromide,  and  on  adding  ammonia  to  the  filtrate,  ii 
black-brown  precipitate  is  formed,  which  dissolves  in  a  mixture  of  alcohol  and  acetic 
acid,  with  a  violet  coloiu-,  changing  to  fine  blue.  With  liydi-ochloric  acid  and  zinc, 
the  blue  solution  slowly  becomes  dark  green,  then  sap-green  ;  hydrochloric  acid  alone 
does  not  alter  the  coloiir.  Hydrogen  sulphide  forms  a  bright  gi-een  solution,  and  then 
flocks  of  biliverdin,  the  liquid  becoming  nearly  coloui-less.  On  mixing  the  liquid  with 
a  few  drops  of  nitric  acid,  and  pouring  it  upon  sulphuric  acid,  so  as  to  form  a  super- 
natant layer,  the  remainder  of  the  bile-pigment  is  obtained  with  very  fine  colour. 
A  mmonia  and  calcium  chloride  slowly  forma  precipitate  of  dark  indigo-blue  colour 
(Maly). 

According  to  Heynsius  and  Campbell,  bilicyanin  prepared  as  above,  is  not  a  perfectly 
definite  product,  as  it  exhibits  various  degrees  of  solubility,  and  gives  two,  or  perhaps 
three  absorption-spectra  in  the  yellow  and  green.  It  does  not  exist  in  natural  bile- 
pigment  till  after  oxidation  by  exposure  to  the  air  or  otherwise.  It  exists  in  gall- 
stones and  probably  in  urine,  inasmuch  as  it  reacts  with  hydrochloric  acid  somewhat 
like  indican,  and  may  have  been  mistaken  for  that  substance  in  urine. 

Choletelin,  the  end-product  of  the  oxidation,  is  best  obtained  bj^  passing  nitrous 
vapours  into  alcohol  in  which  bilirubin  or  bilihumin  is  suspended.  If  the  alcoholic 
solution  be  then  poured  into  water,  nearly  the  whole  of  the  colouring  matter  separates 
in  flakes  of  the  colour  of  ferric  oxide,  which  in  many  cases  soon  become  denser,  and 
are  easy  to  filter  and  wash ;  they  dry  up  to  a  brown  powder.  Choletelin  cannot  be 
made  to  crystallise  from  any  solvent.  It  dissolves  very  easily  in  the  fixed  alkalis  and 
their  carbonates,  also  in  ammonia,  forming  brown  solutions,  from  which  it  is  precipi- 
tated in  flocks  by  acids.  It  is  soluble  in  alcohol,  ether,  and  chloroform.  The  alcoholic 
solution  is  precipitated  by  water ;  with  silver  nitrate  it  gives  a  precipitate  only  on 
addition  of  ammonia.  No  perceptible  reaction  is  produced  by  hydrogen  sulphide,  or 
by  zinc  and  hydrochloric  acid. 

The  quantity  of  bromine  used  in  the  formation  of  choletelin  shows  that  it  is 
formed  from  bilirubin  by  assumption  of  3  atoms  of  oxygen.  Its  analysis  gave  numbers 
leading  to  the  formula  C'^H'^N^O"  ( =  bilirubin  —  C  +  30) ;  but  as  neither  carbonic 
nor  formic  acid  appears  to  be  produced  at  the  same  time,  Maly  is  of  opinion  that  its 
true  formula  is  C'H'^N^O''.  Silver  nitrate  added  to  a  solution  of  choletelin  in  a  small 
quantity  of  dilute  aqueous  ammonia  throws  down  red-brown  flocks,  which  separate 
from  a  nearly  colourless  liquid :  the  second  of  three  fractional  precipitations  yielded  an 
amount  of  silver  agreeing  with  that  of  the  bibasic  compound  C"*II"*Ag^N-0^.  Chole- 
telin is  not  much  attacked  by  strong  nitric  acid,  and  in  particular  does  not  yield  any 
picric  acid.  By  dry  distillation  with  soda-lime  it  yields  a  tarry  distillate  not  contain- 
ing either  aniline  or  phenol  (Maly). 

Choletelin  does  not  give  Gmelin's  pigment  reaction  (the  change  of  colour  from 
green  to  blue,  violet,  red,  and  yellow  produced  by  treating  bile-pigments  with  nitric 
acid  containing  nitrous  acid).  Its  spectrum  is  more  constant  than  that  of  bilicyanin, 
consisting  of  one  broad  absorption-baud  extending  from  6  to  a  little  beyond  F,  when 
in  acid  solution  ;  in  an  alkaline  solution  the  band  is  somewhat  less  refrangible. 
Choletelin  may  bo  detected  by  its  spectroscopic  characters  in  icteric  urine,  but  is  never 
found  in  normal  urine  or  in  gall-stones  (Heynsius  a.  Campbell). 

RcdvciUe  Product  of  the  Oxidation  of  Bile-figmants  (Stokvis,  IS.  Bep.  Pharm.  xxi. 
123). — This  substance  is  formed  as  a  secondary  product  in  most  cases  of  the  oxidation 
of  biliary  colouring  matter  whereby  Gmelin's  reaction  is  produced.  It  is  colourless, 
or  of  a  light  yellow  tint,  and  is  soluble  in  water,  alcohol,  and  dilute  acids.  It  becomes 
of  a  beautiful  rose-red  colour  when  boiled  with  reducing  agents  in  alkaline  solutions, 
The  red  solution  gives  in  the  spectrum  a  tolerably  broad  absorption-band  in  the  green. 
In  concentrated  solutions  (thick  strata)  the  baud  begins  close  on  the  lino  I),  and 
extends  to  h.  In  dilute  solutions  (thin  strata)  it  occupies  only  two-thinls  of  the 
space  between  D  and  E,  ending  short  of  E.  Shaking  with  air  causes  lioth  the 
rose  colour  and  the  absorption-band  to  disappear.  This  by-product  differs  from  the 
liilc  colouring  matter  and  other  oxidation -products  of  the  same,  in  being  insoluble  in 
chloroform  and  ether,  and  in  not  forming  insoluble  compounds  with  neutral  or  basic 
lead  acetate.    It  is  precipitated  however  by  ammonia  and  Imsii'  h  ad  arctate. 

This  substance  exists  as  such  in  the  gall-stones  both  of  ni.ni  and  i.l  ilic  ox.  It  can 
bo  obtained  from  them  by  simple  boiling  with  distilled  w.iU  i-,  .-iii.i  cxti-action  with 
dilute  acids.  It  does  not  exist  in  fresh  bile.  It  occurs  in  tliu  urine  of  animals  which 
liave  been  starved  for  some  days  previously,  in  icteric  urine,  and  in  the  urine  of  febrile 
diseases,  such  as  .small-pox,  typhus,  &c.  It  is  not  found  in  healthy  urine.  It  seem3 
to  be  present  in  the  alimentary  canal,  although  in  direct  experiments  with  different 
kinds  of  food  little  or  none  could  bo  found.    In  alkaline  solutions  it  soon  loses  its 
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characteristic  properties.  Its  occurrence  in  any  liquid  of  neutral  or  acid,  reaction 
aiFords  an  indication  of  the  previous  existence  oi'  bile-pigments  therein.  In  applying 
the  test,  the  liquid  is  to  be  precipitated  with  lead  acetate,  excess  of  lead  removed 
by  oxalic  acid,  and  the  filtrate  concentrated  and  boiled  with  alkalis  and  a  reducing 
agent.  If  no  reduction  takes  place,  and  if  the  other  tests  for  biliary  colouring 
matter  have  given  a  negative  result,  their  absence  may  be  safely  inferred. 

Blue  Colourivg  matter  of  Bile.  E.  Ritter  {N.  Eep.  Pharm.  xx.  569)  describes  a 
blue  colouring  matter,  which  appears  to  be  a  constituent  of  the  bile  itself,  and  not  a 
product  of  oxidation,  like  the  blue  pigment  above  described,  or  those  which  Stiideler 
and  Jaffe  have  obtained  by  the  action  of  nitric  acid  on  the  natural  pigments  of  the 
bile.  Eitter  finds  this  substance  in  the  bile  of  man,  and  in  that  of  the  ox,  sheep, 
pig,  dog,  and  cat.  To  prepare  it,  bile  is  shaken  with  chloroform,  till  a  j-ellow  solution 
is  obtained,  and  the  yellow  chloroform  solution  is  treated  with  sodium  carbonate  till 
the  colour  entirely  disappears.  On  neutralisation  with  hydrochloric  acid,  two  layers 
arc  formed,  one  of  which  contains  the  yellow  chloroform  solution,  the  other  the  blue 
colouring  matter  in  a  state  of  suspension.  This  colouring  matter  is  insoluble  in 
chloroform  and  acids.  It  dissolves  in  alkalis,  forming  a  colourless  or  yellowish 
solution.  When  this  solution  is  neutralised  with  acids  and  exposed  to  the  air,  a  brown 
precipitate  is  formed,  which  becomes  blue  again,  sometimes  in  a  few  days,  sometimes 
only  after  a  month.  In  this  respect  it  difiers  from  reduced  indigo,  which,  when 
dissolved  in  alkalis,  instantly  turns  blue  on  exposure  to  the  air. 

Conversion  of  Bilirubin  into  Urinary  Colouring  matter :  Hydrobilirubin.  When 
bilirubin  is  dissolved  in  dilute  soda  or  potash-ley,  and  sodium-amalgam  is  added,  air 
being  excluded,  no  hydrogen  is  evolved,  but  the  dark  colour  gradually  lightens ;  after 
two  or  three  days'  action,  the  solution  acquires  a  yeUow  or  bright  brown-yellow  colour, 
and  then  gives  off  hydrogen.  From  this  liquid  hydrochloric  acid  separates  a  pigment, 
which  seems  to  be  a  weak  acid,  jnelding  with  alkalis  brown-yellow  soluble  salts,  and 
with  heavy  metals  insoluble  compounds  which  separate  in  red  flakes ;  it  is  readily 
soluble  in  alcohol,  slightly  in  water,  readily  in  ammonia  and  fixed  alkalis,  also  in 
ether,  liquid  hydrocarbons,  glacial  acetic  acid,  and  chloroform.  Its  spectrum  has  a 
characteristic  dark  black  absorption-band  between  the  green  and  blue  (Fraunhofer's 
lines  b  to  F)  more  marked  in  acid  solution  than  in  alkaline.  This  product  appears  to 
be  identical  with  the  urobilin  of  JafFe  (Virchow's  Archiv.  xlvii),  obtained  from  normal 
and  febrile  urine ;  it  also  agrees  with  the  product  from  excrement  obtained  by 
Vaulair  and  Masitis  {Centralbl.  f.  d.  Med.  Wisscnsch.  1871,  No.  24),  and  with  the 
urinary  colouring  matter  obtained  by  Scherer.  It  contains  about  1  '5  p.  c.  carbon  less, 
and  about  as  much  per  cent,  hydrogen  more  than  bilirubin,  and  may  therefore  be 
appropriately  called  hydrobilirubin.  Its  composition  maybe  represented  by  the 
formula  C^^ff^N^O',  and  its  formation  from  bilirubin  by  the  equation  : 

2C"'H«N202  +  W  +  BrO  =  C^^H^N^O'. 

Its  formation  in  the  intestine  from  the  colouring  matter  of  the  bile  is  esseutiallj'  the 
same  process  as  that  with  sodium-amalgam,  inasmuch  as  abundance  of  hydrogen  is 
generated  in  the  intestine  and  immediately  exerts  a  hydrogenising  action. 

Biliverdin  appears  to  be  acted  upon  by  sodium-amalgam  in  the  same  manner  as 
bilirubin  (E.  Maly,  Ann.  Ch.  Pharm.  clxi.  368 ;  cLxiii.  77). 

BISMUTH.  A  specimen  of  native  bismuth  from  Peru,  analysed  by  G.  Bartli, 
(ViertelJaJirsschrift 2}r.  Pharm.  xviii.  660),  was  found  to  contain  93-372  p.  c.  bismuth, 
4-570  antimony  (with  a  little  tin),  and  2-058  copper  (with  a  little  iron),  no  sulphur  or 
arsenic. 

Fusion  and  Volatilisation, — According  to  A.  von  Eiemsdyk  (Chcm.  N'ews,  xx.  32), 
bismuth  melts  at  268'3°,  and  does  not  volatilise  sensibly  at  temperatures  considerably 
above  its  melting  point.  At  a  bright  red  heat,  2-3433  grams  of  bismuth  lost  in  an 
hour  1  milligram  in  weight. 

Betectio7i  of  Bismuth  in  presence  of  Lend  and  Antimony. — Small  quantities  of 
bismuth  in  presence  of  lead  or  antimony,  may  be  detected  by  the  characteristic  red 
coating  which,  as  observed  by  v.  Kobell,  (p.  102),  is  produced  when  bismuth  is  heated 
on  charcoal  with  a  mixture  of  potassium  iodide  and  sulphui-.  The  samero.-ictioii  may 
be  obtained  by  heating  the  substance  under  examination  -with  an  equal  weiglit  of  a 
mixture  of  6  parts  sulphur  and  1  part  potassium  iodide  in  an  open  tube  4  inches  long 
and  not  less  than  half  an  inch  wide. 

When  pure  lead  n.vide  is  tluis  treated,  part  of  the  sulphur  sublimes  and  condenses 
above  the  assay,  its  heavy  vapours  also  burning  at  the  lower  end  of  the  tube.  Then 
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copious  yullow  fumes  pass  tlirough  the  tube,  and  an  abundant  sublimate  condenses, 
beginning  about  one-third  of  an  inch-  above  the  assay,  and  becoming  bright  yellow 
■n'hen  cold. 

Lead  oxklr,  with  1  ^3.  c.  of  Bisiiiuth  trioxide,  exhibits  the  same  phenomena  as  above, 
but  one-third  of  an  inch  above  its  lower  edge  the  yellow  sublimate  is  replaced  by  a 
broad  and  distinctly  red  ring  of  the  bismuth  sublimate. 

Lead  o.vidr,  with  j).  c.  of  Bisimtth  trioxide,  gives  the  same  reaction  as  in  the  last  ex- 
periment, but  tlic  bismuth  sublimate  is  orange-red,  but  still  so  distinctly  marked  as  to 
leave  no  doubt  that  even  a  smnller  proportion  of  bismuth  could  be  detected. 

With  50  ijarfs  of  Lead  oxide,  -50  'parts  of  Antimony  trioxide,  mid  1  part  of  Bismic'h 
trioxide,  the  white  antimonial  sulphide  entirely  conceals  the  bismuth  reaction.  To 
obvia  te  this,  the  mixture  of  the  three  oxides  is  mixed  with  an  equal  volume  of  sulplnir, 
and  treated  with  the  blue  flame  for  several  minutes  ;  and  the  resulting  fused  sulphitles 
are  removed  to  a  flat  coal,  and  treated  alternately  with  the  oxidisin^,^  and  n  iluring 
fl.-imes,  until  the  antimonial  fumes  have  nearly  ceased,  and  an  impure  lilui:  1<',mI  tl.imo 
appears.  The  residue,  powdered  and  treated  as  before  in  the  open  tulH-,  yirlds  a 
distinct  bismuth  sublimate,  about  one-third  of  an  inch  above  the  lower  edge  of  the 
yellow  sublimate. 

Care  must  be  taken  not  to  confound  with  the  Ijismuth  sublimate,  a  sublimate  of 
iodine,  which  may  condense  in  the  upper  part  of  the  tube,  but  at  a  greater  distance 
from  the  assay  (H.  B.  Cornwall,  Chcm.  Newii,  xxvi.  150). 

Assay  of  Cupreous  Bismuth  ores. — The  direct  separation  of  bismutli  from  ores  con 
taining  a  large  proportion  of  copper  is  attended  with  consideralde  difficulty,  inasmuch 
as  copper  and  bismuth  behave  in  the  same  manner  with  nearly  all  metallurgic  reagents. 
In  presence  of  an  alkaline  flux,  however,  bismutli  sulphide  is  instantly  reduced  by 
carbonaceous  matter,  while  copper  sulphide  is  unattacked.  The  application  of  this 
reaction  is  as  follows  : 

If  the  metals  exist  already  in  the  state  of  sulphides,  it  is  only  necessary  to  fuse 
them  with  the  ordinary  reducing  mixture,  to  which  a  little  sulphur  has  been  added, 
to  prevent  any  desulphuration  of  the  copper  by  the  alkali.  The  yield  of  bismuth 
is  tolerably  free  from  copper.  In  the  treatment  of  oxidised  ores,  the  operation  is 
conducted  in  a  similar  manner,  but  a  larger  amount  of  sulplnir  is  required,  since 
tlie  whole  of  the  metals  have  to  be  sulphurised.  The  following  proportions  are 
recommended  for  the  flux  : — Sodium  carbonate,  5  parts ;  salt,  3  parts ;  sulphur,  2  parts ; 
charcoal,  1  part,  Two  or  three  parts  of  this  flux  are  required  for  the  reduction  of  three 
parts  of  ore. 

In  the  extraction  of  bismuth  by  tlie  sulphur-carbon  process,  there  is  a  loss  of  about 
8  p.c.  of  the  bismuth  contained  in  the  ore.  Although  this  loss  is  unavoidable,  it  is 
partly  compensated  by  the  elimination  during  the  operation  of  a  considerable  quantity 
of  arsenic,  antimony,  and  lead,  so  that  the  crude  metal  obtained  by  this  process  is  not 
so  impiu'e  as  the  corresponding  metal  obtained  by  the  direct  reduction  of  the  oxidised 
ore  (Hugo  Tamm,  Chem.  News,  xxv.  85). 

Refining  of  Crude  Bismuth. — To  separate  arsenic,  the  bismuth  is  melted  at  a 
bright  red  heat,  under  a  cover  of  borax,  and  strips  of  iron  are  plunged  into  the  molten 
metal.  The  arsenic  rapidly  combines  with  the  iron,  forming  an  arsenide,  which  rises 
to  the  surface  of  the  metal.  When  the  iron  is  no  longer  attacked,  the  whole  is  allowed 
to  cool,  and  the  bismutli,  while  still  fluid,  decanted  from  the  iron  arsenide,  which 
solidifies  more  rapidly. 

Antimony  is  most  easily  separated  by  melting  the  alloy  with  a  quantity  of  bismuth 
oxide  equal  to  three  times  the  weight  of  antimony  contained  in  the  metal.  The 
bismuth  oxide  is  instantly  reduced  to  the  metallic  state,  while  the  antimony  is  con- 
verted into  oxide.  The  latter,  in  combination  with  a  little  bismuth  oxide,  floats  on 
the  surface  of  the  pure  metal,  whence  it  can  be  easily  removed. 

Copper  may  be  completely  separated  from  bismuth  by  treating  the  alloy,  at  a,  low 
red  heat,  with  potassium  sulphocyanate.  One  part  of  .-i  mixturi'  ui  8  piirts  of  pf)tis- 
sium  cyanide  and  3  parts  of  sulphur  is  thrown  over  1(1  |i:irls      llie  mrlicd  at 

a  low  tempei'ature.  As  soon  as  the  reaction  takes  pi; mt,  llic  cnirilile  is  cnviTrd.  ninl 
when  all  deflagration  has  ceased,  the  metal  is  well  stiri'od  witli  :i  rLiy  stii-rcr,  the  flux 
allowed  to  set,  and  the  fluid  metal  poured  out.  The  bismuth  v.'ill  be  found  perfectly 
free  from  copper  (Tamm,  ibid.  100). 

Electrolysis  of  Bismuth  oxide.— fused  oxide  is  easily  reduced  by  the  current  of 
12  Bunsen's  elements.  If  copper  poles  are  used,  the  negative  pole  soon  becomes 
covered  with  metallic  bismuth  ;  with  platinum  wires,  an  alloy  of  bismuth  and  platinum 
is  formed,  which  melts  and  drops  off".  In  the  solid  state  the  oxide  does  not  conduct 
(P.  Buckhard,  Zcitschr.f.  Chan.  vi.  212). 
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Bismutb-salts  of  Organic  Bases.  Jorgensen  {J.  pr.  Chem.  [2]  iii.  328)  lias 
prepared  a  series  of  wll-crystallised  double  salts  containing  bismuth,  and  represented 
by  the  general  formula  3E(C-H^)*E'.2BiR'^  in  which  R=N,  P,  As  or  Sb ;  E'  =  I,  Br, 
CI.  The  iodine-compounds  are  red,  or  brownish-red,  the  bromine-compounds  yellow, 
or  occasionally  brownish-yelloAY,  the  chlorine-compounds  colourless. 

The  iodine-dorivatiyes  are  produced  by  precipitating  a  hot  alcoholic  solution  of  the 
periodido  of  an  organic  base  with  potassium-bismuth  iodide  or  with  hydi-ogen-bis- 
niuth  iodide.  Thus  the  tetrethylammonium-bismuth  iodide,  3N(C-H*)^I.2Bil',  is 
formed  according  to  the  equation : 

3N(C=H=)q.P  +  3KI.2BiP  =  SKI.P  +  3N(C=H5)^I.2BiP. 
The  ethylphosphonium,  ethylstibonium,  and  ethylarsonium  compounds  have  a  com- 
position similar  to  that  of  the  nitrogen  salt,  viz. : 
3P(C^H^)-'I.2BiP. 
3Sb(C=ff)*I.2BiI'. 
3As(a^ff)^I.2BiP. 

The  bromine  and  chlorine  derivatives  are  prepared  by  precipitating  the  hot  alcoholic 
solution  of  the  periodide  with  a  solution  of  bismuth  hydrate  in  strong  hydrobromic  or 
hydrooliloric  acid  respectively.  The  tetretliylammonium-bismuth  bromide  has  the 
composition,  3N(C-Hs)^Br.2BiBr' ;  the  chloride,  3N(C=ff)-'C1.2BiCR  Correspond- 
ing phosphorus,  arsenic,  and  antimony  compounds  have  also  been  obtained. 

BXSnSVTKITS.  This  mineral,  consisting  of  hydrated  bismuth  carbonate,  occurs, 
together  with  Joseite,  at  San  Joao  (Jose)  di  Madureira  in  Brazil,  in  small  stratified 
lumps,  which  appear  to  inclose  a  number  of  pseudomorphous  prismatic  crystals ;  the 
recently  fractured  surface  exhibits,  under  the  lens,  the  appearance  of  pyromorphite. 
The  mineral  is  very  soft,  and  has  a  specific  gravity  of  6'66.  The  powder  is  grass- 
green,  and  retains  its  colour  when  boiled  -svith  potash,  but  is  immediately  blackened 
by  ammonium  sulphide.  Heated  in  a  tube  before  the  blowpipe,  the  mineral  decrepi- 
tates, gives  off  a  large  quantity  of  water,  and  becomes  brownish.  On  charcoal  it  melts 
very  easily,  and  is  reduced  with  intumescence.  It  dissolves  in  nitric  acid,  especially 
when  heated,  with  evolution  of  carbonic  anhydride.  Fused  on  charcoal  Tvith  sulphur, 
and  then  with  potassium  iodide,  it  yields  a  bright  red  deposit  of  bismuth  iodide  (v. 
Kobell,  Jahrbmhf.  Mineralogic,  1871,  939). 

BISSauTHOE'EKIlITE.    A  silicate  of  iron  and  bismuth  from  Sclmeeberg  in 
Saxony,  occurring  both  in  crystals  and  in  finely  granular,  compact,  and  earthy  forms. 
Two  specimens  analysed  by  Frenzel  were  found  to  contain  : 
SiO=  SeO'  Bi»0> 

23-  08  33-33  43-26  =  99-67 

24-  05  33-12  42-83  =  100 

agreeing  nearly  with  the  formula  Bi"0^2Fe-0'.4SiO-,  or  perhaps  Bi-0'.SiO-  +  2Fo'0'. 
3Si02,  which  requires  23-44  SiO',  31-25  Fe20^  and  45-31  Bi-0'  (Frenzel,  Jahrbiichf. 
Mineralogie,  1872,  1321  ;  1873,  478). 

The  massive  green  iron  ore  containing  bismuth,  found  also  at  Schneeberg,  and 
known  as  hijpochloritc,  is  probably  a  mixture  of  bismuthoferrite  with  quartz  and  another 
body  of  yet  undetermined  constitution.    See  Hypochlohite. 

BITTER  AIiXiXOSrB  OX£.  This  liquid  is  often  adulterated  with  nitrobenzene. 
The  adulteration  cannot  bo  detected  with  certainty  by  the  density,  for  though  nitro- 
benzene is  much  heavier  than  pure  bitter-almond  oil,  it  is  possible  tliat  alcohol  may 
also  have  been  added,  which  will  diminish  the  density.  Neither  can  the  formation  of 
aniline  from  nitrobenzene  by  the  action  of  nascent  hydrogen  be  relied  upon,  since  this 
reaction  does  not  take  place  in  presence  of  a  large  quantity  of  liitter-almond  oil. 
very  delicate  test  of  purity  is,  however,  obtained  by  agitating  the  suspected  oil  with 
half  its  weight  of  caustic  potash.  If  nitrobenzene  is  absent,  only  a  yellowish  colour 
is  thereby  produced,  but  in  presence  of  nitrobenzene  the  yellow  becomes  first  j-ellowish- 
red,  then  green  ;  and  on  adding  water,  the  mixture  separates  into  two  layers,  the 
lower  yellow  and  the  upper  green  (Bourgoin,  Btdl.  Soc.  CJiim.  xvii.  243). 

The  quantity  of  nitrobenzene  present  may  bo  approximately  determined  by  shaking 
5  to  10  grams  of  the  essence  in  a  ^vide -mouthed  bottle  with  20  to  40  c.c.  of  concent  rated 
solution,  of  acid  sodium  sulphite,  which  precipitates  the  benzoic  aldehyde,  then  adding 
ether,  filtering  qiiickly,  evaporating  off  the  ether,  and  weighing  the  residue  of  nitro- 
benzene. The  quantity  of  nitrobenzene  thus  formed  is  about  90  p.c.  of  the  total  quantity 
present  in  the  bitter-almond  oil  (Bourgoin,  ibid,  xviii.  113). 

BIURET.  C-H^N^O-.  This  body,  which  Wiedemann  obtained  by  the  action  of 
heat  upon  urea,  (i.  600)  lias  lately  been  further  studied  by  Hofmann  {Beut.  Chem. 
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Gcs.  Bcr.  iv.  262).  The  transformation  of  urea  into  biuret  takes  place  so  easily  that 
the  reaction  may  be  used  as  a  test  for  urea,  or  as  a  lecture  experiment.  It  is  only 
necessary  to  heat  half  a  gram  or  even  less  of  urea  until  ammonia  escapes,  to  obtain  a 
considerable  quantity  of  bim-et,  the  presence  of  "which  is  shown  by  dissolving  the 
residue  in  water,  and  adding  a  few  drops  of  a  solution  of  copper  sulphate  and  an  excess 
of  soda.  If  very  little  copper  sulphate  has  been  taken,  the  liquid  assumes  a  pale  red 
colour,  but  if  an  excess  has  been  used,  a  deep  violet  colour  appears. 

To  prepare  large  quantities  of  biuret,  urea  is  heated,  according  to  Wiedemann's 
direction,  in  an  oil-bath  to  160°-160°  till  the  residue  no  longer  dissolves  completely 
in  water.  The  product  is  now  boiled  out  with  water,  and  the  biiu'et,  which  separates 
out  on  cooling,  is  obtained  in  a  perfectly  pure  state  by  recrystallising  it  repeatedly 
from  water  and  at  last  from  dilute  ammonia.  From  the  insoluble  residue  a  large 
quantity  of  cyanuric  acid  may  be  obtained ;  the  mother-liquors  of  the  bim-et  contain 
undeconiposed  urea,  which  may  be  employed  in  a  second  operation. 

Biuret  is  not  readily  soluble  in  cold  water,  as  Wiedemann  states  ;  100  parts  require 
at  0°,  8025  parts ;  at  15°,  6493  parts  ;  and  at  106°  (the  boiling  point  of  the  concen- 
trated solution),  222  parts  of  water.  Wiedemann  obtained  it  only  in  granular  crystals  ; 
but  if  biTiret  is  completely  freed  from  cyanuric  acid  by  crystallising  it  from  alcohol,  it 
crystallises  in  fine  long  needles,  and  is  identical  and  not  isomeric  with  the  body,  called 
isohiiiret,  which  Baeyer  obtained  by  tlie  action  of  ammonia  upon  tribromacetyl-iirea 
{Ist  Suppl.  349). 

Biiu-et  is  also  formed  by  heating  ethylic  allophanate  with  aqueous  ammonia  in  scaled 
tubes  to  100°: 

C2H=N-0-.C-H«0  +  H-'N  =  C^ffN^O^.H^N  -i-  C=H<=0. 

The  melting  point  of  biuret  is  stated  differently  by  different  authors  ;  the  reason  of 
tliis  is,  that  the  melting  point  is  also  the  temperatui'e  of  decomposition,  and  varies 
according  to  the  quantities  taken  or  the  mode  of  heating. 

Ethylamine  does  not  act  upon  ethylic  allophanate ;  if  the  two  substances  are  heated 
together  in  sealed  tubes  to  160°,  the  same  decomposition  takes  place  that  would  be  pro- 
duced by  water  alone,  the  products  being  urethane,  carbon  dioxide,  and  ammonia. 

Bipkenyl-biuret,  C'<H"N'0-  =  C^HXC«H5)^N30-^.— This  compound  has  been 
obtained  in  two  modifications,  distinguished  as  a  and  j8.  The  former,  which  is  slightly 
soluble  in  alcohol  and  crystallises  therefrom  in  densely  interwoven  needles  melting  at 
210°,  is  formed  by  heating  ethylic  allophanate  with  aniline  to  the  boiling  point- 

c=H»(C'ff)N=0'^  +  2{cm')w^  =  cm'o  +  nh»  +  c^H-xcffy^N^o-. 

The  same  body  is  formed  directly  when  aniline  is  boiled  for  some  time  with 
biuret : 

C-'ffN^O-  +  2(C'^ff)n^N  =  2NH3  +  C-HXC«ff)-N»0'-'. 

li-Bi phenyl-biuret  is  formed  by  pouring  an  alcoholic  solution  of  ammonia  on  finely 
powdered  phenylic  isodicyanate : 

C=(C''ff)=N-02  +  NH^  =  C-H'CC^ff  )2N30% 
It  is  insoluble  in  water,  slightly  soluble  in  ether,  more  easily  in  alcohol.    The  boiling 
satm-ated  alcoholic  solution  deposits  well-formed  prisms  with  truncated  pyramidal 
summits,  melting  at  165°. 

Triphenyl-hiurei.C-oR'm^O'  =  C-H-(C«ff)W02  is  formed  by  prolonged  diges- 
tion of  1  mol.  phenyl  isodicyanate  with  1  mol.  aniline.  The  two  bodies  unite  into 
a  crystalline  mass,  from  which,  by  recrystallisation  from  alcohol,  prisms  with  terminal 
planes  are  obtained.  This  body  closely  resembles  urea,  bxit  melts  at  147°,  instead  of 
235°  (Hofmann,  Beut.  Chem.  Gcs.  Ber.  iv.  250). 

BI.ACK  CVnxnXXia'.  SceNinELLA. 

BZ.ACK  SNAKE-BOOT.    See  Cimicifuga. 

BXiEACHXITG  POWDER.  A  new  method  for  estimating  the  available  chlorine 
in  bleaching  powder  is  given  by  J.  Herreshoff  {Chem.  Ncivs,  xxiu.  293).  It  is  based 
upon  the  fact  that  when  bleaching  powder  is  made  to  act  upon  an  excess  of  stannous 
chloride  in  strongly  acid  solution,  stannic  chloride  is  formed  at  the  expense  of  the  avail- 
able chlorine  in  the  former.  The  reaction  is  represented  by  the  following  equa- 
tion : — 

Ca(C10)Cl  +  2HC1  +  SnCl^  =  SnCl'  +  CaCP  -i-  K-'O. 

The  excess  of  stannous  chloride  is  afterwards  estimated  by  means  of  a  standard 
Kolution  of  potassium  dichromate,  and  deducted  from  the  amount  originally  employed  : 

3SnCr-  +  K-Cr-0'  +  llHCl  =  3SnCl'  +  2KC1  +  CrCl'  +  7H-0. 
2Hd  Suj).  0 
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The  process  is  conducted  in  the  following  manner : — 

13-8738  gi-ams  of  pure  potassium  diehromate  are  dissolved  in  water,  and  the  solution 
diluted  to  1  litre.  I'O  c.e.  of  this  solution  is  equivalent  to  0-01  milligTam  of  chlorine. 
About  30  grams  of  stannous  chloride  are  dissolved  in  water  freely  acidified  with  hy- 
drochloric acid,  and  the  solution  is  likewise  diluted  to  1  litre.  To  ascertain  the  strength 
of  the  stannous  solution,  10  c.c.  are  taken  with  a  pipette,  diluted  with  distilled  water 
and  5  c.c.  of  hydrochloric  acid ;  a  few  drops  of  solution  of  potassiiun  iodide  and  starch 
paste  are  added  ;  and  the  standard  solution  of  dichromato  is  run  in  from  a  bm-ette, 
until  a  blue  colour  is  produced  by  the  liberation  of  iodine.  If  20  c.e.  of  the  standard 
diehromate  solution  are  required,  1  c.c.  of  the  stannous  solution  will  equal  2  c.c.  of  the 
former,  and  also  0-02  milligram  of  chlorine. 

Again,  supposing  the  tin  solutions  to  be  of  the  above  strength,  20  c.c.  of  the  new 
standardised  solution  are  measured  as  before,  diluted  with  water,  and  1  gram  of 
bleaching  powder  well  triturated  with  water  is  added,  together  with  10  or  12  c.c.  of 
hydrochloric  acid.  The  reaction  is  energetic  and  complete,  and  if  a  sufficient  amount 
of  hydrochloric  acid  is  introduced,  the  solution  will  become  perfectly  clear. 

A  few  drops  of  solutions  of  starch  and  potassium  iodide  are  now  added,  and  after- 
wards standard  diehromate  solution,  until  the  deep  blue  colour  of  iodide  of  starch 
remains  permanent.  Supposing  that  10  c.c.  of  the  latter  solution  are  consumed,  then 
10  c.c.  -=-2  =  5  c.c;  20  c.c  — 6  c.c.  =  15  c.c.  As  1  c.c.  of  the  stannous  solution  equals 
0'02  CI.  and  15  c.c  are  required  for  1  gram  of  bleaching  powder,  then  15  x  0'02 
CI  =  0-030  CI  =  30  per  cent. 

Herreshofif  objects  to  Penot's  well-known  arsenic  method,  upon  the  ground  that,  in 
the  first,  place,  it  is  difficult  to  ascertain  the  purity  of  the  arsenious  acid  employed  ; 
and  secondly,  that  the  solution  of  sodium  arsenite  will  not  remain  with  certainty  un- 
changed for  any  lc».igth  of  time.  In  the  present  instance,  although  the  tin  solution 
alters  slowly  by  keeping,  it  is  nevertheless  a  matter  of  a  few  moments  only  to  re-stan- 
dardise it  accurately  by  means  of  the  diehromate  solution. 

The  process,  however,  is  not  free  from  an  objection  which  is  sometimes  lu-ged 
against  Bunsen's  method,  viz.,  that  many  specimens  of  bleaching  powder  contain 
chlorate,  which,  liberating  chlorine  on  the  addition  of  hydrochloric  acid,  will  consume 
a  certain  volume  of  standard  solution,  and  thus  raise  the  percentage.  Penot's  method 
is  not  liable  to  this  source  of  error. 

Another  method  is  given  hy  Qraegei' {Dingl.  poli/t.  J.  cci.  167),  depending  on  the 
use  of  ferrous  sulphate. 

To  a  dilute  and  strongly  acidified  solution  of  ferrous  suphate,  the  strength  of  which 
is  exactly  fixed  by  a  ^th  potassium  permanganate  solution, 'the  bleaching  powder  solu- 
tion is  added  with  a  pipette,  the  point  of  the  latter  being  placed  close  on  the  bottom 
of  the  vessel,  so  that  the  bleaching  powder  solution  forms  the  lower  layer  of  liquid ; 
the  glass  stopper  is  placed  in  the  flask,  and  the  latter,  with  its  contents,  is  well  shaken, 
and  then  allowed  to  stand  for  some  minutes,  When  a  sufficient  quantity  of  feiTOUs 
sulphate  is  used,  scarcely  any  smell  of  chlorine — in  most  cases,  none  at  all — is  per- 
ceived on  opening  the  flask.  The  excess  of  the  ferrous  salt  is  now  estimated  with  the 
^th  permanganate  solution,  the  difference  between  this  and  the  original  amount  of 
ferrous  salt  used  representing  the  weight  oxidised  by  the  hypochlorous  acid,  from 
which  the  available  chlorine  in  the  powder  is  readily  calculated.  JS  1  gram  of  bleach- 
ing powder  be  flxed  as  the  constant  weight  to  be  taken,  a  sufficient  excess  of  iron  salt 
must  be  added  to  absorb  all  the  oxygen  yielded,  and  to  leave  not  too  large  a  residue 
to  be  estimated  by  the  permanganate  solution.  4  or  5  grams  of  ferrous  sulphate  is 
recommended  as  the  weight  to  be  used.  The  results  are  found  to  correspond  exactly 
with  those  obtained  by  the  use  of  Penot's  solution  of  sodiiun  arsenite.  Graeger  docs 
not  recommend  the  use  of  ammonio-ferrous  sulphate  as  a  substitute  for  ferrous  sulphate, 
since  it  gives  use  to  the  formation  of  nitrogen  chloride,  as  previously  shown  by  Biltz. 

Calvcvt  (Compt.  rend.  Ixxv.  411)  analyses  bleaching  powder  by  exhausting  a  known 
weight  of  it  with  water,  treating  the  filtrate  with  carbonic  acid,  and  boiling  to  decompose 
bicarbonate.  The  precipitated  calcium  carbonate  represents  the  quantity  of  hypochlorite, 
while  the  calcium  chloride  remains  in  solution,  and  may  be  determined  by  silver  nitrate 
or  by  evaporation  to  dryness,  and  fusion.  The  average  results  give  1  part  hypochlorite 
to  2  of  chloride. 

BIiEGIOOUTSi  This  name  is  given  to  an  iron  oolite  belonging  to  the  bro^vn 
Jiu-assic  formation  of  the  Alps  from  the  Glarnisch,  in  the  Canton  Glarus.  It  possesses 
a  general  interest,  in  so  far  as  its  formation  by  deposition  from  an  ancient  Jura  Sea 
admits  of  chemical  demonstration.  When  the  iron-ore  is  exhausted  with  water,  the 
resulting  solution  is  found  to  contain  the  constituents  of  sea-water,  viz.,  small  but 
distinctly  recognisable  quantities  of  chlorine  (bromine,  iodine),  magnesia,  and  alkalis, 
fipecimens  taken  from  the  very  middle  of  the  compact  mass  contained  these  soluble 
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constituents,  showing  that  they  could  not  have  been  introduced  by  subsequent  infiltra- 
tion, but  must  have  been  derived  from  particles  of  sea--water  mechanically  enclosed  in 
the  mass  as  it  was  deposited.  The  cpantity  of  chlorine  found  was  0-034:  p.c.  (A. 
Baltier,  Deut.  Chcm.  Gcs.  Ber.  v.  983). 

BIEITDS,  ZnS.— This  mineral  occiirs  at  Unkel  in  rhombic  dodecahedrons,  some- 
times of  considerable  size,  and  having  their  faces  thickly  covered  with  smaller  blende 
crystals,  all  disposed  parallel  to  one  another,  so  that  the  reflected  images  from  their 
dodccaliedra.l  faces  coincide  with  those  from  the  faces  of  the  large  crystal.  The  small 
crystals  are  very  irregularly  developed,  but  eDshibit  the  face  303  in  combination  with 
ooO,  forming  a  four-faced  accumination  of  its  octohedi'al  summits,  by  which  it  is  easy 
to  recognise  the  situation  of  the  faces  of  the  crystal.  The  occurrence  of  303,  and  of 
the  subordinate  faces  ooO  od  and  O,  marks  out  the  independent  form  of  the  small 
crystals,  showing  that  the  faces  of  the  large  crystal  have  not  been  corroded,  but  are 
covered  with  a  layer  of  smaller  crystals  in  regular  order  (A.  v.  Lasaulx,  Jahrhuch  f. 
Miner dogk,  1871,  937). 

BZiOOS.  Inorganic  Constituents. — Analyses  of  the  inorganic  constituents  of  dogs' 
blood  have  been  made  by  Jariseh  {Ann.  Ch.  Pharm.  clxiii.  236).  The  blood  was 
received  direct  from  the  vessel  in  carefully  weighed  and  stoppered  flasks  surrounded 
by  ice  in  order  to  avoid  loss  by  evaporation.  The  weight  -n-as  accurately  determined 
after  the  blood  had  been  allowed  to  thaw.  The  blood  was  then  evaporated,  and  the 
mass,  before  complete  incineration,  digested  with  hot  water  in  order  to  extract  soluble 
chlorides,  &c.,  and  thus  provide  against  loss  of  these  constituents  by  strong  heat. 
The  solution  was  evaporated,  incinerated  to  destroy  organic  matters,  and  redissolved 
in  water.  This  solution  was  added  to  the  fully  incinerated  mass,  and  the  whole 
evaporated  and  dried.  In  this  manner  the  inorganic  constituents  were  obtained  with- 
out loss.  As,  however,  even  after  the  most  careful  incineration,  it  is  almost  impossi- 
ble to  get  rid  of  all  the  carbon,  the  results  are  always  a  little  too  high,  but  serious 
error  is  eliminated  by  comparison  of  the  found  with  the  calculated  constituents. 

The  ash  so  obtained  is  partly  soluble  in  water,  and  corai^letely  so  in  hydrochloric 
acid.    The  watery  solution  has  an  alkaline  reaction. 

The  following  Table  contains  the  percentage  results  of  four  analyses  of  blood-ash, 
three  of  arterial  and  one  of  venous  blood,  compared  with  those  formerly  obtained  by 
Vcrdeil : — 


Arterial  Blood 

Venous 
Blood 

Verdcil 

1 

„■ 

IV 

A 

B 

Phosphoric  anliydride 

13-44 

11-84 

1300 

11-02 

13-96 

11-69 

Sulphuric  anhycbido  . 

4-08 

4-72 

3-28 

3-97 

1-71 

1-08 

Chlorine  . 

30-55 

33-73 

30-98 

30-48 

30-25 

30-94 

Carbonic  anhydride  . 

0-53 

0-37 

Potash 

4-43 

3-54 

3-66 

3-70 

15-16 

19-16 

Soda  .       ,       .  . 

41-00 

44-73 

40-48 

41-81 

32-19 

29-03 

Lime 

1-01 

1-61 

1-25 

1-13 

1-10 

0-70 

Magnesia  . 

0-79 

0-75 

0-64 

0-41 

0-67 

4-38. 

Ferric  oxide 

9-14 

6-58 

7-56 

10-08 

12-75 

8-65 

.Jarisch's  results  agree  in  many  points  with  those  of  Verdcil ;  but  he  finds  no  carbonic 
acid,  and  his  percentages  of  soda  are  much  higher,  and  those  of  potash  lower  than  in 
Verdeil's  analyses.  The  quantities  of  phosphoric  acid,  chlorine,  lime,  and  magnesia, 
and  ferric  oxide,  differ  but  little.* 

The  following  are  the  mean  percentages  of  the  various  constituents  calculated  from 
Jarisch's  four  analyses  : — 

*  In  a  note  to  Jarisch's  paper,  Liebig  remarks  :  '  The  differences  in  the  determinations  of  potash 
nud  soda  are  doubtless  due  to  the  varying  amounts  of  the  two  all^alis  in  the  blood.  Blood  of  oxeri 
slaughtered  here  (at  Munich)  gave  by  dialysis  sodium  chloride  and  an  abtiudance  of  potassium  salts  J 
the  concentrated  lifiuid  elEervesccd  with  acids  and  contained  a  small  quantity  cf  phosphate  of  alkali- 
metal.' 
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In  100  parts 
of  Ash 


111  100  parts  of 


Phosphoric  anhydride 

Sulphuric  auhydride  . 

Chlorine 

Potash 

Soda 

Lime 

Magnesia  . 
Ferric  oxide 


12-32 
4-01 
31-43 
3-83 
42-01 
1-25 
0-65 
8-34 


fresh  Blood 
.  0-1103 
.  0-0358 


.  0-034:2 

.  0-3748 

.  00112 

.  0.0058 


0-2805 


0-0948 


Total  amount  of  Ash  in  fresh  Blood, 
Calculated  Found 
0-8640  0-8922 


Dissolved  Earths  and  Phosphoric  Acid  in  AlJcaline  Blood. — The  existence  in  the  blood 
of  earthy  phosphates  combined  -with  albumin,  and  thereby  kept  in  solution,  has  often 
been  assumed,  but  the  earthy  albuminates  have  not  hitherto  been  actually  prepared. 
Fokker,  however  {Pfiuger's  Archiv.  vii.  274),  has  obtained  the  albuminates  of  lime  and 
magnesia  by  leaving  a  mixture  of  albumin  with  the  earth  to  stand  for  several  hours. 
Lime -albuminate  is  most  easily  prepared  by  placing  filtered  white-of-egg  in  a  shallow 
basin,  placing  a  piece  of  filter  paper  on  the  surface,  and  strewing  pounded  lime  on  it. 
In  a  few  days  a  translucent  gelatinous  layer  of  lime-albuniinate  forms  on  the  under  side 
of  the  paper.  Lime  albuminate  is  soluble  in  water,  in  solution  of  sodium  chloride,  and 
in  phosphoric  acid.  Its  aqueous  solutions  are  not  coagulated  by  boiling,  except  after 
the  addition  of  neutral  salts.  They  are  precipitated  by  acids,  the  precipitate  being 
sohible  in  excess.  Magnesia  albuminate  is  soft,  slimy,  and  much  more  soluble  in 
water  than  the  lime-compound. 

When  an  aqueous  solution  of  lime-albumimate  is  precipitated  by  carbonic  acid,  the 
precipitate  dissolved  by  sodium  carbonate,  and  sodium  phosphate  added  to  it,  a  clear 
sometimes  opalescent  fluid  is  obtained,  which  will  remain  for  many  days  unchanged, 
and  has  a  strongly  alkaline  reaction.  It  contains  lime,  which  can  be  precipitated  by 
ammonium  oxalate.  The  alkaline  reaction  of  the  liquid  shows  that  the  lime  is  not 
present  as  phosphate,  and  the  fact  that  the  solution  may  be  boiled  or  kept  several 
days  in  vacuo  without  becoming  turbid  shows  that  the  lime  is  not  present  as  carbonate 
dissolved  in  excess  of  carbonic  acid.  It  is  present  as  limc-phos'phatc-alhuininatc.  The 
alkaline  reaction  can  be  due  only  to  alkaline  carbonates  (or  phosphates).  The  addition 
of  free  alkali  causes  a  precipitate  of  calcium  phosphate.  If  a  solution  of  lime-albumi- 
nate  is  mixed  with  sodium  phosphate,  the  phosphoric  acid  combines  with  the  lime,  and 
soda,  which  again  destroys  the  newly-formed  compound,  is  set  free ;  but  if  the  lime- 
albuminate  is  first  precipitated  by  an  acid  and  sodium  phosphate  then  added,  the  acid 
used  in  the  precipitation  neutralises  the  soda,  which  is  set  free,  and  the  lime-phosphate- 
albuminate  remains  in  solution. 

That  lime-albuminate  is  present  in  blood  is  shown  by  the  fact  that  serum  behaves 
exactly  like  solutions  of  lime-albuminate,  i.e.  it  can  be  preserved  for  some  time  in 
vacuo  without  depositing  calcium  phosphate  ;  but  this  is  gradually  thrown  down  by 
caustic  alkalis  and  precipitated  by  ammoniiun  oxalate.  The  serum  must  be  much 
diluted  before  the  caustic  alkali  is  added,  as  an  albuminate  is  otherwise  apt  to  form 
which  interferes  with  the  deposition  of  the  precipitate. 

.  It  is  probable  that  all  the  lime  in  the  serum  is  present  as  lime-albuminate,  and 
that  no  other  lime-compounds  exist  in  the  blood. 

Iron  in  the  Blood  of  an  Invertebrate  Animal. — The  blood  of  the  Limax  flava  is  almost 
colourless,  and  contains  numerous  elliptical  corpuscles,  about  the  size  of  the  blood- 
corpuscles  in  the  cow.  It  has  an  alkaline  reaction,  and  consists  of  water  96'09o  p.  c, 
dry  residue  3-905,  ash  0-767,  and  iron,  reckoned  in  the  metallic  state,  0-00069  p.  c. 
Now  if  iron  really  forms  a  constituent  of  the  blood  of  the  snail,  it  may  be  expected 
that,  as  in  the  higher  animals,  it  will  be  present  in  the  blood  in  larger  proportion 
than  in  the  muscles.  At  first  sight  it  would  appear  not  to  be  so,  for  the  snail,  freed 
from  its  intestines,  contains  water  84-88,  dry  residue  15-12,  ash  3,  and  iron  0-001176 
p.  c,  a  quantity  of  iron  larger  than  that  in  the  blood.  This  is  due  to  the  greater 
proportion  of  solid  residue  in  the  muscles ;  and  when  equal  quantities  of  the  dry 
residue  of  muscle  and  of  blood  are  compared,  the  latter  is  found  to  contain  more  than 
twice  as  much  iron  as  the  former,  the  numbers  being  0-0177  p.  c  of  iron  in  dried  blood, 
and  0-0078  in  dried  muscle.  This  proportion  is  very  much  smaller  than  in  animals 
with  red  blood,  the  dried  blood  of  the  ox  containing  ten  times  as  much  iron  as  the 
dried  muscle.  The  actual  amount  of  iron  in  the  blood  of  the  limax  is  only  M\\  of 
that  in  red  blood.  The  colourless  character  of  the  blood  is  duo  to  the  absence  of 
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haDiiioglobin,  or  to  tlie  presence  of  an  analogous  substance  in  small  quantity  only,  since 
the  blood  remains  yellowish,  and  docs  not  acquire  a  red  tint  even  when  concentrated  liy 
evaporation  (Boussingault,  Compt.  rend.  Ixx7.  173). 

Action  of  Carbon  monoxide  071  the  Blood-glohules. — CI.  Bernard  (./.  Pharm.  [4]  xiii. 
255)  recommends  the  displacement  of  oxygen  from  blood  by  carbon  monoxide  {\st 
Suppl.  354),  as  a  method  of  collecting  the  gases  of  blood  for  analysis.  The  blood  is 
ilra-wn  from  a  vein  or  artery,  as  the  case  may  be,  by  means  of  a  graduated  sjTingo, 
into  which  a  volume  of  carbon  monoxide  equal  to  that  of  the  blood  to  be  analysed  has 
Ijtiun  previously  introduced ;  this  prevents  access  of  air,  and  formation  of  carbon 
dioxide.  The  blood  is  agitated  to  facilitate  the  combination  of  the  carbon  monoxide 
ai.d  haemoglobin,  and  then  introduced  into  a  glass  globe  in  which  a  vacuum  has  been 
previously  made  by  means  of  a  mercurial  pump. 

The  gases  of  the  blood  are  then  evolved,  and  may  be  submitted  to  analysis  in  the 
ordinary  way.  In  an  experiment  thus  conducted  it  was  found  that  arterial  blood,  on 
its  entrance  into  the  muscle  of  a  dog's  thigh,  contained  7'31  p.  c.  by  volume  of  oxygen, 
wliilst  the  venous  blood  of  the  same  muscle  contained  only  5  volumes,  2-31  vols, 
liaving  therefore  disappeared  in  the  muscle. 

To  detect  the  presence  of  carbon  monoxide  in  an  apartment,  Bernard  recommends 
the  spectroscopic  examination  of  the  blood  of  an  animal  which  has  been  kept  in  it 
(See  further,  Chem.  80c.  J.  [2]  ix.  839). 

Quantity  of  Ammonia  evolved  from  Blood  ly  Potash  and  by  Permanganates. — Blood 
yields  about  one-fifth  as  much  ammonia  to  potash  as  to  potassium  permaganato. 
100  CO.  of  sheep's  blood  heated  to  150°  with  potash  give  off  0'46  gram  of 
ammonia,  and  the  residue  heated  with  permanganate  yields  2'20  grams  of  ammonia 
(Wanklyn,  Chcm.  Soc.  J.  [2]  x.  646). 

Separation  of  the  Colouring  Matter  of  Blood  by  Solution  of  Tannin. — Traces  of  blood 
in  urine  and  other  liquids  may  be  detected  by  adding  ammonia  or  pofcish,  then  a 
solution  of  tannin,  and  lastly  acetic  acid  to  slight  acidulation.  If  blood  is  present,  a 
dark  coloured  precipitate  immediately  forms,  which  after  treatment  with  sal-ammoniac 
and  glacial  acetic  acid,  yields  splendid  crystals  of  hsmatin  (H.  Struve,  Zeitschr.  anal. 
Chem.  xi.  29). 

Influence  of  Quinine  on  the  p)^'occss  of  Oxidcttion  in  the  Blood.  (A.  Sclmlte, 
N.  Eep.  Pharm.  xx.  539). — Quinine  is  known  to  exert  groat  power  in  arresting  the 
processes  of  fermeutfition  and  putrefaction,  and  to  act  as  a  powerful  poison  on  the 
lower  organisms,  or  to  speak  more  generally,  on  all  moving  bodies  consisting  of  proto- 
pl.'ism.  It  kills  the  fungi,  bacteria,  &c.  which  accompany  fermentation  ancl  putrefac- 
tion, and  puts  a  stop  to  those  processes  themselves.  It  arrests  the  motion  of  the 
white  blood-corpuscles,  and  thus  prevents  them  from  making  their  exit  from  the  blood- 
vessels. It  therefore  diminishes  or  arrests  the  formation  of  pus  in  inflammation,  pus 
consisting  in  groat  measure  of  an  accumulation  of  white  corpuscles  which  have  issued 
from  the  vessels.  It  destroys  the  po^^'cr  of  certain  substances  to  produce  ozone,  and 
amongst  others,  of  the  red  blood-corpuscles :  hence  when  present  in  the  blood,  it 
j-ctards  the  change  of  tissue,  and  thereby  lessens  the  production  of  heat.  It  has 
indeed  been  shown  by  Eanke  and  Kerner  that  the  amount  of  uric  acid  and  urea 
excreted  in  the  urine  is  greatly  diminished  by  largo  doses  of  quinine.  It  remains  a 
question,  however,  how  much  of  this  effect  is  due  to  the  direct  action  of  quinine  on 
oxidation,  and  how  much  to  its  indirect  influence  through  the  nervous  system.  The 
former  view  is  supported  by  an  observation  of  Harley,  who  found  that  blood  to  which 
quinine  had  been  added,  in  the  proportion  of  1  part  to  1 2,000,  took  up  less  oxygen  and 
gave  off  less  carbonic  acid  than  normal  blood. 

The  most  convenient  method  of  investigating  this  question  of  oxidation,  is  to 
observe  the  changes  in  the  alkalinity  of  the  blood.  Zuntz  noticed  that  a  considerable 
formation  of  acid  begins  to  take  place  in  blood  immediately  after  it  is  drawn,  and 
continues  in  a  lesser  degree  till  putrefaction  begins.  The  amount  of  acid  formed  was 
estimated  by  the  diminution  it  produced  in  the  alkalinity.  The  process  employed  for 
this  purpose  depends  upon  the  fact  that  the  colouring  matter  of  blood-corpuscles  does 
not  diffuse  out  of  them  into  .sufficiently  concentrated  solutions  of  sodium  chloride, 
while  the  alkalis  or  salts  contained  in  the  corpuscles  diffuse  readily. 

The  alkalinity  was  determined  by  means  of  dilute  phosphoric  acid  to  which  a  qiian- 
tity  of  sodium  chloride  had  been  added,  sufficient  to  prevent  the  solution  of  the  blood- 
corpuscles  and  the  consequent  interference  of  their  colouring  matter  with  the  reaction. 
The  point  of  saturation  was  considered  to  be  reached  when  a  distinct  reddening  of  blue 
litmus-papier  was  produced,  even  though  the  red  disappeared  immediately.  This  transient 
reddening  by  carbonic  acid  was  chosen  rather  than  the  first  permanent  reddening, 
bi  ciiv.so  it  c^ivdJ  be  more  easily  observed.    Th's  mr.iln  of  observalion  does  not  give  the 
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nbsoluto  amount  of  alkalinity,  but  tho  comparative  amount  iu  different  samples  of 
blood  is  all  that  is  wanted ;  and  if  they  be  treated  alike  as  regards  temperature,  and 
agitation,  &c.,  the  error  caused  by  the  carbonic  acid  is  the  same  in  all.  The  amount  of 
error  may  be  approximately  estimated  by  noting  the  point  at  which  a  transient  redden- 
ing occurs  in  tho  cold  solution  of  sodium  carbonate  of  nearly  the  same  alkalinity  as 
the  blood,  and  then  determining  tho  real  alkalinity  of  the  boiling  solution. 

By  this  mode  of  observation,  Zuntz  and  Scharrenbroich  found  that  quinine  and 
berberine  lessen  the  production  of  acid ;  and  this  result  is  confirmed  by  A.  Sehulte 
(N.  Bep.  Pharm.  xx.  539),  whose  experiments  show  that  quinine  can  stop  tho 
formation  of  acid,  both  before  and  after  the  congulation  of  the  blood ;  also  that  sodium 
picrate  has  a  similar  action  to  that  of  quinine,  and  is  nearly  as  powerful,  while  cm- 
chonine  has  a  very  much  smaller  effect.  Harley  found  that  while  quinine  lessened 
oxidation  in  the  blood,  other  substances,  such  as  snake-poison,  increased  it.  It  would 
seem  also,  from  the  experiment  of  Binz,  that  similar  processes  occur  in  tho  living 
body;  for  when  putrid  fluids  were  injected  into  the  circulation  of  an  animal,  its 
temperature  rose,  but  if  these  fluids  were  previously  mixed  with  quinine,  or  if  a  dose 
of  quinine  was  injected  simultaneously  with  them,  the  rise  of  temperature  was 
arrested  or  much  diminished.  Zuntz,  to  determine  the  influence  of  quinine  on  tissue- 
change,  and  tho  excretion  of  urea,  put  himself  on  a  constant  diet,  and  after  the  daily 
amount  of  urea  excreted  had  become  constant,  took  three  doses  of  O'G  gi-am  of  quinine 
hydrochloride,  for  two  days.  The  amount  of  urine  at  first  increased  by  a  third,  and 
then  diminished  by  a  corresponding  account.  The  specific  gravity  sank  from  1-018  to 
1-012,  the  urea  sank  one-third  on  the  first  day  on  which  quinine  was  taken,  and  was 
still  further  diminished  on  the  second.  As  soon  as  the  quinine  was  stopped,  tho  urea 
increased,  and  reached  its  normal  amount  on  the  fifth  day. 

According  to  Kerner,  {Pfliiger's  ArcMv.  iv.  27)  quinine  puts  a  stop  to  the  motions 
of  tho  white  blood-corpuscles,  and  renders  them  round  and  darkly  gramilated.  This 
action  is  not  due.  as  Strieker  and  others  have  supposed,  to  tho  presence  of  free  acid, 
inasmuch  as  perfectly  neutral  hydrochloride  or  carbonate  of  quinine  in  the  proportion 
of  1  part  to  400  of  fluid,  produces  this  effect,  either  in  aqueous  or  in  alcoholic  solution. 
Solutions  of  salicin,  caffeine,  atropine,  and  sodium  arsenite  in  a  similar  state  of  concen- 
tration have  little  or  no  effect. 

On  the  Composition  of  the  Blood  in  Chyluria,  see  Hoppe — Soyler  {Mcd.-Chem. 
Untersuchungen,  1872,  551  ;  Chem.  Soc.  J.  [2]  ix.  740). — Oh  the  Blood  and  Urine  in 
Leukhcemia,  see  Eeichardt,  Arch.  Bharm.  [2]  cxlv.  142;  Chcm.  Soc.  J.  [2]  ix.  421. 

Haemoglobin. — Important  observations  on  the  presence  of  this  substance  in  the 
muscles  of  Mollusca,  and  on  its  distribution  in  the  living  organism,  have  been  made  by 
E.  Eay  Lankester  {Pfliiger's  Archiv.  f.  Physiologic,  iv.  315). 

The  pharynx  of  the  gasteropoda  is  red,  and  in  Limnmus  and  Pahtdina  the  colour  is 
due  to  haemoglobin ;  this  is  proved  by  the  spectroscopic  appearances  and  changes. 
Perhaps  as  other  gasteropods  have  their  pharynges  of  a  red  colour,  this  is  in  all  cases 
produced  by  haemoglobin.  The  blood  of  the  above  and  other  gasteropods  contains, 
however,  no  haemoglobin,  and  is,  in  fact,  colourless.  The  only  mollusc  in  which 
haemoglobin  has  been  foimd  is  Planm-bis  and  the  allied  species,  in  which  the  blood  is 
of  a  brilliant  red  colour. 

The  haemoglobin  is  distributed  through  the  pale  yellow  muscular  tissue  of  the 
pharynx  of  Limnaeus,  and  highly  refractile  gi-anules  are  also  seen.  These  are  appa- 
rently identical  with  the  pigment-granules  surrounding  the  ganglion-cells  which  en- 
compass the  nerve-centres,  and  are  of  a  brilliant  yellow  or  orange  colour.  The  .same 
granular  masses  are  met  with  in  the  salivary  glands.  This  yellow  pigment  gave  no 
distinct  absorption-bands,  yet  the  oesophageal  ganglia  appeared  to  contain  haemoglobin. 
It  is  possible  that  the  yellow  granules  stand  in  relation  to  the  development  of  the 
haemoglobin  in  the  muscular  tissue,  or  that  occasionally  they  may  become  impregnated 
with  haemoglobin.  It  is  to  be  expected  that  the  manner  in  which  ha&mogloliin  is 
formed  in  these  animals,  and  the  form  in  which  it  exists  in  their  muscles,  will  throw 
light  upon  the  formation  of  haemoglobin  in  the  blood-globules  of  the  Vertebrata. 

These  observations  indicate  that  the  province  of  haemoglobin  in  the  animal  kingdom 
is  a  wide  one,  and  is  closely  related  to  the  activity  of  the  muscular  tissue.  It  cannot 
be  supposed  that  the  presence  of  haemoglobin  in  the  muscles  in  the  above  cases  is 
casual.  The  presence  of  haemoglobin  in  tho  pharynx  muscles  of  the  gasteropods  is  in 
accordance  with  the  observation  previously  made  by  Lankester,  that  in  all  cases  the 
most  active  and  powerful  muscles  are  furnished  with  haemoglobin.  In  keeping  with 
these  facts  also  is  the  observation,  that  whilst  in  man  the  unstriped  muscular  fibre  of 
the  alimentary  canal  is  free  from  haemoglobin,  the  smooth  fibres  in  the  rectum  are 
provided  with  that  substance. 

Bistrihifion  of  Hamoglohin  in  various  Organisms. — Haemoglobin  has  been  detected 
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ill  the  following  cases  by  moans  of  the  spectroscope  : — 1.  In  the  blood  of  tlie  vertebrata, 
the  haemoglobin  is  located  in  the  red  corpuscles.  In  Amphioxu.i  it  is  found  in  the 
plasma,  and  not  in  the  corpuscles.  2.  In  most  of  the  striped  muscles  of  mammalia 
and  birds  ;  but  only  in  the  cardiac  muscles,  and  in  certain  very  active  muscles  of  other 
vertebrata.  3.  In  the  iinstriped  muscle  in  the  human  rectum ;  in  other  imstriped 
muscles  it  is  mostly  absent.  4.  Its  presence  in  the  Aniuiidm  is  variable  ;  in  some  of 
these  it  is  accompanied  by  a  second  dichroic  substance  very  like  haemoglobin  in  it* 
spectroscopic  relations,  o.  It  is  present  in  the  fluid  from  the  perivisceral  cavity  of 
the  leech.  6.  Hisemoglobin  is  distributed  through  the  plasma  of  the  so-called  blood 
of  the  larva  of  Chironomus  ;  but  it  has  been  sought  in  vain  in  other  insects,  myriapods, 
and  araehnida.  7.  It  is  also  present  in  the  blood-plasma  of  certain  crustaceans, 
whilst  in  others  it  is  absent.  8.  It  is,  for  the  most  part,  absent  from  the  blood  of  the 
molluscs,  though  it  is  present  in  the  blood  of  a  gasteropod — viz.  Planorhis.  9.  Hoemo- 
globin  is  met  with  in  the  muscular  fibres  from  the  pharynx  of  gasteropod  molluscs, 
as  LimncBus  and  Paludina,  -whilst  it  is  wanting  in  their  blood.  10.  There  is  perhaps 
some  connection  between  haemoglobin  (which  is  not  met  with  in  plants)  and  chloro- 
phylloid  bodies. 

Compound  of  Hanioglohm  with  Carbon  monoxide.  Carhoxy-hamoglohin  (\st  Suppl. 
354). — Some  discussion  has  arisen  as  to  the  manner  in  which  carbon  monoxide  is 
united  to  haemoglobin,  and  as  to  whether  the  resulting  compound  is  a  fixed  compound 
or  not.  Douders  {PJlugcr's  ArcJtiv.  iv.  28)  states  that  carbon -monoxide  may  be  expelled 
from  blood  saturated  with  it,  by  oxygen,  carbon  dioxide,  and  hydrogen,  even  at  0° ; 
oxygen  does  not  convert  the  monoxide  into  dioxide,  but  simply  drives  it  out.  If  this 
be  the  case,  it  should  be  possible  to  pump  the  carbon  monoxide  out  of  blood  saturated 
with  it,  although  it  may  not  be  removed  quite  so. easily  as  oxygen. 

The  possibility  of  this,  though  denied  by  Rawroeki  and  Pokrowsky,  appears  to  be 
established  by  the  experiments  of  Zuutz  {ibid.  v.  684).  AVhen  blood  satiu'ated  with 
carbon  monoxide  was  placed  in  a  receiver  connected  with  an  exhausting  pump,  and 
warmed  to  37°-42°,  an  active  escape  of  gas  took  place,  ceasing  apparently  at  the  end 
of  half  an  hour.  When,  however,  the  pumping  was  continued  at  various  intervals, 
fresh  (piantities  of  gas  were  given  off",  and  a  further  quantity  was  obtained  by  heating 
tile  receiver  to  60°.  The  blood  so  exhausted  was  found  to  give  the  spectrum  of 
reduced  hemoglobin,  which  was  replaced  by  the  spectrum  of  ox3'-haemoglobin  after 
standing  in  the  air.  The  haemoglobin  had  not  undergone  decomposition,  two 
analyses  giving  exactly  the  same  results.  The  gas  obtained  Avas  freed  from  carbon 
dioxide  by  caustic  potash  and  from  oxygen  by  potassium  pyrogallate.  The  oxygen 
obtained,  derived  in  all  probability  from  the  air,  does  not  give  rise  to  formation  of 
carbon  monoxide. 

The  gas  obtained  at  60°  was  analysed  separately  from  that  at  40°.  From  3r65  c.  c, 
of  dogs'  blood,  sp.  gr.  1071,  the  quantities  were — 

at  40°  C.  -  4'607  e.  c.  CO  (0°  and  1  m.) 
at  60°  C.  -  0-998  c.  c.  CO 


Total  =  5-605  c.  c.  CO 

i.e.,  =  17'7  p.  c.  of  the  blood- volume. 

These  experiments  demonstrate  the  important  fact  that  the  gas  cannot  be  pumped 
out  all  at  once,  but  only  at  intervals.  SchoSev  (Ce^itmlbl.  f.  d.  mcdicin.  Wissenschaft. 
1866,  No.  42)  found  that  this  was  also  true  of  carbon  dioxide,  and  he  attributed  the 
result  to  the  progressive  development  of  an  acid  in  the  blood,  by  which  the  gas  was 
set  free.  Zuntz,  however,  shows  that  this  supposition  is  untenable,  because  he  finds 
that  a  solution  of  sodium  bicarbonate  similarly  treated  gives  off  carbon  dioxide  in  the 
same  fitful  manner,  though  the  effect  cannot  in  this  case  bo  attributed  to  the  gradual 
development  of  an  acid.  Moreover,  the  total  quantity  of  carbon  monoxide  obtained 
agrees  with  that  which  was  previously  dissolved  in  the  blowl.  whereas  if  its  evolution 
were  clue  to  progressive  decomposition,  the  quantity  evolved  should  be  greater. 

The  preceding  results  sufficiently  account  for  the  fact  that  other  investigators  were 
unable  to  extract  carbon  monoxide  from  the  blood  by  exhaustion,  inasmuch  as  the 
process  was  supposed  to  be  complete  when  no  more  gas  was  evolved  after  the  first 
l^umping.  They  must  also  modify  received  ideas  regarding  poisoning  by  charcoal 
fumes.  It  need  no  longer  be  supposed  that  carbon  monoxide  cannot  be  removed  from 
the  blood,  except  by  oxidation  to  dioxide.  So  long  as  the  heart  still  beats,  there  is 
hope  of  restoring  the  blood  to  its  normal  condition  by  energetic  artificial  respiration. 

According  to  Podolinki  {Pflilqei-'s  Archiv.  vi.  553)  blood  saturated  sv'Ah.  carbon 
monoxide  is  completely  deprived  of  that  gas  by  agitation  for  half  an  hour  with 
hijdrogcn,  and  more  rapidly  liy  oxygen.    Nitrogen  dioxide  absorbed  by  blood,  is 
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likewise  expelled  by  hydi-ogeu,  Imt  less  rapidly  than  carbon  monoxide.  Hence  it 
appears  that  the  compounds  of  haemoglobin  with  carbon  monoxide  and  nitrogen 
dioxide  are  similar  in  character  to  oxj'-haemoglobin :  the  order  of  stability  being, 
oxy-haemoglobin,  earboxy-hjemoglobin,  nitroxy-hsemoglobin.  Each  of  the  three  gases, 
O,  CO,  NO,  can  bo  expelled  by  the  one  immediately  follomng,  and  each  also  more 
easily  by  the  one  immediately  preceding,  than  by  any  other  indifferent  gas. 

According  to  KoschlakofF  and  BogomoloflT  {Zeitschr.  anal.  Chem.  viii.  228)  solutions 
of  oxy-hsemoglobin  and  carboxy-hsemoglobin,  through  which  ammonia  is  passed 
gradually,  turn  brownish-green  and  no  longer  exhibit  any  absorption-bands.  Arsine 
colours  solutions  of  oxy-hsemoglobin,  first  yellow-brown,  then  green-brown,  the 
absorption-bands  gradually  disappearing  and  being  replaced  by  the  band  of  reduced 
haemoglobin,  whereupon  the  solution  becomes  somewhat  red;  on  the  next  day,  however, 
the  last-mentioned  band  disappears.  Carboxy-hsemoglobin  is  coloured  dingy  green 
by  arsine,  and  its  absorption-bands  are  destroyed. 

Absorption  of  Oxygen  hy  the  Blood. — Estimation  of  Hcemoglohin.  From  experiments, 
made  by  N.  Gr^hant  {Compt.  rend.  Ixxv.  495)  it  appears  that  normal  arterial  blood 
does  not  contain  as  much  oxygen  as  it  can  take  up.  The  amount  obtained  from  blood 
from  the  carotid  of  a  dog  under  ordinary  circumstances  was  16'3  volumes  p.  c; 
after  the  inhalation  of  oxygen  this  rose  to  23'3  p.  c,  but  blood  from  the  same 
animal  saturated  with  oxygen  by  agitation  contained  26'8  p.  c.  The  quotient  i| 
evidently  depends  on  the  rapidity  of  the  circulation  through  the  lungs,  the  healthy 
condition  of  these  organs,  the  activity  of  the  respiratory  movements,  &c.  Thus  the 
relation  of  the  volume  of  oxygen  actually  contained  in  arterial  blood  to  the  maximum 
quantity  which  it  can  absorb  represents  with  tolerable  exactness  the  effect  produced  by 
the  respiratory  efforts. 

The  amount  of  oxygen  absorbed  by  specimens  of  blood  from  different  animals  of  the 
same  species  varies  with  the  amoimt  of  haemoglobin  they  contain,  and  the  quantity 
of  oxygen  absorbed  affords  a  ready  method  of  estimating  the  haemoglobin.  As 
part  of  tlie  oxygen,  however,  is  taken  up  by  the  salts  of  the  blood  and  dissolved  in 
the  serum,  it  is  better  to  use  carbon  monoxide,  which  is  absorbed  to  a  somewhat  smaller 
extent  than  oxygen,  and  indicates  the  amount  of  haemoglobin  more  exactly.  Some 
experiments  made  by  this  method  seem  to  show  that  haemoglobin  is  destroyed  in 
the  liver. 

Influence  of  Acids  upon  the  Oxygen  of  Hcemoglohin. — Lothar  Meyer  observed  that  the 
addition  of  tartaric  acid  to  the  blood  caused  a  large  proportion  of  the  oxygen  con- 
tained in  it  to  disappear.  This  observation  has  been  confirmed  by  Pfliiger  and 
Zuntz,  who  find  that  phosphoric  acid  exerts  a  similar  action,  which  they  attribute  to 
the  splitting  up  of  the  haemoglobin  by  the  acid,  and  the  subsequent  oxidation  of  one 
of  the  products  of  its  decomposition  at  the  expense  of  the  oxygen  in  the  blood.  These 
experiments  have  been  continued,  under  Pfliiger's  directions,  by  G-.  Strassburg,  who 
finds  that  the  addition  of  phosphoric  acid  to  chemically  pure  haemoglobin  suspended 
in  water,  or  dissolved  in  sodium  carbonate,  causes  oxygen  to  disappear  from  it 
in  the  same  manner  as  from  blood.  The  amount  of  oxygen  loosely  combined  with 
dry  haemoglobin  at  0°  and  1  meter  pressure  appears  from  these  experiments  to  be 
from  0'44:83  to  0'8852  c.c.  to  1  gram  of  haemoglobin,  instead  of  1'277  c.c.  as  found  by 
Preyer.  The  variation  in  the  amount  seems  to  show  that  oxidation  takes  place  in 
solutions  of  haemoglobin  saturated  with  oxygen,  and  that  part  of  the  oxygen  conse- 
quently disappears  during  the  process  of  pumping  out  the  gases  of  the  blood  {Pfliiger's 
Archiv.  iv.  454). 

Oxidising  Power  of  the  Blood.  Schutzenberger  a.  Eisler  {Compt.  rend.  Ixxvi. 
440)  determine  the  quantity  of  oxygen  contained  in  blood  by  means  of  a  standard 
solution  of  sodium  hyposulphite  Na'^SO^  {1st  Suppl.  1063)  added  in  sufficient  quantity 
to  absorb  immediately  all  the  available  oxygen  ;  the  excess  of  hyposulphite  added  is 
afterwards  determined  by  its  power  of  decolorising  a  solution  of  indigo-carmine. 

The  strength  of  the  hyposulphite  solution  is  previously  determined  with  re- 
ference to  an  ammoniacal  solution  of  copper  containing  4-46  grams  of  cupric  sul- 
phate per  litre,  10  c.  c.  of  which,  when  decolorised  by  the  hyposulphite,  yield 

1  c.  e.  of  oxygen.  The  hyposulphite  solution  should  be  equivalent  to  about  an 
equal  volume  of  the  cupric  solution,  and  to  three  times  its  volume  of  the  indigo 
solution.  When  the  hyposulphite  is  oxidised  by  free  oxygen,  it  is  converted  into 
sulphite,  Na'^SO',  each  atom  of  oxygen  oxidising  1  mol.  of  the  hyposulphite  ;  but 
when  it  is  oxidised  by  the  ammoniacal  cupric  solution,  1  atom  of  oxygen  oxidises 

2  mol.  of  the  hyposulphite,  probably  converting  it  into  an  acid  of  the  polythionic 
series. 

The  estimation  of  the  oxygen  in  blood  is  made  by  means  of  a  three-necked  bottle 
having  the  capacity  of  a  litre.    Into  the  middle  aperture  are  fitted,  by  means  of  a 
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paontolioxic  stopper,  two  Molir'ti  burettes,  one  containing  tlio  liyposulpliito  solution 
imd  the  other  the  iudigo.  The  two  otlier  apertures  serve  for  the  entninco  und  exit  of 
a  current  of  hydrogen  gas,  and  for  introducing  the  other  liquids  by  means  of  a  tap- 
funnel. 

Into  this  vessel  are  introduced,  a  half  litre  of  spring  water  (containing  free  oxygen); 
50  CO.  of  water  holding  in  suspension  5  grams  of  kaolin  (which  renders  the 
water  opaque  and  makes  the  changes  of  tint  visible,  in  spite  of  the  colour  of  the  blood); 
a  small  quantity  of  indigo-carmine  ;  :ni(U;istly,  by  nu  ans  of  auotlin' Imrette,  a  quantity 
of  the  hyposulphite  solution  sufficii  iii  t'l  nbsoili  ilir  owiii  ii  and  dr.  nlijrise  the  indigo. 
The  bottle  being  then  closed,  the  •■lir  i<  expel Ird  liy  a  si  ream  nl'  liydnjgon  ;  and  by 
introducing,  first,  a  small  quantity  of  the  liypoh^ulpliite,  then  ef  indigo-carmine,  a 
point  is  easily  found  at  which  the  liquid  contains  neither  oxygen  nor  hyposulphite 
in  excess,  50  c.  c.  of  hyposulphite  are  now  introdnced ;  then  by  moans  of 
the  funnel,  5  c.c.  of  blood  ;  the  liquid  is  shaken,  and  the  indigo-solution  allowed  tornn 
in  drop  by  drop,  till  the  liquid  just  acquires  a  permanent  violet  tint.  Lastly,  tlio 
volume  of  hyposulphite  equivalent  to  that  of  the  indigo  employed  is  deducted  from  the 
50  c.c.  of  hyposulphite,  and  the  quantity  of  oxygen  corresponding  with  this  difference 
is  determined  by  calculation. 

Schiitzenberger  a.  Eisler  have  hitherto  experimented  only  on  ox-blood  or  dog-blood 
saturated  with  oxygon,  and  with  the  same  blood  deoxidised  with  the  air-pump  or  by 
carbon  monoxide.    The  general  results  of  their  observations  are  as  follow: — 

If  the  oxyhsemoglobin  of  the  blood  acted  on  the  hyposulphite  in  the  same 
manner  as  free  oxygen,  a  minimum  of  88  to  90  c.c.  of  oxygen  should  be  found 
for  100  c.c.  of  ox-blood  agitated  in  contiict  with  the  air,  and  a  minimum  of  50 
to  52  c.c.  of  oxygen  for  100  c  c.  of  blood  deoxidised  by  the  air-pump  or  by  carbon 
monoxide.  The  difference  is  38  to  40  c.c.  NovV  tlio  blood  naturated  with  oxygen  which 
was  experimented  on,  yields  to  the  piimp  only  19  c.c.  for  100.  Itfollows,  therefore,  that 
the  oxj'gen  of  the  blood  acts  on  the  hyposulphite,  not  like  free  oxygen,  but  like  the 
combined  oxygen  of  an  ammoniacal  cupric  solution.  The  precedjiig  numbers  must 
therefore  be  divided  by  2. 

It  appears  then  that  blood  saturated  with  oxygen  possesses,  with  respect  to  the 
liyposulphite,  an  oxidising  power  equivalent  to  45  c.c.  of  oxygen  per  cent.;  and  that 
blood  deoxygcnated  by  the  pump  or  by  carbon  monoxide  has  an  oxidising  power  equiva- 
lent  to  25  or  26  c.c.  of  oxygen  per  cent.  Blood  saturated  with  oxygen  by  exposure  to 
the  air,  or  rather  oxidised  haemoglobin,  possesses  therefore  an  oxidising  power  li  time 
as  great  as  tliat  which  has  hitherto  been  attributed  to  it  according  to  the  volume  of 
oxygen  separated  by  the  pump  or  by  carbon  monoxide.  This  additional  quantity  of 
oxygen  exists  in  a  state  of  more  intimate  combination  with  the  colouring  matter,  and 
cannot  be  removed  except  by  chemical  reducing  agents. 

A  10  per  cent,  solution  of  blood  saturated  with  oxygen,  and  then  mixed  with  excess 
of  hyposulphite,  exhibits  the  spectral  line  of  reduced  haemoglobin,  and  becomes  darker, 
its  colour  changing  to  red-violet.  This  reduced  solution,  after  agitation  with  air, 
again  yields  by  titration  the  same  quantity  of  oxygen  as  before  the  reduction. 

Hsematin  and  its  derivatives,  (Hoppc-Seyler,  Medicimsh-chcmischc  Unter- 
suchungcn,  1871,  523). — Hasniatin  contains,  according  to  Hoppe's  analysis,  60'91  to 
61-18  p.  c.  carbon,  5-20  to  5-41  hydrogen,  8-63  nitrogen,  and  8-68  to  8-83  iron.  From 
these  numbers  he  formerly  deduced  the  formula  C^''H"''-N''-Fe'0"'(l.si;  SirppL  355);  but 
ho  has  since  proposed  the  formula  C'''H'''N'Fe-0"',  which  requires  64'35  C,  5-36  H., 
8  83  N.,  and  8'83  Fe.  This  agi-ees  nearly  with  the  analytical  results,  so  far  as  regards 
the  hydrogen,  nitrogen  and  iron,  but  differs  greatly  in  the  proportion  of  carbon  it  re- 
quires ;  which  is  more  nearly  that  found  by  Mulder,  viz.  64-63  to  65-01  p.  e. 

H(ematoporphyrin  and  Hccmatolin. — When  a  solution  of  htematin  in  oil  of  vitriol  is 
filtered  through  asbestos,  a  beautiful  purple-red  solution  is  obtained,  which  gives  a 
small  dark  absorption-band  just  before  the  lino  D,  and  another  very  sharply  defined 
band  between  D  and  E.  "Wlien  this  solution  is  mixed  with  water,  the  greater  part  is 
precipitated,  the  precipitate  being  increased  by  addition  of  alkalis  to  neutralisation. 
The  alkaline  aqueous  solutions  of  the  precipitate  are  characterised  by  a  faint  band 
between  C  and  D,  a  similar  faint  band  between  D  and  E,  nearer  D,  a  dark  band  in 
the  same  interval  but  nearer  E,  and  lastly,  a  very  dark  band  between  h  and  F.  This 
substance,  hcBmatoiMrphyrin ,  is  free  from  iron,  and  gives  by  analysis  68-42  p.  c.  C, 
9-68  N.,  6-07  H.,  and  15-93  0.,  agi-eeing  nearly  with  the  formula  C'^''H''N'0''^  or 
C"SH'"N*0'»,2H=0,  which  requires  68-34  p.c.  C,  9-38  N.,  6-20  H.,  and  10-08  0.  Its  forma- 
tion requires  the  presence  of  oxygen,  and  is  represented  by  the  eqxuition  : 

C68H"'N»Fe-0"'  -1-  0=  +  2H=S0^  =  C^^H'-'N'O'^  +  2FeS0>. 

AVhen,  on  the  other  hand,  hrematin  is  acted  upon  liy  sulphuric  acid  in  closed  vessels, 
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hiematnlin  C°^I1''*N*0'  is  formed,  which  is  but  very  slightly  soluble  in  sulphuric  acid, 
and  very  slightly  soluble  in  caustic  potash.  Composition  by  analysis,  72-94  p.  c.  C, 
10-02  N.,  6-95  H.,  10-09  0.;  by  calculation,  72-98  C,  10-02  N„  6-98  H.,  10-02  O. 

Action  of  Ecducbig  Agents  on  Hamatin. — Hsematin  offers  considerable  resistance 
to  oxidising  agents.  It  is,  however,  very  sensitive  to  reducing  agents,  both  in  acid 
and  alkaline  solutions.  By  boiling  a  solution  of  hsematin  with  caustic  soda  and 
pulverised  zinc,  as  also  by  the  action  of  sodium-amalgam  on  haematin  in  presence 
of  water,  reduction-products  in  groat  quantity  are  formed.  They  are  all  free  from 
iron,  but  their  separation  is  a  matter  of  great  difficulty.  Their  solution  gives  a  com- 
plicated spectrum,  with  five  absorption-bands.    No  exact  analysis  can  be  given. 

Tin  and  Hydrochloric  Acid  act  on  hsematin,  in  presence  of  alcohol,  differently,  ac- 
cording as  the  hsematin  is  fully  dissolved  or  not.  When  a  concentrated  solution,  or 
one  containing  excess  of  hsematin,  is  heated  with  tin  or  copper  or  zinc  on  the  water- 
bath,  a  purple-red  solution  is  formed,  with,  after  a  time,  a  resinous  dark  violet 
precipitate.  The  solution  is  characterised  by  two  dark  absorption-bands  between  D 
and  E.  AVhen  hsematin,  or  hsemin  crystals  dissolved  in  alcohol  containing  sulphuric 
acid,  are  decomposed  by  hydrochloric  acid  and  tin,  and  heated,  a  purple  solution  is 
formed,  which  also  has  a  characteristic  spectrum,  viz.,  one  band  between  D  and  E, 
another  just  before  D,  and  another  broad  band  between  h  and  E,  covering  the  latter 
line.  When  the  evaporated  solution  is  poured  into  boili'ng  water,  a  brownish  precipi- 
tate is  formed,  soluble  in  alcohol.  This  on  evaporation  yields  a  colouring  matter, 
wliich  in  properties  resembles  the  oxidised  product  obtained  by  distillation  ivom  the 
haematin  reduced  by  zinc  powder,  and  appears  to  consist  of  C'''H'°N'C10'. 

Behaviour  of  Hcematin  when  treated  with  Phosphorous  Chloride  containing  free  Phos- 
phorus.— WTien  hsemin  crystals  are  heated  with  this  substance  to  a  temperature  of 
140°,  in  closed  tubes  for  6-8  hours,  a  purple-brown  fluid  is  formed,  which  gives  a 
spectrum  with  three  absorption-bands,  one  between  C  and  D,  close  to  C,  a  second 
between  D  and  E — nearer  E,  and  a  third  between  b  and  F,  beginning  from  b.  and 
extending  to  the  middle  between  b  and  E.  No  evolution  of  gas  follows  the  opening 
of  the  tube.  A  crust  forms  on  the  sides,  which,  however,  is  easily  separated.  This 
substance  is  to  a  certain  extent  soluble  in  water,  giving  the  same  spectrum  as 
hsematoporphyrin.  Erom  the  part  insoluble  in  water  a  substance  is  obtained  re- 
sembling hsematin  :  it  contains  phosphorus,  and  gives  by  analysis,  62-67  p.  c.  C, 
7-48  N.,  5-11  H.,  8-02  P.,  and  26-72  0.:  hence  its  formula  appears  to  be  C^^H'^NspsO-" 
or  C'^sh™n«0'».4H-P0<  (calc.  52-78  C,  7-24  N.,  5-05  H.,  8-02  P.,  and  26-91  0). 
The  agreement  of  the  spectrum  of  this  substance  with  that  of  hsematoporphyrin  seems 
to  show  that  the  latter  consists  of  C''«H™N''0i».2H:=0,  or  that  it  is  a  hydrate  of  the 
same  molecule  as  that  contained  in  the  phosphorus-compound  (Hoppe-Seyler,  Mcd.- 
chan.  Uniers.  1871,  543). 

Action  of  Ammonia,  Arsint,  and  Stibine. — Alkaline  solutions  of  hsematin  are 
coloured  orange  by  ammonia,  the  absorption-bands  become  paler ;  a  broad  but  difflise 
shadow  appeal's  in  the  gxeen  part  of  the  spectrum,  and  after  some  time,  an  amorphous 
precipitate  falls  to  the  bottom.  This  precipitate  dissolves  in  acetic  acid,  and  the 
solution  exhibits  the  bands  of  acid  hsematin.  When  arsine  is  passed  into  an  alkaline 
solution  of  hsematin,  the  colour  of  the  liquid  gradually  becomes  red,  and  two  of  the 
absorption-bands  of  reduced  hsematin  appear.  Agitation  with  air  restores  the 
colour  of  the  alkaline  hsematin,  but  after  a  few  seconds,  the  solution  begins  quickly  to 
redden,  and  this  alternation  may  be  repeated  about  ten  times.  If  the  passage  of  the 
arsine  be  longer  continued,  the  alkaline  solution  turns  brown,  and  sometimes  deposits 
steel-grey  crystals  of  arsenic  on  the  following  day.  After  this  time,  no  more  bands  can 
be  seen  ;  nevertheless,  the  presence  of  hsematin  may  be  demonstrated  by  means  of  an 
ammoniacal  solution  of  ferrous  tartrate.  The  .bands  of  reduced  haematin  may  bie 
recognised  at  a  much  greater  degree  of  dilution  than  those  of  the  alkaline  or  of  the 
acid  solution,  a  fact  which  seems  to  show  that,  in  spite  of  the  action  of  the  arsine, 
part  of  the  hsematin  has  remained  undecomposed.  The  action  of  stibine  is  tho  same 
as  that  of  arsine  (KoschlakoiF  a.  Bogomoloff,  Zeitschr.  anal.  Cheviie,  viii.  228). 

Hamochromogen. — Erom  the  most  recent  experiments  of  Hoppe-Seyler  {Mcd.-chcm. 
TJnters.  1871,  523),  it  appears  that  hsematin  is  not  a  direct  product  of  the  splitting  up 
of  hsemoglobin,  but  results  from  such  a  decomposition  accompanied  by  oxidation. 
This  oxidation  takes  place,  however,  so  rapidly,  that  it  is  only  by  special  precautions 
that  the  non-oxidised  products  can  be  obtained.  When,  however,  a  solution  of  hsemo- 
globin is  reduced  by  hydrogen  and  decomposed  by  alcohol  containing  sulphuric  acid  or 
caustic  potash,  in  an  apparatus  from  which  oxygen  is  completely  excluded,  a  colouring 
matter  is  produced,  which  is  acid,  has  a  purple-red  coloiu-  in  alkaline  solutions,  and  is 
characterised  by  certain  definite  absorption-bands.  It  is  this  substance,  hamochromo- 
gcn,  which  yields  hsematin  by  oxidation.    It  has  not  yet  been  isolated  or  regenerated 
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Ly  reduction  of  haematin,  but  its  spectrum  agrees  generally  \vdtli  tliatof  reduced  haemaliu 
(p.  202).  Hoppe-Seyler  supposes  it  to  have  the  composition  C"H™N''FeO'^,  and  re- 
presents tlie  formation  of  htematin  from  it  by  the  equation : 

2C^'H^''N'FoO-'  +  0=  =  C'^sH«'N«0'".2H20. 

BOZIiIirG  POINTS  OF  HOnZOXOGOVS  ORCAN-XC  COIWPOUNBS.— 

Kopp's  well-known  law,  lli.il,  t!ir  dill^ri-n.-fs  in  li..ilini;-  pnint,  brl  wd^ii  rousecutivo 
members  of  the  same  liuiiinlni;,, us  sn-ics  .-irc  I'ljunl,  h.-is  lu-m  i-:d\i-d  m  ipirstion  by 
Liiinemiiiin  Ch.  I'/iar,ii.  clxii.  3i)],  fivnu  wIiom^  cxiH  riiiii'iiN  ll  ::]ipr;ir,s  lliat  these 

c-oiis.vutive  ililFrrences  are  by  no  means  eqiuil,  but  cxliibitconsldrivibli-  vin-iai  inu.  The 
npi>.'ii-atus  used  by  Linneniann  for  the  fracl  i<in;il  distillation  <<\'  the  srvcral  . •(impounds 
and  (  he  detenu iiiation  of  their  l)oilini;  point  s  is  so  contL-iveil  as  lu  i-eduiH)  to  a  niiuimuni 
th(^  ei'rors  arising  from  irregular  bnilin;:;  and  from  overheating  (see  Uistillation, 
I'liACTioNAi,).  In  twenty-five  deti  rniin.il  ions  thus  made  upon  eleven  different  bodies 
(acids  and  ethers  of  the  ethyl,  propyl,  and  butyl  series),  the  boiling  points  of  different 
specimens  of  the  same  compound  rarely  differed  from  one  another  by  so  mucli  as  a 
tenth  of  a  degree,  the  greatest  and  least  differences  observed  (both  in  the  case  of 
normal  butyl  iodide)  being  0-3°  and  0'02°.  This  is  sufficient  to  show  that  the  method 
is  susceptible  of  great  accuracy. 

The  following  Table  exhibits  Linnomann's  determinations  of  the  boiling  points  of  a 
considerable  number  of  compound  ethers,  &c.,  of  the  three  groups  above  mentioned  ; 
tile  second  columns  giving  the  observed  boiling  points ;  the  third  the  differences  between 
tliem ;  and  the  fourth  the  differences  of  those  differences,  or  differences  of  the  second 
order  : — 


Chlorides  ij 

Bromides 

Iodides 

Boiling  Differ- 
point  j  ence 

De- 
crease ! 

Boiling 
point 

Differ-  De- 

cnce   1  crease  1 

Boiling  Differ-  De- 
point  j  ence    '  crease 

Butyl  . 
Propyl  . 
Ethyl  . 

"•f*^  i  31-41 

46-48 ! 

12-18  1*^"'"^" 

2-80  !l 

il 

99-88 
70-82 
38-78 

Fatty  alcohols 

Fatty  acids 

Benzoic  ethers 

Boiling 
point 

Differ- 
ence 

In- 
crease j 

Boiling 
point 

Differ-  1  Dc- 
euce   I  crease 

Boiling  i  Diffcr- 
noint  i  ence 

'  i  

De- 
crease 

Butyl  . 
Proply  .  . 
Ethyl  . 

116-88 
97-41 
78-53 

19-47 
18-88 

0-59 

162-32 
140-66 
118-10 

»■«  li  s 

Acetic  ethers 

Propionic  ethers 

Butyric  ethers 

Boiling 
point 

Differ- 
ence 

De- 
crease 

Boiling 
point 

Differ- 
ence 

De- 
crease 

Boiling 
point 

Differ-  De- 
ence    j  crease 

124-30 
101-98 
77-00 

22-32 
24-98 

2-66 

145-99 
122-44 
98-82 

23-55 
23-64 

009 

164-77 
143-42 
121-07 

21-  35 

22-  35 

1-00 

Etliyl  ethers 

Propyl  ethers 

Butyl  ethei-3 

I  Boiling 
j  point 

Differ-  1  In- 

cnc;;  crease 

Boiling 
point 

j  Differ- 
ence 

In- 
crease 

Boiling 
lioint 

Differ- 
ence 

De- 
crease 

Butyrato 
Propionate  . 
Acetate 

121-00 
98-8( 
77-00 

22-26  0-4G 
21-80  •  " 

143-41 
122-4'1 
101-95 

20-98 
20-46 

0-52 

164-77 
145-99 
124-30 

18-78 
21-69 

2-91 
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Isomeric  ethers,  C''H'°0- 

Isomeric  ethe 

■3,  C»H'=0= 

i  Boiling 
1  point 

Differ- 

ence 

Boiling 
point 

Differ- 
ence 

Propyl  acetate       .  \  101-98 
Ethyl  propionate    .  i  98-80 

3-18 

Butyl  acetate 
Propyl  propionate  . 
Ethyl  butyrato 

124-30 
122-44 
121-01 

1-86 
1-43 

Butyl  propionate 
Propyl  butyrato 


Isomeric  ethers,  C'H"0= 


145-99 
113-42 


From  these  numbers  Linnemann  draws  the  following  conclusions : — 

1.  Equal  differences  of  boiling  point  in  homologous  series  do  mo^  correspond  with 
equal  differences  of  composition. 

2.  In  most  of  the  series  hitherto  studied,  the  difference  of  boiling  point  increases 
as  the  amount  of  carbon  becomes  greater,  at  least  in  the  lower  terms  of  the  series. 

3.  In  many  series,  the  differences  of  boiling  point  are  nearly  equal,  in  others  they 
increase  with  increasing  amount  of  carbon. 

4.  The  isomeric  ethers  of  the  fatty  alcohols  and  acids  do  not  exhibit  equal  boiling 
points. 

From  these  results,  and  from  the  close  agreement  already  noticed  between  the 
observed  boiling  points  of  different  samples  of  the  same  compound  prepared  by  the 
preceding  method,  Linnemann  infers  that  the  observed  boiling  points  coincide  very 
nearly  with  the  true  boiling  points,  and  consequently  that  the  so-called  '  calculated ' 
boiling  points  can  no  longer  be  regarded  as  the  true  boiling  points. 

Pierre  a.  Puchot  {Compt.  rend.  Ixxv.  1440)  have  likewise  compared  the  boiling 
points  of  a  considerable  number  of  compoimds  belonging  to  several  homologous  series, 
viz.,  alcohols,  ethers  and  acids  of  the  fatty  group,  and  have  come  to  the  conclusion, 
that  the  difference  between  the  boiling  point  of  two  consecutive  terms  of  the  same 
series  is  not  constant,  but  siibject  to  very  considerable  variation.  As,  however,  these 
chemists  take  no  account  of  the  difference  between  normal  and  iso-compounds,  it  is 
impossible  to  know  whether  the  compounds  which  they  compared  were  really  homo- 
logous. One  point  which  they  particularly  notice  is,  that  the  boiling  temperatm-e  of 
the  propylic  and  butylic  terms  in  each  series  of  acids,  ethers,  &c.,  derived  from  the 
fermentation  alcohols,  is  less  than  the  difference  between  any  two  succeeding  terms  in 
the  same  series.  Now,  this  is  just  what  may  be  expected  to  follow  from  the  fact  that 
the  propyl  alcohol  of  fermentation  is  a  normal  alcohol,  v/hereas  all  the  higher  fer- 
mentation alcohols  that  have  been  examined  are  iso-alcohols  (see  C'/iem.  Soc.  J.  [2]  xi. ' 
258,  260). 

SOIiBTlTS.  Many  species  of  boletus  become  blue  on  exposure  to  the  air  after 
fresh  fracture.  By  digesting  B.  cyanescens  cut  up  into  shreds  with  alcohol  of  92  p.  c. 
an  extract  is  obtained  which,  after  filtration,  is  brownish-yellow,  then  becomes  green, 
and  gives  an  intense  indigo-blue  colour  with  sodium  hypochlorite ;  after  concentration, 
it  yields  crystals  of  mannite,  and  the  mother-liquor,  treated  with  alcohol  and  ether, 
yields  a  golden -yellow  solution,  which  leaves  on  evaporation  a  residue  becoming  deep 
green-brown  with  sodium  hypochlorite. 

The  aqueous  solution  of  the  colouring  matter  has  a  strong  acid  reaction ;  hydro- 
chloric acid  does  not  change  its  brownish-j-ellow  tint ;  neither  does  soda-ley,  added  to 
alkaline  reaction  ;  this,  however,  prevents  the  blue  coloration  with  sodium  hypo- 
chlorite from  appearing.  The  colouring  matter  contains  nitrogen,  as,  on  heating  it, 
with  caustic  potash,  ammoniacal  vapours  are  given  off;  but  it  does  not  exhibit  any 
reaction  indicative  of  cyanides,  or  of  aniline  (as  asserted  by  Phipson,  Chevi.  News,  xxv. 
301),  not  giving  the  characteristic  aniline  reaction  with  hypochlorites. 

The  above-mentioned  reactions  with  sodium  hypochlorite  have  also  been  obtained, 
with  the  colouring  matters  similarly  extracted,  from  B.  luridv.s,  B.  Satanas,  B. 
Calopus,  and  the  brown-tubed  variety  of  B.  mriegatus  (H.  Ludwig.  Arch.  Pharm.  [2] 
c.xHx.  107). 
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SOIf E.  Injliieiicc  of  Earthi/  Phosphates  mixed  with  the  Food  on  the  Composition  of 
the  Bones. — Tho  experiments  of  J.  Lehmann  {Ann.  Ch.  Pharm.  cviii.  357),  v.  Gohren 
{Laiidwirth.  Versuchs-Stationcn,\u.  161),  and  others  have  shown  that  calcium  phosphate 
precipitated  by  ammonia  from  an  acid  solution,  can  be  digested  and  assimilated  by 
calves,  sheep  and  other  animals  ;  and  according  to  Hoppe-Seyler  {Med.-chem.  Unter- 
suchu7igen,  Heft  II.),  earthy  phosphates  added  to  human  food  are  likewise  absorbed, 
and  increase  tho  amount  of  earthy  phosphates  in  the  urine.  These  and  other  results 
have  led  to  tho  idea  that  the  ingestion  of  earthy  phosphates  may  have  some  influence 
on  the  composition  of  the  bones,  and  in  fact  the  addition  of  earthy  phosphates  to 
fodder  has  been  somewhat  extensively  practised. 

Papillon  {Compt.  rend.  Ixxi.  372)  fed  a  pigeon  and  two  white  rats  for  two  moutlis 
on  food  containing  phosphates  of  strontium,  aluminium  and  magnesium.  Tho  bone- 
ash  of  the  pigeon  was  then  found  to  contain  8--i5  p.  e.  strontia  and  0  66  magnesia, 
that  of  one  of  the  rats,  6  05  alumina,  and  that  of  the  other,  3'56  p.  c.  magnesia  ;  the 
general  conclusion  from  these  experiments  being  that  considerable  quantities  of  tho 
ingested  earthy  phosphates  were  deposited  in  the  bones. 

A  contrary  conclusion  has,  however,  been  arrived  at  by  H.  Weiske-Proskau 
{Zcitschr.f.  Biologic,  viii.  239),  who  made  an  extensive  series  of  experiments  of  the 
same  kind  on  young  and  old  rabbits,  but  could  not  find  the  slightest  trace  of  strontia, 
or  any  noteworthy  increase  of  the  magnesia,  lime,  or  phosphoric  acid  in  the  bones 
when  earthy  phosphates  were  mixed  with  the  food.  The  age  of  tlio  animal  has  an 
influence  ou  the  composition  of  the  bones,  those  of  old  rabbits  cantaining  more  salts 
than  those  of  young  ones.  Tho  percentage  composition  of  the  bone-ash  is  much  aliko 
in  botli,  but  the  proportion  of  magnesia  seems  to  be  somewhat  higher,  and  of  lime 
somewhat  lower,  in  young  animals.  The  percentage  amount  of  phosphoric  acid  is 
almost  the  same  in  all  bones,  and  is  on  an  average  42' 17  p.  c. 

The  follo-\ving  Table  exhibits  the  amount  and  composition  of  the  ash  of  the  bones, 
free  from  water  and  fat.  of  the  animals  subjected  to  the  experiment.  In  the  rabbits 
I— IX,  tho  bones  of  all  the  four  legs  ;  in  X  and  XI,  the  whole  of  the  bones  were 
taken  for  analysis : — • 


No. 

Age 

Kind  of  S.ilt  added 
to  the  food 

Ash 
p.  c. 

Lime 
p.  c. 

Map- 
p.  c. 

Fbo^i.lioric 
ucid 
p.  c. 

I. 

adult 

Calcium  phosphate 
Magnesium  phosphate 

65-60 

53-94 

1-06 

40-03 

11. 

5  months 

62-02 

53-77 

1-23 

42-73 

III. 

adult 

68-41 

64-21 

1-00 

42-08 

IV. 

6  months 

61-99 

63-68 

1-24 

42-01 

V. 

adult 

Strontium  phosphate 

68-00 

,53-93 

1-06 

42-00 

VI. 

5  months 

62-30 

53-60 

1-23 

42-67 

VII. 

adult 

"  No  salt' 

67-87 

54-16 

1-09 

42-02 

VIII. 

2i  months 

56-88 

53-52 

1-22 

42-17 

IX. 

2^  months 

Calcium  phosphate 

58-12 

53-38 

1-23 

42-29 

X. 

4  weeks 

39-31 

50-48 

1-69 

4312 

XI. 

4  weeks 

"  No  salt" 

38-58 

51-99 

1-51 

42-65 

Iron  in  Bones  ?  According  to  some  authorities,  iron  is  a  normal  constituent  of  bono, 
whilst  by  others  its  occurrence  in  bono  is  attributed  to  the  retention  of  colouring 
matter  of  the  blood.  The  question  has  been  further  examined  by  Plugge  (Archiv.  f. 
Phi/siologie,  iv.  101),  who,  to  avoid  the  source  of  error  just  mentioned,  macerated  tlio 
liones  in  water  till  no  residue  was  obtained  on  evaporation.  Bones  of  various  aniinals 
thus  treated  yielded  not  a  trace  of  ii-on,  whence  it  may  be  inferred  that  iron  is  not  a 
constituent  of  bone,  and  that  when  it  is  found  therein,  its  occurrence  must  be  attributed 
cither  to  retained  blood,  or  to  impurity  in  the  reagents  and  vessels  emploj-ed. 

On  the  Solubility  of  the  Phosphates  of  Bone-ash  in  Carbonic  acid  water,  see  Piitis- 

PHATES. 

On  the  determination  of  tho  relative  age  of  fossil  bones  from  the  proportion  of 
soluble  and  insoluble  ossein  contained  in  tliem,  see  A.  Scheurer-Kcstner  {Compt.  rend. 
Ixix.  1207;  Chcm.  NciiJs,iix.Z\\  ;  Jahresb.  1869,  1249). — Objections  against  Scheurer- 
Kestner's  conclusion  have  been  made  by  Elie  de  Beaumont  {Compt.  rend.  Ixix.  1211). 
On  the  determination  of  the  ago  of  fossil  bones  from  their  chemical  composition,  see 
also  Wibel  {Jahresb.  1869,  1250). 
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BORACZTS. — This  mineral,  hitherto  found  at  Stassfurt  only  iu  microscopic 
crystals,  has  lately  been  obtained  from  the  residues  of  the  potassium  chloride  prepa- 
ration in  crj'stals  of  three  varieties,  viz.:  1.  Small  kidney-shaped  druses  consisting  of 
an  envelope  of  transparent  greenish  crystals  about  O'o  mm.  iu  shape,  enclosing  a 
bluish  or  greenish  grey  microcrystalline  nucleus  composed  of  crystals  of  the  same  kind. 

2.  Small  crystalline  groups  or  nodules  consisting  of  light  green  translucent  to  trans- 
parent crystals  about  5  mm.  long,  enclosing  a  nucleus  of  white  to  greenish  colour. 

3.  Larger  druses  in  which  a  white,  fine-grained  nucleus  of  Stassfurtite  gradually 
passes,  towards  the  surface,  into  a  greenish,  fine-grained  crystalline  mass,  surrounded 
wholly  or  partially  by  very  small  crystalline  groups,  and  a  few  isolated  crystals  about 
2  mm.  in  size. 

All  the  crystals  are  well  developed,  and  show  no  signs  of  efflorescence.  They 
exhibit  distinctly  the  combination  ^  ,    ooO  oo  .  ocO;  in  some  specimens  the  face 

—  may  bo  recognised  mth  a  lens  ;  in  a  few  the  face  —  The  tetrahedonis  almost 
always  predominant. 

The  crystals  have  a  vitreous  lustre,  no  distinct  cleavage,  a  conchoidal  fracture  ; 
hardness  =  7;  mean  density  =  2'91.  They  contain  boric  acid  and  magnesia,  with 
small  quantities  of  ferrous  oxide  and  chlorine,  from  which,  and  from  their  mor- 
phological and  physical  characters,  it  is  inferred  that  they  consist  of  boracite, 
MgC1^2(3Mg0.4B-0='). 

Stassfurtite,  which  has  the  same  composition,  and  forms  the  nucleus  of  some  of  the 
boracite  druses  above  mentioned  (3),  appears  to  be  merely  the  cryptocrystallino  form  of 
boracite  (B.  Schultze,  Jahrbuchf.  Mintralogie,  1871-  844:). 

BORITEOIi,  C'^H'^O. — This  compound  is  formed  in  small  quantity  by  the  action 
of  alcoholic  potash  on  camphor :  C'"H"'0  +  H-0  =  C'lI'^O  +  O,  the  nascent 
oxygen  resinising  part  of  the  camphor  (Bertholot,  i.  626), — and  in  much  larger  quantitj' 
by  acting  on  a  solution  of  camphor  in  toluene  with  sodium,  and  treating  the  product 
with  carbonic  acid  (Baubigny,  \st  Suppl.  3o8) : 

2C'»H>«0  +  Na=  =  C'-H-'NaO  -i-  C'^H'^NaO 
Camphor.  Sodium-borneol.  Sodium-camphor. 

and  C'»H>'NaO  +  CO^  +  H-'O  =  C-H'^O  +  NaHCO^ 

If  the  camphor  be  dissolved  in  a  petroleum  oil  of  rather  high  boiling  point,  and 
potassium  be  used  instead  of  sodium,  potassium  campholate  and  borneol  are  formed  by 
the  mutual  action  of  the  potassium-borneol  and  potassium-camphor  first  product,  thus — 

C'»H"KO  +  C'»H'^KO  +  2H=0  =  C'»H"KO=  +  C'»H'sO  +  KHO. 

Potassium  Borneol. 
campholate. 

The  natural  borneol  and  that  synthesized  by  the  above  two  sets  of  reactions,  exhibit 
respectively  the  rotatory  powers,  o  =  +  33-4°,  44-9°,  and  42-4°. 

Borneol  treated  with  phosphorus  pentachloride  or  hydrochloric  acid  yields  a  chloride 
C"'H"C1,  which  melts  at  132°,  and  is  converted  into  ordinary  camphor  by  hypo- 
chlorous  acid— 

C'»H"C1  +  HCIO  =  2HC1  +  C'»H'»0  ; 
borneol  itself  is  also  converted  into  ordinary  camphor  by  the  same  reagent : 
C"'H'80  -I-  HCIO  =  HCl  +  ffO  +  C'»H>«0. 

Bromine  acts  on  borneol,  formirjg  first  camphor  and  hydrobromic  acid,  and  finally 
a  mixture  of  monobroraocamphor  and  borneol  bromide.  Phosphoriaanhydride  acts  on 
borneol,  forming  a  hydrocarbon,  C'"!!"^  (the  iomecMC  of  Pelouze),  boiling  at  176°-18p°, 
and  an  isomeric  condensation-product  distilling  at  250°-280°.  Borneene  smells  like 
turpentine,  but  does  not  unite  with  hydrochloric  acid  or  with  hypochlorous  acid 
(Kachler,  Ann.  Ch.  Pharm.  clxiv.  75). 

Kespocting  the  constitutional  formula  of  borneol,  see  Camphoe. 

BORITESXTS,  CH'-'O".— (A.  Girard,  Co?)ipt.  rend.  Ixsiii.  426).— A  sweet 
volatile  substance  occurring  in  the  caoutchouc  of  Borneo.  It  is  crystalline,  very 
soluble  in  water,  slightly  soluble  in  alcohol,  melts  at  173°  without  alteration,  and, 
like  darabonito  (1st  Suppl.  641),  sublimes  at  205°  with  slight  decomposition.  _  It 
does  not  ferment,  neither  does  it  reduce  the  potassio-tartrate  of  copper,  but  acquires 
the  property  of  reducing  this  reagent  by  lieing  boiled  for  several  miuutes  with  water 
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eliglitly  acidulated.  Treated  witli  a  niixturo  of  siilplmric  and  nitric  acids,  it  forms  a 
nitrated  product,  insoluble  in  ■water,  soluble  in  alcohol,  from  -which  it  is  deposited  in 
the  crystallised  state,  melting  at  30°-36°,  and  detonating  loudly  when  struck. 

Bornesite  heated  to  120°  in  a  closed  vessel  -with  fuming  hydriodic  acid,  decomposes, 
like  dambonitc,  into  metli)'!  iodide  and  dambose  : 

+  HI  =  CH^I  +  2C^ffO''. 

Borncsite.  Dambose. 

Dambouite  and  damijose  have  no  effect  upon  polarised  light,  but  borncsite  possesses 
a  rotatory  power  of  32°  to  the  right,  or  nearly  half  that  of  pure  cane-sugar  under 
similar  circumstances.  Dambonite  and  bornesite  may  be  regarded  as  dambosates  of 
methyl  :  dambonite  =  C'ff(CH^)03 ;  bornesite  =  C«H>'(CH3)0«. 

BOROXr.  Boric  chlor  ide,  BCP,  is  easily  prepared  by  heating  finely  powdered 
boric  anhydride  to  150°  for  three  or  four  days  in  sealed  tubes,  with  twice  its  weight  of 
pliosphorus  pentachloride.  Tlie  tubes  must  be  well  cooled  before  they  are  opened,  and 
then  warmed  on  a  water-bath.  Boric  chloride  then  distils  over,  and  a  further 
quantity  may  be  obtained  by  heating  the  white  residue  over  the  open  fire.  On  heating 
to  a  higher  temperature  and  finally  to  redness,  tliere  remains  a  white  infusible  mass, 
which  is  insoluble  in  water,  and  is  resolved  by  prolonged  boiling  with  water  on 
alkalis,  into  boric  and  phosphoric  acids.  This  body  is  probably  identical  with  the 
compound  of  boric  and  phosphoric  oxides  described  in  the  Fii-st  Supplement,  p.  360. 

Those  experiments  show  tliat  in  the  action  of  phosphorus  pentachloride  on  boric 
oxide,  there  is  formed,  beside  the  trichloride,  an  oxy chloride  of  boron,  which 
does  not  give  off  the  trichloride  till  heated  above  100°.  And,  in  fact,  if  tlie  trioxide 
and  trichloride  of  boron  are  heated  together  to  150°  in  molecular  proportions,  the 
contents  of  the  tubo  are  converted  into  a  white  gelatinoiis  mass,  which,  when  heated 
to  100°  gives  off  half  the  boron  chloride  employed  in  the  reaction.  At  a  higher 
temperature,  the  white  solid  residue  gives  off  an  additional  quantity  of  the  chloride 
and  leaves  the  trioxide.  The  reaction  between  phosphorus  pentachloride  and  boric 
oxide  is  therefore  that  ■which  is  represented  by  the  equation  : 

CPCP  +  9B-'03  =  lOBCP  +  4B'0'  +  SF'OK 

Phosphorus  trichloride  does  not  act  on  boric  oxide  even  when  heated  with  it  for  a 
fortnight  to  200°.  On  the  other  hand,  the  bromochloride,  PCr'Br',  acts  readily  on  boric 
oxide,  with  formation  of  boric  chloride  and  separation  of  bromine.  Bromide  of 
boron  is  not  thereby  produced,  or  at  all  events  only  in  extremely  small  quantity. 
The  tribromide,  di-iodidc  and  tri-iudide  of phospho)-us  do  not  act  on  boric  oxide.  Boric 
chloride  is  not  converted  into  the  corresponding  cyanide,  cither  by  cyanide  of 
potassium,  or  by  cyanide  of  silver. 

Boric  chloride  maybe  distilled  over  sodium  without  decomposition  ;  at  150°  however 
a  small  quantity  of  boron  is  separated.  Zinc-dust  does  not  act  upon  it  even  at  200°. 
The  chloride  acts  readily  on  bodies  containing  tho  radical  HO  or  NH-.  A  mixture  of 
acetic  acid  and  anhydride,  treated  "ivith  boric  chloride,  yields  a  crystalline  compound, 
whirli  is  vcsnlvcd  liy  vi-atcr  into  boric  and  acetic  acids,  hydrogen  chloride  and  acetyl 
cliloriilc  Im  Ihl'-  lurmrd  at  the  same  time.  By  the  action  of  boric  chloride  on  tho  crude 
nii.xiuii'  nf  (■ihi/l.iiuiii'  S  (obtained  by  heating  ethyl  iodide  with  ammonia)  a  compound 
is  obtniuid  whii'h  molts  when  heated,  then  sublimes  undecomposed,  and  if  heated  for 
a  day  to  200°,  yields  products  of  decomposition,  among  which  are  etiiyl  chloride  and 
boron  nitride  (Gustavson,  Zcitschr.f.  Chcm.  [2]  vi.  521). 

Boric  Oxide,  Acid,  and  Salts.  Compound  of  Boric  Oxide  and  Pfiosphoric  Oxide. 
B-O'.P-O'.— AN'lirii  cn  slallisid  boric  acid  is  heated  to  boiling  in  a  platinum  dish  with 
concentrated  n.jurDus  ]il!o.^plioric  acid,  tho  liquid  first  becomes  milky,  and  then  dries 
up  to  a  white  earthy  mass,  which  when  heated  before  tho  blow|ii]ip.  or  even  in  a 
platinum  crucible  over  a  gas-flame  fed  by  a  blast  of  air,  does  iml  un  it  Imt  r.  lainsits 
earthy  character,  merely  becoming  covered  with  an  enamel-like  n  iisi  w hi  ii  I  lio  phos- 
phoric acid  is  in  excess.  This  compound  is  not  decomposed  bj'  w.ili  r  even  at  the 
boiling  heat,  and  tho  excess  of  phosphoric  acid  may  be  removed  from  it  hy  boiling 
water.  It  then  contains  boric  and  phosphoric  oxides  in  eqiial  number  of  molecules. 
Concentrated  acids  are  without  action  upon  it ;  caustic  alkalis  at  the  boiling  licat  dis- 
solve it  to  a  clear  liquid.  The  pulverised  substance  heated  with  sodium  yields  sodium 
phosphide,  together  with  a  black  scoriaceous  substance,  perhaps  consisting  of  boron 
phosphide  (A.  Vogel,  Zeitschr.f.  Chem.  vi.  125). 

Action  of  Phosphoric  Oxi/chloride  on  Boric  Oxide. — When  boric  oxide  is  heated  witli 
phosphoric  oxychloride  in  closed  tubes,  to  150°-170°,  for  eight  or  ten  hours,  a  white 
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mass,  P^O^B-O',  is  formed,  -whilst  colourless  crystals  of  a  compound,  POCP.BCP, 
sublime  in  the  upper  part  of  the  tube.  The  latter  melts  in  a  closed  tube  at  73",  and 
■when  sublimed  splits  up  into  boric  chloride  and  phosphoric  oxychloride.  Crj-stals  of 
the  chlorinated  compound  are  also  formed  on  passing  the  vapours  of  boric  chloride 
into  phosphoric  oxycliloride,  and  by  heating  boric  chloride  with  phosphoric  anhydride 
to  200°  for  two  or  three  days,  the  reaction  being: 

2P=0^  +  =  P-'O'.B^O^  +  2(POCP.BC13). 

It  is  decomposed  in  contact  with  water,  or  by  the  moisture  of  the  atmosphere,  phos- 
phoric acid,  boric  acid,  and  hydrochloric  acid  being  formed.  The  white  mass 
P-0*.B=0^  is  probably  a  mixture  of  phosphoric  with  boric  anhydride,  as  it  is  resolved 
by  water  into  phosphoric  acid  and  boric  acid,  but  if  previously  heated  to  redness  it 
forms  the  insoluble  compound  B^O'.P-O*  =  PBO',  described  by  Vogel  (Gustavson, 
Dcut.  Cliem.  Ges.  Ber.  iv.  975). 

Action  of  Borates  on  Ammonia  Salts. — This  reaction,  studied  in  1848  by  Bolley 
{Ann.  Ch.  Pharm.  Ixviii.  123),  has  been  further  examined  by  E.  C.  Woodcock  {Chem. 
Soc.  J.  [2]  ix.  786).  Bolley  observed  that  free  ammonia  is  evolved  on  mixing  solutions 
of  borax  and  sal-ammoniac  containing  equal  numbers  of  molecules  of  the  two  ;  and 
that  the  solution  when  slowly  evaporated,  deposits  crystals  having  the  composition  of 
a  tetraborate  Na-0.4B-0''  +  lOH^O  or  2NaBO-.3B=0»  +  lOH^O;  also  that  an  excess 
of  sal-ammoniac  converts  the  borax  entirely  into  sodium  chloride  and  boric  acid. 
AVoodcock  finds  that  when  4  mol.  of  sodium  metaborate  NaBO"  (i.  645)  are  mixed  with 
2  mol.  of  sal-ammoniac,  ammonia  is  copiously  evolved,  and  the  whole  decomposes 
very  rapidly  and  completely,  leaving  only  the  biborate  (borax)  and  sodium  chloride  : 

4NaB02  -^  2NH^C1  =  2Nff  +  2NaCl  +  H^O  -i-  2NaBO'.B20'. 

A  mixture  of  commercial  borax  (3'o7  grams)  and  sal-ammoniac  (O'o  gram)  dissolved 
in  about  2  ounces  of  water  and  distilled,  gave  off  the  whole  of  the  ammonia,  leaving 
a  residue  of  sodium  chloride  and  Bolley's  tetra-metaborate  : 

2(2NaBO=.B20^)  -f  2NH^C1  =  2NH3  +  WO  +  2NaCl  +  2NaBO=.3B=0^ 

Borates  either  acid  or  normal  may  be  advantageously  employed  for  liberating  ammonia 
from  its  salts,  the  action  taking  place  neatly  and  perfectly  and  without  frothing. 

Calcium  Borate. — This  salt  is  found  in  the  dried-up  bed  of  a  river  on  the  Pampa  of 
Tamarugal,  near  Tarapaca  in  Peru,  and  is  collected  by  digging  out  the  sand  beneath 
the  surface-crust  of  salt.  It  occurs  in  white  nodules,  having  a  shining,  pearly, 
lamellar  fractiu:e,  associated  with  yello-wish  prisms  of  glauberite,  the  whole  being 
almost  completely  soluble  in  strong  acids,  but  very  slightly  in  water.  It  originates 
probably  from  the  action  of  the  acid  emanations  of  the  neighbouring  volcano  of  Isluga 
on  the  calcium  carbonate  of  the  soil.  It  is  a  calcium  diborate  with  8  mol.  of  water, 
Ca0.2B-0'  +  8  aq.  mixed  with  varying  quantities  of  glauberite,  sodium  chloride, 
silica,  alumina,  and  iron.  The  boric  anhydride  averages  17  p.c.  (Thiercelin,  Bull. 
Soc.  Chim.  de  Paris  [2]  xvii.  387). 

On  the  heat  evolved  in  the  combination  of  boric  acid  -^^-ith  ammonia,  see  Heat  of 

COJIBINATION. 

Boric  Anhr/drosulphate,  B^ffS'O"  =  2H(B0)S0<.S0',  is  formed  by  dissolving 
Ijoric  acid  in  strong  sulphuric  acid,  and  adding  sulphm-ic  anhydride,  or  by  dissolving 
boric  acid  in  fuming  sulphuric  acid.  It  separates,  after  some  time,  in  leaf-like  crystals, 
which  melt  and  give  off  sulphuric  anhydride  when  heated  (Schultz-Sellack,  Bcut.  Clicm. 
Gcs.  Bcr.  iv.  12). 

BRAXir.  The  composition  of  the  gi'ey  and  white  matter  of  the  brain  has  been 
examined  by  D.  Petrowsky  (PJliigcr's  Archiv.  f.  Phys.  vii.  367).  The  grey  layer  was 
separated  from  the  white  by  water,  and  a  portion  of  the  white  matter  was  taken  from 
the  interior.  Each  substance  was  rubbed  up  rapidly  in  a  mortar,  and  three  extracts 
and  a  residue  were  obtained  by  digestion  in  cold  alcohol,  ether,  and  hot  alcohol.  The 
cold  alcoholic  c.vtract  contained  a  substance  soluble,  and  another  insoluble  in  an- 
hydrous ether  ;  the  ether  extract,  lecithine,  cholesterin,  and  fats  ;  the  warm  alcoholic 
c.vtract,  lecithine  and  cerebrin ;  the  residue,  albimiinous  substances  and  salts.  The 
portion  of  the  cold  alcoholic  extract  insoluble  in  ether  does  not  contain  sugar. 

The  dried  groy  substance  consists  about  half  of  albumin  and  a  quarter  of 
cholesterin  and  fats,  with  very  little  cerebrin,  its  principal  constituents  therefore  being 
albumin  and  water.  In  the  white  matter,  on  the  contrary,  cholesterin  and  fats  form 
much  more  than  half  the  dried  mass,  albumin  a  quarter  of  the  whole  substance,  and 
cerclirin  is  present  in  considerable  quantity. 

BKAZXXiZXa',  C^'^H'^O'  (E.  Ivopp,  Bcut.  CJicm,  Gcs.  Bcr.  vi.  446).— This  colouring 
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matter  may  be  advantageously  prepared  from  the  dark  brown-red  crusts  consisting  of 
brazilin  and  a  lime-brazilin  lake,  together  with  mechanical  impurities  and  a  resinous 
substance,  which  are  deposited  in  considerable  quantity  during  the  preparation  and 
storage  of  commercial  extract  of  Brazil  wood. 

These  crusts  are  saturated  with  water  containing  5  p.  e.  of  hyilroehloric  acid,  and  the 
washed  residue  is  boiled  with  water  containing  10  to  15  p.  c.  alcohol.  The  filtrate  on 
cooling  deposits  the  brazilin  in  beautiful  yellowish  crystals,  which  arc  easily  purified 
by  crystallisation  from  hot  water.  The  crusts  may  also  be  boiled  directly  with  water 
acidulated  with  hydrochloric  or  sulphuric  acid,  and  the  brazilin,  which  separates  from 
the  filtrate  on  cooling,  purified  by  recrystallisation.  The  wash-waters  and  mother- 
liquors  evaporated  to  dryness,  with  addition  of  a  little  chalk,  leave  a  residue  which 
yields  resorcin  by  dry  distillation. 

Pure  brazilin  is  colomiess  and  gives  with  de-aerated  water,  colourless  solutions 
which  impart  but  faint  colours  to  mordanted  cotton.  By  contact  with  the  air  these 
solutions  acquire  a  yellow  and  after^yards  a  reddish-yellow  colour  and  an  incrcHsed 
tinctorial  power ;  at  the  same  time,  however,  they  become  less  and  less  capable  of 
yielding  crystallised  brazilin.* 

Pure  brazilin  dissolves  in  dilute  soda-ley  with  splendid  carmine  colour ;  and  on 
heating  this  solution  in  the  water-bath  in  a  well-closed  vessel  with  zinc-dust,  reduc- 
tion takes  place,  iu  consequence  of  which  the  liquid  again  become t;  colourless.  This 
colourless  sohition  affords  one  of  the  most  delicate  tests  for  oxygen,  the  slightest 
access  of  air  causing  it  to  assume  a  deep  carmine  colour. 

Brazilin  (or  the  crusts  from  extract  of  Brazil  wood,  subjected  to  dry  distillation  iu 
an  iron  or  copper  retort,  yields,  together  with  a  large  quantity  of  tumefied  charcoal,  a 
slightly  coloured  distillate,  which,  when  passed  through  a  wet  filter  (to  separate  tarry 
products),  and  concentrated  on  the  water-bath,  deposits  on  cooling,  well-defined 
crystals  of  resorcin ;  tliis,  indeed,  is  the  simplest  and  easiest  method  of  obtaining 
resorcin. 

Brazilin  is  related  to  hsemotoxylin  and  resorcin  in  the  manner  sho-mi  by  the 
following  equation : — 

C-'2H'«0'  +  H=0  =  C^Hi'D"  +  C»H'=0-. 
SROMACETOPHEIf  OKTE.    See  Acetophenone. 

BBOItXAX.,  C-HBr^O  =  CBr^- CHO.— This  compound,  discovered  by  Lowig 
{1st  Sitppl.  660),  lias  been  further  examine',1  by  L.  Schaflfcr  {Dent.  Chcm.  Gcs.  Ber.  iv. 
366).  His  mode  of  preparation  is  the  same  as  that  of  Lowig,  excepting  that  ho  uses 
the  bromine  in  the  state  of  vapour  and  in  relatively  smaller  quantity.  The  bromal  is 
found  in  the  portion  of  the  product  which  passes  over  on  distillation  between  165° 
and  180°,  and  is  separated  as  a  hydrate  by  mixing  this  liquid  with  water  and 
repeatedly  crystallising.  The  hydrate,  0-HBr''O.H'''O,  melts  at  53'5°  and  breaks  up  on 
distillation  into  water  and  anhydrous  bromal,  which  boils  at  172°-173°,  and  remains 
liquid  at  —  20°.  Bromal  unites  with  absolute  alcohol,  forming  the  alcoholatc 
C-HBr^O.C-H^O,  which  crystallises  in  thick  needles,  melts  at  44°,  and  is  decomposed 
by  distillation  into  alcohol  and  bromal.  Bromal  treated  with  fuming  nitric  acid  yields 
tribromacetic  acid  CBr'.COOH. 

The  other  products  of  the  action  of  bromine  on  absolute  alcohol  are  bromoform, 
carbon  tetrabromide,  dibromacetic  acid,  ethyl  acetate,  ethyl  bromide  and  hydrogen 
bromide. 

BROMHYBRXNS.    (L.  Henrj',  Ann.  Cli.  Pkarni.  cliv.  363.) 

Trihromhi/fh-in  C''ffBrl — This  compound,  obtained  from  glycerin,  does  not  exhibit 
the  properties  hitherto  ascribed  to  it  on  the  authority  of  Berthelot  a.  De  Luca  {1st 
SwppL  668),  but  rather  agrees,  both  chemically  and  physically,  with  the  tribromide  of 
allyl  which  Wurtz  obtained  by  the  action  of  bromine  on  allyl  iodide. 

To  obtain  it  in  the  jjure  state,  Henry  treated  1,500  grams  of  glycerin  with 
1,600  grams  of  phosphoriis  tribromide,  obtaining  thereby  800  grams  of  crude  dibrom- 
hydrin,  which  was  purified  by  .systematic  fractionation  (30  grams  of  allyl  bromide  boiling 
at  70°  are  obtained  as  secondary  product).  The  dibromhydrin  was  converted  into  tri- 
brorahydrin  by  treatment  with  plir.^|.1ioruspentabromide  ;  the  phosphorus  oxybromide 
and  hydrobromic  acid  formed  in  I  li'  n  u  iidn  were  removed  by  successive  washing  with 
water  and  sodium  carbonate  ;  and  I  In'  i  i-ibromhydrin  which  remained  in  the  form  of  a 
heavy  oil  was  dried  with  calcium  chloride  and  then  distilled.  It  passed  over,  with 
continuous  evolution  of  hydrobromic  acid,t  almost  wholly  between  200°  and  221°,  the 

*  These  results  are  quite  in  .accordance  witli  tLiose  published  some  years  ago  by  Preisser  (i.  G56), 
which  have  hitherto  been  treated  as  unworthy  of  credit . 

t  The  hydrobromic  acid  probably  ori^dnatcd,  according  to  Henry,  from  glyceric  bromophospliincs 
(lurmcdby  the  action  of  the  phospiiorus  oxybromide  on  the  dibromliydrin),  at  all  events  not  from  thy 
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principal  portion  between  219°  and  221°.  In  a  subsequent  communication  (Beut. 
Clietn.  Gcs.  Ber.  iii.  601)  Henry  states  tliat  as  tribromhydrin  is  very  apt  to  retain 
■water,  and  on  account  of  its  great  density,  which  exceeds  that  of  calcium  chloride,  is 
by  no  means  easy  to  dry,  it  is  best  purified,  not  by  simple  rectification,  but  by  crystal- 
lising it,  removing  the  still  liquid  portion,  and  rectifying  the  crystals  apart. 

Pure  tribromhydrin  is  undistinguishalDlo  from  tribromide  of  allyl.  It  forms  a 
colourless  faintly  ethereal  liquid,  insoluble  in  water,  having  a  specific  gravity  of 
2'407  at  10°.  and  solidifying  in  the  cold  to  slender  prismatic  crystals,  which  melt  at  1C° 
to  17°.    The  solidifying  point  of  the  perfectly  fused  substance  is  perhaps  much  lower. 

Heated  in  an  oil-bath  under  ordinary  pressm'e  with  potassium  hydrate  (in  lumps)  it 
behaves  exactly  like  allyl  tribromide,  a  brisk  reaction  setting  in  at  140°-180°,  and  a 
heavy  oily  liquid  distilling  over  (together  with  a  watery  liquid),  which  in  boiling 
point  and  amount  of  bromine,  is  intermediate  between  epibromhydrin  C'H^BrO 
(b.  p.  I38°-140°).andepidibromhydrinC'ffBr-  (b.p.  160°-152°).  The  liquid  boiling 
at  180°  described  by  Berthelot  a.  De  Luca  as  tribromhydrin  is,  according  to  Henry,  not 
properly  designated  by  this  name,  and  the  body  boiling  at  210°,  which  they  obtained 
as  a  bye-product  in  the  preparation,  nud  to  which  they  assigned  the  formula  C'ff  Br' + 
H'^0  or  C'ff  .OH.Br-  -h  2HBr,  was  impure  tribromhydrin. 

Berthelot  {Compt.  rend.  Ixx.  681)  attributes  the  failure  of  Henry  to  obtain  the  true 
tribromhydrin  (the  existence  of  which  as  an  individual  compound  distinct  from  allyl 
tribromide  was  demonstrated  by  himself  and  De  Lucca),  and  likewise  the  oxygenated 
addition-product,  to  the  circumstance  that  Henry's  experiments  were  performed  under 
conditions  different  from  those  of  Berthelot  a.  De  Luca's.  To  meet  this  objection 
Henry  (Beut.  Chcm.  Ges.  Ber.  iii.  601)  prepared  tribromhydrin  precisely  according  to 
the  method  described  bj'  Berthelot  and  De  Luca,  and  obtained  a  product  identical 
with  the  former.  A  similar  result  was  obtained  by  the  action  of  phosphorus  penta- 
bromide  on  epibromhydrin. 

BROrnXBTE.  For  the  recovery  of  bromine  from  the  residues  of  chemical  opera- 
tions containing  alkaline  bromides,  Bolas  a.  Groves  recommend  distillation  with 
potiissium  diehromate  and  dilute  sulphuric  acid.  The  solution  of  the  alkaline  bromide 
is  introduced  into  a  retort  with  the  requisite  quantity  of  the  acid  chromate  in  crystals, 
and  an  excess  of  sulphuric  acid,  previously  diluted  with  half  its  weight  of  water,  is 
gradually  added  ;  heat  may  be  applied  after  the  first  powerful  reaction  is  over.  By 
this  method,  nearly  the  whole  of  the  bromine  is  easily  recovered,  and  there  is  no 
danger  of  breaking  the  retort  (Chem.  Soc.  J.  [2]  ix.  784). 

To  obtain  bromine  perfectly  free  from  chlorine  and  iodine,  Adrian  (.7.  Pharm.  [4] 
xi.  20)  washes  it  with  water  and  small  quantities  of  ether,  which  dissolves  chloride  of 
bromine,  then  digests  it  with  a  small  portion  of  starch-paste  to  remove  the  iodine,  and 
finally  distils  it. 

1\\e  solidifying  point  QifhxommQli&s  hum  variously  given  as  —7°,  —  7'3°,  —18°, 

—  22°  and  —26°.    According  to  H.  Baumhauer  {Bcitt.  Chem.  Ges.  Ber.  iv.  927)  it  is 

—  24'6°.  Solidified  bromine  is  a  red-brown  crystalline  mass.  The  presence  of  water 
raises  the  solidifying  point,  owing  to  the  formation  of  the  hydrate. 

Action  of  Heat. — Wiien  a  narrow  tube  is  half  filled  with  liquid  bromine,  half  with 
bromine-vapour,  and  after  being  sealed,  is  graduallj'  heated  till  the  temperature  is 
raised  above  the  critical  point  at  which  the  liquid  and  gaseous  states  merge  into  one 
another  (Isf  Suppl.  402)  the  whole  of  the  bromine  becomes  quite  opaque,  and  the  tube 
has  the  aspect  of  being  filled  with  a  dark  red  opaque  resin.  A  measure  of  the  change 
in  the  power  of  transmitting  light  in  this  case  may  be  obtained  by  varying  the  propor- 
tion of  liquid  and  vapour  in  the  tube.  Even  liquid  bromine  transmits  much  less  light 
when  strongly  heated  in  a  sealed  tube  than  in  its  ordinary  state  (Andrews,  Chem. 
News,  iv.  75). 

Betection  of  Bromine. — The  follo-vring  method  of  detecting  bromine,  chlorine,  and 
iodine  in  organic  substances,  is  founded  on  that  of  Berzelius  for  the  detection  of  these 
elements  in  minerals,  by  means  of  cupric  oxide  and  microcosmic  salt.  Some  pure  cupric 
oxide  is  placed  on  a  loop  of  platinum-wire  and  lieated  for  a  short  time  to  cause  tho 
oxide  to  adhere  to  the  -vvire.  If  some  of  the  suspected  substance  be  now  added  and 
the  loop  again  heated  in  the  lower  and  inner  edge  of  the  flame  of  a  gas-burner,  the 
flame  will  assume  a  characteristic  green  or  blue  colour  if  either  of  the  haloids  be 
present.  This  reaction  is  applicable  to  all  organic  compounds  (Beilstein  Beut.  Chcm. 
Ges.  Ber.  v.  620). 

Betection  of  Bromine  in  Urine. — The  colour  imparted  by  bromine,  as  well  as  by 
iodine,  to  chloroform  or  to  carbon  sulphide,  is  destroyed  by  agitation  with  urine,  and 

tribromhydrin  :  for  wlien  the  distillate,  after  removal  of  the  dissolTed  hydrobromic  acid  by  sodium 
carbonate  and  of  the  water  by  calcium  chloride,  was  again  rectified,  tho  gi'cater  portion  passed  over 
at  •.;19°-22X°  without  decomposition. 
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this  decolorising  action  has  boon  attributed  partly  to  uric  acid  and  its  salts,  partly  t<i 
the  colouring  matters  of  the  urine,  the  iodine  or  bromine  being  supposed  to  tix  itself 
on  these  constituents.  There  is,  however,  a  difFeronco  in  the  behaviour  of  the  two 
halo'id  elements  under  these  circumstances,  iodine  when  thus  fixed  being  liberated 
with  comparative  facility  by  chlorine  or  by  bromine,  whereas  the  liberation  of  bromine 
by  means  of  chlorine  is  more  difficult.  When  equal  quantities  of  potassium  bromide 
are  dissolved  in  equal  volumes  of  distilled  water  and  of  urine,  and  the  two  solutions, 
after  addition  of  carbon  sulphide,  are  treated  with  chlorine-water,  the  former  acquires 
a  splendid  red  colour  on  addition  of  a  single  drop  of  the  reagent,  whereas  the  latter 
(the  one  containing  the  urine)  requires  a  considerable  quantity  of  chloriuc-water  before 
it  exhibits  any  colour  at  all,  and  even  then  the  tint  is  not  rod  but  only  sulphur-yellow. 

Tliis  difference  appears  to  be  due  to  the  action  of  urea.  This  substance  does  not 
interfere  with  the  liberation  of  iodine  from  its  compounds  by  chlorine-water.  Two 
test-tubes  containing  equal  quantities  of  potassium  iodide  dissolved  in  equal  volumes 
of  water,  the  one  pure,  the  other  containing  urea,  exhibit  exactly  the  same  deptli  of 
violet  colour  when  chloroform  and  a  few  drops  of  chlorine-water  are  added  to  each  of 
them.  But  when  a  similar  experiment  is  made  with  bromide  of  potassium,  the  result 
is  very  different,  the  chloroform  in  the  tube  containing  the  pure  aqueous  solution  of 
the  bromide  acquiring  a  splendid  orange-red  colour  on  addition  of  chlorine-water, 
whereas  that  in  the  tube  containing  the  solution  to  which  urea  lias  been  added,  acquires 
only  a  yellow  colour.  It  is  probable  that  urine  contains  also  other  substances  capable 
of  exerting  this  peculiar  action  on  bromine,  which  appears  to  be  different  from  that 
which  is  exerted  by  uric  acid  and  the  urinary  pigments  (Bizio,  Gazectta  chimica 
italiana,  ii.  339). 

To  detect  alkaline  bromides  in  urine,  Caigniet  {J.  Pharni.  [4]  x.  29)  evaporates 
the  liqiiid  to  dryness  over  the  open  fire,  and  ignites  the  residue  gently  for  some  time 
till  the  greater  part  of  the  organic  matter  is  destroyed,  and  an  aqueous  extract  of  the 
residue  appears  quite  colourless.  The  bromine  may  then  be  liberated  with  chlorine- 
water  and  recognised  by  the  coloiu*  which  it  imparts  to  ether  or  to  carbon  sulphide. 
The  quantitative  estimation  is  made  with  a  titrated  solution  of  sodium  ht/fochloritc. 
The  aqueous  extract  is  acidulated  with  citric  acid,  whicli  does  not  act  on  the  alkaline 
bromides,  but  liberates  chlorine  from  the  hypochlorite,  and  the  bromine  set  free  by 
this  chlorine  is  taken  up  by  repeated  addition  of  carbon  sulphide.  As  the  liquid  is 
thereby  kept  constantly  colourless,  it  is  easy  to  recognise  the  moment  when  an 
additional  drop  of  the  hypochlorite  solution  no  longer  imparts  a  perceptible  colour  to 
the  carbon  sulphide. 

On  the  2(sc  of  Bromine  instead  of  Chlorine  in  Clmmical  Analysis,  see  Analtsis  p.  70, 

On  the  Volumetric  Estimation  of  Bromine,  see  Anattsis,  Volumetbic,  p.  71. 

On  the  Estimation  of  Bromine  in  Platintc?n  Compoicnds,  see  Platiitom. 

Hydrogen  Bromide  or  Hydrobromic  acid.  Champion  a.  Pellet  {Compt.  rend 
Ixx.  620)  prepare  this  acid  by  the  action  of  bromine  on  paraffin.  The  apparatus  used 
consists  of  two  tubulated  retorts,  one  containing  bromine,  and  the  other  paraffin, 
(melting  at  55°),  the  first  being  heated  to  about  65°,  the  second  to  185°  by  means  of 
an  oil-bath  or  sand-bath.  The  retorts  are  connected  by  a  tube  which  leads  the 
bromine-vapour  below  the  siu-face  of  the  paraffin.  A  U-tube  filled  with  phosphorus 
and  wet  fragments  of  glass  serves  to  free  the  evolved  hydrobromic  acid  from  bromine 
mechanically  carried  over.  Tlio  bromine  acts  on  the  paraffin,  forming  hydrobromic 
acid  and  substitution-products.  After  a  certain  time  the  passage  of  the  bromine  may 
be  discontinued,  because  the  brominated  paraffin  thus  formed  decomposes  at  about 
130°,  giving  off  nearly  all  the  bromine  that  it  has  taken  up,  in  the  form  of  hydrobromic 
acid.  Aqueous  hydrobromic  acid  saturated  at  0°  by  this  process  has  a  specific  gravitj' 
of  178,  and  a  composition  agreeing  with  the  formula  HBr.H^O.  When  heated,  it 
gives  off  part  of  its  hydrobromic  acid,  leaving  the  hydrate  HBr.5H-0,  which  has  a 
specific  gi-avity  of  1-48,  and  boils  at  126°. 

The  following  modification  of  the  ordinary  mode  of  preparation  by  the  action  of 
water  on  phosphorus  bromide  is  given  by  Topsoe  {Zeitschr.  f.  Chem.  vi.  635).  The 
materials  used  are  1  part  of  amorphous  phosphorus,  10  parts  of  bromine,  and  15  parts 
of  water,  a  convenient  portion  of  the  water  being  put  into  the  bulb -receiver,  and  the 
bromine  added  by  drops.  On  distilling  the  product,  the  aqueous  acid  is  obtained  an 
a  colourless  liquid,  the  density  and  strength  of  which  continually  increase  till  the 
l)oiling  point  rises  to  12o°-126°,  at  which  the  maximum  strength  is  attained.  AVhen 
the  temperature  rises  still  higher  towards  the  end  of  the  distillation,  the  acid  whicli 
passes  over  becomes  weaker,  an  eflfect  which  appears  to  be  due  to  the  fiictthat,  at  this 
high  temperature,  the  residual  phosphoric  acid  gradually  gives  up  a  portion  of  its 
water.  The  strongest  hydrobromic  acid  obtained  in  the  distillation  has  a  sppi'iflc 
gravity  of  1-490,  contains  48'17  p.  c.  HBr.  and  boils  at  125°-125-5  (under  a  baro- 
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metric  pressure  of  758  mm.;  at  124°  under  747  mm.)  It  fumes  rather  strongly  in 
the  air,  and  may  be  kept  for  a  long  time  -without  decomposition. 

The  same  method  may  be  applied  to  the  preparation  of  a  still  stronger  acid,  if  the 
quantity  of  water  to  be  acted  upon  by  the  bromine  and  phosphorus  .m  the  flask,  be 
reduced  to  a  fifth  of  the  weight  of  the  bromine.  The  gaseous  hydrogen  bromide, 
which  after  a  while  is  given  off  with  great  regularity,  is  then  passed  into  water,  or 
into  an  aqueous  acid  prepared  as  above. 

The  following  Table  exhibits  the  density  of  hydrobromic  acid  of-  various  strengths, 
as  determined  by  Topsoe  (loc.  cit.): — 


Temperatnre 

Specific  gravity 

Percentage 

Equivalent 

o 
14 

1-490 

48-17 

168-2 

14 

1-485 

47-87 

169-2 

13 

1-460 

46-09 

175-7 

14 

1-451 

45-15 

178-2 

13 

1-438 

44-62 

181-5 

13 

1*431 

43-99 

184-1 

13 

1-419 

43-12 

187-8 

13 

1-368 

39-13 

207-0 

13 

1-340 

37-86 

213-9 

13 

1-335 

36-67 

220-9 

13 

1-302 

33-84 

239-4 

13 

1-253 

29-68 

272-9 

13 

1-232 

27-62 

293-3 

13 

1-200 

24-35 

332-6 

14 

1-161 

20-65 

392-3 

14 

1-131 

16-92 

478-7 

14 

1-118 

15-37 

627-0 

14 

1-097 

12-96 

625-0 

14 

1-089 

11-94 

678-4 

14 

1-075 

10-19 

494-9 

14 

1-055 

7-67 

1056-1 

All  the  values  given  in  this  table  were  determined  directly,  the  percentages  of  acid 
by  titration  -with  soda.  The  specific  gravities  are  referred  to  water  at  the  same 
temperature,  as  unity. 

The  last  column,  headed  '  Equivalent,'  gives  the  quantities  of  the  several  aqueous 
acids  containing  1  molecule  of  HBr  =  81. 

BROXXOFORKK.  The  conversion  of  this  compound  into  carbon  tetrabromide 
(1st  Swppl.  400)  takes  place  readily  when  a  mixture  of  bromoform,  bromine,  and  dilute 
potash  is  exposed  to  direct  sunshine  for  five  or  six  days  : — 

CHBr«  +  Br^  +  KOH  =  CBr*  +  KBr  +  WO. 

If  no  potash  is  present,  the  reaction  goes  on  much  more  slowly  (Habermann,  Deui. 
Chem.  Gcs.  Ber.  vi.  174). 
BROncOPXCRlN,  CBr^NO^.— (Bolas  a.  Groves,  Chem.  Soc.J.  [2]viii.  163,  775). 

This  compound,  which  Stenliouse  obtained  by  distilling  picric  acid  with  solution  of 
calcium  hypobromite  (i.  923),  may  be  conveniently  prepared  as  follows :  4  parts  of  lime 
slaked  with  50  parts  of  water  are  introduced  into  a  glass  flask,  and  after  complete 
cooling,  6  parts  of  bromine  are  gradually  added,  care  being  taken  to  avoid  rise  of  tem- 
perature ;  1  part  of  picric  acid  18  then  added,  and  the  mixture  quickly  distillsd  from  a 
retort.  The  first  fourth  of  the  distillate  contains  the  whole  of  the  bromopicrin,  which 
may  be  separated  by  water  and  dried  over  calcium  chloride.  The  quantity  thus  ob- 
tained amounts  to  46"5-49-5  p.c.  of  the  bromine  employed. 

Bromopicrin  is  liquid  at  ordinary  temperatiures,  but  when  quite  pure,  solidifies  at 
low  temperatures  to  a  mass  of  prismatic  crystals  which  melt  ct  10-25°.  If  the  bromine 
used  ia  the  preparation  contained  chlorine,  the  melting  point  of  the  bromopicrin  is 
lower.  Its  sp.  gr.  is  2-811  at  12-5°  and  its  index  of  refraction  for  the  line  D  at  20°  is 
1-57.  It  mixes  in  all  proportions  with  benzene,  carbon  bisulphide,  carbon  tetrachloride, 
chloroform,  light  petroleum  oil,  and  alcohol :  from  the  alcoholic  solution  it  is  precipi- 
tated by  water.  It  dissolves  iodine,  forming  a  violet  liquid,  also  indigo  in  small 
quantity,  and  naphthalene  with  great  facility.  When  treated  with  powerful  bromi- 
nating  agents,  it  is  partly  converted  into  carbon  tetrabromide  (1st  Suppl.  400). 
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Bromopicrin,  as  oLscrved  by  Rtenhouse,  decomposes  rapidly  when  heated  a  Httlo 
above  100*^,  and  with  explosive  violence  when  a  small  quantity  is  quickly  evaporated 
down,  so  that  the  side  of  the  vessel  becomes  very  hot ;  but  when  a  considerable  quantity 
is  slowly  heated,  it  decomposes  quietly,  yielding  carbon  tetrabromide  (about  30  p.c. 
of  the  bromopicrin)  and  a  dark  brown  pungent  liquid,  which  boils  at  56'5°  and  has 
nearly  the  composition  NOBr*  (bromine  by  an.alysis  92-84:  p.c;  by  calculation  91'42). 
Under  reduced  pressure,  bromopicrin  may  be  distilled  without  decomposition.  Heated 
witli  aqueous  potassium  cyanide  it  is  entirely  decomposed,  cyanogen  bromide  being  at 
first  formed,  but  on  further  heating  thi.s  compound  is  destroyed,  and  a  dark  brown 
compound  remains  in  solution. 

BROmOXAFORBl.  C^HBr^O".  Pcntabromomctliyl  acetate.  (Lagermarek, 
ZcUschr.f.  Ohi-m.  [2]  vi.  299.)  This  body,  which  Cahours  obtained  by  the  action  of 
broniiiio  im  potassium  citrate,  and  on  dibromoeitraconic  acid  {^st  8iippl.  370),  is  like- 
wise produced  Ijy  the  action  of  bromine  on  pyrotartarie  acid: 


A  mixture  of  10  parts  pyrotartarie  acid  (purified  by  once  recrystallising  from  water  and 
pressing)  24:  pts.  bromine,  and  10  c.c.  water  is  heated  to  120°  as  long  as  brown  fumes 
continue  to  escape,  but  no  longer  ;  otherwise  further  decomposition  will  take  plaet', 
attended  with  separation  of  carbon.  The  contents  of  the  tube,  after  cooling,  consist  of 
a  pale  yellow  liquid  and  usually  a  white  crystalline  mass :  on  opening  it,  carbon 
dioxide  escapes.  The  crystals  are  washed  with  a  little  water  on  a  funnel  having  its 
neck  stopped  with  fragments  of  glass,  and  the  filtrate  is  mixed  with  4  or  5  times  its 
volume  of  water,  and  left  to  itself. 

Bromoxaform  thus  purified  molts  at  74'5°.  It  is  insoluble  in  water,  easily  soluble 
in  alcohol  and  other,  and  crystallises  from  the  latter  in  white,  silky  needles,  from 
alcohol  in  long  four-sided  prisms.  The  solutions  are  neutral.  The  ethereal  solution 
decomposes  in  direct  sunshine,  with  separation  of  bromine  and  a  yellow  unctuous  mass. 
Bromoxaform  dissolves  in  cold  potash-ley,  but  is  decomposed  when  heated  therewith, 
yielding  bromoform  and  oxalic  acid :  , 


BlilTCIM'S.  On  the  decomposition  of  brucine-salts  by  tho  electric  current,  sco 
ArKALoii)s(p.  12). 

Brucinc  as  a  Test  for  Nitric  Acid. — It  has  already  been  noticed  {\st  Suppl.  370)  that 
brucino  treated  with  a  chlorate  or  with  chlorine  tetroxide  in  presence  of  strong  sul- 
phuric acid,  assumes  an  orange-red  colour  like  that  produced  with  nitric  acid,  but  dis- 
tinguished from  the  latter  by  not  turning  violet  on  addition  of  stannous  chloride. 
According  to  Schonn  (Zeitsckr.  anal.  Chcm.  1870,  209)  a  solution  of  brucine  in  strong 
sulphuric  acid  is  coloured  rose-red  and  subsequently  yellow  by  chlorine-water,, 
hydrogen  dioxide,  potassium  chlorate,  sodium  hypochlorite,  chromic  acid,  potassium 
chromate,  potassium  ferricyanide  and  platinic  chloride.  Cupric  chloride,  gold  chloride 
and  ferric  chloride  produce  the  same  effect  under  certain  circumstances.  It  appears 
then  that  the  production  of  a  yellow  or  orange  colour  with  brucine  cannot  be  regarded 
as  a  trustworthy  indication  of  the  presence  of  nitric  acid  unless  this  colour  is  changed 
to  violet  on  addition  of  stannous  chloride. 

According  to  S.  Cotton  {J.  Pharm.  [4]  x.  18),  solutions  of  brucine  in  nitric  acid 
heated  to  40°-50°  and  mixed  with  a  strong  solution  of  sodium  sulphydrate,  assume 
first  a  violet,  and  then,  on  addition  of  an  excess  of  the  reagent,  a  green  colour,  tho 
colour  however  disappearing  after  a  day,  with  formation  of  a  greenish  precipitate. 
Alkalis  do  not  alter  the  colour ;  dilute  acids  eliminate  hydrogen  sulphide,  and  change 
the  colour  to  rose-red;  0-002  gram  of  brucine  suffices  to  colour  distinctly  half  a  litre 
of  water  in  this  manner.  As  morphine  does  not  exhibit  any  similar  reaction,  these 
two  colour-reactions,  the  first  of  ^^•hich  is  likewise  produced  by  alkaline  sulphates  and 
thiosulphates,  and  by  stannous  chloride,  may  serve  for  the  distinction  of  the  two 
bases. 

Periadides  of  Brucine. — Some  of  these  compounds,  prepared  by  Jorgensen,  have 
already  been  described  (1  si  Siqtpl.  iH).  The  same  chemist  has  also  obtained  tha 
following  penta-iodides : 


C^H'O^  -1-  2H-0  +  16Br  =  C^HBr^O^  +  2C0=  +  llHBr. 


C^HBr^O'^  -1-  =  CHBr^  +  C=H-0«  +  2HBr. 


Penta-iodide  of  Methylbrucine 
Penta-iodide  of  Ethyl  brucine 
Penta-iodide  of  AUyibrucins 


C"H-^«N-0'.C2ff.P. 
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These  compounds  form  crystals  Laving  an  almost  metallic  lustre,  and  beliave  towards 
reagents  very  much  like  the  tri-iodides. 

In  crystallising  the  penta-iodido  of  ethylbrucine  from  hot  alcohol,  a  small  quantity 
of  iodine  is  lost  by  each  crystallisation.  After  eight  or  ten  crystallisations,  the  tri- 
iodide  comes  down  with  the  penta-iodido.  Crystallisation  of  the  penta-iodide  from  a 
strong  solution  of  iodine  causes  it  to  take  up  an  excess  of  iodine.  By  adding  potas- 
sium iodide  to  a  solution  of  brucine  in  hydrochloric  acid,  and  leaving  the  mixture  to 
slow  oxidation,  reddish-yellow  needles  were  obtained,  having  the  composition  of  a  di- 
iodido  of  brucine,  C'^'H'-'^N-'O 'HI-.  This  compound  is  probably  a  double  salt  of  hydrio- 
dide  and  hydro-triodide  of  brucine :  for  on  cooling  its  alcoholic  solution  crystals  of  the 
tri-iodide  were  deposited,  and  tlie  filtrate  contained  hydriodide  of  brucine. 

A  substance  ha\dng  the  composition  of  a  kexiodide  of  amylhrucinc,  C-^H-^N^O^ 
C^H".!'',  was  obtained  by  adding  to  an  alcoholic  solution  of  the  tri-iodide  the  calcu- 
lated quantity  of  iodine.  It  appears  in  the  form  of  bluish-green  needles.  It  is  diffi- 
cultly soluble,  even  in  boiling  alcohol,  and  the  solution  deposits  the  tri-iodide  on  cool- 
ing (J.fr.  Chem.  [2]  iii.  146). 

BUCKWHEAT.  Polygonum  fagopyrum. — The  composition  of  buckwheat  grain 
from  various  localities  has  been  determined  by  H.  Weiske-Proskau  ( Woclienhlatt  dcr 
Annalcfi  du  LandwcHhschaft,  Sept.  6,  1871)  'with  the  following  results: — 


Ordinary 

Scotch 

Tartarian 

Albuminoids  .... 
Soluble  Carbohydrates 

and  Fat      .       .  J 
Crude  fibre  .... 
Ash  

9-57 
10-75 

61-39 
15-.55 
2-7-1 

10-57 
10-69 

61-10 

1-1-96 
2-68 

10-  62 

11-  19 

53-58 
20-01 
4-60 

BUTYl.  AX.GOHOIiS  and  ETEBRS  \.  Normal  Biityl  Alcohol,CWCE:- 

CH^.CH^OH.  The  preparation  of  this  alcohol  from  butyric  acid  by  converting  the  acid 
into  a  calcium  salt,  distilling  this  salt  with  an  equivalent  quantity  of  calcium  formate, 
and  reducing  the  resulting  butyric  aldehyde  with  sodium-amalgam  (1st  Snjipl.  372), 
has  been  described  in  detail  by  Lieben  a.  Eossi  {Ann.  Ch.  Fharm.  clviii.  137  ;  Chem. 
Soc.  J.  [2]  ix.  516).  To  obtain  pure  butyi-ic  acid  for  the  purpose,  the  acid  obtained 
by  fermentation  was  freed  as  far  as  possible  from  acids  of  higher  boiling  point  by 
fractional  distillation,  and  the  portion  boiling  between  155°  and  165°  (or  better  between 
169°  and  164°)  was  dissolved  in  water,  separated  from  the  insoluble  oil  consisting  of 
the  higher  acids,  and  converted  into  a  calcium  salt,  which  separated  as  a  crust  on  the 
surface  and  could  be  skimmed  off.  The  concentration  and  removal  of  the  salt  may  be 
carried  on  for  a  longer  or  shorter  time,  according  to  the  purity  of  the  butyric  acid  used ; 
generally  speaking,  however,  the  last  mother-liquors  do  not  yield  a  pure  product. 
Butyric  acid  thus  obtained  boils  at  163°-2  under  a  pressure  of  748-7  nmi. 

To  prepare  butyric  aldehyde,  the  purified  calcium  butyrate,  after  being  well  pressed 
and  dried,  was  intimately  mixed  with  an  equal  weight  of  calcium  formate,  and  the 
mixture  was  dried  at  about  100°,  and  then  distilled  in  portions  of  about  10  grams  from 
small  retorts,  the  sides  and  bottoms  of  which  were  heated  with  charcoal.  A  brownish 
distillate  was  thus  obtained,  generally  containing  a  little  water,  and  on  fractionally 
distilling  it,  the  boiling  point  rose  from  50°  to  200°,  but  by  repeated  fractionation  a 
portion  boiled  between  70°  and  80°  was  obtained  which  was  nearly  pure  butyric 
aldehyde.  It  amounted  to  about  half  the  crude  product,  the  other  half  consisting 
partly  of  aldehydes  of  lower  boiling  point,  but  chiefly  of  substances  boiling  above  130°, 
and  not  consisting  of  aldehydes.  Alkaline  bisulphites  are  not  adapted  for  the  purifi- 
cation of  butyric  aldehyde  ;  they  are  of  course  useless  for  the  separation  of  the  lower 
aldehydes,  and  the  bodies  of  higher  boiling  point  can  be  more  easily  separated  by 
fractional  distillation.  Normal  butyi-ic  aldehyde  obtained  as  above  boils  at  about 
75° ;  it  has  the  characteristic,  pungent,  slightly  cough-provoking  smell  of  aldehydes 
in  general,  dissolves  in  about  27  parts  of  warm  water,  and  reduces  silver  oxide. 

To  convert  the  aldehyde  into  butyl,  alcohol  10  grams  of  it  were  mixed  with  250 
grams  of  water,  that  is,  nearly  but  not  quite  enough  to  effect  its  solution.  This  mixture 
was  treated  successively  with  seven  portions  of  100  grams  of  1  p.c.  sodium-amalgam 
(theory  requires  6-4  grams  of  sodium),  the  equivalent  quantity  of  sulpliuric  acid  being 
added  at  the  same  time  as  the  sotlium-amalgam,  so  as  to  keep  tlie  liquid  always  some- 
what acid.    When  the  action  was  ended,  the  liquid  was  distilled  and  tlie  distillate 


BUTYL  ALCOHOLS. 


215 


again  treated  with  300-400  grams  of  sodium-amalgam,  together  with  the  same  quantity 
of  sulphuric  acid  as  above.  The  liquid  was  again  distilled,  and  the  products  of  the 
several  operations  purified  together. 

A  small  quantity  of  insoluble  oil,  which  always  forms  during  the  operation,  may  be 
removed  by  filtration  through  wet  filter-paper,  and  the  butyl  alcohol  separated  from 
the  filtrate  by  a  series  of  distillations.  The  butyl  alcohol  passes  over  with  the  first 
portions  of  the  water.  100  grams  of  butyric  aldehyde  gave  in  different  operations  80- 
1)0  grams  of  crude  moist  butyl  alcohol.  This  product  was  cU-ied  as  perfectly  as  possible 
with  fused  potassium  carbonate  ;  by  far  the  l:\rgest  quantity  distilled  between  110° 
and  120°,  and  it  was  easy  to  oljtain  the  pure  alcohol  from  the  fraction  which  boiled 
between  113°  and  117°.  It  is  very  difficult  to  remove  the  last  traces  of  water  from 
the  butyl  alcohol.*  This  may,  however,  be  effected  by  digestion,  fu-st  with  lime  or 
baryta,  and  then  by  repeated  distillation  from  sodium. 

Normal  butyl  alcohol  thus  prepared  gave  in  three  combustions : 

Calculated 

Carbon    ....    Ol'So  64'30  G-1-70  (i-1'86 

Hydrogen        .       .       .    13-11  13'03  13-33  13-.51 

Its  vapour-density  was  found  by  experiment  to  be  2-65,  the  calculated  value  being 
2-56.  Its  specific  gravity,  as  compared  with  that  of  water  at  the  same  temperature, 
is  as  follows: — 

Temperature    .    .  0°  20°  40°  99-1° 

Specific  gravity    .  0-8242  0-8108  0-7998  0-7734 

Another  specimen  of  the  alcohol  obtained  from  the  pure  iodide  by  converting  first 
into  acetate  and  tliun  into  alcoliol,  gave 

Temperature     .    .  0°  20°  40°  98-9° 

Specific  gravity     .  0-8239  0-8105  0-7994  0-7735. 

Tliis  specimen  of  alcohol  gave  on  combustion,  carbon  64-72  p.  c.  of  carbon. 

The  alcohol  is  not  miscible  with  water,  and  like  the  aldehyde,  requires  a  large 
excess  of  water  to  dissolve  it.  It  dissolves  in  aqueous  liydrochloric  and  hydrobromic 
acids.  Sodium  dissolves  in  it,  forming  an  alcoholato  which  crystallises  in  a  glistening 
mass  of  needles.  This  compound  dried  in  the  oil-bath  yields  a  body  which  appears 
to  have  the  composition  NaOC^H."  (Lieben  and  Eossi). 

Linnemann  (Ann.  Ch.  Pkarm.  clxi.  178-190)  in  preparing  butyl  alcohol  from 
butyric  aldehyde  (obtained  as  above  from  butyric  acid  free  from  higher  homologues), 
obtained  a  mixture  of  normal  primary  alcohol,  with  secondary  and  tertiary  butyl 
alcohols,  and  methyl  alcohol,  as  by  treatment  with  gaseous  hydriodic  acid  and  fractional 
distillation  of  the  product,  it  yielded  metliyl  iodide,  secondary  and  tertiary  butyl 
iodide,  and  normal  butyl  iodide,  boiling  respectively  at  41°-46°,  97°-99°,  115°-125°, 
and  127'9°-129-1°.  The  last-mentioned  iodide,  after  repeated  rectification,  had  the 
corrected  boiling  point  129-95°  and  sp.  gr.  1-5909  at  16°.  By  converting  this  iodide 
into  benzoate,  purifying  this  ether  by  fractional  distillation,  saponifying  it  with  potash, 
and  dehydrating  the  volatile  product  with  caustic  baryta,  normal  butj'l  alcohol  was 
obtained,  having  the  corrected  boiling  point  116-88°.  Another  specimen  obtained  in 
like  manner  from  a  mixture  of  pure  acetate,  propionate  and  butyrate  of  butyl  boiled  at 
116-96  (corr.).  The  alcohol  from  the  benzoate  was  optically  inactive,  did  not  solidify 
at— 22°,  was  soluble  in  12  volumes  of  water  at  22°,  and  dissolved  O'lo  vol.  water  at 
the  same  temperature. 

Linnemann  has  also  prepared  normal  butyl  alcohol  by  the  action  of  sodium-amalgam 
on  butyric  anhydride  or  on  a  mixture  of  the  anhydride  -^^ith  butyric  acid,  or  of  the 
acid  with  butyryl  chloride,  the  last-mentioned  method — which  was  also  employed  by 

*  In  a  note  by  Licljen,  to  the  paper  above  quoted,  the  different  metliods  of  drying  alcohols  are 
discussed.  Melted  potiissium  carbonate  and  anhydrous  cojiper  sulpliatc  were  not  found  capable  of 
drying  the  alcDhol.  The  sulphate  remained  unaltered  in  butyl  alcohol  containing  2  p.c.  of  water. 
Lime  and  baryta  act  better ;  but  one  treatment,  even  with  a  considerable  quantity  of  lime,  is  seldom 
sufficient  to  effect  the  object.  With  respect  to  sodium,  it  has  been  frequently  pointed  out,  especially 
by  Chapman,  that  it  does  not  confine  its  action  to  the  water  in  the  alcohol,  but  at  the  same  time  acts 
on  t'.ie  alcohol,  and  produces  an  .alcoholate,  and  water  will  be  found  in  the  distillate,  even  though  there 
be  more  than  siiillrii  nt  smhum  pn'-ont  to  combine  with  all  the  water.  This  observation  is  quite 
correct ;  but  .  i.n,  lii  i  n  that,  therefore,  sodium  is  not  available  for  drying  alcohols  is  nob 

confirmed,      In  i  n   1   ili  .i  i:    I  .  -t  method  of  drying  alcohols  is  to  distil  them  repeatedly  from 

small  quniit  It  '  I  inini.  1 1 i  ■  iivcs  that  it  is  necessary  to  heat  the  alcohol  far  above  its  boiling 
point  in  rin-il  '.ni',  .  .pin  li  iL  I  lolu  the  alcoholate.  To  this  Chapman  replies  (CApm.  &)e. ./.  [2] 
iv.  .".!  ^  I.  1 1  ; !  I    I  'l  .  ;    111 \  lie  alcohol,  at  all  events,  this  method  of  drying  is  not  available,  as 

Um  I  i  ;   li  hstilled  with  a  large  excess  of  amylic  alcohol,  is  completely  decomposed 

iii'  i  i  ;  ,  1  I  Mil imon  alcohol  may  be  dried  as  above,  but  propylic  and  butylic  alcohols 
ir       h  1  iiM  1,1  111  .11,  h"i  ,>.,;iMiit  great  difficulty.   On  the  other  hand,  caustic  baryta  dries  these  com- 
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Saytzeff  (J",  Chem.  iii.  76)— yielding  the  largest  product.  The  distillate  consists 
■\vliolly  or  partly  of  butyl  butyrate,  -which  is  decomposed  by  distillation  -with  potash, 
and  the  butyl  alcohol  which  then  passes  over  is  dehydrated  with  baryta..  Linnemann 
purifies  the  butyl  alcohol  obta,ined  by  either  of  these  methods,  by  converting  it  into 
iodide,  submitting  the  latter  to  fractional  distillation,  converting  the  portion  which 
boils  at  127°-130°  into  benzoate,  and  decomposing  the  latter  ■v^ith  potash  as  above. 

formal  Butylic  Ethers.  The  haloid  ethers  are  prepared  by  the  action  of  tlie 
corresponding  haloi'd  acids  on  the  alcohol — e.g.  the  chloride  by  saturating  the  alcohol 
with  hydrochloric  acid  gas ;  heating  the  resulting  liquid  with  a  small  quantity  of 
faming  hydrochloric  acid  to  70°,  and  finally  to  100°  in  a  sealed  tube,  till  it  separates 
into  two  layers  which  remain  of  constant  volume,  and  purifying  the  upper  layer, 
which  consists  of  butyl  chloride,  by  washing  with  strong  hydrochloric  acid,  then  with 
an  alkali,  and  finally  with  water;  then  drying  with  calcium  chloride,  and  rectifying. 
The  bromide  and  iodide  may  also  be  prepared  by  treating  the  alcohol  with  bromine  or 
iodine  and  amorphous  phosphorus  ;  the  bromide  also  from. the  iodide,  by  decomposition 
with  cuprio  bromide ;  and  the  chloride  from  the  iodide  by  the  action  of  mercuric 
chloride.  The  acetate,  propionate,  butyrate,  and  benzoate  are  obtained  by  decomposing 
the  iodide  with  the  corresponding  silver  salts.  The  following  Table  exhibits  the 
boiling  points  and  specific  gTavities  of  these  ethers,  as  determined  by  Linnemann  and 
by  Lieben  and  Eossi  :— 


Normal  Biityl  ElJwrs, 


Boiling  point 

Speciflo  gravity 

Authority 

Chloride 

77-0°  (bar.  at  7-11-3  mm.) 

0-9074  at 

0° 

Lieben  a.  Eossi 

0-8874  „ 

20° 

0-8972  „ 

14° 

Linnemann 

Bromide 

100-4°  (bar.  at  744  mm.) 

1-305  ., 

0° 

Lieben  a.  Eossi 

1-2792  „ 

20° 

1-2571  „ 

40° 

99-9° 

1-2990  „ 

20° 

Linnemann 

Iodide 

129-6°  (bar.at738-2mm.) 

1-643  ., 

0° 

Lieben  a.  Eossi 

1-6136  „ 

20° 

1-5894  „ 

40° 

129-65 

1-5804  „ 

18° 

Linnemann 

Cyanide 

140-4°  (bar.  at  739-3  mm.) 

0-8164  „ 

0° 

Lieben  a.  Eossi 

Acetate 

125-1°  (    .  .740 

0-900  „ 

0° 

0-8817  „ 

20° 
40° 

124-36° 

0-8659  „ 
0-8768  „ 

23° 

Linnemann 

Propionate 

146° 

0-8828  „ 

15° 

Butyrate 

165-5°  (bar.  at  735-7  mm.) 

0-8885  „ 

0° 

Lieben  a.  Eossi 

0-8717  „ 

20° 

0-8579  „ 

40° 

164-8° 

0-8760  „ 

12° 

Linnemann 

I  Benzoate 

247-32° 

1-000  ,. 

20° 

The  chloride,  butyrate  and  benzoate  are  insoluble  in  water;  the  acetate  dissolves  in 
90  parts  of  water  at  20°  (Linnemann). 

Brominated  Butyl  Bromide  CH^OH^CH-CH^Br.Br  obtained  by  heating  8  parts  of  the 
normal  bromide  with  9  of  bromine  to  150°  for  five  hours  boils  at  166°-167°  :  hence  it 
appears  to  be  identical  with  AVurtz's  dibromide  of  ethyl-vinyl,  boiling  at  166°  {\st 
Suppl.  377)  and  isomeric -with  the  dibromide  of  methyl-allyl,  boiling  at  156°-159°, 
(ibid.  376)  from  both  of  which  again,  the  dibromide  of  isobutylene  differs,  its  boiling 
point  being  149°  (Linnemann). 

Normal  Butyl  Iodide  is  not  much  acted  upon  by  sodium  butylate  in  the  cold,  but 
on  heating  the  materials  in  a  flask,  with  inverted  condenser,  a  small  quantity  ot 
butylene  is  evolved,  and  butyl  oxide  (C'H'')-0  is  formed  : 

O^H^'ONa  +  cm  =  Nal  +  C'H'OH  +  C^H« ; 

also  C*H»ONa  +  C^H'I  =  Nal  +  (C^H°)'0 

The  normal  butyl  oxide  thus  obtained  boiled,  after  repeated  distillation  over 
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sodium,  at  140'o°  (bar.  at  7il'o  mm.  corrected  and  reduced  to  0^).  Sp.  gr.  =  0'781  at 
0°,  0-7685  at  20°,  0-7556  at  40°  (Lieben  a.  Eossi,  Ann.  Ch.  Phcirm.  elxv.  109). 

Butyl  iodide  heated  in  like  manner  with,  silver  carbonate  yields  a  product  separable 
by  fractional  distillation  into  normal  butyl  carbonate,  butyl  alcohol,  and 
butyl  ether : 

(2AgI  +  (C'IP)-CO^ 
2C'H»I  +  Ag^CO^  =  \  2AgI  +  (C^H'')-0  +  C0= 

i2AgI  +  C^ff'OH  +  CHI*  +  C0=. 
Normal  butyl  carbonate  has  a  sp.  gr.  of  0-9407  at  0°,  0-924  at  20°,  0-911  at  40°, 
and  boils  at  207°  (bar.  740  mm.);  fermentation  butyl  carbonate,  according  to  Wurtz, 
at  190°  (Lieben  a.  Rossi). 

The  diflferonco  of  boiling  point  between  the  oxide  and  carbonate  of  normal  butyl, 
(which  contain  2  atoms  of  butyl),  and  the  corresponding  isobutyl  ethers,  is  about  twice  as 
groat  as  that  which  exists  between  normal  and  isobutyl  ethers  which  contain  only 
1  atom  of  butyl,  such  ;is  the  dilnride,  acetate,  cyanide,  &c. 

Normal  Butylsulphiiric  arid  is  formed  by  gradually  adding  sulphuric  acid  to  cooled 
butyl  alcohol.  On  diluting  -vvitli  w-ater,  neutralising  with  baryta-water,  crystallising, 
and  drying  over  sulphuric  acid,  the  barium  salt,  Ba  (C'H°SO  ')-  +  H'-'O,  is  obtained  :  it 
is  stable  at  60°,  but  decomposes  at  100°  (Lieben  a.  Eossi). 

Butyl-ethyl  oxide  ov  Butyl-ethyl  ether,  C"H'*0  =  Qa^sjo.  is  obtained,  together  with 

a  small  quantity  of  butylene,  by  heating  butyl  bromide  or  iodide  with  sodium  ethylate 
or  alcoholic  potash,  the  quantity  of  butylene  being  larger  with  the  latter  reagent  than 
w-ifli  the  former.  When  10  grams  of  normal  butyl  iodide  were  warmed  with  a  solution 
of  5  grams  of  potash  in  1  5  grams  of  90  p.c.  alcohol,  and  5  grams  of  solid  potash,  in  a 
flask  pro-snded  with  a  reversed  condenser,  only  one-third  of  the  l:iutyl  iodide  was  con- 
verted into  butylene,  the  chief  product,  even  with  this  large  excess  of  potash,  being 
butyl-ethyl  ether.  Tliis  ether  boils  at  91  "7°  under  a  pressure  of  742-7  mm.  Its 
specific  gravity  is  0-7694  at  0°,  0-7522  at  20°  and  0-7367  at  40°  (Lieben  a.  Eossi). 

Isobutyl  Alcohol.— CH(CH^)^CH-OH.  This  alcohol,  separated  by  Linno- 
muiin's  mctliod  of  fractional  distillation  (see  Distillation)  from  the  products  of  the 
alcoholic  tVriiirntation  of  corn  or  molasses,  is  optically  inactive,  boils  at  108-39°,  has 
a  sp.  cr.  of  0-8003  at  18°,  and  dissolves  in  15  parts  of  water  at  15°  (Linnemann.  Ann. 
Ch.  Pharm.  cxl.  195). 

It  may  be  formed  systematically  from  normal  butyl  alcohol  by  the  following 
series  of  processes :  1.  The  normal  alcohol  is  converted  into  normal  butyric  acid  by 
oxidation  with  chromic  acid.  2.  The  ammonium  salt  of  this  acid  distilled  with  dry 
zinc  chloride  yields  butyronitril,  C^H'N.  3.  The  uitril  treated  with  hydrochloric  or 
sulphuric  acid  and  zinc  takes  up  4  atoms  of  hydrogen,  and  is  converted  into  normal 
butylamine  C^H"N.  4.  This  base  heated  with  silver  nitrite  and  -water  (1st  Swppl. 
C3)  yields  a  butyl  alcohol  -which  boils  between  105°  and  110°,  dissolves  in  8  to  9 
parts  of  water  at  22°,  is  converted  by  oxidation  into  an  acid  lia-ving  the  composition 
C^H'O^,  and  yields  an  iodide  boiling  between  119°  and  121°:  it  is  therefore  identical 
with  the  butylic  alcohol  of  fermentation  {\st.  Suppl.  373)  (Linnemann  a.  von  Zotta, 
Ann.  Ch.  Pharm.  clxii.  3). 

2.  Erom  isobutyric  acid,  by  distilling  the  calcium  salt  of  that  acid  -n-ith  calcium 
formate,  and  treating  the  isobutjTic  aldehyde  CH(CH^)-.CHO,  thereby  obfciined,  with 
sodium-amalgam  (Linnemann  a.  von  Zotta,  ibid.  7). 

3.  From  tertiary  butyl  alcohol,  or  trimethyl  carbinol,  by  "converting 

CH^ 

this  alcohol  into  the  corresponding  butylene  or  dimethyl-ethylone  H'C — C — CH^ 
combining  this  hydrocarbon  with  hypochlorous  acid,  and  treating  the  resulting  iso- 
butylie  chlorhydrin, 
CH-OH 

I  ( CC1(CIP)2 

H'C— C— CH',  or  C 1  H-  ,  with  sodium-amalgam,  whereby  the  chlonno  is  ox- 

I  loH 
CI 

rCH(CH')= 

changed  for  hydrogen,  and  isobutyl  alcohol  C  |  H-  is  producoil  {1st  Sw/yj/.  376). 

The  same  result  is  attained  by  heating  the  dibromido  of  dimethyl-cthylcno 
CH^Br 
I 

H^C — C — CH'  (which  is  identical  with  monol.>rominated  trimothyl-carbinvl  bromide, 
I 

Br 
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and  witli  the  dibromide  of  isobut3'lene,  and  may  also  be  produced  bv  acting  on  isobutyl- 
iodide  with  bromine  not  in  excess)  with  20  volumes  of  water  to  150°-160°  for  24 
hours,  whereby  isobutyrio  aldehyde  is  formed : 

(CH^)"  (CH^)^ 
I  I 
CBr      +  H^O  =  2HBr  +  CH  , 
I  I 
CH^Br  CHO 


whii'h  may  bo  converted  into  the  alcohol  by  sodium-amalgam  (Linnemann  a.  von  Zotta, 
Ann.  Ch.  "Pharm.  cxlii.  33). 

Isohutyl  Bromide,  GR{CW)-.GW^t,  prepared  by  treating  the  alcohol  -svith 
phosphorus  and  bromine,  and  purified  in  the  usual  way  by  washing,  drying  and  frac- 
tional distillaticui,  is  a  colourless  mobile  liquid  having  a  pleasant  but  slightly  allia- 
ceous odour,  boiling  at  90-5°,  and  having  a  specific  gravity  of  1-249  at  0°,  1'191  at 
40-2°  and  1-1408  at  73  5°  (Pierre  a.  Puchot,  J.  Pharm.  [4]  xiii.  9). 

Isohuttjl  Chloride,  CH(Cir')-.CH2Cl  prepared  by  saturating  the  alcohol  with 
hydrogen  chloride,  or  treating  it  with  phosphorus  pentachloride,  is  a  limpid  liquid, 
having  a  pleasant,  ethereal,  but  slightly  alliaceous  odour,  and  boiling  at  60°  under 
ordinary  pressure.  Sp.gr.  =  0-8953  at  0°,  0-8651  at  27-8°  0-8281  at  69°.  Its  specific 
volume  at  diiFerent  temperatures  is  given  in  the  following  table,  the  volume  at  the 
boiling  point  being  taken  as  unity : — 

Distance  in  degrees 

Centigrade  from  the  Specific  Volume 

boiling  point 

0    1-0000 

10    0-9848 

20    0-9705 

30    0-9570 

40    0-9443 

50    0-9322 

60    0-9208 

70   0-9101 


(Pierre  a.  Puchot,  Compt.  rend.  Ixxii.  832). 

IsohxUyl  Iodide,  CH(CH')=.CH-I,  boils  at  120-63°  (Linnemann),  at  122  5° 
(Pierre  a.  Puchot).  On  heating  it  -with  water  in  a  retort,  tlio  two  liquids  distil  over 
together  .it  a  constant  temperature  of  95°  or  96°,  the  distillate  confciining  79  parts 
butyl  iodide  to  21  parts  water,  whatever  be  the  proportion  of  the  two  in  the  retort. 
During  the  distillation  bubbles  of  vapour  are  seen  to  rise  from  the  junction  of  the  two 
layers  of  liquid,  each  bubble  carrying  wth  it  a  ch-op  of  iodide  (Pierre  a.  Puchot, 
Compt.  rend.  Ixxiv.  224). 


Secondary    Sutyl    Alcobol,  or    Eitbyl-metbyl  Carbinol, 

This  alcohol,  or  rather  the  corresponding  iodide  (C-ff)(CH'').CHI, 


OH 


originally  obtained  by  the  action  of  hydriodie  acid  on  erythrite,  and  afterwards  by  the 
successive  action  of  zinc-ethyl  and  liydriodic  acid  on  chlorinated  ethyl  oxide(l«i  Sup>pl. 
373),  may  likewise  be  formed  from  normal  butyl  alcohol,  by  first  converting  that 
alcohol  into  the  corresponding  iodide  CH'''CH-CH''.CH2I,  heating  this  iodide  with  an 
alcoholic  solution  of  potash,  whereby  butylene  is  produced,  and  combining  this  buty- 
lene  with  hydriodie  acid,  whereby  secondary  butyl  iodide  is  obtained : 

I  I 

CW  GB? 

I        +  KHO  =  KI  +  H=0  +  I 

CH*  CH 

I  il 

CH'I  CH- 

Normnl  Butyl  Butylene. 
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CH' 
1 

1 

CH- 

1 

CH- 

1      +  HI 

CH 

GHI 

II 

GB? 

1 

CH^ 

Butylene. 

Secondary 

Butyl  iodide. 

The  iodide  tlms  obtained,  which  distils  almost  wholly  between  116°  and  120°,  is 
converted  in  the  ordinary  way  into  the  corresponding  acetate  (Off  )(C-H^).CH(OC-H''0), 
(b.p.  110°-113°),  and  this,  by  saponification,  into  secondary  butyl  alcoliol,  boiling 
between  97°  and  100°.  This  alcohol  yields  by  oxidation  methyl-ethyl  ketone  and 
acetic  acid  (SaytzefF,  Zeitschr.f.  Chem.  vi.  327). 

When  normal  brominated  biityl  bromide,  CH^— CH=— CHBr— CH-Br  (identical 
with  the  dibromide  of  normal  butylene)  is  heated  v.'ith  20  times  i-ts  volume  of  water 
to  150°  for  24  hours,  a  ketone  boiling  between  75°  and  80°  is  formed,  which  is  doubt- 
less cthyl-mcthyl  ketone,  produced  by  the  reaction  : 


CH^ 
CH- 
CHBr 
CH-Br 


fCn-CH^ 
2HBr  +  -jCO 


and  this  ketone  by  hydrogenation  would  doubtless  yield  ethyl-methyl  carbinol  (Linne- 
mann,  Ann.  Ch,  Pharm.  clxii.  1). 

Tertiary  Butyl  Alcohol,  or  TrimetUyl  Carbinol,  C(CH3)3.0H. 

— This  alcohol,  originally  formed  by  the  action  fif  water  on  the  product  obtained  hy 
treating  acetyl  cliloride  with  zinc-methyl  (Butlerow),  was  afterwards  obtained  by 
combining  isobutylene  (from  isobutyl  iodide)  with  hydriodic  acid,  whereby  tertiary 
butyl  iodide  or  trimotliyl-earbinyl  iodide  (CH')'.CI  is  produced,  and  decomposing  this 
iodide  with  moist  silver  oxide  (MarkownikofF,  see  \st  Siippl.  Butlerow  {Zcitsch: 

f.  Chem.  [2]  vi.  237)  modifies  the  process  by  passing  the  gaseous  isobutylene  into 
sulphuric  acid,  whereby  trimethyl-carbinyl-sulphurie  acid  is  formed  : 

H'C    CH^  ffC  CH' 

\/  \/ 

II  ^'  I 

CH-  CH' 


and  converting  this  acid  into  trimethyl  carbinol  by  distillation  with  water.  The  details 
of  the  process  are  as  follows  : — 

1.  Isobutyl  iodide  is  prepared  by  passing  hydrogen  iodide  into  boiling  isobutyl. 
alcohol  in  an  apparatus  provided  with  a  condensing  tube  ;  at  ordinary  temperatures 
very  little  iodide  is  formed,  but  the  alcohol  saturated  with  hydrogen  iodine  at  ordinary 
temperatures  takes  up  a  larger  quantity  when  heated,  and  is  then  completely  converted 
into  isobutyl  iodide.  Butlerow  recommends  this  process  for  preparing  the  iodides  of 
the  rarer  alcohols. 

2.  To  prepare  isobutylene,  4  parts  of  alcoholic  potash  (1  part  KHO  to  3  parts 
alcohol  of  90  p.c.)  and  ^-  part  pulverised  potassium  hydrate  are  introduced  into  a  flask 
provided  with  a  funnel  and  condensing  tube,  and  2  parts  of  isobutyl  iodide  are 
gradually  poured  in  tlu'ough  the  funnel.  The  mixture  is  gently  heated  to  start  the 
reaction,  which  then  goes  on  of  itself,  but  towards  the  end  heat  must  be  again  applied, 
only,  however,  to  the  sides  of  the  flask,  to  prevent  fracture.  If  less  than  the  pre- 
ceding quantity  of  potash  bo  used,  the  quantity  of  isobutylene  obtained  is  small,  probably 
in  consequence  of  the  formation  of  ethyl-isobutyl  ether.  The  isobutylene  gas,  after 
washing  witli  alcohol  and  then  with  water,  is  collected  in  a  gas-holder.  100  grams 
of  isobutyl  iodide  thus  treated  j'ielded  10  to  11  litres  of  isobutylene. 

3.  The  absorption  of  the  isobutylene  by  sulphuric  acid  is  effected  as  follows : — Within 
an  upright  Liebig's  condenser  0'5  to  0'6  met.  long  is  fixed  a  tube  1  centimeter  in 
(b"ameter,  filled  with  coarsely  pounded  glass,  and  closed  at  top  and  bottom  with  caout- 
chouc stoppers.  Through  the  lower  of  these  stoppers  are  inserted  two  delivery 
tubes,  one,  intended  for  the  butylene,  passing  upwards  to  the  height  of  a  decimeter 
into  the  pounded  glass,  while  tlie  other,  which  serves  as  exit-tube  for  the  sulphuric 
acid,  reaches  only  to  the  upper  surface  of  the  stopper.   This  last  tube  is  bent  upwards 
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outside  the  condenser,  to  the  length  of  8  centimeters,  and  then  backwards  like  a  fork. 
This  tube  consequently  always  remains  full  of  acid,  and  thus  stops  the  passage  of  the 
gas.  Into  the  upper  stopper  are  fitted  a  gas-delivery  tube  and  a  funnel-tube,  provided 
with  a  stop-cock,  through  which  the  sulphuric  acid  drops  slowly  on  to  the  glass.  Tho 
dried  isobutylene  is  now  slowly  admitted  from  below,  care  being  taken  to  provide  good 
refrigeration  during  the  whole  of  the  experiment,  since  in  the  absorption  of  the  gas 
by  the  acid  (3  parts  H-SO^  to  1  part  water)  much  heat  is  evolved  which  gives  rise  to 
the  formation  of  an  oily  by-product.  For  the  same  reason  the  acid  saturated  witli 
the  isobutylene  must  be  slowly  dropped  into  cold  water,  and  only  a  very  dilute  solution 
subjected  to'  distillation.  The  watery  distillate  which  contains  the  trimethyl  carbinol 
is  filtered  to  separate  a  trace  of  oil,  then  saturated  with  dry  potassiiim  carbonate  to 
separate  the  alcohol.  85  litres  of  butylene  yielded  by  this  process  20  grams  of  dry 
trimethyl  carbinol :  consequently  the  1 0  litres  of  isobutylene  obtained  as  above  from 
100  grams  of  isobutyl  iodide  would  yield  23'5  grams  of  trimethyl  carbinol.  Purg 
fermentation  butyl  alcohol  should  accordingly  yield  about  half  its  weight  of  the  tertiary 
alcohol. 

Hydrochloric  acid  heated  ynth  isobutylene  acts  upon  it  in  the  same  way  as  hydi'iodio 
acid,  converting  it  into  tertiary  butyl  chloride  : 

C{Cmf  C(CH')^C1 
II  .  +  HCl  =  I 

CH2  cm 

The  action  does  not  take  place  at  ordinary  temperatures ;  but  when  isobutylene  is 
condensed  by  strong  cooling  in  tubes  containing  very  concentrated  hydrochloric  acid, 
and  the  tubes,  after  being  sealed,  are  heated  for  several  hours  in  a  water-bath,  the 
whole  of  the  isobutylene  is  converted  into  the  tertiary  chloride,  which  floats  as  a  layer 
on  the  top,  no  gas  being  evolved  on  opening  the  tube.  The  tertiary  chloride,  heated 
with  water  in  a  retort  witli  reversed  condenser,  is  converted  into  trimethyl  carbinol 
(Salessky,  Ann.  Ch.  Tharm.  clxvi.  92). 

Other  methods  of  passing  from  isobutyl  alcohol  to  the  tertiary  alcohol  have  been 
devised  by  Linnemann  {Ann.  Ch.  Pharm.  elxii.  12).  a.  Amixture  of  freshly  precipitated 
silver  oxide  or  mercuric  oxide  and  glacial  acetic  acid  acts  on  isobiityl  iodide  at  ordinary 
temperatures,  producing  trimethyl-carbinyl  acetate  and  trimethyl  carbinol,  together 
with  isobutylene  and  a  small  quantity  of  a  gas  not  absorbed  by  bromine,  From  the 
isobutylene  thus  formed,  a  further  quantity  of  trimethyl  carbinol  may  be  obtained  by 
Buflerow's  process  above  described.  This  method  of  preparing  trimethyl  carbinol  and 
its  derivatives  appears  indeed  to  be  the  most  productive  known,  inasmuch  as  100  parts 
of  isobutyl  iodide  thus  treated  yield  directly  27'0  parts  of  trimethyl  carbinol  and  1 1  parts 
of  isobutylene,  which  when  treated  by  Butlerow's  method  yield  an  additional  11  parts 
of  trimethyl  carbinol,  in  all  therefore  38  parts  of  the  tertiary  alcohol,  the  theoretical 
yield  being  40,  whereas  Butlerow's  process  directly  applied  to  100  grams  of  isobutyl 
iodide  yielded,  as  above  stated,  only  23-5  grams  of  trimethyl  carbinol. 

The  formation  of  trimethyl  carbinol  from  isobutyl  iodide  by  means  of  silver  oxide 
and  glacial  acetic  acid  may  be  explained  by  supposing  that  the  elements  of  hydriodic 
acid  are  first  removed,  forming  isobutylene,  which,  in  the  nascent  state,  combines  with 
the  elements  of  the  acetic  acid  forming  trimethyl-carbinyl  acetate.  The  simultaneous 
formation  of  this  acid,  trimethyl  carbinol,  and  isobutylene  is  in  favour  of  this  view. 

According  to  Butlerow  {Ann.  Ch.  Tharm.  clxviii.  3  43),  the  butyl  alcohol  obtained 
by  this  process  is  a  mixture  of  about  equal  parts  of  trimethyl  carbinol  and  isobutyl 
carbinol,  so  that  the  advantage  obtained  by  it  is  not  so  great  as  stated  by  Linnemann. 
Butlerow  also  finds  that  the  quantity  of  silver  oxide  used  by  Linnemann,  viz.,  that 
obtained  from  50  parts  of  silver  nitrate  to  30  grams  of  the  isobutyl  iodide,  which  is 
about  twice  the  calculated  quantity,  aifords  no  advantage,  the  oxide  from  30  grams  of 
silver  nitrate  being  quite  sufficient  for  the  same  quantity  of  iodide. 

)8.  Isobutyl  bromide  treated  with  mercuric  oxide  and  glacial  acetic  acid  likewise 
yields  trimethyl  carbinol ;  but  silver  oxide  does  not  act  upon  it.  Isobutyl  chloride  is 
scarcely  acted  upon  by  either  of  these  oxides  mixed  with  glacial  acetic  acid. 

7.  Iodine  monoehloride  converts  isobutyl  iodide  into  trimethyl-carbinyl  chloride 
thus  : 

H'C     CH^  ffC  CH^ 

\/  \  / 

CH       +       ICl        =       !=-(-       CCl  ; 
I  I 
CH^I  CH' 

and  this  chloride  (b.p.  46°-52°)  heated  to  100°  ^vith  water  for  several  hours  is  almost 

wholly  converted  into  trimethyl  carbinol. 
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S.  Isobutyl  iodido  heated  with  dry  silver  cyanato  yields  isobutyl  cyaiiate  ;  and  tliis 
ether  mixed  with  finely  powdered  potassium  hydrate  and  heated  in  small  quantities  at 
a  time,  gives  off  vapours,  not  of  isobutylamine,  but  of  triraethyl-carbiuylamiue  or 
tertiary  butylamine,  C(CH^)'*.NH- ;  and  the  hydrochloride  of  this  amine  heated 
with  silver  nitrate  and  water  yields  trimethyl  carbinol  (Linnemann). 

For  the  dehydration  of  trimethyl  carbinol,  Butlerow  combines  it  with  calcium 
chloride  and  decomijoses  the  resulting  compound  by  distillation.  Linnemann  prefers 
the  use  of  caustic  baryta,  as  he  finds  that  the  alcohol,  in  distillation  from  its  compound 
with  anhydrous  calcium  chloride,  which  requires  a  temperature  of  150°-200°,  is  partly 
etherified  ;  if  the  calcium  chloride  used  contains  so  much  water  that  the  alcoliol  c:in  be 
distilled  off  in  the  water-bath,  the  distillate  contains  as  much  water  as  the  original 
alcohol  before  treatment  with  calcium  chloride.  By  repeated  treatment  with  caustic 
baryta  in  sealed  tubes  and  subsequent  fractional  distillation,  Linnemann  obtained  from 
the  crude  product,  74  p.c.  of  pure  anhydrous  trimethyl  carbinol. 

Trimetliyl  carbinol  crystallises  at  temperatures  below  +  20°  in  large  rhombic, 
doubly  refractingijrisms.which  melt  at  25°-25"5°  and  readily  attract  water,whereby  they 
are  liquefied  (Butlerow,  Zeitschr.  /.  Chan.  [2]  vii.  273).  According  to  Linnemann,  it 
melts  at  23°-24°  and  often  remains  liquid  at  temperatures  below  the  molting  point, 
solidifying  suddenly  on  agitation  or  on  throwing  into  it  a  piece  of  thin  platinum  wire. 
It  boils  at  82-94°  (Linnemann) ;  at  82-5°  under  a  pressure  of  750  mm.  (Butlerow). 
Sp.  gr.  =  0-7792  at  37°  (Linnemann) ;  0-7788  at  30° ;  its  coefficient  of  expansion 
between  30°  and  50°  is  0-0136  for  1°  (Butlerow).  On  adding  water  to  anhydrous 
trimethyl  carbinol,  considerable  contraction  takes  place.  The  hydrate  2C(CH')^0H  + 
H'^0  is  liquid  at  0°,  boils  constantly  at  80°  and  crystallises  at  the  temperature  of  a 
mixture  of  snow  and  salt,  in  fine,  silky  needles  (Butlerow). 

Tertiary  Butyl  Chloride,  C(CH^)'C1,  is  obtained  by  passing  isobutyleno  into 
very  strong  hydrocliloric  acid  in  tubes  cooled  by  a  freezing  mixtiu-e,  then  sealing  the 
tubes,  and  heating  them  to  100°  for  several  hours : 


II  +  HCl  =  II 

An  oily  liquid  is  thereby  formed  which  is  aonverted  into  trimethyl  carbinol  by  boiling 
with  water  (Salessky,  Aim.  Ch.  Tharm.  elxv.  92). 

Tertiary  Butyl  Iodide,  C(CH^)'.L  heated  with  dfy  mercuric  cyanide  is  converted 
into  the  coiTcsponding  cyanide,  according  to  the  equation  : 

C'H»I  +  Hg(CN)-  =  Hgl(CN)  +  C'ffCN. 

The  reaction  is  very  violent,  and  must  be  moderated  by  cooling,  but  even  tlicii,  a 
certain  quantity  of  gaseous  isobutylene  is  given  oif.  The  product  distilled  with  water 
yields  an  oil  containing  the  nitril,  CffCN,  together  with  a  small  quantity  of  iso- 
cyanido,  which  may  be  decomposed  by  hydrochloric  acid.  The  portion  of  the  oil  boiling 
at  90°-120°  consists  chiefly  of  the  nitril ;  the  higher  portions  up  to  200°  which  con- 
stitute the  larger  portion,  consist  mainly  of  polymeric  isobutylenes.  Tlie  nitril 
boils  at  about  103°.  On  decomposing  it  in  a  digester  with  alcoholic  potasli,  extracting 
the  potassium  salt  with  alcohol,  distilling  it  with  sulphuric  acid,  and  dehydrating  the 
distillate  with  phosphoric  anhydride,  trimethyl-acetic  acid,  C(Cff)'.CO'-^H,  is 
obtained,  wliich  solidifies  immediately  to  a  vitreous  mass  interspersed  with  crystals, 
melts  at  31°~35°  and  boils  at  161°  (Butlerow,  Dad.  Chcm.  Gcs.  Bcr.  v.  478). 

BUTYXiAnzXNES.    (Liebcn  a.  Eossi,  An7i.  Ch.  Pharm.  clviii.  172  ;  Linnemann, 

ihid.  clxii.  3).    Normal  butylamine,  C^H"N  =  N  | ^?'^-^'^^''''^^^')'is  prepared 

hj  heating  butyl  chloride  to  100°-110°  in  sealed  tubes  for  two  days  with  solid  potas- 
sium cyanate  and  alcohol,  and  digesting  the  resulting  alcoholic  liquid,  which  contains 
butyl  cyanate,  with  caustic  potash.  On  distilling  the  liquid  to  dryness,  adding  water 
and  again  distilling,  acidulating  the  mixture  of  the  two  distillates  with  hydrochloric 
acid,  again  evaporating  to  dryness,  and  exhausting  the  residue  with  alcohol,  a  solution  is 
obtained,  containing  the  hydrochlorides  of  butylamine,  dibutylamine  and  tributylamine. 
while  sal-ammoniac  remains  undissolved.  The  alcoholic  extract  evaporated  to  dryness 
and  distilled  with  lime  from  a  combustion-tube,  the  front  part  of  which  contains  anliy- 
drous  baryta,  yields  a  mixtiire  of  the  three  normal  butylamines,  from  which  the  moiio- 
butylamino  is  ea.sily  separated  by  fractional  distillation  ;  the  di- and  tri-liutylauiino 
are  less  easy  to  separate.  The  three  butyhimines  are  likewise  obtained  as  by-products 
in  the  preparation  of  uormal  valeric  acid  from  butj-1  cyanide  (Lieben  a.  Eossi.) 
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Normal  butylamine  may  also  be  prepared  by  liydrogenising  butyronitril  C^H'N, 
(boiling  at  115°-117°)  -which  is  obtained  by  distilling  with  zinc  chloride  the  ammonium 
salt  of  normal  butyric  acid.  By  mixing  this  butyronitril  with  hydrochloric  or  sul- 
phuric acid,  and  allowing  the  mixture  to  flow  on  to  zinc,  a  small  quantity  of  butyl- 
amine is  formed,  and  an  additional  quantity  may  be  obtained  by  distilling  off  the  un- 
altered nitril  and  repeating  the  process  from  twenty  to  twenty-five  times  (Linne- 
mann). 

Normal  butylamine  is  a  colourless,  hygroscopic,  ammoniacal-smelling,  faming 
liquid,  which  boils  at  75-5°  ander  a  pressure  of  7W  mm.  and  has  a  sp.  gr.  of  0-7oo3 
at  0^,  0-7333  at  20°  (Lieben  a.  Eossi) ;  boils  at  76°-77°  and  has  a  sp.  gr.  of  0740  at 
20°  (Linnemann).  Its  vapour  produces  a  feeling  of  heat  on  the  skin,  and  strongly 
attaicks  cork  and  caoutchouc.  It  mixes  in  all  proportions  with  water,  and  the  solution 
jprecipitates  the  salts  of  lead,  aluminium,  magnesium,  copper  and  silver.  The  copper 
and  silver  precipitates,  and  apparently  also  the  aluminium  precipitate,  are  soluble  in 
excess  of  butylamine. 

Hydrochloride  of  Butylamine  is  very  soluble  in  alcohol,  melts  at  195°,  decomposes 
to  a  great  extent  when  distilled  (Linnemann). 

The  plati/w-ckloride,  2(C'H"N.HCl).PtCl^  crystallises  in  golden-yellow  plates 
slightly  soluble  in  cold,  moderately  soluble  in  hot  water;  soluble  also  in  alcohol. 

Normal  butylamine  is  converted  by  nitrous  acid,  not  into  normal  butyl  alcohol,  but 
into  isobutyl  alcohol  (Linnemann) ;  see  p.  217. 

Dibutylamiiie  NH.^(C^H'')2,  boils  at  160°  and  forms  a  plati no-chloride,  crystallising 
m  long  needles  which  melt  and  dissolve  easily  in  hot  water,  very  sparingly  in 
cold  water. 

Tributylamine  N(C'H'')',  is  prepared  by  heating  with  butyl  iodide  and  alcohol,  the 
mixture  of  primary,  secondary,  and  tertiary  amines  obtained  rs  a  by-jiroduct  in  the 
synthesis  of  normal  valeric  acid  from  butyl  cyanide.  By  boiling  the  product  with 
caustic  potash,  tctrahutylammonium  iodide  and  tributylamine  are  formed.  The  former 
is  not  attacked  by  boiling  caustic  potash,  but  is  quickly  decomposed  by  moist  silver 
oxide.  The  latter  boils  between  211°  and  215°  (corr.)  under  a  pressure  of  740  mm. 
(tributylamine  from  fermentation  butyl  alcohol  boils  at  about  30°  lower) ;  it  forms  a 
crystalline  hydrochloride,  from  which  caustic  potash  or  ammonia  precipitates  the  base 
as  an  oily  liquid  (Lieben  a.  Eossi,  Ann.  Ch.  Fharm.  clxv.  109).  The  ■platino-chloridc 
2(C'-H'-'N.HCl).Pt01'  crystallises  in  groups  of  small  needles,  which  melt  and  are 
slightly  soluble  in  warm  water,  very  slightly  soluble  in  cold  water,  more  freely  in 
alcohol  (Linnemann). 

Isohutylamine,  N-jgj  '^'discovered  by  Wurtz,  and  already  described 

under  the  name  of  tetrylamine  (v.  737)  is  obtained  by  distilling  a  mixture  of  the 
potassium  salt  of  isobutylsulphuric  acid  and  potassium  cyanate,  and  treating  the 
product  with  caustic  potash.  It  boils  at  69°-70°  (Wurtz),  at  65-8°-68-3°  under  a 
pressure  of  743  mm.  (Linnemann) ;  has  a  sp.  gr.  of  0'7357  at  15°  ;  dissolves  in  all 
proportions  of  water,  and  solidifies  on  exposure  to  the  air,  forming  a  carbonate.  Its 
hydrocldoride  dissolves  in  0-73  pt.  water  at  15°,  and  melts  at  160°  (below  100°  ac- 
cording to  Wurtz).    The  jilatino-Moride  is  slightly  soluble  in  water  (Linnemann). 

Hydrochloride  of  isobutylamine  distilled  with  silver  nitrite  and  water  yields, 
not  isobutyl  alcohol,  but  tertiary  butyl  alcohol  or  trimethyl  carbinol  C(CH^)'.OH, 
boiling  at  81°-85° ;  and  it  has  been  already  stated  that  normal  butylamine  similarly 
treated  yields  isobutyl  alcohol;  it  is  found  also  that  normal  propylamine  gives 
isopropyi  alcohol.  The  action  of  nitrous  acid  on  monamines,  may  therefore  be 
described  as  always  producing  the  alcohol  of  a  radicle  containing  one  more  methyl 
group  than  the  original  amine  (provided  of  course  that  the  amine  is  capable  of 
forming  an  isomeride  containing  one  more  methyl  group)  (Linnemann). 

Isobutylamines  prepared  by  K.  Eeimer  from  isobutyl  alcohol  obtained  by  Kramer 
a.  Pinner's  process  from  the  'first  runnings'  of  fused  oil,  are  described  hy  A.  W. 
Hofmann  {Beut.  Chen.  Ges.  Bcr.  iii.  756).  The  alcohol  boiled  at  108° ;  treated  with 
bromine  and  phosphorus  it  yielded  (besides  butylene  hycbobromide)  isobutyl  bromide 
boiling  at  87°-88°.  This  bromide  heated  to  150°  with  alcoholic  ammonia  yielded  a 
mixture  of  three  isobutylamines,  which  were  but  imperfectly  separable  by  fractional 
distillation,  but  were  easily  separated  by  the  application  of  Hofmann's  oxalic  ether 
method  to  the  suitable  fractions,  into  mono-isobutylamineboilingat62°-65°  and 
di-isobutylamine  boiling  at  120°-122°.  The  highest  boiling  portion  of  thecrudo 
mixture  of  bases,  when  further  treated  with  the  isobutyl  bromide,  yielded  the  hydro- 
bromide  of  a  nearly  pui-e  tri-isobutylamine  N(C'H»)=  boiling  at  177°-180°. 
This  base  digested  with  the  bromide  yielded,  not  the  tetrabutylammoniiun  compound 
N(C<H'')*Br,  but  tributylamine  hydrobromide  +  butylene  [N(C'H')'HBr  +  C'H^]. 
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Thes«/^^o-crtr5j/«(Wtf,  orjWK/p/^o-c^rtwafe,  n|[^;^V.  darived  from  mono-isobuty- 
laniine,  lioils  at  161°-163°,  nnd  forms  -with  ammonia  a  ■n-oll-crystallised  urea 
CS(NH-')[NH(C'H«)]  melting  at  90°-91°.  The  isomeric  isobutyl  suJpho-cyanate 
S  IqJ^b'  produced  by  tho  action  of  potassium  sulpliocyanate  on  isobutyl  sulphate 
boils  at  17i°-176°. 

Tert  iary  Butylamine  or  Trimethyl-carbinylaminc,  N|^*ip-^  is  pre- 
prepared  by  heating  isobutyl  iodide  with  dry  silver  cyanate,  mixing  the  resulting 
solid  compound  of  silver  iodide  and  isobutyl  cyanate  with  finely  pulverised  potassium 
hydrate,  and  heating  the  mixture  by  small  quantities  at  a  time.  Vapours  of  trimethyl- 
carbinylamine  (not  of  isobutylamine)  are  then  given  off ;  these  may  be  absorbed  by 
hydrochloric  acid,  and  the  resulting  hydi-oehloride  of  tricarbinylamine  separated  from 
sal-ammoniac  by  digestion  with  alcohol  after  evaporation  to  dryness. 

Pure  trimethyl-carbinylamino  separated  from  the  hydrochloride  by  distillation 
with  an  alkali,  is  a  liquid  boiling  at  4:5°-46°  and  having  a  sp.  gr.  of  0-6987  at  16°. 
its  hydrochloride  melts  above  250°  and  is  distillable ;  it  dissolves  in  1-7  parts  of 
water  at  15°.  The  fJatinocMoride  is  somewhat  soluble  in  alcohol.  Tlic  hydrochloride 
boiled  with  silver  nitrite  and  water  yields  trimethyl  carbinol. 

The  boiling  points  of  the  iodides  and  amines  of  the  alcohol-radicles  exhibit  a 
constant  diiFerence  of  about  53°  c.  g. 


loilide 

Amine 

Difference 

Ethyl  

Propyl  .... 

Butyi  

Isobutyl  .... 
Trimethyl-carbinyl 

CH'CH' 

CH-CH'^CH-CH^ 
C(CH')^ 

72 
102-2 
129-9 
120-6 

98-5 

18-7 

49 

76-5 

f;7-5 

46 

53-3 
53-2 
53-4 
53-1 

(Linnemann,  Ann.  Ch.  Pliarm.  clxii.  3). 

BWTYliEH'E,  C'H".  The  number  of  possible  modifications  of  this  and  other 
olefines  will  be  greater  or  smaller,  according  as  wo  suppose,  on  the  one  hand  that 
their  molecules  contain  either  dyad  carbon,  or  free  combining  units,  or  on  the  other 
hand  that  they  are  saturated  compounds,  having  two  of  their  carbon-atoms  linked 
together  by  two  combining  units.  Thus  if  butylene  be  supposed  to  contain  only  tetrad 
carbon-atoms,  each  pair  being  united  by  only  one  \va\t  of  affinity,  nine  modifications 
of  it  may  be  conceived  to  exist,  four  saturated  and  five  unsaturated,  viz.  those  figured 
in  the  First  Supplement  (p.  375)  ;  and  three  of  theso  latter,  viz.  the  second,  fifth, 
and  eighth,  might  also  be  regarded  as  saturated  molecules  containing  dyad  carbon ; 
but  if  the  butylenes  are  saturated  molecules  containing  only  tetrad  carbon  and  having 
two  of  these  carbon-atoms  united  by  two  combining  units,  then  only  three  modifica- 
tions are  possible,  viz.: 

CH^  CH» 

CH-  CH 

I  II 
CH  CH 

II  I 
CH=  Cff 

These  are  in  fact  the  only  modifications  actually  known,  tho  first  and  second  being 
produced  liy  abstraction  of  HI  (action  of  alcoholic  potash)  from  normal  primary  butyl 
iodide,  CH '— CH-— CH-— CH=I,  or  from  secondary  butyl  iodide,  CH'CH'— CHI— Cff , 
and  tlie  third  in  like  manner  from  isobutyl  iodide  CH(CH^)2  — CH^I  or  from  trimethyl- 
carbinyl  iodide  CI(CH')^  The  preparation  of  this  third  modification  (isobutylene) 
troni  isobutyl  iodide  and  its  conversion  into  trimethyl  carbinol  have  been  already  de- 
scribed (p.  219). 

Isobutylene  has  the  same  properties  whether  it  be  prepared  from  isobutyl  iodide  or 
from  trimethyl-carbinyl  iodide;  that  obtained  by  Butlerow  from  the  former  source 
boiled  at  —6°,  that  from  the  latter  at  — 7°  to  — 8°  ;  but  it  was  obtained  in  very  small 
quantity  only,  and  Butlerow  regards  —6°  as  tlic  true  boiling  point.    Tho  butyluue 
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obtained  by  electrolysis  of  isovaleric  (ordinary  valeric)  acid,  CH-CH(CH  )-.COOH,  is 
likewise  isobiitylene,  inasmuch  as  the  butyl  iodide  obtained  by  combining  it  with  ill, 
is  converted,  by  treatment  with  silver  oxide  and  water,  into  trimethyl  carbinol,  which, 
could  not  be  produced  from  either  of  the  other  modifications  of  butylene  (Butlerow 
Zeitsclir.  f.  Chem.  [2]  vi.  236).  , 
By  combining  a  butylene  with  2  atoms  of  bromine  and  treating  the  compound 
C'H'Br- with  alcoholic  potash,  it  might  be  expected  that  a  hydrocarbon  C'H"  would  be 
produced,  viz.  crotonylene;  andCaventou  indeed  states  that  crotonylene  is  thus  ob- 
tained from  the  butylene  produced  by  exposing  the  vapour  of  fusel-oil  to  heat,  (ii. 

196)  which,  as  Butlerow  has  shown,  is  isobutylene.  But  isobiitylene  H-C  —  ^N. 

cannot  yield  a  crotonylene,  except  by  transposition  of  the  atoms,  or  by  the  formation 

of  a  closed  chain,  viz.  H'^C  =:  C\    |     .     It  is  more    probable,  therefore,  that 
^  CH- 

Cavoutou's  butylene  was  one  of  the  other  modifications  above  mentioned  (p.  223),  the 
dibromide  of  cit,her  of  which  might  yield  a  crotonylene : 

CH'  CH'  CH^  CH' 

I  I  I  I 

CH-  CH=  CH^Br  CH 

I        —  2HBr  =  I  ;     and      I  —  2HBr  =  111 

CHBr  C  CH'^Br  CH 

I  III  !  I 

CH=Br  CH  CH'  Off 

Eecont  experiments  by  Prunier  {Conipt.  rend.  Ixxvi,  lilO)  have  shown  that  the 
first  of  these  formulae,  which  is  that  of  ethyl-acetylene,  is  the  true  representation  of 
the  constitution  of  crotonylene. 

Butlerow,  by  heating  isobutylene  dibromide  witli  alcoholic  potash,  obtains,  not 
crotonj'lene  but  isocrotyl  bromide  C^H'Br: 

H'C     CH'  H'C  CW 

\l  \/ 

CBr      —     HBr     =  C 

I  II 
CH^Br  CHBr 

This  compound  is  a  colourless,  heavy,  aromatic  liquid,  insoluble  or  nearly  so,  in  water, 
boiling  at  88^-92°.  Heated  in  sealed  tubes  to  150°  with  concentrated  alcoholic  potash 
or  crystallised  sodium  ethylate,  it  is  converted,  by  exchange  of  Br  for  OC^H*,  into 
ethyl-isocrotyl  ether: 

/  CH' 

C^CH(OC^ff)         or  CHjo, 

(Butlerow,  Zeitschr.  f.  Chem.  [2]  vi.  523). 

According  to  Prunier  (Btill.  Soc.  Chhn.  [2]  xix.  109)  butylene  bromide  may  be  ob- 
tained, together  with  some  of  its  homologues,  by  passing  the  vapours  of  light  petroleum 
oils  through  red-hot  tubes,  and  leading  the  resulting  gases  through  bottles  containing 
bromine.  The  results  vary  with  the  kind  of  petroleum  employed,  the  temperature  of 
the  tube,  the  pressure,  and  the  rate  of  distillation.  Petroleum  oils  boiling  below  50° 
yield  much  ethylene  and  but  little  butylene ;  whilst  oils  boiling  at  60°-80°  yield 
butylene  and  even  amylene,  together  with  a  considerable  quantity  of  propylene  and 
ethylene. 

The  most  advantageous  method  of  obtaining  the  propylene  and  butylene  compounds 
consists  in  decomposing  the  vapours  of  petroleum  oils  boiling  at  60°-90°,  by  passing 
them  through  a  red-hot  tube,  and  conducting  the  gases  thereby  produced  through  a 
second  tube  heated  to  dull  redness,  and  afterwards  through  bottles  containing  bromine. 
The  products  are  separated  by  fractional  distillation,  and  decolorised  by  contact  with 
quicklime.  There  remain  in  the  retort,  together  with  carbonaceous  matters,  a  crystal- 
line body  easily  extracted  by  alcohol  and  ether,  and  ha-ving  all  tlie  properties  of 
Caventou's  tetrabroinide  of  crotonj'lene,  C*H*Br^  aud  another  body  which  appears  to 
have  the  formula  G"'H''Br'. 

3UTYX.EM-S  aXiVGOX..  C'H'"0-  =  CiH»(OH)=.— Ordinary  butylene  glycol 
(described  in  \  ol.  v.  p.  739,  as  tctrylcnic  alcohol),  is  obtained  from  tho  bromide  of 
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isobutyloue  (produced  by  direct  combination,  or  by  the  action  of  bromine  on  secondary 
(CH^OH 

butyl  iodide),  and  has  the  constitution  CH  \  CW      ;  when  slowly  oxidised  by  dilute 
iCH=OH 

nitric  acid,  it  is  converted  chiefly  into  butylaetic  or  oxy-isubutyric  acid  CH^O" : 


H'C  GH=OH 

\/ 

CH 
I 

CffOH 
Butylene-glycol. 


H^C  CH^OH 

\/ 

CH 
COOH 

Oxy-isobutyric 
acid. 


Another  modification  is  produced  by  the  action  of  sodium-amalgam  on  acetic  aldehyde, 
the  change, -(vhieh  consists  in  a  duplication  of  the  molecule  ■with  addition  of  hydrogen  : 
20=11^0  +  H-  =  C^H^O^,  being  analogous  to  that  by -which  benzoic  aldehyde  CH^O 
is  converted  into  benzoin  C''H'''0'-. 

To  prepare  it,  sodium-amalgam  is  added  to  an  acidulated  dilute  aqueous  solution  of 
aldehyde,  and  the  filtrate  is  neutralised  and  distilled,  to  separate  the  ethyl  alcohol 
formed  at  the  same  time;  other  by-products  are  removed  by  agitation  with  ether; 
the  aqueous  liquid  is  evaporated  almost  to  dryness,  mixed  with  alcohol,  filtered 
from  sodium  chloride,  and  distilled  ;  and  the  butylene  glycol  is  finally  obtained  from 
the  portion  of  higher  boiling  point  by  repeated  fractional  distillation.  The  product 
is,  however,  very  small,  even  under  the  most  favourable  conditions. 

Butylene  glycol  thus  prepared  is  a  clear  syrupy  liquid  having  a  sweet  but  slightly 
pungent  taste ;  easily  soluble  in  water  and  alcohol,  insoluble  in  ether;  boils  at  203-6°- 
204°.  When  oxidised  by  nitric  acid,  it  yields  acetic,  oxalic,  and  carbonic  acids;  with 
aqueous  chromic  acid,  only  acetic  and  carbonic  acids,  the  oxalic  acid  undergoing  fm-ther 
oxidation.  In  both  cases,  also,  crotonic  aldehyde  is  formed,  together -with  small  quanti- 
ties of  acetic  aldehyde. 

The  formation  of  crotonic  aldehyde  by  oxidation  of  this  butylene  glycol  shows  that 
the  formula  of  the  latter  is  CH^— CH-OH— CH-  CH'OH.  Probably  the  elements  of 
water  are  first  separated,  giving  rise  to  crotonic  alcohol  CH' — CH;=CH— CffOH, 
which  is  then  oxidised  to  crotonic  aldehyde  CH'— CHzz:CH— COH.  This  aldehyde 
yields  the  same  oxidation-products  as  the  butylene  glycol  (Kekul^,  Bmit.  Clicm.  Gcs. 
Bcr.  V.  66). 

BUTYRIC  ACXB.  Linnemann  a.  von  Zotta  {Ann.  Ch.  Pharm.  clxi.  175)  have 
prepared  normal  butyric  acid,  CH-'CH-CH' — COOH,  from  pure  fermentation 
propyl  alcohol,  by  converting  this  alcohol  into  iodide,  the  latter  into  cyanide  by  heating 
it  for  30  hours  with  alcoholic  potassium  cyanide,  and  decomposing  the  cyanide  with 
caustic  potash.  From  the  potassium  butyrate  thus  obtained,  the  acid  was  separated 
by  neutralisation  -with  hydrochloric  acid,  evaporation  to  dryness,  and  treatment  with 
dry  hydrochloric  acid  gas,  and  finally  purified  by  distillation  over  phosphoric  anhydride. 

Normal  butyric  acicl  thus  prepared  is  identical  with  that  which  is  produced  by  the 
fermentation  of  sugar,  as  the  following  comparison  will  show  : — 


Butyric  acid  prepared 
by  Synthesis 

Butyric  acid  obtained  by 
fermentation  of  Sugar 

Boiling  point  (corrected)  . 

Specific  gravity  at  14° 

Solubility  of  silver  salt  AgC^H'O-  in  ( 

Solubility  of  calciuna  salt  Ca(C'H'0-)n 
+  2H'^b        .       .       .       .  1 
Solubility  of  barium  salt  Ba(C^H'0=)=) 
(at  100°)      ...         .  / 
Ethylic  ether 

Boiling  point  .... 
Specific  gi-avity  at  18° 

162°-16o° 
0-9601 

in  200  parts  at  11° 
in  3'2  parts  at  15° 
in  2-4  parts  at  14° 

121-06° 
0-8953 

162-32° 
0-9580 

in  202  parts  at  14° 
in  3-5  parts  at  14° 
in  2-43  parts  at  14° 

121-07° 
0-9003 

Pure  normal  butyric  acid  solidifies  in  n  mixture  of  suit 
inactive. 

2nd  Stqj.  Ci 
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0-413  part  at  16° 

18-  1    parts,,  22° 

19-  61       „  22° 

39-  2        .,  20° 

40-  2  „  22° 
10-7        „  16° 


According  to  Griinzweig  {Atm.  Ck.  Pharm.  clxii.  193)  it  boils  at  157°-160°  under 
a  barometric  pressure  of  716  mm.,  and  its  salts  exliibit  the  following  solubilities: 

100  parts  of  water  dissolve  of  the 
Silver  salt  Ag  C^H'O^  . 

Calcium  salt  ^''l^f^--Ca(C^^^^^^ 

Strontium  salt  (cryst.)  Sr(CiH:'0-)^  ^ 

Zinc  salt  (cryst.)         Zn  (C^H-O-)^  +  2H-0 

Isobiitylic  Normal  Butijratc,  CH^CH^CH^ 

I  ,  prepared  by  treating  isobutyl 

C00[CffCH(Cff)2] 

alcohol  with  sulphuric  acid  and  normal  butyric  .'icid,  boils  at  150°-155°  (uncorrected) 
under  a  pressure  of  722  mm.  and  has  a  specific  gravity  of  0'08798  at  0°,  0-86635 
at  16°,  0-81838  at  98-44°  (Griinzweig). 

Isobutyric  acid,  CH(CH^)^.COOH,  is  prepared  by  oxidising  isobutyl  alcohol 
with  chromic  acid  mixture.  Linnemann  and  v.  Zotta,  {Aim.  CJtem.  Pharm.  clxii.  7), 
purify  it  by  converting  the  product  into  a  calcii-im  salt  and  decomposing  this  salt 
with  dry  hydrochloric  acid  gas.  Pierre  a.  Puchot  {Ann.  Chim.  Phys.  [4]  xxviii.  363) 
convert  the  alcohol  by  partial  oxidation  into  isobutylic  isobutyrate  ;  decompose  this 
ether  with  potash ;  distil  the  resulting  potassium  isobutyrate  with  dilute  sulphuric 
acid  ;  and  subject  the  distillate  of  aqueous  butyric  acid  to  a  series  of  fractional  distilla- 
tions, whereby  pure  isobutyric  acid  C''H'*0-  is  obtained. 

Isobutyric  acid  boils  at  154-11°  (Linnemann  and  v.  Zotta),  at  155-5°  (Pierre  a. 
Puchot)  under  a  pressiu-o  of  760  mm.;  at  149°-161°  under  a  pressure  of  716  mm. 
(Grunzweig).    Its  sp.  gr.  is  0-9503  at  20°,  (L.  and  Z.)    0-9697  at  0°,  0-916  at  52-6°, 

'  0-8665  at  99-8°,  0-822  at  139-8°  (Pierre  a,  Puchot).  These  determinations  agree  very 
nearly  with  those  obtained  by  MarkownilcofF  in  1865  {Ist  Suppl.  378),  and  show  that 

'isobutyric  acid  is  quite  distinct  in  its  physical  properties  from  the  normal  acid; 
nevertheless,  Pierre  a.  Puchot  do  not  appear  to  consider  the  existence  of  two  modifica- 
tions of  butyric  acid  as  distinctly  proved  *  (see  p.  379  of  their  memoir) ;  and  as  their 
acid  agrees  nearly  in  physical  properties  with  the  butyric  acid  obtained  by  fermenta- 
tion of  sugar,  which  was  examined  several  years  ago  by  Kopp  and  by  Delifs  (i. 
692),  and  found  to  boil  at  166°,  they  appear  to  regard  this  latter  as  the  pure  butyric 
acid,  and  the  acid  of  higher  boiling  point  obtained  in  the  same  manner,  as  an  impure 
product.  As,  however,  the  butyric  acid  of  fermentation  boiling  at  164°  agrees  in  its 
properties  and  those  of  its  derivatives  with  the  acid  obtained  by  oxidation  of  normal 
butylic  alcohol,  it  is  much  more  probable  that  the  fermentation  acid  boiling  at  156° 
examined  by  Kopp  and  by  DelfFs  was  an  impure  product  contaminated  with  lower 
homologues. 

The  metallic  isobutyrates  are  more  soluble  than  the  corresponding  normal  butyrates, 
as  may  be  seen  from  the  following  determinations  by  Griinziveig : 

100  parts  of  water  dissolve  of  the 

Silver  salt       AgC'H'O-    0-928  parts  at  16° 

( Calcium  salt    Ca(C^H'0=)=  +  6H''0  36-0         „  18° 

'  Strontium  salt  Sr(G<H'02)2  -h  5H20  44-1  ,,17° 

Zinc  salt         Zn(C»H'0=y-  +    H-0  17-3         „  19-6° 

Isobutyric  Ethers. — The  boiling  points  and  specific  gravities  of  methyl  and  ethyl 
isobutyrate  have  been  determined  by  Pierre  a.  Puchot ;  those  of  isobutyl  isobutjTate 
by  Griinz^veig : 


Jlethylic 

Ethylic 

Isobutylic 

Boiling 
point. 
Specific 
gravity. 

93°  bar.  at  760  mm. 

0-9056      .,  0-° 

0-8625      „  38-65° 
0'805       „  78-6° 

113°  bar.  at  760  mm. 

0-890      „  0,° 

0-871       „  18-8° 
0-831       „  56-6° 
0-7794     „  100-1° 

144°-147°  bar.  at  722  mm. 

_  0-87579         „  0° 
0-860G4         „  60° 
0-81192         ,,  084° 

*  The  same  disregard  of  the  difference  between  normal  and  iso-compounds  is  exhibited  by  Pierre 
a.  Puchot  in  all  their  researches  on  the  alcohols  and  acids  of  the  fatty  group  (see  Compt.  rend.  Ixxv. 
1440,  1S94 ;  Oiem,  Soc.  J,  [2]  x.  257). 
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Oxidation-products  of  Normal  Butyric  and  Isobutyric  Acid. — Isobatyric  acid  is 
oxidised  by  chromic  acid  mixture  to  acetic  and  carbonic  acids  : 

C'ffO-  +  0«  =  Cm^O"'  +  2C0"-  +  2IP0. 
(Erlcnmeyer,  Zeiischr.f.  Cham.  [2]  vii.  57). 

Now  Veiel  has  shown  (1st  Sujrp!.  o87),tliat  normal  butyric  acid  treated  in  a  simi2ai? 
manner  yields  propyl  butyrate  and  ctliyl  butyrate,  but  no  acid  containing  a  smaller 
number  of  carbon-atoms.  These  reactions  appear  therefore  to  aiford  an  easy  mode  of 
distinguishing  the  two  modifications  of  butyric  acid  one  from  the  other. 

According  to  Griinzweig,  however,  the  only  diflforence  existing  between  normal 
butyric  acid  and  isobutyric  acid  as  to  the  products  of  their  oxidation  by  chromic  acid 
Kes  in  the  fact  that  the  uormal  acid  is  mucli  less  readily  acted  on  :  the  actual  products, 
however,  are  the  same  in  each  case,  ^■iz.  acetic  and  carbonic  acids  ;  in  two  experiments 
with  the  iso-acid,  98'4:  and  100'4  per  cent,  of  the  theoretical  quantity  of  carbonic  acid 
were  obtained,  whilst  in  three  experiments  witli  the  normal  acid  71,  75,  and  lOS 
per  cent,  were  respectively  obtained. 

Butyric  Acid  from  various  Natural  Sources. — The  butyric  acid  from  ordinary  butter, 
and  that  produced  by  oxidation  of  conine  (ii.  3)  consist  of  the  normal  acid,  whereas 
that  which  exists  in  the  carob  bean,  or  St.  John's  bread,  the  fruit  of  Ceratonia  Siliqua, 
is  isobutyric  acid.  When,  however,  the  portion  of  this  fruit  left  behind  on  distillation 
with  water  is  fermented  with  chalk  and  cheese,  normal  butyric  acid  is  produced.  The 
acid  in  each  case  was  identified  by  tlie  properties  of  its  silver  and  calcium  salts  as 
given  above  (Griinzweig,  Ch.  Fharm.  clviii.  117;  clxii.  193).  Gorup-Besancz 

found  butyric  acid  in  old  fruit  of  the  soap-tree  {Sapinda  saponaria),  and  considers  it 
probable  that  this  acid  exists  in  old  tamarinds.  Griinzweig  found  only  acetic  acid  in 
the  latter. 

Crude  Butyric  Acid,  of  Fermentation. — Grillone  {Ann.  Ch.  Tharm.  clxv.  127)  has 
examined  the  composition  of  the  acid  obtained  by  leaving  a  mixture  of  malt,  milk, 
chalk,  and  minced  meat  to  stand  for  several  weeks.  On  heating  the  product  to  80°, 
filtering,  precipitating  -with  sodium  carbonate,  filtering  again,  evaporating  the  filtrate 
to  a  small  bulk,  and  mixing  it  with  sulplniric  acid,  a  considerable  layer  of  cnide  fatty 
acid  was  obtained,  the  greater  part  of  which  distilled  between  156°  and  164°,  a  portion 
also  below  125°,  another  between  125°  and  156°,  and  another  as  high  as  215°. 

The  portion  boiling  below  125°  consisted  almost  wholly  of  acetic  acid;  that  whicli 
distilled  between  126°  to  155°,  of  acetic  and  butyric  acids,  which  wore  separated  by 
fractional  satm-ation  with  sodium  carbonate  and  distillation,  the  butjTic  acid  then 
passing  over,  while  sodium  acetate  remained  behind.  No  proponic  acid  could  bo  de- 
tected :  a  result  which  agrees  with  the  statement  of  Linnemann  {Ann.  Ch.  Fharm.  clx. 
224:)  as  to  the  non-occurrence  of  propronic  acid  in  crude  fermentation  butyric  acid. 

Of  the  portion  distilling  above  tlie  boiling  point  of  butyric  acid,  a  largo  fraction 
wont  over  between  165°  and  17-1°,  which  seemed  to  indicate  the  presence  of  valeric 
acid  ;  but  this  acid  was  not  found.  By  repeatedly  washing  the  distillate  with  water, 
a  considorablo  portion  of  it  was  dissolved,  and  this  portion  saturated  with  lime 
yielded  a  calcium  salt  exhibiting  very  nearly  the  composition  of  calcium  butjTate, 
only  the  traces  of  the  salts  of  higher  acids  being  present. 

The  portion  insoluble  in  water  distilled  between  200°  and  205°,  and  exhibited  the 
composition  of  caproic  acid,  the  presence  of  which  in  crude  butyric  acid  had  previously 
been  demonstrated  by  Stich  {Jahresb.  18C8,  622).  The  caproic  acid  thus  isolated, 
yielded  an  anhydrous  barium  salt,  100  parts  of  a  saturated  solution  of  which  contained 
at  21°-22°,  8'3  parts  of  dry  salt.  Now  normal  barium  caproate  is  anhydrous,  and 
100  parts  of  its  solution  at  18-5°  contain  8-4  parts  of  dry  salt,  whereas  the  caproic  acid 
oljtained  from  fermentation  amyl  cyanide  forms  a  barium  salt  which  contains  2H-0, 
and  dissolves  at  18-5°  to  the  amount  of  34-65  parts  of  dry  salt  in  100  parts  of  water. 
The  calcium  salt  of  the  caproic  acid  separated  as  above,  contains  1  mol.  H-0,  corre- 
sponding therefore  ■with  the  normal  caproate,  and  not  with  that  of  ordinary  caproic 
acid,  which  contains  3H=0.  100  parts  of  its  solution  at  21°-22°  contain  4-4  parts  of 
dry  salt,  the  solution  of  normal  calcium  caproate  at  185°  containing  2'7  parts,  and 
that  of  the  ordinary  caproate,  11-3  parts  of  dry  salt.  Tliese  properties  show  that  the 
caproic  acid  enntainnd  in  crude  butyric  acid  of  fermentation  is  normal  caproic  acid. 
No  aciil  was  i'Duiid  lii)lliiigat  a  higher  temperature  than  caproic  acid. 

BUT-STBIC  AliSSH-S-DE,  C'ffO  =  CTl'.CHO.  The  preparation  of  normal 
Jutyric  aldehyde,  its  physical  properties,  and  its  conversion  into  normal  butyl  alcohol 
have  been  already  described  in  connection  with  that  alcohol  (p.  214). 

Isobutyric  Aldehyde.  CH(CIi^)-.CHO,  may  be  prepared  by  distilling  calcium 
isobutyrato  witli  calcium  formate,  or  by  oxidation  of  isobutyl  alcoliol.  By  tlio 
former  process  Linnemann  and  v.  Zotta  {Ann.  Ch.  Fharm.  clxii.  7)  obtained  isobutyric 
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aldehyde  having  a  sp.  gr.  of  0-803  at  20°  and  a  corrected  boiling  point  of  60°-62°  ;  it 
dissolved  in  9  volumes  of  water  at  20°,  and  gave  crystals  -with  sodium  bisulphite, 
from  which  it  was  separated  by  potash  without  alteration.  By  the  action  of  water 
and  sodium-amalgam  it  is  reduced  to  isobutjd  alcohol  (p.  214). 

A.  Pinner  {Deut.  Chem.  Ges.  Ber.  v.  699)  prepares  isobutyric  aldehyde  by  cautiously 
oxidising  isobutyl  alcohol  with  chromic  acid  solution  mixed  with  sulphuric  acid,  to 
dissolve  the  chromic  hycbate  produced;  100  grams  of  the  alcohol,  |  litre  of  water,  95 
grams  of  chromic  acid,  and  about  90  c.c.  of  strong  sulphuric  acid  being  employed,  and 
the  mixture  being  only  gently  warmed.  On  re-distillation  of  the  distillate  in  the 
water-bath,  isobutylic  isobutyrate  is  left,  and  the  aldehyde  distils  over.  After  treat- 
ment with  sodium  bisulphite  (whereby  crystals  are  formed),  and  drying  over  calcium 
chloride,  the  aldehyde  boils  constantly  at  61°.  It  forms  a  difficultly  crystallisable 
compound  with  ammonia.  Potash  appears  to  polymerize  the  aldehyde,  forming  a 
yellow  liquid  of  peculiar  aromatic  odour,  boiling  for  the  most  part  at  145°-!  55°. 

Sulphuretted  hydrogen  forms  with  isobutyric  aldehyde  an  uncrystallisable  oil  having 
an  abominable  alliaceous  odour.  With  an  aqueous  solution  of  isobutyl-aldehyde- 
ammonia,  sulphuretted  hydi'ogen  yields  isobutyraldine,  C'-H"NS-,  as  an  amorphous 
mass,  very  difficult  to  crystallise.  This  compound  forms  with  mercuric  chloride  a 
compound  nearly  insoluble  in  water,  amorphous  to  the  naked  eye,  but  crystalline 
under  the  microscope.  Isobutyric  aldehyde  shaken  with  carbon  bisulphide,  after 
saturation  with  concentrated  ammonia,  forms  carboisobutyraldine,  C'H'*N"S^ 
which  is  crystsalli sable  and  soluble  in  alcohol  and  ether,  but  not  in  water,  and  melts 
at  91° 

Para-isohutyric  Aldehyde.  Barbaglia (D«t<.  Chem.  Gcs.Ser.x.  105.  2) obtained 
a  polymeric  modification  of  isobutyric  aldehyde  by  passing  chlorine  into  the  aldehyde 
kept  at  a  low  temperature.  A  white  crystalline  body  was  thereby  produced,  insoluble 
in  water,  but  soluble  in  alcohol  and  more  freely  in  ether;  melting  at  69°-60°,  and 
solidifying  at  50°-61° ;  volatile  with  vapour  of  water,  and  subliming  easily  v/ithout 
decomposition.  It  contained  no  chlorine,  and  gave  by  analysis  numbers  agreeing  w^ith 
the  formula  C^H^O.  Its  vapour-density  however  (105'55  and  10376  in  two  determi- 
nations) showed  that  its  true  formula  is  C'^ff^O-',  tlie  calculated  vapour-density  for 
which  is  108.  This  modification  is  therefore  para -isobutyric  aldehyde;  but  the  cir- 
cumstances under  which  it  is  formed  have  not  yet  been  ascertained,  as  on  repeating 
the  experiment,  the  same  body  was  not  produced. 

BUTYROITE,  C'H"0  =  CO(C^H')^  Dipropyl  Ketone  {Kwriz,  Ann.  Ch.  Fharm. 
clxi.  206.  E.  Schmidt,  Beut.  Chem.  Ges.  Ber.  v.  597).  Kurtz  prepares  this  body  by 
Chancel's  method  (\st  Suppl.  697)  namely  by  distilling  pure  calcium  butyratein  small 
portions  at  a  time,  and  submitting  the  crude  distillate  to  fractional  distillation. 
Agitation  with  alkaline  bisulphites  did  not  separate  any  of  the  butyrone,  but  appa- 
rently a  mixture  of  methyl-ethyl  ketone  and  methyl-propyl  ketone  {1st  Suppl.  592). 

Schmidt  heats  calcium  butyrate  mixed  with  calcium  carbonate,  to  prevent  fusion,  in 
a  wide  iron  tube  placed  in  a  combustion-furnace,  the  heat  being  gradually  carried  from 
the  back  to  the  front.  By  operating  in  this  manner  in  the  preparation  of  butyrone 
and  of  other  ketones,  a  much  larger  product  is  obtained  than  when  a  retort  is  used,  the 
formation  of  secondary  products  being  in  great  part  prevented.  Calcium  carbonate  is 
a  more  convenient  addition,  to  prevent  fluxing,  than  .quicklime,  as  the  latter  gives 
rise  to  the  formation  of  aldehydes.  The  crude  product  is  dehydrated  by  calcium 
chloride  and  purified  by  fractional  distillation. 

Butyrone  boils  at  144°  and  has  a  sp.  gr.  of  0-819  at  20°  (Schmidt) ;  0-83  (Chancel). 
It  is  converted  by  nitric  acid  into  nitropropionic  acid  Cff  (NO-)O'-,  and  by  oxidation 
with  chromic  acid  mixture  into  propionic  and  butyric  acids, 

C0{g|:    +    02    =    COC3H^Jo    ^  C3ffOjo 

Chlorine  acts  on  butyrone,  with  evolution  of  hydrogen  chloride,  producing  a  liquid 
which  decomposes  on  distillation  or  when  left  to  itself.  A  similar  product  is  obtained 
with  potassium  chlorate  and  hydrochloric  acid.  Phosphorus  pentachloride  also  acts 
readily  on  butyrone,  but  the  product  is  not  easily  separated  from  phosphorus  oxyclilo- 
ride  (Kurtz). 

On  adding  sodium  in  small  pieces  to  butjTone  mixed  with  a  very  small  quantity  of 
water,  a  strong  reaction  takes  place,  and  a  product  is  formed  containing  butyrone - 
pinacone  C'^WO'^,  and  a  secondary  heptyl  alcohol,  CH'^O,  having  the  constitution 
ofd  propylcarbinol. 

fC^ff  rc^H' 
J  CO  +  H=  =  J  CHOH 

(C^IF  (C^H' 
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This  alcohol  boils  at  149°-150°,  or  about  24°  lower  than  normal  hoptyl  alcohol  or 
hoxyl  carbinol  C^H'^.CH-OH,  and  about  12°  lo-wcr  than  the  secondary  methyl-pentyl 
earbinol  CH^.CHOH.C^H",  both  of  which  have  been  obtained  by  ychorlommer  from 
pi't' oleum  oil  (see  Heptyl  Alcohols). 

liy  oxidation  with  chromic  acid  mixture,  dipropyl  carbinol  is  reconverted  into 
l.iityronc  (Kurtz), 

BUTYBOKTE-PIITACOWi:,  C"H5»0=  =  2C'H"0  +  H=,  is  a  crystalline  body  of 
sp.  gr.  0-87  at  20°,  molting  at  68°.  resolidifying  at  67°,  and  distilling  at  about  260°.  It 
smells  and  tastes  like  camphor,  dissolves  in  alcohol  and  ether,  sparingly  in  water,  but 
does  not  appear  to  form  a  definite  hydrate,  as  is  the  case  with  thep)inacono  of  common 
acetone.  By  oxidation  with  potassium  dichromate  and  sulphuric  acid,  it  is  reconverted 
into  butyrone  (Kurtz). 


0 

CABBAGE.  Analyses  of  ths  ashes  of  the  winter  cabbage  (Brassica  oleracea,  var. 
accphala)  have  been  made  by  Hofmann  {Landwirthschaftlichc  Versiwhs-Stationen,  xiii. 
255).  The  plant  was  examined  at  two  stages  of  its  development,  as  young  plants 
gathered  in  July,  and  as  mature  plants  taken  in  the  follo\ving  January.  The  young 
plants  averaged  20  cm.  in  height,  and  4-8  grams  in  weight.  The  full-grown  cabbages 
were  40-50  cm.  in  height,  and  their  average  weiglit,  after  removing  the  lessor  roots, 
was  236' grams.  Of  this  weight  the  leaves  of  the  cabbage  contributed  188  grams,  and 
the  stalk  48  grams.    Analysis  showed  100  parts  in  the  fresh  state  to  contain : 


Young  plant 

-Winter  cabbage 

Leaves 

Stalk 

Water  .... 

Dry  Substance 

Ash      ...  . 

Nitrogen 

85-167 
14-833 
4-257 
-688 

20-634 
79-366 
1-820 
3-064 

22-458 
77-542 
1-456 
1-661 

The  composition  of  tJie  ash  in  100  parts  was  as  follows  : — 

Y^oung  plant 

■Winter  cabbage 

Leaves 

Stalk 

Potash  .... 

Soda  .... 

Lime  .... 

Magnesia 

Ferric  oxido  . 

Phosphoric  acid  . 

Sulphuric  acid 

Silica  .... 

Chlorine 

Carbonic  acid 

Sand  and  charcoal 

30-959 

17-710 

4-099 
1-565 

7-  750 

8-  616 
1-231 
8-189 

15-175 
6-420 

31-728 
2-015 

14-426 
2-845 
8-108 

10-093 

6-  087 

1-  198 

7-  640 
13-114 

2-  692 

39-415 

3-  517 
12-355 

4-  887 
1-347 

12-203 
9-203 
•845 

6-  805 

7-  878 
1-325 

101-714 

99-946 

99-840 

CilDlTlIUM.  According  to  Schonn  {Zcitschr.  anal.  Chem.  x.  291),  the  action  of 
this  metal  on  nitric  acid  ,which  is  rapid  under  ordinary  circumstances,  is  arrested  when 
the  cadmium  is  placed  in  contact  with  a  suiUciently  large  quantity  of  platinum. 

"When  a  plate  of  cadmium  and  a  plate  of  copper  are  immersed  in  a  solution  of  cad- 
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mium  sulphate  deprived  of  air  and  covered  -svitli  a  layer  of  oil,  only  a  slight  disen- 
gagement of  hydrogen  is  observed  ou  the  surface  of  the  CJidmium,  so  long  as  the  two 
plates  do  not  touch,  the  cadmium  being  at  the  same  time  feebly  attacked ;  but  as  soou 
as  the  plates  are  made  to  touch,  a  deposition  of  cadmium  takes  place  on  the  copper 
plate  (Eaoult,  Compt.  rend.  Ixxv.  1103). 

CaiSSUM!.  Occurrence.  The  hot  spring  of  "Wheal  Clifford  in  Cornwall  contains 
1-71  part  of  caesium  chloride  in  a  million  parts  by  weight,  or  0-12  grain  in  a  gallon, 
that  is  about  10  times  the  quantity  contained  in  the  Diirkheim  water  (Col.  Yorko, 
Chem.  Soc.  J.  [2]  x.  273). 

Sonstadt  has  detected  csesinm  and  rubidium  in  sea-water  and  in  sea-weed  (C/ifw. 
News,  xxii.  25,  44). 

Preparation  from  Lepidolite.  Stolba  {Binr/l.  fol.  J.  excvii.  336)  heats  lepidolite 
with  sulphuric  acid  (for  the  preparation  of  silicoiluoric  acid)  and  utilises  the  residue 
for  the  preparation  of  caesium  and  rubidium.  The  residue  is  boiled  with  5  or  6  times 
its  volume  of  water,  to  which  potassium  carbonate  is  added  (40  parts  to  100  lepidolite), 
and  the  liquid  is  filtered  at  the  boiling  heat.  On  cooling  it  deposits  a  large  quantity 
of  potassium-alum  containing  rubidium  and  caesium,  which  may  be  separated  either  by 
Eedtenbaeher's  method  (v.  129)  or  by  dissolving  the  alums  in  hot  strong  hydrochloric 
acid,  precipitating  the  ca;sium  with  stannic  chloride  {\st  Siippl.  382),  and  after  evapo- 
rating the  excess  of  hydrochloric  acid  from  the  filtrate,  separating  the  rubidium  by 
silicotiuoric  acid.    The  lithium  remains  in  the  mother-liquor  of  the  alums. 

According  to  Lecoq  de  Boisbaudran  {Bull.  Soc.  Chim.  [2]  xvii.  651)  a  solution  con- 
taining nothing  but  alkaline  salts  may  be  obtained  from  lepidolite,  more  rapidly  than 
by  the  usual  metliods,  by  acting  on  that  mineral  with  hydrofluoric  acid,  adding  excess 
of  chalk,  filtering,  precipitating  with  sodium  carbonate  and  sodium  sulphide,  and 
again  filtering. 

In  separating  the  rubidium  and  caesium  by  Bunsen's  method,  it  is  better,  instead  of 
washing  the  mixed  bitartrates,  to  dissolve  them  in  just  enough  hot  water,  and  to  stir 
the  solution  till  it  is  cold.  When  the  resulting  precipitate  of  rubidium  bitartrato 
is  treated  in  the  same  way  two  or  three  times,  it  is  obtained  quite  free  from  caesium. 

CcBsiostannio  chloride,  2CsCl.SnCl'',  crystallises  in  octahedrons  or  cubo-octahedrons, 
and  has  a  sp.  gr.  of  3'308  at  20'6°  (referred  to  water  at  the  same  temperature).  Before 
precipitating  caesium  -ndth  stannic  chloride,  it  is  necessary  to  expel  ammoniaeal  salts, 
inasmuch  as  ammonio-stannic  chloride  is  insoluble  in  strong  hydrochloric  acid.  To 
decompose  the  caesiostannic  chloride,  it  is  mixed  witli  powdered  sal-ammoniac  and 
ignited,  whereupon  the  stannic  chloride  volatilises  (Stolba,  Dingl.  pol.  J.  cxcviii.  265). 

CAPPBIWE,  C''H"'N''0=.  Extraction  from  Coffee. — Acccording  to  H.  Aubert 
{Pfliigcr's  Archiv.  f.  Phj/siologie,  v.  889)  the  largest  amount  of  caffeine  is  obtained  by 
exhausting  the  coffee  with  water,  either  by  percolation  or  by  decoction,  evaporating  to  a 
syrup,  and  treating  the  syi'up  from  five  to  eight  times  with  chloroform  at  a  temperature 
near  60°. 

Kaw  beans  of  the  yellow  Java  kind  yielded  by  this  method  O-709-0-849  p.c.  while 
they  gave  only  0'474  by  Garot's  method  of  precipitation  -^vith  basic  lead  acetixte.  When 
much  roasted,  coffee  loses  a  certain  quantity  of  caffeine,  which  sublimes,  whereas  it 
loses  none  by  slight  roasting.  Notwithstanding  this,  the  coffee  made  in  the  usual  way 
by  percolation  from  strongly  roasted  coffee  contains  rather  more  caffeine  than  that 
made  from  an  equal  weight  of  slightly  roasted  coffee,  as  the  roasting  renders  it  more 
easy  to  extract. 

Wlien  coffee  is  prepared  by  pouring  six  to  ten  times  its  weight  of  boiling  water 
three  or  four  times  over  ground  coffee,  nearly  the  whole  of  the  caffeine  is  extracted, 
hardly  one-fifth  of  it  remaining  in  the  grounds.  The  quantity  of  caffeine  in  a  cup  of 
coffee  prepared  from  16|-  grams  of  coffee  is  about  O'l  to  0'12  gram.  A  cup  of  tea 
prepared  in  the  ordinary  way  from  6-6  grams  of  Pekoe  tea  contains  also  about  O'l  to 
0-12  gram  of  caffeine. 

Physiological  action. — Caffeine  acts  upon  the  spinal  cord  and  causes  tetanus  in  doses 
of  O'OOo  gram  for  a  frog,  injected  subcutaneously ;  for  a  rabbit,  0-120  gram  (injected 
into  the  jugular  vein ;  for  cats,  0'200,  injected  in  the  same  way ;  and  the  same  quantity 
for  dogs.  It  has  a  peculiar  action  on  the  muscles  of  frogs,  especially  when  directly 
applied  to  them,  causing  them  to  become  rigid  and  white,  apparently  from  coagulation 
of  the  myosin.  It  does  not  exert  this  action  ou  the  muscles  of  mammalia.  The  tetanus 
is  removed  by  artificial  respiration,  and  if  this  process  is  kept  up  for  about  a  quarter 
of  an  hour,  no  recurrence  of  the  tetanus  tiikes  place,  oven  though  the  respiration  is 
then  discontinued,  showing  that  the  caffeine  is  quickly  eliminated  or  destroyed  in  the 
organism.  Occasionally  it  produces  a  paralysis  of  the  hind  legs  in  rabbits.  The  action 
of  caffeine  docs  not  explain  the  stimulating  and  reviving  action  of  coffee  (Aubert), 
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Estimation  of  Caffeine  in  Tea-leaves. — The  finely  powdered  tea-leaves  are  lioated  for 
a  few  minutes  with  three  times  their  quantity  of  chloroform,  and  the  liquid,  when  cold, 
is  filtered  off.  The  chloroform  is  then  removed  by  distillation,  and  tlie  residue  is  well 
washed  -n'ith  hot  water  and  filtered  ;  the  filtrate,  on  evaporation,  leaves  a  crystalline 
mass  of  caffeine.  By  this  means  sufficient  caffeine  may  be  extracted  from  20  grams  of 
tea  to  give  the  characteristic  reaction  with  chlorine-water  and  ammonia  (E.  Lieventhal, 
Chem.  CentralUait,  1872,  631). 

Action  of  Baryta-water  on  Caffeine  and  Caffcicline. — The  base  C^H'NO-,  obtained, 
together  with  formic  acid,  by  the  prolonged  action  of  baryta-water  on  caffeine,  was 
regarded  by  Schultzen,  who  discovered  it,  as  different  both  from  sarcosinc  and  from 
alanine,  inasmuch  as  it  did  not  appear  to  form  double  salts  with  auric  chloride  or 
platinic  chloride  {Ist  Siqypl.  SS3).  Eosengarten a.  Strecker,  however  (Ann.  Ch.  Pharm. 
clvii.  1),  have  succeeded  in  preparing  both  the  auro-chloride  and  the  platino-chloride 
of  this  base,  and  find  that  they  are  identical  in  composition  and  properties  with  the 
corresponding  salts  of  sarcosine  or  methyl-glycocine,  CH-(NHOH').COOH.  The  base 
obtained  from  caffeine  also  dissolves  cupric  oxide  on  boiling,  and  the  liquid  on  cooling 
yields  well-defined  rhombic  crystals  of  the  compound  (C^H"NO^)'Cu  +  H^O,  identical 
with  those  obtained  in  like  manner  from  sarcosine  prepared  from  creatine  (v.  197). 
Moreover,  when  its  aqueous  solution  is  mixed  with  cyanamide  and  a  little  ammonia, 
it  is  converted  into  creatine. 

A  further  proof  of  the  identity  of  this  base  with  sarcosine  is  afforded  by  tlie  fact, 
noticed  by  Schultzen,  that  when  treated  with  nitrous  acid  it  yields  a  nitroso -compound, 
the  calcium  salt  of  which  is  represented  by  tlie  formula  [OTI^(N0)]Sr02]^Ca  +  WO, 
inasmuch  as  compounds  which  contain  the  group  NH-  are  usually  converted  by  nitrous 
acid  into  oxy-compou nds  (e.g.  alanine  into  lactic  acid),  whereas  those  which  con- 
tain the  methylamine  residue  ]SrH(CH^)  yield  nitroso-compounds  ;  thus  : — ■ 
E.NH-  HNO^  =  E.OH  +  H=0  +  W. 
E.NHCH^  -f  HN02  =  E.N(CH^)NO  +  W.O. 

The  equation  represeoting  the  decomposition  of  caffeine  by  baryta-water  is 

C«H'°N'02  +  6H'0  =  2C0-  ■¥  2CffN  +  NH'  +  CH-O^  -t-  CTl'NO^. 

Creatine  similarly  treated  yields  sarcosine,  carbon  dioxide,  and  ammonia,  but  neither 
formic  acid  nor  methylamine. 

CAJUPU'T  OXXi.  The  presence  of  copper  in  cajuput  oil  was  first  observed  by 
Giiibourt,  who  found,  on  examination  of  a  certain  specimen,  as  much  as  0'0274: 
p.e.  {lut  Suppi.  710) ;  at  the  present  day,  however,  the  actual  occurrence  of  copper  in 
well-authenticated  samples  has  been  much  doubted,  more  especially  since  the  investi- 
gations of  later  chemists,  have,  as  a  rule,  failed  to  corroborate  the  experiments  of 
Guibourt.  On  the  other  hand,  E.  Histed,  having  carefully  examined  numerous  specimens 
of  cajuput  oil  from  various  commercial  sources,  has  obtained  in  every  instance  abundant 
indications  of  the  presence  of  copper.  He  finds,  moreover,  that  cajuput  oil,  though 
naturally  possessing  a  green  colour,  becomes  perfectly  colourless  when  redistilled. 
This  colourless  oil  acts  readily  upon  metallic  copper,  and  in  a  few  days  re-acquires  a 
green  colour ;  the  quantity  of  copper  dissolved  is,  however,  too  small  to  render  the  oil 
unfit  for  medicinal  use  {Pkarm.  J.  Trans.  [3]  ii.  804). 

C.fl.I.Ji.J!SWS  OTln.  When  the  volatile  oil  obtained  from  the  root  of  Aconis 
Calamus  is  submitted  to  fractional  distillation,  the  boiling  point  rises  from  140°  to 
280°,  and  the  fraction  passing  over  at  170°  yields,  on  careful  redistillation,  a  con- 
siderable quantity  of  product  boiling  at  158°-159°.  The  oil  thus  obtained  is  a  hydi'o- 
carbon  (calameno)  having  the  composition  C'H"'.  It  smells  like  turpentine,  is  trans- 
parent, soluble  in  alcohol  and  ether,  and  has  a  specific  gravity  of  0-8793  at  0°.  It 
unites  with  hycbochlorio  acid,  forming  a  crystalline  mass  which  melts  at  about  C5°. 

The  oils  of  higher  boiling  point  yield  by  rectification  a  bluish  liqu.id  boiling  at  250°- 
255°.  The  colour  disappears  on  boiling  with  sodium,  and  the  hydrocarbon  then  boils 
at255°-258°.  .This  hydrocarbon  has  also  the  composition  C'"!!""';  it  dissolves  slightly 
in  alcohol,  easily  in  ether,  and  does  not  combine  with  hydi-ochloric  acid  (Kurbatow, 
Bcut.  Chem.  Gcs.  Bcr.  vi.  1210). 

CAI.CSPA1S.    See  Caeeoxates,  (p.  267). 

CAIiCatJSa  CHlsOHIDB.  Supersaturated  solution. — A  solution  of  350-400 
grams  of  crystallise-d  calcium  chloride  in  50  c.c.  of  water,  or  of  200  grams  of  the 
anhydrous  salt  in  250  c.c.  of  water,  prepared  warm,  may  be  shaken  after  cooling, 
cither  alone  or  with  fragments  of  glass,  without  crystallising,  but  solidifies  as  soon  as 
it  is  touched  with  a  crystal  of  calcixim  chloride.  The  same  solution  when  cooled  to 
6-8°  begins  to  crystallise,  the  temperature  then  rising  to  28°-29°,    A  solution  con- 
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taiuiug  55  p.c.  CaCl-  deposits  at  about  15°  large  plates  of  CaGl-.4H-0,  which  do  not 
induce  the  crystallisation  of  the  supernatant  liquid.  This  solution  in  passing  from 
the  liquid  to  the  solid  state  undergoes  at  70°  a  contraction  amounting  to  0'0832  of 
its  volume  (E.  Lefebvre,  Compt.  rend.  Ixx.  684). 

CAnZPKXC  ACID.  C'H'^O-.— An  acid  produced,  together  with  horneol,  by 
heating  camjihor  with  alcoholic  potash  in  sealed  tubes  to  180°-200° : 


AVhen  separated  by  acids  from  the  potassium  salt,  it  forms  a  more  or  less  coloured, 
nearly  solid  resin,  and  the  solutions  of  its  salts  when  evaporated  leave  only  uncr3-stal- 
lisable  syrups  or  amorphous  masses  (Bertholot,  Ann.  Ch.  Phys.  [3]  Ivi.  94).  Wheeler 
{Ann.  Ch.  Fharm.  cslvi.  84)  obtained  the  lead  salt  as  a  white  insoluble  powder  which 
gave  by  analysis  38'77  p.c.  lead,  the  formula  Pb(C'°H'^0-)-  requiring  38'27  p.c.  The 
oxycamphor,  which  Wheeler  obtained  by  heating  monochlorocamphor  with  alcoholic 
potash,  has  the  same  composition  as  camphic  acid  {1st  Suppl.  387). 

Kachler  {Ann.  Ch.  Pharm.  clxii.  268)  denies  the  existence  of  camphic  acid  as  a 
distinct  compound.  By  boiling  camphor  {I  lb.)  with  alcoholic  potash  in  a  flask  fitted 
with  a  condensing  tube  for  250  hom's,  treating  the  cooled  mass  with  water,  and  strain- 
ing the  liquid  through  a  cloth,  he  obtained  a  milky  liquid  containing  potassium 
camphate  and  unaltered  camphor ;  the  latter  was  removed  by  ether,  and  a  clear  solu- 
tion thereby  obtained  from  which  sulphuric  acid  threw  down  a  flocculent  resinous  mass 
of  crude  camphic  acid.  This,  when  subjected  to  prolonged  boiling  with  water,  yielded 
a  distillate  containing  campholic  acid,  and  as  residue,  a  hard,  brittle,  slightly  acid 
resin,  which,  when  heated  with  potassium  hydrate,  gave  off  a  large  quantity  of  camphor 
vapour,  leaving  a  difficultly  oxidisable  residue.  Hence  Kachler  concludes  that  the 
so-called  camphic  acid  is  nothing  but  a  mixture  of  campholic  acid  with  an  acid  resin, 
jirobably  formed  by  condensation  and  oxidation  of  several  molecules  of  camphor.  To 
this  Berthelot  replies  {Bull.  Soc.  Chim.  [2]  xvii.  390)  that  Kachler's  failure  in  obtain- 
ing a  definite  product  by  the  action  of  alcoholic  potash  on  camphor  probably  arose 
from  his  having  operated  in  an  open  vessel,  whereas  ]3erthelot  himself  obtained  camphic 
acid  by  heating  the  materials  in  sealed  tubes.  J.  Montgolfier  (iiztZ.  xviii.  114)  heated 
some  of  the  camphic  acid  prepared  by  Berthelot  with  water,  without  obtaining  a 
trace  of  campholic  acid  ;  neither  did  the  camphic  acid  when  treated  with  nitric  acid, 
yield  any  camphoric  acid,  as  it  should  have  done  had  it  contained  campholic  acid. 
The  question  as  to  the  existence  of  camphic  acid  as  a  definite  compound  must  therefore 
be  regarded  as  at  present  undecided.  According  to  Montgolfier,  camphic  acid  is  almost 
insoluble  in  cold,  slightly  soluble  in  boiling  water,  and  has  a  specific  rotatory  power 
of  +15-8°. 

CAIttPHOIiXC  ACID,  C'E'^O-.  This  monobasic  acid,  originally  obtained  by 
Delalande  by  passing  camphor-vapour  over  red-hot  potash-lime  {1st  Suppl.  726),  is 
best  prepared  by  Malin's  process  {\st  Suppl.  386),  namely  by  the  action  of  potassium 
on  a  hot  solution  of  camphor  in  petroleum  boiling  at  about  130°.  The  potassium 
campholate  thus  produced  yields,  when  decomposed  by  sulphuric  acid,  a  quantity  of 
campholic  acid  amounting  to  20-22  p.  c.  of  the  camphor  employed. 

Campholic  acid  crystallises  from  ether-alcohol  in  soft  nodular  groups  of  iiTegular- 
shaped  laminae.  It  is  nearly  insoluble  in  cold  water,  melts  below  the  boiling  point  of 
water,  then  dissolves  to  a  slight  extent,  and  separates  in  crystalline  flocks  on  cooling. 
It  volatilises  with  vapour  of  water,  becomes  buttery  at  80°,  and  melts  in  capillary 
tubes  at  95°,  (Delalande  gives  80°  as  the  melting  point).  Nitric  acid  converts  it, 
fijst  into  camphoric,  then  into  camphoronic  acid  : 


With  bromine  and  water,  campholic  acid  yields,  first  camphoric  acid,  then 
bromo-camphoric  anhydride,  C'"H"BrO^  and  lastly  oxy-camphoric  anhydride  C'^H'^O' 
(p.  236).  Phosphorus  pentachloride  converts  it  into  campholic  chloride  C"'H"0C1, 
which  is  an  oil  decomposed  by  water.  The  calcium  salt  when  distilled  yields  cam- 
pholene  OTI'^.  The  substance  called  cmnpholoiie  obtained  by  this  process  by  Dela- 
lande, who  assigned  to  it  the  formula  C'^H^^O,  was  probably  campholene  mixed  with 
some  oxidised  body  (Kachler,  Ann.  Ch.  Pharm.  clxii.  259). 

Most  of  the  campholates  are  crystallisuble.  The  potassivm  salt  C"'H"KO= 
and  the  sodium  salt  C'^H^'NaO^  obtained  by  dissolving  the  acid  in  the  dilute  alkalis, 
are  precipitated,  as  flocculent  or  sandy  crystalline  powders,  on  mixing  their  moderately 


2C"'H'=0  +  KHO  =  C'°H'«0 
Camplior.  Borneol. 


C'»H'^KO'-. 


Potassium 
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dilute  solutions  with  strong  caustic  alkali.  The  other  salts  are  formed  from  the 
.ammonium  salt  by  double  decomposition  ;  the  barium,  calcium,  zinc,  and  magnesium 
Halts  separate  in  microscopic  needles ;  the  copper  salt  as  an  amorphous  light-green 
precipitate  ;  the  silver  salt,  C'°H"AgO-,  as  a  white  precipitate  not  much  affected  by 
exposure  to  light.  Etliyl  campholato  is  not  formed  by  the  action  of  hydrogea 
chloride  on  an  alcoholic  solution  of  the  acid. 

CAnSPHOR,  C"'H"'0.  Artificial  Formatio7i.  When  cymene  (prepared  from  turpen- 
tine-oil or  Iroiii  citrcne)  is  oxidised  witli  potassium  chromate  and  sulphuric  acid,  in  a 
flask  providi  d  with  an  upright  condensing  tube,  a  small  quantity  of  a  white  crystalline 
substance  suljlimes  in  the  tube,  having  the  appearance,  odour,  and  composition  of  ordinary 
camphor.  The  substance  thus  obtained  was  found  to  boil  at  162°,  common  camphor 
boiling  at  175°;  the  difference  was  probably  due  to  impurity,  as  the  quantity  of 
substance  obtained  was  too  small  to  admit  of  purification  (Oppenheim,  Ucut.  Cheni. 
Gcs.  Ber.  v.  631). 

J  at  ion  of  Nitric  Acid.  When  camphor  is  heated  in  a  retort  with  nitric  acid  of 
sp.  gr.  r37,  there  is  formed,  besides  camphoric  and  eamphrctic  (camphoronic)  acids,  a 
volatile  liquid  which  floats  on  top  of  the  acid  liquid  condensed  in  the  receiver.  This 
substance  is  more  or  less  decomposed  by  washing  with  water  or  by  distillation,  and 
can  therefore  be  piu-ified  from  absorbed  nitrous  vapours  only  by  passing  through  it  a 
stream  of  dry  air  or  carbonic  acid  gas.  It  has  the  composition  of  a  nitrate  of  camphor 
2C'»H'«O.N20^  analogous  to  that  of  cinnamic  aldehyde  2C^ffO.Jir=0^  Water  imme- 
diately decomposes  it,  forming  camphor  and  nitric  acid.  Caustic  potash,  on  the  otlier 
hand,  does  not  affect  it  (Kachler,  ibid.  iv.  380). 

The  mother-liquors  obtained  in  the  preparation  of  camphoric  acid  deposit,  after  long 
standing,  a  crystalline  body,  which  by  recrystallisation  from  water,  is  obtained  in  thin- 
t  ransparent  rhombs  having  the  composition  of  t  e  tr  a  n i  t  r  o -  c  a m p h  or  C'°H'-(NO-)^0. 
It  volatilises  by  slow  evaporation,  and  explodes  when  quickly  heated.  It  dissolves 
sparingly  in  cold  water,  easily  in  alcohol,  ether,  and  ammonia,  and  forms  with  the 
latter  a  salt  which  is  precipitated  by  lead  acetate  and  silver  nitrate  (Schlebusch, 
ibid.  591). 

Action  of  Ammonium  Sulphide. — Camphor  heated  for  eight  or  ten  hours  to  130° 
with  alcoholic  ammonium  sulphide,  yields  a  product  which  crystallises  from  laot 
alcohol  in  feathery  crystals  and  appears  to  have  the  composition  C"'H"S.  (Schle- 
busch). 

Constitution  of  Camphor  and  its  Derivatives. 

As  camphor,  by  abstraction  of  water,  yields  a  homologue  of  benzene,  viz.  cymene, 
it  probably  contains  a  6-carbon  nucleus  to  which  the  remaining  four  carbon-atoms  are 
attached  in  lateral  chains.  V.  Meyer,  however  (JDetit.  Chcm.  Gcs.  Ber.  iii.  116),  supposes 
that  the  carbon-atoms  in  this  nucleus  do  not  form  a  closed  chain,  and  that  in  the 
oxidation  of  camphor  it  is  not  the  lateral  chains  -which  are  attacked  (as  in  that  case 
hydrogen  would  be  removed) ;  but  that  the  oxidation  appears  to  be  wholly  confined  to 
t  wo  of  the  six  carbon-atoms  of  the  nucleus.  Moreover,  he  considers  that  the  carbon- 
atoms  which  yield  carboxyl  by  oxidation,  cannot  be  attached  to  the  same  carbon-atom 
of  the  camphor-molecule,  as  in  that  case  the  camphor  could  not  be  converted  by 
dehydration  into  a  homologue  of  benzene.  On  this  view  then,  there  remain  only  three 
formulae  by  which  the  constitution  of  camphor  may  be  < 

COH 

C«H» 


-C(OH)  /CH 

II  /  II 

C»H'^  0  C^H'* 

II  \  II 


III  ,  X., 

CH  '  GH  \CH 

The  nucleus  CH'*  (which  includes  the  4  carbon-atoms  present  as  lateral  chains)  is 
in  these  formulse  quadrivalent;  in  camphoric  acid,  on  the  other  hand,  it  is  bivalent, 
two  of  its  units  of  affinity  neutralising  one  another  {vid.  infra). 

The  first  of  these  formulae  represents  camphor  as  an  aldehyde,  which  is  the  view 
proposed  some  time  ago  by  Berthelot ;  but  as  Tollens  and  Fittig  have  shown  that  it 
does  not  exhibit  any  of  the  properties  of  an  aldehyde  {1st  Swppl.  386)  this  formula 
must  be  rejected.  According  to  the  second  formula,  camphor  contains  the  group  OH, 
and  should  therefore  exhibit  alcoholic  characters.  It  diflfers,  however,  from  the 
alcohols  by  its  complete  indifference  to  acids ;  indeed  Berthelot  has  shown  that  it  may 
be  separated  from  borneol,  which  is  a  decided  alcohol,  by  its  indifference  to  stearic 
acid  and  other  acids.  Moreover,  it  is  not  altered  in  the  slightest  degree  by  prolonged 
heating  with  acetyl  chloride,  and  when  its  alcoholic  solution  saturated  with  hydrogen 
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chloride  is  left  for  weojcs  iu  sealed  tubes,  not  a  trace  of  ethylated  camphor  is  produced. 
From  these  results  it  may  be  inferred  that  camphor  does  not  contain  the  group  OH, 
and  therefore  that  it  cannot  be  represented  by  the  second  of  the  above  formulse. 

yGJL 

There  remains  then  only  the  third  formida  0<^    C^W*  as  the  representative  of  its 

\CH 

constitution.  The  constitution  of  the  nucleus  C^H'*  may  bo  inferred  from  that  of 
cymene,  -which,  according  to  the  experiments  of  Fittig,  Kobreich  and  Jilke,  has  the 
constitiition  of  methyl-propyl-  (or  isopropyl-)  benzene  {1st  Siippl.  302).  This  hydro- 
carbon, together  with  camphor  and  camphoric  acid,  may  accordingly  be  represented  by 
the  following  formulae : 

/CH  COOH 

il  I 

ccH=         — com 

I  I 

HCH  HCH 
I 

HCH 


CC^H' 


HCH 
1 

— CC^H' 


,GH  COOH 
Camphor.  Camphoric  acid. 

Borneol  and  campholic  acid  may  be  represented  by  the  following  formulae : 

CH(OH)  COOH 

II  II 
CSHU  C'H" 

II  I 

cm  cm 

Borneol.  Campholic  acid. 

Hlasiwetz  (ibid.  539)  agrees  with  Meyer  as  to  the  position  of  the  oxygen-atom  in 
camphor,  but  represents  the  group  CH}"  in  a  dilFerent  manner,  thus : 
IPC  CH-  H=C  


:=C  CH= 
Group  C">H'". 


Camphi 


On  the  other  hand,  Kachler  (Ann.  Ch.  Pharm.  clxix.  185)  regards  camphor  as  a 
ketonic  body,  containing  the  group  CO  and  formed  on  the  closed  ring  of  the  benzene 
nucleus.  The  ketonic  character  is  inferred  from  its  conversion  into  borneol  C"'H"'0, 
by  the  action  of  nascent  hydi'ogen,  which  is  similar  to  that  of  acetone  into  isopropyl 
alcohol,  and  by  its  reaction  with  bromine,  chlorine,  phosphorus  pentachloride,  and 
hydriodic  acid,  which  are  exactly  analogous  to  those  of  acetone. 

Kachler  represents  camphor  and  camphoric  acid  by  the  following  formulfe,  the  for- 
mation of  the  latter  by  oxidation  of  camphor  being  supposed  to  consist  in  the  con- 
version of  the  group  CO  into  COOH  and  of  the  propyl  grcaip  C^H'  into  C^H'COOH  : 
CH'  CH= 


CC=H' 


ffcr 


,  C=H*.COOH 


CH'' 
Camphor. 


CH= 
Camphoric  acid. 
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Wreclon  {Dcut.  Chem.  Gcs.  Bcr.  v.  1106)  finds  that  llio  liydroc.arljon  C^H"  obtained 
from  camphoric  acid  is  converted  by  fuming  nitric  acid  into  trinitro-isoxylene  : 
whence  it  would  appear  that  camphoric  acid  is  totrahydro-isoxylene-bi  carbon  ic 
acid : 


Tetrahydro-isoxylene. 


,coon 

Camphoric  acid. 


Borneol  is  related  to  camphor  in  the  samej manner  as  isopropyl  alcoliol  to  acetone; 
ind  campholic  acid  Uiay  bo  represented  as  the  mono-carbonic  acid  of  a  propyl-hoxylcne. 


Cninpholic  acid. 


fCOOH 


.  Wredon  (Aim.  CI,.  Tliann. 


(coon- 

clxiii.  32.3)  prepares  this  acid  by  dissolving  150  grams  of  camphor  in  2  litres  of  nitric 
acid,  sp.  gr.  1-27  (2  vols,  of  the  strong  commercial  acid  to  1  vol.  of  water)  and  heats 
the  solution  for  50  hours  in  a  large  flask  standing  in  a  water-bath  and  having  cemented 
to  its  month  a  long  condensing  tube,  bent  at  right  angles  and  leading  into  the  chimney. 
Camphor  thus  treated  yields  more  than  half  its  weight  of  purified  camphoric  acid. 

Camphoric  acid  melts  at  174:°-176°,  not  60°  and  70°,  as  commonly  stated  (V.  Meyer, 
Bent.  Chcm.  Ges.  Bcr.  iii.  116). 

Camphoric  acid  heated  with  hydriodic  acid  (sp.  gr.  17")  to  200°  for  not  more  than 
eight  hours — the  gases  formed  (CO  and  CO-)  being  allowed  to  escape  from  time  to  time 
— yields  a  heavy  iodised  oil  of  variable  boiling  point,  from  which,  by  distillation  over 
quicklime  and  subsequent  treatment  with  sodium,  the  hydrocarbon  C^H"  is  obtained. 
The  decomposition  is  represented  by  the  equation  : 

CioH'fiO*  =  C'H'*  -)-  WO  +  CO  -H  C0=. 

By  further  heating  the  iodised  oil  (C*H''.HI?)  with  hydriodic  acid  to  200°  for  nine 
hours,  the  hydrocarbon  CH'*  is  produced  (Wredeu,  Zeitschr.f.  Chcm.  [2]  vii.  120). 

Camphoric  acid  distilled  with  excess  of  lime,  splits  up  into  water  and  camphoric 
anhydride  C'^H^'O',  which  at  a  higher  temperature  is  further  decomposed  by  the 
lime  yielding  phorone ; 

Ci»H»Os  =  CO"-  +  CWO. 

Cupric  camphorate  when  strongly  heated  gives  oif  carbon  dioxide  and  the  Iivdrocarlon 
CH",  as  fii-st  observed  by  Moitissier  {Jahrrsh.  1860,  428)  : 

C'lP'CuO^  =  Cu  +  2C0-  +  C'H'i 
(V.  Meyer,  Zeitsclir.  f.  Chcm.  iii.  498). 

aseso-campboric  acid.  Camphoric  acid  has  hitherto  been  known  in  four  iso- 
meric niodilicatioiis  :  viz.  dextro-camphoric  acid  (the  ordinary  acid)  ;  Isevo-camphoric 
acid,  an  optically  inactive  acid  (para-camphoric  acid)  obtained  by  mixing  equivalent 
quantities  of  these  two  active  acids  ;  and  an  insolulsle  modification,  also  optically 
inactive,  which  is  formed  by  decomposing  para-camphoric  ether  with  boiling  pot;ish-ley 
{\st  Srtppl.  389). 

A  new  inactive  modification — meso-camphorie  acid — related  to  dextro-camphoric  acid 
in  the  same  manner  as  meso-tartaric  acid  to  dextro-tartaric  acid — is  formed  by  the 
regulated  action  of  concentrated  hydriodic  or  hydrochloric  acid  on  the  ordinary  dextro- 
acid,  c.ff.  when  this  acid  is  heated  to  140°  in  portions  of  5  grams  oach  witli  20  c.c.  of 
fuming  hydrochloric  acid  (at  200°  the  hydrocarbon  CH'^  is  obtained). 
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Meso-camplioi'iii  acid  crystallises  from  -water  in  felted  needles  or  nodulos.  It 
crystallises  unaltered  from  solution  in  strong  sulphuric  acid,  -whereas  ordinary  cam- 
phoric acid  is  converted  thereby  into  the  anhydride.  By  prolonged  action  of  sulphuric 
acid  a  sulpho-acid  is  formed  exhibiting  all  the  properties  of  Walter's  sulpho-caniphorio 
acid. 

Meso-camphoric  acid  -when  heated  yields  a  sublimate  of  camphoric  anhydride.  Its 
ammonium  salt  forms  an  amorphous  transparent  mass,  the  calcium  salt  has  been  ob- 
tained  only  in  pellicles. 

When  nieso-caniphoric  acid  is  repeatedly  crystallised  from  -water,  or,  better,  from 
dilute  alcohol,  or  -when  its  aqueous  solution  is  boiled  for  a  fortnight  -with  hydrochloric 
acid,  it  is  converted  into  a  ne-w  modification,  having  all  the  properties  of  common 
camphoric  acid,  with  the  exception  of  being  inactive.  By  treating  it  -with  an  excess 
of  concentrated  hydriodic  acid,  the  hydrocarbons  C'H",  C^H"',  0*11'^  are  formed, 
(Wreden,  Zeitschr.  f.  Chan.  [2]  vii.  419). 

Substittction-prochicis  of  Camphoi^io  Anhydride  C'lI'^O'. 

Bromo-oampliorlc  Anbydride,  C'»H'^BrO^.— AVhon  1  mol.  bromine  is  heated 
■with  1  mol.  camphoric  acid  in  presence  of -water  to  170°  and  the  mixture  is  left  to  cool, 
long  prismatic  crystals,  probably  having  the  composition  C"'II"'O^Br'',  are  obtained, 
which  -when  exposed  to  the  air  are  slo-wly  resolved  into  bromine  and  camphoric  acid. 
In  the  absence  of  -water  the  reaction  takes  a  different  course,  bromoeamphoric  anhy- 
dride being  formed : 

C'»Hi^O*  +  Br"-  =  C'°H"BrO'  +  HBr  +  H=0. 

To  prepare  this  body,  a  mixture  of  12  grams  camphoric  anhydride  and  18  grams  dry 
bromine  is  heated  in  a  sealed  tube  for  about  three  hours  at  130° — 140°.  The  contents 
of  the  tube  are  then  -washed  out  -with  ether,  and  the  -white  po-wder  so  obtained  is  re- 
crystallised  from  chloroform.  It  is  less  soluble  in  ether  than  camphoric  anhydride  ; 
crystallises  from  strong  boiling  alcohol  in  small  needles,  but  with  partial  decomposi- 
tion. It  dissolves  undecomposed  in  60  jjer  cent,  spirit  at  a  temperature  of  60°,  and  is 
readily  soluble  in  chloroform,  from  which  it  may  be  obtained  in  transparent  prismatic 
crystals.  It  blackens  when  heated  to  100°,  and  is  not  attacked  by  phosphorus  penta- 
chloride  under  the  ordinary  atmospheric  pressure.  It  does  not  exhibit  the  usual 
behaviour  with  water  characteristic  of  anhydrides ;  for  on  treatment  with  water  or 
alcohol,  the  bromine  becomes  replaced  by  the  OH  or  OG-W  group.  More  highly 
brominated  products  of  camphoric  anhydride  have  not  been  obtained  (Wreden,  Ann. 
Ch.  Fharm.  clxiii.  330  ;  Zeitschr.  f.  Chem.  [2]  vii.  97). 

Oxycampboric  Anhydride,  C'H'^O*  =  C'°H"(0H:)03  (also  called  Camphanio 
acid)  is  prepared  by  heating  bromoeamphoric  anhydride  with  -water  in  a  flask  con- 
nected with  an  inverted  condenser.  If  the  bromanhydride  contains  camphoric  anhy- 
dride, the  product  will  also  contain  camphoric  acid.  To  remove  this,  it  is  converted 
into  the  lead  salt,  whereupon  insoluble  lead  caniphorate  is  formed,  which  may  be 
filtered  off;  and  the  oxyacid  then  set  free  by  sulphuric  acid  (Wreden).  It  is  also' pro- 
duced by  the  action  of  bromine  and  water  on  campholic  acid  (Kuchler,  ibid.  Ixxii.  264) : 

CioH"0=  +  2ffO  +  Br'  =  8HBr  +  C>»H»0*. 

Oxycamphoric  anhydride  melts  at  201°,  and  if  heated  for  some  time  at  200°  begins 
to  decompose  ;  it  is  soluble  in  ether  and  alcohol,  also  in  water,  but  in  this  case  it  first 
melts  ;  it  also  separates  as  an  oil  on  cooling  from  a  hot  satiu-ated  aqueous  solution. 
It  crystallises  with  one  or  two  molecules  of  water,  but  becomes  anhydrous  on  standing 
over  sulphuric  acid  in  a  vacuum. 

Oxycamphoric  anhydride  forms  salts,  all  of  which  with  the  exception  of  the  sodium 
salt,  are  crystalline  and  soluble  in  water.  The  lead  salt  is  difficultly  soluble  even  in 
boiling  water;  the  barium  and  silver  salts  decompose  when  heated  with  water;  a 
volatile  oil  escapes  while  barium  carbonate  or  silver  remains.  The  cadmium  salt, 
Cd(C"'H'^0^)^  +  3aq.,  crystallises  in  transparent  prisms  which  lose  tlieir  water  at 
100°.  The  ether  C"'H"(C2II^)0\  produced  by  passing  hydrochloric  acid  gas  into  a 
solution  of  oxycamphoric  anhydride  in  absolute  alcohol,  or  by  heating  bromo- 
eamphoric aniiydride  -vi-ith  alcohol  to  150°  in  sealed  tubes,  forms  prismatic  needles, 
which  melt  at  63°  and  sublime  below  100°;  it  dissolves  readily  in  alcohol,  ether, 
chloroform,  and  carbon  sulphide,  slightly  in  boiling  water,  which  is  withoiit  action 
on  it.    It  is  saponified  by  heating  with  potash-solution. 

Phosphorus  pentachloride  converts  oxycamphoric  anhydride  into  the  corresponding 
chloranhydride  from  which  water  regenerates  oxycamphoric  anhydride. 

On  heating  the  calcium  salt  of  oxycamphoric  aniiydride,  an  oil  is  obtained,  which, 
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after  heating  with  sodium  in  a  sealed  tube  to  100°,  boils  at  118° — 120°,  has  tho 
composition  C*H'*,  and  the  vapour-density  3-75  (calculated  3-8) : 
C'»H"0'  =  cm'*  +  2C0-. 

The  same  body  is  formed  by  heating  oxycamphoric  anhydride  ■with  water  to  180°, 
carbonic  anhydride  and  carbonic  oxide  being  evolved ;  probably  also  by  heating  the 
anhydride  to  150°  with  strong  hycbiodic  acid  (Wreden). 

It  will  be  seen  from  tho  results  above  described  that  oxycamphoric  anhydride 
exhibits  tho  characters  of  an  acid,  hence  the  name  cathphanic  acid ;  it  is  the  first 
representative  of  a  new  class  of  acids  not  containing  carboxyl  (Wreden,  loc.  cit.). 

Amldocamphoric  Anbydride  and  acid,  C"'H''(NH-)0',  is  formed  by  dis- 
solving bromocamphoric  anhydride,  C"'H"BrO',  in  aqueous  ammonia  at  150°.  It 
crystallises  in  needles,  is  sparingly  soluble  in  boiling  water  and  cold  alcohol,  but 
dissolves  readily  in  boiling  alcohol.  When  heated  it  begins  to  sublime  at  150°,  and 
molts  at  208°.  Nitrous  acid  converts  it  into  oxycamphoric  anhydride,  C"'H''(HO)0^. 
The  same  compound  is  formed  by  boiling  it  with  concentrated  alkalis,  whilst  dilute 
alkalis  produce  amidocamphoric  acid,  C'"H"(NH^)0*  +  H-0,  which  is  more  soluble 
in  alcohol  than  the  anhydride,  and  crystallises  in  small  shining  prisms.  It  loses  its 
water  at  85°,  and  between  85°-160°  is  changed  into  the  anhydride,  which  is  also 
formed  by  the  action  of  nitrous,  or  of  concentrated  hydrochloric  and  sulphuric  acids. 
The  calcium  salt  Ca(C"'H'''NH-0')-  +  2H^0  forms  transparent  prisms,  and  dissolves 
readily  in  water;  a  normal  calcium  salt  could  not  be  obtained.  The  copper  scdt 
crystallises  from  water  in  blue  shining  needles  ;  the  cadmium  salt  in  iridescent  pellicles. 

CAI«PHOIt0372C  ACID,  C'R^O^  (Kachlor,  Ann.  Ch.  Pharm.  clix.  281).  This 
acid  is  formed,  together  with  camphoric  acid,  by  tho  action  of  nitric  acid  on  camphor. 
The  syrupy  concentrated  mother-liquor  from  which  the  camphoric  acid  has  separated 
deposits  crystals,  after  standing  for  some  months,  the  mass  finally  becoming  semi- 
solid; and,  on  subjecting  this  mass  to  strong  pressure,  and  recrystallising  the  solid 
portion  from  water,aft6r  decoloration  with  animal  charcoal,camphoronic  acid  is  obtained 
in  minute  pearly  crystals,  very  soluble  in  water,  alcohol  and  ether,  but  almost  insoluble 
in  benzene  and  carbon  sulphide.  The  aqueous  solution  lias  an  acid  taste  and  reaction 
and  decomposes  carbonates,  forming  two  classes  of  salts,  in  which  2  and  3  atoms  of 
hydrogen  are  replaced  by  metals.  Tho  acid  itself,  when  air-dry,  has  tho  com- 
position CH^O"  or  Cff'-'OMI-O.  It  does  not  give  oflF  water  at  100°,  but  when 
heated  to  110°  it  begins  to  fuse  and  loses  water,  giving  an  anhycbous  compound  which 
melts  at  115°,  and  distils  unaltered  at  a  slightly  higher  temperature  ;  both  the  dis- 
tilled product  and  the  substance  melting  at  115°  have  the  composition  C^H'-'O^ 

Caraphoronic  acid  is  not  precipitated  in  the  cold  by  any  metallic  salt,  except  lead-salts, 
which  give  a  white  precipitate.  On  heating  it  with  solution  of  cupric  acetate,  a 
copious  light  green  precipitate  is  formed,  which  redissolvcs  completely  as  th^  liquid 
cools. 

The  bibasic  a7>i7nonium  salt  gives  off  both  water  and  ammonia  at  100°;  dried  f« 
vacuo  it  contains  C''II"'(NH')^0*  +  H*'0.  The  hibasic  barium  and  zinc  salts  are  ob- 
tained by  treating  tlie  acid  with  the  carbonates  of  these  metals;  dried  at  170°  they 
contain  CH^BaO*  and  CH'^ZnO^  -1-  H-O.  the  latter  not  losing  its  water  even  a't 
200°. 

By  boiling  a  solution  of  the  acid  saturated  with  ammonia  with  barimn  cldoride,  an 
insoluble  sandy  crystalline  powder  is  precipitated  which  will  bear  washing  -^vith  water; 
this  is  a  tribasic  salt,  and  has  the  composition  Ba'(C"II"0^)-  +  2W0,  the  water  of 
crystallisation  being  lost  at  185°  ;  the  formation  of  this  sandy  precipitate  on  boiling 
serves  as  a  qualitative  test  for  the  acid,  and  also  as  a  means  of  preparing  tlie  pure 
acid  from  the  syrupy  mother-liquors  in  the  first  instance,  by  decomposition  of  the 
salt  with  dilute  sulphuric  acid  and  exhaustion  with  ether. 

A  tricalcic  salt  Ca^(C''H''_0^)'-  +  ^WQ  is  obtained  in  needle-shaped  crystals  by 
satm-ating  the  acid  with  calcium  carbonate. 

A  iricupric  salt  is  formed,  as  above  mentioned,  by  heating  the  solution  of  enmphor- 
onic  acid  with  cupric  oxide,  and  separates  as  a  light  gi-een  powder,  which  redissolves  on 
cooling,  but  may_  be  washed  with  hot  water ;  its  composition  is  Cu3(C"H''0*)-  + 
411-0.  The  liquid  filtered  from  this  and  concentrated,  deposits  after  some  time  a 
bluish  green  salt  of  darker  coloiu-  than  the  preceding,  and  having,  when  dried,  tlie 
composition  Cu--'(C'^HSO^)=  +  2H-0. 

Tho  lead  and  silver  sedts,  wliicli  are  obtained  by  precipitation,  the  latter  from  tho 
ammonium  salt,  are  decomposed  by  washing;  tho  silver  salt  apipears  to  be  tnlwisic. 
The  potassium  and  sodium  salts  are  extremely  soluble,  and  have  not  been  oljtaincd 
in  definite  forms. 

An  alcoholic  solution  of  cauiphorouic  acid  saturated  with  gaseous  hjxlrogeu  chloride. 
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deposits  an  oil  which  yields  by  distillation,  a  mono-eilii/lic  ether  C^R"(C-H.^)0^,  boiling 
at  302°. 

The  calcium  salt,  mixed  with  quicklime  and  distilled,  gives  a  thick  product,  from 
which,  by  rectification,  a  clear  and  perfectly  volatile  siTbstance  C'H'-O,  may  bo 
isolated,  formed  by  the  reaction,  CH'-O*  =  2C0-  +  C'H'-O.  This  formula  requires 
a  vapour-density  =3'86  ;  the  numbers  found  in  two  determinations  were  3'69  and  o'li. 

Camphoronic  acid,  heated  with  three  times  its  weight  of  caustic  potash,  is  com- 
pletely decomposed ;  and  by  distillation  of  the  product  with  dilute  sulphuric  acid,  a 
distillate  containing  butyric  acid  is  obtained,  the  reaction  being,  CH'^O^  +  H-  -t-  H-'O 
=  2C^H»0=  +  CO^. 

Camphoronic  acid  is  a  product  of  the  oxidation  of  camphoric  acid,  and  is  always 
formed  when  the  latter  is  boiled  with  nitric  acid  till  camphoric  acid  no  longer  crystal- 
lises out  on  cooling.  If  tlio  liquid  be  then  evaporated,  an  acid  syrup  is  obtained, 
exhibitingall  the  properties  of  Schwanert's  camphretic  acid  {1st  Suppl.  390).  The  acid 
so  called  appears,  however,  to  be  nothing  but  a  mixture  of  camphoronic  and  cam- 
phoric acids,  the  former  of  which  may  be  separated  as  a  barium  salt  in  the  manner 
above  described ;  and  if  the  filtrate  be  then  acidulated  with  sulphuric  acid  and  agitated 
with  ether,  and  the  ethereal  solution  evaporated,  a  syrupy  liquid  resembling  the  so- 
called  camphretic  acid  is  obtained,  which,  sometimes  merely  on  standing,  but  more 
frequently  after  dilution  with  water,  deposits  crystals  of  camphoric  acid.  The  mother- 
liquors,  if  again  treated  with  ammonia  and  barium  chloride,  yield  an  additional  quan- 
tity of  camphoronic  acid. 

OxT/camphoronic  acid  CH'^O"  is  formed  when  a  mixture  of  1  mol.  air-dried 
camphoronic  acid,  CH'-OMI-'O,  and  2  atoms  of  bromine  is  heated  to  130°  for  two 
hours  in  sealed  tubes:  C^H'^O"  +  Br-  =  2HBr  +  C'H'-O^  On  opening  the  tubes  a 
large  quantity  of  hydrogen  bromide  escapes,  and  a  syrupy  liquid  is  left,  which  dissolves 
almost  wholly  in  water,  forming  a  solution  which,  after  concentration,  deposits  hydrated 
oxycamphoronic  acid,  C'H'^C.H-O,  in  large  crystals  which  give  olF  their  water  at 
100°. 

The  crystals,  which  are  obtained  particularly  largo  and  fine  bj'  redissolving  the 
acid  in  water,  decolorising  the  solution  with  animal  charcoal,  and  leaving  it  to 
evaporate  over  sulphuric  acid,  are  monoclinic,  having  their  axes  a:  b  :  c:  =  1'4918  : 
1  :  0-&807O,  and  the  angle  ac  =  86-50.  Observed  faces  ooPoo.OP.  +Pc».ocP. 
(«.Poo).-|Po=.. 

Oxycamphoronic  acid  has  a  pure  and  pleasant  sour  taste :  it  dissolves  easily  in 
water,  alcohol,  and  ether.  The  dehydrated  acid  begins  to  melt  at  210°,  solidifies  in  the 
crystalline  form  on  cooling,  and  may  be  distilled  without  alteration.  It  is  a  strong 
acid,  decomposing  carbonates  with  facility,  and  forming  salts  in  which  2  or  3  atoms  of 
hydrogen  are  replaced  by  metals.  Like  camphoronic  acid,  it  is  not  directly  precipitated 
by  any  metallic  salts,  excepting  basic  lead  acetate.  It  does  not  exhibit  the  reaction  of 
camphoronic  acid  with  cupric  aceta,te,  but  behaves  in  a  similar  manner  to  that  acid, 
when  its  solution  saturated  with  ammonia  is  heated  with  barium  chloride,  excepting 
that  the  precipitated  barium  salt  is  bibasic  instead  of  tribasic,  as  in  the  case  of  cam- 
phoronic acid. 

An  acid  potassium  salt  C'H"KO'  +  WO  is  obtained  in  small  shining  crystals  by 
satmating  the  half  of  a  solution  of  the  acid  with  potassium  carbonate,  then  adding  the 
other  half,  and  concentrating.  The  neutral  salt  CWK-O",  obtained  by  complete 
saturation,  dries  up  in  a  vacuum  to  a  gummy  very  hygroscopic  mass.  The  barium 
salt  CTI"'BaO'',  prepared  as  above,  forms  nacreous  laminae.  The  calcium  salt  CH^CaC* 
dries  up  in  a  A'acuum  to  a  fissured  mass  which  may  be  triturated  to  a  chalky  powder. 
The  lead  salt  formed  by  precipitation  has,  when  dried  at  120°,  the  composition 
Pb'(C'-'H"0")-  +  2H-0  ;  it  is  the  only  trimetallic  oxycamplioronate  yet  obtained.  The 
silver  salt  CH'^Ag-O''  is  obtained  by  precipitation  in  white  flocks  ;  it  is  moderately 
soluble  in  water,  and  decomposes  partially  during  washing  and  drying. 

Oxycamphoronic  acid  is  not  formed  from  anhydrous  camphoronic  acid  by  the  action 
of  bromine  ;  neither  is  any  bromine  substitution-compound  obtainable  from  either  acid. 
Inised  caustic  potash  acts  on  both  acids  alike  ;  both  are  but  little  attacked  by  nitric 
acid,  and  are  unaltered  by  treatment  with  sodium-amalgam. 

CAMPHaSOTB. — This  name  was  given  by  Schwanert  to  a  product  isomeric  with 
phorone,  C"H"0,  which  he  obtained  by  the  action  of  sulphuric  acid  upon  camphor 
(l.si  8uppL  290).  According  to  Kachler,  however  {Ann.  Ch.  Pliarm.  clxiv.  79),  the 
substance  thus  obtained  is  not  a  definite  compound,  but  a  mixture  of  phorone  with  a 
hydrocarbon  which  raises  its  boiling  point  to  230°-235°  (pure  phorone  from  camphoric 
acid  boiling  at  208°).  Camphrene  prepared  according  to  Schwanert's  directions  gave 
by  analysis  1  p.c.  less  carbon  than  that  required  by  the  formula  C'H"0,  and  was 
resolved'  by  fractional  distillation  into  a  portion  boiling  at  a  considerably  lower  tern- 
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perature,  aud  a  liquid  whicli  boiled  at  242°-247°,  and  contained  only  6-9  p.c.  oxygen, 
instead  of  11 '59  as  required  by  the  same  formula.  By  oxidation  with  chromic  acid 
mixture  the  camphrene  prepared  as  above  yielded  acetic  and  adipic  acids — which  acids 
are  likewise  obtained  by  oxidation  of  phorone  from  camphoric  acid — together  with  a 
crystalline  acid  having  the  composition  C°H*0* — apj^arently  identical  with  Schwanert's 
camphrenic  acid — and  exhibiting  all  the  properties  of  Hofmann's  insolinic  acid  (v.  725), 
of  the  acid  which  Hirzel  a.  Beilstein  obtained  by  oxidation  of  xylic  acid,  and  therefore 

having  the  formula  C«H^(CH')  |  qqqq,  and  of  the  xylidic  acid  of  Fittig  a.  Laubinger. 

Hence  it  a^^pears  probable  that  these  several  products  are  one  and  the  same  homologue 
of  terephthalic  acid,  and  that  Schwanert's  camphrenic  acid  is  produced  by  oxidation, 
not  of  phorone,  but  of  the  hydrocarbon  with  which  the  phorone  is  mixed  in  the  so- 
called  camphrene. 

Schwanert  obtained  from  liis  camphrene,  by  the  action  of  phosphoric  anhydride,  a 
hydrocarbon  C'H'-  which  boiled  at  170°-17&°,  and  was  therefore  regarded  by  him  as 
only  isomeric  with  cumenc,  which  boils  at  150°-160°.  As,  however,  Schwanert's 
analysis  of  this  hydrocarbon  exhibits  a  deficiency  of  1  to  1'5  p.c.  in  the  carbon,  it  is 
probable  that  this  hydrocarbon  still  contained  a  portion  of  the  so-called  camphrene, 
which  would  raise  its  boiling  point. 

Schwanert's  camphrenic  anhydride,  v/hich  sublimed  in  white  feathery  crystals  when 
camphrenic  acid  was  heated  to  250°,  was  perhaps  benzoic  acid,  which,  according  to 
Hofmann,  is  produced,  together  with  benzene  and  carbon  dioxide,  by  distillation  of 
insolinic  acid. 

CABra>S.S-IffUTS  These  nuts,  so  called  from  their  property  of  taking  fire  and 

Imrniiig  with  a  bright  flame,  like  ordinary  candles,  are  the  fruit  of  Alciirites  triloba, 
Forst(^.  Ambuiux,  Pers. ;  A.  moluccana,  Willd;  Oroton  mohwcanvm,  Linn.) ;  a  slirub 
belonging  to  the  order  Euphorlnaccm,  tribe  Acalifm,  indigenous  in  the  Moluccas  and 
in  some  of  the  islands  of  the  Pacific.  They  are  also  known  by  the  name  of  Bancoid 
nuts,  and  in  Tahiti  by  that  of  Tdili. 

The  fvuit  of  Aieuritcs  triloba  is  formed  of  two  large  fleshy  drupes,  adhering  laterally, 
and  divided  internally  into  two  cells,  each  of  which  contains  a  single  indehiscont  seed 
of  the  size  of  a  common  nut,  and  is  covered,  especially  in  the  furrows,  with  a  thin  whitish 
skin  of  earthy  aspect,  beneath  which  is  the  husk,  of  blackisli  colour,  and  very  hard. 
The  almond  is  white,  and  formed  of  a  large  oleaginous  albumen,  surrounding  the 
homotropous  embryo,  which  is  provided  with  thin  membranous  cotyledons  rather 
narrower  than  the  albumen. 

The  seeds  are  usually  sent  to  Europe  deprived  of  their  husks,  which  are  used  as  fuel. 
The  imperfect  combustion  of  these  husks  serves  in  Tahiti  for  the  preparation  of  a  kind 
of  lampblack,  used  by  the  natives  in  tattooing.  In  the  same  locality  the  bai-k  of  the 
shrub  is  used  for  the  manufacture  of  various  textile  fabrics. 

The  fresh  almonds  have  a  not  unpleasant  taste,  but  are  difficult  to  digest,  and  exert 
a  purgative  action  even  in  moderate  doses.  In  the  islands  of  the  Pacific  they  are 
eaten  only  after  slight  torrofaction,  which  renders  them  innocuous.  They  are,  how- 
ever, chiefly  used  by  the  natives  for  the  extraction  of  oil  for  burning.  The  shelled 
almonds  quickly  turn  rancid,  acquiring  a  yellow-brown  colour  and  a  disagreeable  taste. 
The  fat  extracted  from  them  is  subject  to  similar  alterations.  This  fat  is  used  in 
Europe  solely  for  soap-making.    The  oil-cake  forms  an  excellent  manure. 

The  average  weight  of  the  husks  is  6'5  grams  ;  of  the  almonds,  3-3  grams. 


Composition  of  the  HusJcs. 

Water   37 1 

Organic  matter  ....  89-90 

Mineral  matter  ....  6-39 


Composition  of  ilie  rcccntli/  shelled 
Almonds. 

Water   6-25 

Pat  (extracted  by  carbon  sul-1  ^on-r 

phide)    .       .       .       .      i  ^-'^^ 

Cellulose    and    other    organic)  . 

matters  .       .       .       _      j  JJ 

Mineral  matter  ....  279 

100  00 


100-00 
Nj-tvogen,  3-6-i  p.c. 
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Composition  of  tlie  Ash  of  the  Almond. 

In  100  parts 
In  100  parts  of  the  almonds 

ot  ash  in  their  natural 

state 

Lime  18-69    .       .       .  0o2 

Magnesia  6-01    .       .       .  0-17 

Potash  11-33    .       .       .  0-31 

Phosphoric  anhydride        ....    29-30    .       .       .  0-82 

The  fatty  matter  extracted  from  the  almonds  by  carbon  sulphide  at  ordinary  tem- 
peratures forms  a  transparent,  amber-yellow,  syrupy  liquid.  When  cooled  to  —10° 
it  becomes  viscous,  but  neither  loses  its  transparency  nor  changes  colour  (Nallino, 
Gazzetta  chimica  italiana,  ii.  267). 

CAOITTCHOITC.  The  sulphur  in  vulcanised  caoutchouc  is  easily  oxidised  by 
ozone.  A.  M.  Wright  {Sill.  Am.  J.  [3]  iv.  29)  observed  that  the  ebonite  insulators 
belonging  to  Iloltz's  electrical  machine,  and  the  ebonite  jackets  of  some  induction-coils, 
became  unusually  hygroscopic  soon  after  the  instruments  had  been  used  for  the  pro- 
duction of  ozone,  to  such  an  extent,  indeed,  that  the  accumulated  liquid  was  sometimes 
so  abundant  as  to  ti-icklo  down  in  drops.  An  examination  of  this  liquid  sliowod  that 
it  contained  a  considerable  amount  of  free  sulphuric  acid,  the  presence  of  which  was 
attributed  to  the  action  of  the  ozone  upon  the  sulphur  of  the  vulcanised  caoutchouc. 
Experiments  were  made  which  confirmed  this  supposition.  Air,  strongly  ozonised, 
was  passed  through  a  vulcanised  rubber  tube,  and  then  biibbled  through  water.  In 
a  short  time  the  water  ac^mred  the  odour  of  sulphurous  acid,  and  ultimately  gave  a 
white  precipitate  with  barium  chloride. 

In  a  similar  manner  a  thin  dry  slip  of  ebonite  placed  in  a  small  bottle  into  which 
ozone  was  driven  became  in  a  sliort  time  bedewed  with  moisture  having  an  acid  re- 
action, and  exhibiting  the  same  properties  as  that  formed  on  the  insulators  of  the 
machine.    An  attempt  to  oxidise  free  sulphur  by  means  of  ozone  was  unsuccessful. 

The  caoutchouc  of  Borneo  yields  a  saccharine  substance  called  bornosite,  having 
the  composition  C'H'^O"  (p.  206). 

CAPXIiXiARXTY.  Constants  of  Capillarity  (G.  Quincke,  PoffCf.  Ann.  cxxxiv. 
856 ;  cxxxv.  621  ;  cxxxviii.  141 ;  cxxxix.  1).  The  great  tenacity  exhibited  by  fused 
substances,  like  glass  or  cement,  which,  while  in  the  fused  state,  have  been  able  to 
form  a  surface  of  equilibrium,  leads  to  the  idea  that  the  phenomena  of  capillarity  are 
developed  not  only  in  liquids,  but  likewise  in  solid  bodies,  the  smallest  particles  of  these 
bodies  being  indeed  not  absolutely  fixed,  but  susceptible  of  a  certain  amount  of  displace- 
ment. Many  phenomena  may,  according  to  Quincke,  be  explained  on  the  assumption  of 
a  tension  existing  on  the  surface  of  solid  bodies,  whether  this  surface  is  free,  that  is, 
bounded  by  the  air,  or  the  surface  of  separation  between  the  body  in  question  and 
another  body,  solid  or  liquid.  If  the  free  surface  of  a  body  is  the  same  as  that  of  a 
liquid  acted  upon  by  the  same  external  forces,  this  free  surface  must  possess  a  certain 
degree  of  tenacity  measured  by  the  tension  exerted  on  a  linear  unit  of  the  surface.  The 
tenacity  of  round  metallic  wires  may  therefore  be  expressed  by  two  members,  the  first 
of  which  is  proportional  to  the  transverse  section,  the  second  to  the  periphery  of  the 
wire. 

The  law  for  the  tenacity  of  metallic  wires  has  also  been  deduced  empirically  from 
numerous  experiments  by  Karmarsch  {Bingl.  folyt.  J,  cliv.  46),  who  represents  the 
tenacity  (in  half-kilograms)  by  the  formula, 

T  =  «D-  +  11) 
where  D  is  the  diameter  of  the  wire  in  millimeters,  and  a  b  are  constants. 
Quincke  replaces  this  equation  by  the  following : 

t  ~  a  .  2irr  +  $  .  Trr- 
where  t  is  the  tenacity  in  grams,  r  the  radius  of  the  wire  in  millimeters,  and  o,  P,  are 
constants  related  to  a  and  b  as  follows : 

a  =     500 ;    /8  =  a  .  ^  500 

The  quantity  a,  called  the  constant  or  coetficient  of  capillarity,  denotes  the 
weight  in  grams  of  the  tension  exerted  on  1  mm.  of  the  surface  (periphery)  of  the  wire, 
in  other  words,  it  is  the  measure  of  the  surface-tension  of  the  wire. 

In  liquids  the  same  constant  is  tlie  wciglit  of  tlie  liquid  column  raised  by  capillarity 
in  a  tube  of  given  diameter. 

The  following  Table  contains  the  results  deduced  from  Karmarsch's  experiments : — 
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Capillaritij-constants,  a  of  Solid  Metals. 


Haitl-drawu 

Aniicalcd 

 .  .  

Iron  ...... 

grains 

grams 

5731 

1592 

Platinum  ..... 

3025 

2388 

2388 

0 

Silver  ...... 

2388 

478 

Gold  

1592 

478 

Zinc  

657 

Steel   

6685 

055 

Nickel-silver  .... 

6685 

1114 

5253 

2547 

Gold  (14  carats)  .... 

3661 

2228 

Brass  (wire)  .... 

2547 

1751 

„     (threads)  .... 

1761 

687 

The  order  of  the  metals  in  this  table  is  the  same  as  that  which  they  assume  when 
arranged  with  regard  to  their  hardness,  as  determined  by  the  experiments  of  Calvert 
a.  Johnson  {PJdl.  Mag.  [4]  svii.  114). 

Capillarity-Constants  of  Fused  Bodies. — To  determine  these  constants,  the  noble 
metals,  in  the  form  of  thin  vertical  wires,  and  glass  in  the  form  of  threads,  were 
melted  in  a  flame  of  the  lowest  possible  temperature,  till  the  drop  hanging  to  the  end 
fell  down.  Neglecting  the  small  weight  of  the  fused  mass  remaining  attached  to  the 
thin  wire  or  thread,  the  weight  W  of  the  fallen  drop  is  the  greatest  weight  that  tlie 
fused  vertical  mass  is  capable  of  sustaining.  The  constant  of  capillarity  a  of  tlie 
fused  metal  is  therefore  determined  by  the  relation, 

W  =  a  .  27rr  ; 

where  2r  is  the  diameter  of  the  wire  in  millimeters. 

Base  metals  and  other  bodies,  as  zinc,  tin  and  selenium,  were  fused  in  glass  tubes, 
the  funnel-shaped  extremities  of  which  were  inserted  into  narrow  vertical  tubes.  For 
easily  oxidable  bodies,  such  as  phosphorus,  cadmium,  lead,  antimony  and  bismuth,  the 
drops  were  formed  (by  means  of  a  peculiar  apparatus)  in  an  atmosphere  of  carbonic 
anhydride.  Sodium  and  potassium  were  made  to  drop  into  rock-oil ;  the  number 
obtained  for  potassium  is  however  regarded  as  uncertain. 

The  capillarity-constants  of  gold,  cast  iron,  silver  and  copper  were  determined  by 
another  method,  which  will  bo  described  hereafter. 

The  capillarity-constants  of  salts  were  estimated  by  fusing  beads  of  them  on  a 
horizontal  platinum  wire  of  known  diameter,  and  adding  or  removing  portions  of  the 
salt  by  means  of  another  thin  platinum  wire,  till  the  quantity  of  salt  was  found 
which  would  just  hang,  or  just  drop,  from  the  end  of  the  wire  when  placed  vertically. 
The  falling  drops  were  received  on  platinum  foil  and  weighed,  hygroscopic  salts 
between  watch-glasses. 

The  capillary  coefficients  of  water,  mercury  and  bromine  were  determined  by  the 
more  exact  method  of  measuring  the  heights  of  these  liquids  in  capillary  tubes.  That 
of  sulphm-  is  calculated  from  the  experiments  of  Frankenheim  {Jahrcsh.  f.  Chcm. 
1847-48,  4) ;  that  of  wax  from  the  experiments  of  Wertheim  (Zamminer's  Jahrcsh.  f. 
I'hi/s.  1857,  5). 

The  mean  values  of  the  several  capillarity-constants  are  given  in  the  following  table, 
tlio  substances  being  arranged  in  the  order  of  magnitude  of  these  constants.  The 

values  of  a-  =.      and  of  a  are  also  given,  tr  being  the  specific  gravity  of  the  fused 

body.  The  specific  gravities  <t^  at  0°  were  determined  directly,  excepting  in  the  case 
marked  with  asterisks,  and  thence  the  specific  gravities  for  the  melting  points  were 
calculated.  These  calculations  are,  however,  liable  to  some  uncertainty,  for  want  of 
exact  data  as  to  the  coefficient  of  expansion,  the  melting  point,  and  the  expansion  or 
contraction  which  takes  place  in  fusion : — 
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Capillarity-Constants  of  Fused  Bodies. 


Substance 

Melting 
point 

0- 

a 

a- 

a 

° 

m  gr. 

sq.  mm. 

mm. 

20"033 

18-915 

1 7-86 

4-227 

2o'26 

6'026 

1  900 

18'002 

17'099 

131-0 

15-39 

3-923 

ILOO 

■  ■ 

7'o 

101'7 

27-14 

6-21 

,,    (another  specimen) 

7-5 

96-81 

25-81 

6-08 

Zinc  (in  CO") 

360 

7'119 

6-900 

87-68 

25-42 

5-042 

"  ^        ^^"^^      ■    •  • 

7'110 

6-900 

82'79 

24" 

4-899 

Oliver  .    .    •    •  • 

1000 

10'621 

10-002 

79-70 

15-94 

3-993 

Cadmium  (m  GO  )  . 

320 

8-627 

8-394 

70-60 

1684 

4-103 

230 

7'267 

7-144 

59-80 

I6-7& 

4-094 

1000 

8'96 

8-2 

59-2 

14-44 

3-8 

—  40 

13'596 

"~ 

68-79 

8646 

2-041 

J_/eaa  (m  j 

11"266 

10-962 

45-66 

8-339 

2-887 

JDismutu  (m  yj\j^) 

260 

9'819 

9'709 

38-93 

8019 

2-831 

Potassium  (in  CO-) 

68 

0'865 

37'09 

85-74 

8-768 

oouium  {lu  y^yj  ) 

0'972 

~ 

25"75 

62-97 

7-278 

Antimony  (in  CO-)  . 

432 

6'620 

6-o28 

24-92 

7'635 

2-764 

1000 

2-6--' 

2-5 

21-60 

17-28 

4-254 

Microcosmic  salt     .  . 

2-502 

2-45 

20-57 

16-79 

4-098 

Glass  

1100 

2-452 

2-380 

18-09 

16-21 

3-899 

Boric  anhydride  .    .  . 

1300 

l-83» 

1-75 

10-69 

12-22 

3-495 

Water  .  "  

0 

1- 

8-79 

17-58 

4-193 

217 

4-3* 

4-2 

7-180 

3-419 

1-849 

-21 

3-187 

3-25 

6-328 

3-895 

1-973 

Sulphur  

111 

2  033 

1-066 

4-207 

4-280 

2-068 

Phosphorus  (in  CO")  . 

43 

1-986 

1-833 

4-194 

4-675 

2-140 

Wax  

68 

0-963 

3-40 

7-061 

2-657 

In  another  series  of  experiments  {Pogg.  cxxxviii.  141)  Quincke  has  determined 
the  capillarity-constants  of  salts  by  a  method  -which  he  regards  as  more  exact, 
especially  in  the  case  of  compounds  -which  are  liable  to  be  decomposed  by  contact  -ndtli 
flame-gases.  The  substance,  melted  in  a  platinum  crucible,  "ivas  poured  on  a  horizontal 
plate  of  platinum  or  porcelain,  -where  it  usually  formed  a  drop  having  its  upper  siirfaco 
horizontal ;  and  it  is  sho-wn,  by  a  process  of 
mathematical  analysis  for  -which  -we  must 
refer  to  the  original  paper,  that  the  square 
,  of  the  vertical  distance  beUveen  this  upper 
surface  and  the  vertical  element  of  the  meri- 
dional curve  of  the  drop  (K  in  fig.  7)  is 
equal  to  the  constant  a-  in  the  preceding 
table  (called  the  specific  cohesion  of  the 
liquid),  -which,  -when  multiplied  into  half  the  specific  gravity,  gives  the  capillarity-con- 
stant a  (the  superficial  tension).  This  relation  is  altogether  independent  of  the  nature 
of  the  surface  on  -which  the  drop  is  poured. 

The  specific  gravities  at  the  melting  points  -were  determined  by  the  loss  of  -weight 
•which  a  platinum  ball  weighing  1-8  gram,  fused  before  the  oxy-hydrogen  blo-w-pipe, 
sustained  -when  thro^wn  into  -water  or  into  the  fused  substance  ;  these  determinations 
are  all  too  small,  as  the  temperatures  -were  above  the  melting  point.  Under  <t^  are 
given  the  specific  gravities  determined  at  ordinary  temperatures  by  other  observers. 
Th«  rumbers  for  certain  sugars  and  fats  are  also  given. 
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CapiUarity-Constants  of  Fused  Bodies. 


u  s  ance 

Molting 
point 

n 

a 

Lithium  Carbonate  .  . 

— 

2-111 

1-787 

m.  gr. 
15-54 

sq.  mm. 
17-39 

mm. 
4-17 

Sodium  Cai'l)onate  .  . 

— 

2-509 

2-041 

16-58 

16-24 

403 

Potassium  Carbonate  . 

— 

2-267 

2-000 

14-82 

14-82 

3-85 

Sodium  Sulphate    .  . 

— 

2-660 

2-104 

18-66 

17-64 

4-20 

PoUissium  Sulphate.  . 

— 

2-660 

2-100 

16-73 

15-92 

3-S9 

Sodium  Nitrate  .    .  . 

— 

2-260 

1-878 

8-03 

8-55 

2-92 

Potassium  Nitrate  .  . 

— 

2-087 

1-702 

7-11 

8-35 

2-89 

Lithium  Chloride    .  . 

— 

1-998 

1-515 

6-46 

8-53 

2-92 

Sodium  Chloride    .  . 

— 

2-160 

1-612 

6-78 

8-41 

2-90 

Potassium  Chloride.  . 

— 

1-995 

1-612 

7-06 

8-76 

2-96 

Calcium  Chloride   .  . 

— 

2-205 

2-120 

10-07 

9-49 

3-08 

Strontium  Chloride  .  . 

— 

2-960 

2-770 

11-33 

8-18 

2-86 

Barium  Chloride    .  . 

— 

3-851 

3-700 

15-34 

8-29 

2-88 

Silver  Chloride      .  . 

5-550 

5-300 

21-68 

8-18 

2-86 

Sodium  Bromide     .  . 

3  079 

2-448 

5-00 

4-08 

2-02 

Potassium  Bromide 

2-415 

2-199 

4-93 

4-49 

212 

Silver  Bromide       .  . 

6-425 

6-200 

12-40 

4-00 

200 

Potassium  Iodide    .  . 

3-076 

2-497 

604 

4-84 

2-20 

160 

1-606 

1-600 

6-82 

8-53 

2-92 

Grape  Sugar  .... 

1-390 

1-300 

5-85 

9-00 

3-00 

Pectin  Sugar  .... 

100 

? 

9-18 

3-00 

Spermaceti  .... 

4-1 

0-S42 

3-32 

9-89 

2-81 

Paraffin  

ol 

0-776 

3-16 

8-14 

2-85 

The  most  important  result  doducible  from  this  and  the  preceding  tabic  is  that  the 
values  of  the  constants  for  metals  and  other  substances  may  be  arranged  in  groups 
of  nearly  equal  magnitude,  the  numbers  in  which  are  entire  multiples  of  4-3.  Hence 
it  follows  that  when  different  substances  in  the  melted  state,  and  at  temperatures  a 
little  above  their  respective  melting  points,  are  dropped  from  tubes  of  the  same  diameter, 
the  volumes  of  the  drops  are  to  one  another  as  the  numbers  1,  2,  3,  &e. ;  or  more  gener- 
ally, that  the  specific  cohesions  of  all  fused  bodies  at  temperatures  near  their  melting 
points  are  to  one  another  nearly  as  the  numbers  1,  2,  3,  &c. 

The  second  table  shows  that  fused  bodies  of  similar  chemical  composition  have,  at 
temperatures  near  their  melting  points,  nearly  the  same  specific  cohesion  Water, 
carbonates  and  sulphates  (probably  also  phosphates),  in  the  fused  state  have  a  specific 
cohesion  twice  as  great  as  that  of  mercury  ;  nitrates,  chlorides,  sugars  and  fats,  tho 
same;  bromides  and  iodides  half  as  great  specific  cohesion, as  mercury.  Among  the 
metals,  lead,  bismuth,  and  antimony  have  the  same  specific  cohesion  as  mercury ; 
platinum,  gold,  silver,  cadmium,  tin  and  copper,  twice  as  great;  zinc,  iron,  palladium, 
three  times  as  great ;  sodium  six  times  as  great  a  specific  cohesion  as  mercury.  From 
experiments  with  borax  in  the  oxidising  blowpipe-flame,  according  to  the  first  method, 
Quincke  believes  also  that  this  body  should  also  be  included  in  tho  mercury  group. 

Capillarity  of  Saline  Solutions. — Buliginsky  (Poffg.  Ann.  cxxxiv.  440)  has  determined 
the  capillarity-constants  of  saline  solutions  at  different  degrees  of  concentration,  by 
measuring  the  height  to  which  the  several  solutions  are  raised  in  capillary  tubes  at 
different  temperatures.  For  the  description  of  the  apparatus  used  and  the  method  of 
observing,  we  must  refer  to  the  original  memoir.  In  the  case  of  potassium  nitrate 
observafeions  on  solutions  of  four  different  strengths  were  made  in  three  groups  :  the 
first  at  temperatures  varying  from  9°  to  12°  ;  the  second  from  15°  to  18°  ;  the  third 
from  22-5°  to  24-5°.  By  comparison  of  these  observations,  the  differences  of  height  in 
the  columns  corresponding  to  the  degree  of  temperature  were  determined,  and  by  means 
of  these  differences  the  observed  heights  of  the  columns  were  reduced  to  the  standard 
temperature  of  15°.  The  mean  of  all  the  heights  for  each  solution  (for  which  tho 
observed  heights  reduced  as  above  deviated  but  little)  was  then  calculated  proportion- 
ally to  the  capillary  height  of  water  =100;  and  by  multiplying  the  values  thus 
determined  into  the  corresponding  densities  of  the  solutions,  and  reducing  tliese 
products  to  water  =^  100,  the  capillarity-constants  were  detertuined,  as  in  the  folloM- 
ing  Table  -.— 
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Capillarity-Constants  of  Saline  Sulution. 


Potiissinm 
Nitrate  in  100 
parts  by  Tveight 

of  solution 

Density  at  15° 
referred  to 
water  at  4° 

Mean  Capillary 
Height 

Capillarity- 
Constant 

Distilled  water 

0-99918 

100-00 

100-00 

Solution  I.  . 

4-630 

1-0270 

98-00 

100-73 

Solution  n. 

7-572 

1-0465 

96-69 

101-27 

Solution  HI. 

10-405 

1-0657 

95-33 

101-68 

Solution  IV. 

13-218 

1-0862 

93-98 

102-17 

If  G  denote  the  capillarity-constant  of  a  solution,  A  that  of  distilled  -water  ;  g  the 
-weight  of  the  salt  in  1  gram  of  tlie  solution  ;  p  that  of  water  in  1  gram  of  the  solution  ; 
and  k  a  coefficient  to  be  determined  from  the  observations,  the  connection  bet-ween  the 
observed  capillarity-constants  appears  to  be  expressed  -with  sufficient  approximation 
by  the  formula : 

G  =  A  (2>  +  s  Jc.) 
Thus  for  =  1-1628,  we  have  the  follo-vving  values  : 
calculated:  100  00       100-75       101-23       101-69  103-15 

observed:  10000       100-73       100-27       101-68  102-17 


Experiments -with  aqueous  solutions  of  ammonium  chloride  of  four  different  strengths, 
made  at  temperatures  varying  from  15-9°  to  16-6°  gave  results,  from-n^hieh,  by  calcu- 
lating as  above,  the  follo-wing  values  were  obtained : — 


Ammonium 
Chloride  in  100 
parts  by  weight 

of  solution 

Density  at  1.3° 
referred  to 
water  at  i° 

Mean 
Capillary 
Height 

Tenipera- 
ture 

Capillarity- 
Constant 

Distilled  -water . 

0 

0-99918 

100  00 

16-0 

100-00 

Solution  I. 

5-247 

1-0156 

100-41 

16-3 

102-06 

Solution  II. 

13-645 

1-0406 

100-97 

16-2 

105-16 

Solution  III.  . 

20-449 

1-0587 

101-86 

16-6 

107-93 

Solution  IV.  . 

25-242 

1-0721 

102-57 

16-0 

110-06 

It  is  remarkable  that  the  heights  of  the  columns  for  solutions  of  sal-ammoniac  are 
greater  than  those  for  -water,  -whereas  comparative  experiments  with  solutions  of 
sugar,  sodium  chloride,  ammonium  iodide,  potassium  chloride,  calcium  chloride, 
magnesium  chloride,  and  ammonia  always  gave  heights  smaller  than  for  water. 

Calculating  the  capillarity-constants  of  the  preceding  sal-ammoniac  solutions  ac- 
cording to  the  formula  G  =  A.  {pi  +  q  k)  and  making  k  =  1-3895,  we  find 
calculated:  100-00       102-04       105-31       107-96  109-83 

observed:  100-00       102  06       105-16       107-93       110  06 

The  relations  between  the  capillarity  and  density  of  saline  solutions  have  also  been 
examined  by  C.  A.  Valson  {Compt.  rend.  Ixxiv.  103),  -whose  method  consists  in 
determining  the  densities  and  the  capillary  heights  in  tubes  of  -i  mm.  diameter  of  a 
series  of  solutions  containing  equivalent  quantities  (in  grams)  of  the  salts  in  a  litre  of 
■water  :  these  he  calls  normal  solutions: — 

The  results  are  given  in  the  following  Table,  in  which  E  denotes  the  equivalents  of 
the  several  metals  ;  Hthe  capillary  Ji eights  of  the  several  solutions,  at  the  temperature 
of  15°;  "D  the  density  of  the  normal  solutions  at  the  same  temperature;  D  H  the 
products  of  the  capillary  heights  into  the  densities,  that  is  to  say  the  capillary  con- 
tents : 

The  product  of  the  height  and  density  is  very  nearly  constant,  and,  -with  two  or  three 
exceptions,  lies  between  the  numbers  61-5  and  62-0.  It  follows  therefore  that  the 
weight  of  a  normal  saline  solution  raised  in  a  capillary  tube  of  given  diameter  may 
be  regarded  s.s  constant ;  for  a  tube  of  h  mm.  diameter,  this  -w-oight  is  12-1  milli- 
grams. 

The  numbers  in  the  following  table  arc  also  connected  by  the  relation 
H  =  118-5  —  56-8  D, 
■which  shows  that  in  passing  from  one  normal  solution  to  another,  the  increase 
of  capillary  height  is  proportional  to  the  diminution  of  the  density. 

In  a  previous  series  of  experiments  {Compt.  rend.  Ixx,  1040)  Valson  examined 


24G 


CAPILLARITY. 


especially  the  iucrease  or  decrease  produced  in  the  lieight  of  the  capillary  column  of  a 
normal  solution  by  a  change  in  one  or  both  of  the  radicles  contained  in  it,  and  con- 
cluded that  the  capillary  action  of  each  metallic  and  each  chlorous  radiclo  is  constant 
and  independent  of  that  witli  -which  it  is  associated  ;  and  consequently  that  when  both 
radicles  change  together,  the  change  in  the  height  of  the  capillary  column  is  equal  to 
the  sum  of  the  changes  which  would  bo  produced  by  a  change  in  each  radicle  sepa- 
rately. The  change  in  the  height  of  the  column  of  a  standard  solution  (ammonium 
chloride)  produced  by  the  substitution  of  any  other  radicle  for  the  basylous  or 
chlorous  element  of  that  solution,  is  called  the  capillary  modulus  of  the  correspond- 
ing radicle.  The  following  table  contains  the  moduli  of  a  number  of  radicles — for  a 
tube  5  millimeters  in  diameter,  and  for  a  temperature  of  15°. 


Moduli  of  Capillarity/. 


Metallic  Radicle 

Modulus 

Chlorous  Radicle 

Modulus 

Ammonium,  NH'  . 

00 

Chlorides  (CI). 

0-0 

Lithium        .       .  . 

0-05 

Carbonates  (CO^)  . 

Sodium  .... 

1-2 

Nitrates  (N0») 

1-0 

Magnesium  .... 

1-4 

Bicarbonates  (C-0'') 

M 

Calcium  .... 

1-4 

Sulphates  (SO^)  . 

1-2 

Potassium  .... 

1-5 

Sulphites  (SO') 

1'3 

Manganese  .... 

2-5 

Tliiosulphates  (S^O^') 

1-4 

2'5 

Bromides  (Br) 

2-1 

Zine  

27 

Iodides  (I)  . 

3-9 

2-9 

Strontium  .... 

2-9 

3-9 

Cadmium  .... 

4-3 

5-5 

Load  .... 

6-9 

Thallium  .... 

7-9 

To  find,  by  means  of  this  table,  the  capillary  height  of  the  normal  solution  of  any  salt, 
barium  nitrate  for  example,  in  a  tube  of  the  diameter  above  mentioned,  from  the 
known  height,  (60'9  mm.)  of  that  of  a  normal  solution  of  ammonium  chloride,  we  must 
substract  from  this  height  the  number  4-9,  that  is  to  say,  the  sum  of  the  moduli  of  the 
two  radicles  of  barium  nitrate,  the  result  being  5'6  ;  direct  observation  gives  5-9. 

The  chlorides  of  lithium  and  ammonium  aro  the  only  salts  in  the  above  table  whose 
capillary  height  is  greater  than  that  of  water. 

Sphere  of  Action  of  the  Molecular  Forces  of  Capillarity  (Quincke,  Pogg.  Ann.  cxxxviii. 
402).  The  phenomena  of  capillarity  are  usually  ascribed  to  molecular  forces  acting 
only  at  insensible  distances.  Nevertheless,  it  appears  from  the  experiments  of  several 
observers  {Jahresb.f.  Chem.  1851,  2;  1852,  2  ;  Zamminer's  J«Am6. /.  Phi/sik.  1857,  5; 
Pogg.  Ann.  cxix.  199),  that  the  capillarity-constant  of  a  given  liquid  varies  according 
to  the  curvature  of  the  solid  wall  on  which  the  elevation  of  the  liquid  is  observed. 
This  appears  to  be  explicable  only  on  the  supposition  that  the  greatest  distance  at 
which  the  molecular  forces  are  still  effective,  or  in  other  words,  the  so-called  radius  of 
the  sphere  of  action,  I,  is  not  immeasurably  small.  Quincke  has  endeavoured  to  de- 
termine the  magnitude,  or  rather  the  lower  limit  of  the  magnitude,  of  this  radius,  by 
the  following  method.  A  plate  of  glass  having  a  clean  homogeneous  surface  is  covered 
with  a  wedge-shaped  layer  of  another  substance,  the  thickness  of  which  is  very  small 
at  the  edge  of  the  wedge,  and  then  gradually  increases.  Now  when  this  wedge- 
shaped  layer  is  brought  in  contact  with  a  liquid  which  does  not  wet  it,  the  angle  at 
which  the  last  element  of  the  surface  of  the  liquid  cuts  the  solid  wall  will  depend 
upon  the  mutual  attractions  of  the  particles  of  the  solid  wall  and  the  liquid,  and  will 
become  constant  only  where  the  thickness  of  the  wedge-shaped  layer  is  greater  than  I, 
that  is  to  say,  greater  than  the  radius  of.  the  sphere  of  action,  since  at  smaller  thick- 
nesses the  underlying  glass  plate  will  act  upon  the  particles  of  the  liquid  and  modify 
the  angle.    The  results  obtained  by  this  method  are  the  following  : 

I  >  0-0000542  mm.  for  Water,  Silver,  Glass. 
=  0-0000483  mm.  for  Mercury,  Silver  sulphide,  Glass. 
=  0-000069   mm.  for  Mercury,  Silver  iodide.  Glass. 
<  0  000080  ram.  fur  Mercury,  Collodion,  Glass. 
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According  to  thcso  dctormiiiations,  tho  radius  of  tlio  sphere  of  .iclion  amounts  to  50 
millionths  of  a  millimeter,  which  is  about  the  tenth  of  tho  breadth  of  a  medium  light- 
wave, or  more.  Quincke  is  further  of  opinion  that  other  molecular  forces,  as  those 
which  determine  elasticity  and  the  optical  properties  of  bodies,  are  likewise  effectire 
at  finite  distances  :  a  view  which,  if  established,  would  considerably  modify  the  pre- 
vailing theoretical  views  respecting  these  forces. 

Sur/acc-iension  of  Liquids,  and  Spreading  of  one  Liquid  on  the  Surface  of  amihcr. 
■ — The  following  propositions  relating  to  the  surface-tension  of  liquids  have  been 
deduced  by  Plateau  (Fogg.  Ann.  csli.  44),  from  a  comparison  of  the  results  obtained 
by  ditForoiit  observers  :  1.  Tension  exists  over  the  whole  surface  of  a  liquid,  and 
therefore  in  every  liquid  film.  2.  This  tension  is  independent  of  the  curvature  of  the 
surface  or  film;  it  is  of  the  same  magnitude  throughout  the  surface  or  film,  and  tho 
same  at  each  point,  in  all  tangential  directions.  3.  It  is  independent  of  the  thickness 
of  the  film,  so  long  at  least  as  this  thickness  is  not  less  than  twice  the  radius  of 
molecular  attraction.  4.  It  varies  according  to  the  nature  of  tho  liquid.  5.  In  tho 
same  liquid  it  varies  in  inverse  direction  to  the  temperature;  at  ordinary  temperatures 
however,  tlio  variation  is  but  small. 

Tho  following  proposition  is  regarded  by  Plateau  as  established  by  his  own  experi- 
ments. The  superficial  layer  of  a  liquid  possesses  a  peculiar  viscidity  independent  of 
that  of  the  interior  of  the  mass  :  in  certain  liquids,  as  water,  and  especially  in  solution 
of  saponin,  this  superficial  tension  is  much  stronger  than  the  internal ;  in  others,  on 
the  contrary,  as  turpentine,  oil,  and  alcohol,  it  is  weaker  and  often  much  weaker  than 
the  internal  viscidity.  In  the  formation  and  persistence  of  large  films  the  part  played 
by  cohesion  is  as  secondary  as  that  of  the  internal  viscidity. 

On  the  Surface-tension  of  Liquids  and  the  Formation  of  Drops,  see  also  Duclaux 
{Ann.  Ch.  Phys.  [4]  xxi.  378  ;  Conqit.  rend.  Lxx.  033  ;  Jahresb.  1870,  31). 

On  Capillary  Action  in  the  Evolution  of  Gases,  see  J.  C.  d' Almeida  {C'oinjif.  rend. 
Ixviii.  533  ;  Jahresb.  1869,  37). 

R.  Ludtge  {Pogg.  Ann.  cxxxix.  620)  has  endeavoured  to  determine  by  experiment 
the  limit  up  to  which  it  is  allowable  to  regard  the  tension  of  liquid  films  as  indepen- 
dent of  tlieir  thickness,  and  secondly  in  what  manner  beyond  this  limit,  the  tension  is 
alfected  by  the  thickness  of  the  film.  He  infers  :  1.  That  a  liquid  film,  immediately 
after  its  formation,  lias  a  thickness  less  than  twice  the  radius  of  the  sphere  of  action 
of  the  molecular  forces  (rjn^o  of  a  millimeter,  according  to  Quincke),  and  con- 
sequently that  the  tension  of  a  film  is  not  constant,  but  a  function  of  the  thickness. 
2.  That  tho  tension  of  a  film  increases  as  its  thickness  decreases.  This  second  pro- 
position is  at  variation  -ndth  the  results  obtained  by  Mensbrugghe  {Fogg.  Ann.  cxli. 
608),  who  found  that  films  of  various  thickness  exhibited  equal  tensions,  and  that  in 
the  same  film  the  greatest  tension  did  not  occur  at  the  thinnest  parts. 

Ludtge  {Fogg.  Ann.  cxxxvii.  362)  has  also  made  experiments  on  the  spreading 
of  one  liquid  on  the  surface  of  another,  from  which  the  following  conclusions  are 
deduced:  1.  If  a  drop  of  one  liquid  spreads  itself  out  on  the  surface  of  a  second, 
tho  second  never  diffuses  itself  over  the  surface  of  the  first.  2.  If  there  be  two 
liquids  whoso  mutual  adhesion  is  greater  than  the  cohesion  of  the  less  coherent  of  the 
two,  a  drop  of  the  less  coherent  liquid  -will  spread  itself  out  on  the  surface  of  the 
other.  3.  On  the  contrary,  a  drop  of  the  more  coherent  liquid  placed  on  the  surface 
of  the  less  coherent  retains  its  drop-like  form,  and  becomes  covered  with  a  thin  layer 
of  the  other  liquid.  4.  All  liquids  which  satisfy  the  preceding  condition  as  to  the 
force  of  their  mutual  adhesion  may  therefore  be  arranged  in  a  series,  in  which  each 
liquid  spreads  itself  out  on  the  surface  of  the  following  one,  never  the  contrary.  5.  This 
series  is  the  same  as  that  which  is  obtained  when  the  same  liquids  are  arranged 
according  to  their  constants  of  capillarity,  beginning  with  tho  smallest,  as  in  the 
followiuK  table : — 


Ethyl  Oxide  .  . 
Ethyl  Acetate  . 
Alcohol  .  .  . 
Benzene 

Turpentino-oil  . 
Plateau's  Soap  "| 
solution  J 
Acetic  acid    .  . 


.  2-292 

.  2-496  [Frankenheim 
.  2-78 
.  2-78  I 

.  2-8  Plateau 
.  2-884  Bede 


Poppy-oil  ....  3-05  ). 
Carbon  Sulphide  .3-31  j 
Potash  solution  .    .  — 


Glycerin   ....  4  Plateau 
Nitric  acid     .    .    .  6-026^ 
Sulphuric  acid    .    .  6-623  I  Frankenheim 
Hydrochloric  acid  .  7-026  J 
Ammonia  .    .    .    .  ■ — 
Cuprie  Sulphate     .  — 

Water  7-58  Frankenheim 

Solution  of  Sal-ammoniac 
Sohition  of  Ferric  Chloride 


6.  The  spreading  takes  place  more  distinctly  in  proportion  as  the  two  liquids  are 
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less  miscible  and  as  the  differenco  of  their  cohesion  is  greater.    7.  The  spreading  of  <a 

liquid  on  its  own  surface  may  be  produced  by  placing  a  drop  raised  to  a  higher  tempe-  i 

rature  on  the  surface  of  the  same  liquid  at  a  lower  temperature.    8.  The  greater  the  i,; 

cohesion  of  any  liquid,  the  greater  is  the  difficulty  of  keeping  its  surface  clean.    See  ;i 

also  G.  van  der  Mensbrugghe  (Poffg.  Ann.  cxxviii.  323 ;  Jahresb.  1869,  39).  |j 

The  following  propositions  relating  to  the  capillary  phenomena  developed  at  the  i< 

surface  of  contact  of  two  liquids  are  deduced  from  an  elaborate  series  of  experiments  * 

by  Quincke  (Fogg.  Ann.  cxxxix.  1-89) : — 1.  At  the  common  surface  of  two  liquids,  1  ) 

and  2,  a  siu'face-tension  is  developed  similar  to  that  which  exists  at  the  free  surface  of  | 

a  liquid  bounded  by  the  air.    2.  The  sm-face-tension  or  capillarity-constant at  the  { 

common  boundary-sui'face  of  two  liquids,  multiplied  into  the  sum  of  the  reciprocals  of  j 

the  principal  radii  of  curvature  at  any  point  of  that  surface,  gives  the  capillary  ;t 

pressure  in  the  direction  of  the  normal  to  the  surface  at  that  point.  3.  The  magnitude  ' 

of  this  capillarity-constant  ai,2  cannot  be  directly  determined  from  the  capillarity-  [ 
constants  a,  and  a,  of  the  free  surfaces  of  the  two  liquids,  but  must  be  determined  by 

special  experiments.  It  may  have  all  values  between  0  and  a,  —        If  oj^o  =  0,  the  \ 

liquids  1  and  2  are  miscible  in  all  proportions,  and  no  drops  or  bubbles  of  either  \ 

liquid  can  form  within  the  mass  of  the  other.    For  the  rest,  ai_3  appears  to  be  smaller,  I 

the  more  miscible  the  liquids  are,  and  always  less  than  a,  —  a„.    4.  If  three  capillary  '! 

surfaces  meet  in  the  same  point,  the  dihedral  angles  formed  by  the  intersection  of  the  jl 

three  surfaces  are  equal  to  the  three  external  angles  of  a  triangle  whose  sides  are  .J 

proportional  to  the  capillarity-constants  of  the  three  surfaces.    5.  A  liquid  3  spreads  1 

out  on  the  common  surface  of  two  liquids  1  and  2,  whenever  aj,2  <  03,1  —  02,3.  6.  A  I 
liquid  2  spreads  out  on  the  free  surface  of  a  liquid  1,  whenever  aio<Oi  —  a^.   7.  If 

liquids  which  are  miscible  in  all  proportions,  so  that  oj^^  =  0,  be  so  arranged  in  a  'j 

series  that  each  successive  liquid  is  capable  of  spreading  on  the  surface  of  that  which  I 

precedes  it,  the  series  thus  obtained  is  identical  with  that  on  which  the  liquids  are  y 

arranged  according  to  the  magnitudes  of  the  capillarity-constants  of  their  free  \ 
surfaces.  8.  If  a  lenticular  drop  of  a  liquid  2  remains  on  the  free  surface  of  a  liquid 
1,  without  spreading  out,  then  certainly  in  most  cases,  and  probably  in  all,  the  free 
surface  of  the  liquid  1  is  contaminated  with  a  thin  film  of  a  foreign  liquid  3.  The 
action  of  this  foreign  liquid  film  increases  with  its  thickness  up  to  a  certain  limit, 
which  is  equal  to  twice  the  radius  of  the  sphere  of  action.  9.  K  a  liquid  2  spreads  in 
a  thin  film  on  a  flat  drop  of  a  liquid  1  in  air,  or  on  a  flat  air-bubble  in  the  interior  of 
the  same  liquid,  the  vertical  distance  K  — /i;(fig.  7,  p.  244)  between  the  horizontal  and 

vertical  portions  of  the  capillary  surface  diminishes.    The  new  form  of  the  flat  drops  * 

or  bubbles  may  be  calculated  as  soon  as  ai,2  and  a„  are  known.    1 0.  When  a  liquid  3  j 

spreads  out  on  the  surface  of  a  flat  drop  of  a  liquid  2  within  a  liquid  1,  all  that  can  be  :) 

predicted  is  that  the  depth  K  — Z;  of  the  drop  will  diminish  ;  the  alteration  of  form  in  j 

this  case  cannot  always  be  determined  by  calculation.  11.  The  capillarity-constants  j 
of  free  liquid  surfaces  determined  on  flat  drops  or  bubbles  are  larger  than  when 

they  are  calculated  from  the  heights  of  the  columns  in  fresh-drawn  capillary  tubes.  i 

The  dihedral  angle  which  a  liquid  makes  with  a  clean  glass  surface  is  but  rarely  =  0.  j 

12.  When  two  liquids  rest  one  above  the  other  in  a  capillary  tube,  the  weight  of  liquid  j 

raised  above  the  general  level  depends  upon  the  form  of  the  free  surface  of  the  upper  j 

liquid  -v,  and  that  of  the  contact-surface  of  the  upper  and  lower  liquids  v  and      13.  | 

The  weight  of  liquid  raised  above  the  general  level  is  never  determined,  as  stated  by  |- 

Poisson,  by  the  lower  liquid  alone;  but  in  many  cases  when  the  two  liquids  are  '] 

miscible  in  all  proportions,  it  is  determined  by  the  upper  liquid  alone.   14.  The  mean  j 

height  of  the  liquid  v  and  u  may  be  calculated  from  the  values  of  the  constants  «„  and  ■ 

fl„,„  measured  as  flat  drops  or  bubbles  when  the  dihedral  angle  made  by  the  free  ij 

surface  and  that  of  the  contact-surface  of  the  two  liquids  with  the  wall  of  the  tube  is  j 

known ;  this  angle  is  only  in  a  few  cases  equal  to  0°  or  180°.  15.  Observations  on  the  j 

heights  of  liquid  columns  in  capillary  tubes,  or  on  flat  drops  of  a  liquid,  or  on  drops  |! 

falling  from  vertical  tubes  into  the  air,  are  apt  to  give  too  small  a  value  of  the  i! 

capillarity-constant,  inasmuch  as  foreign  bodies  difiiised  through  the  air  in  the  form  of  l| 

vapours  condense  on  the  curved  capillary  surface,  and  the  resulting  film  of  liquid  |j 

spread  out  on  that  surface  diminishes  the  superficial  tension  of  the  free  surfiice.  This  js 
source  of  error  is  greater  at  ordinary  than  at  high  temperatures,  greater  also  in  liquids 

with  large  than  in  those  with  small  capiUarity-constants,  and  explains  the  too  small  i| 

values  of  the  capillarity-constants  of  certain  liquids,  as  mercury  and  water  found  by  \\ 

former  observers.     16.  This  condensation  of  vapours  on  the  surface  of  liquids,  !! 

explains  the  varying  forms  of  lenticular  water-drops  on  mercury  and  the  so-called  i 

breath-pictures.  j 

The  part  played  by  capillarity  in  the  diffusion  of  one  liquid  on  the  surface  of  i 

another  has  also  been  studied  by  Du  Bois-Eejonond  {Fogg.  Ann.  cxxxix.  262).    When  \ 

the  free  surface  of  a  liquid  A  is  covered  witli  a  thin  layer  of  another  liquid  B— which  ' 
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may  either  be  totally  dilFeront  from  the  former,  or  a  mi.xluvo  of  another  substance  -with 
tho  liquid  A,  as  when  the  vapours  of  certain  liquids  fall  on  the  surface  of  certain 
others,  or  thirdly,  a  warmer  film  of  the  liquid  A,  brisk  movements  are  often  observed 
on  the  siu'face  and  in  the  interior  of  A,  indicating  that  the  superficial  layer  is  striving, 
from  some  unknown  cause,  to  extend  in  all  directions  the  area  of  surface  which  it 
covers,  and  carrying  with  it  centrifugally  the  covered  liquid,  wherever  the  two  are  in 
contact.  The  visible  eifect  is,  therefore,  as  if  the  covering  liquid  were  actuated  by  a 
repulsive  force  tending  to  tear  it  asunder.  Tho  existence  of  such  a  force  has  been 
admitted  by  some  observers,  whereas  others  attribute  the  phenomena  in  question  to 
capillarity  or  some  similar  force.  Bu  Bois-Reymond  regards  these  phenomena  as  due 
partly  to  capillarity,  partly  to  manifestations  of  hitherto  unknown  forces,  having  their 
seat  in  sufficiently  thin  films  of  certain  liquids.  Ho  points  out  that  the  meridian 
curve  of  a  drop  floating  in  equilibrium  can  have  no  point  of  contrary  flexure  either  at 
its  free  or  at  its  lower  surface.  The  hoiizontal  diameter  of  a  drop  of  given  small 
mass  must  therefore  be  greater  as  the  angle  at  which  its  upper  and  lower  surfaces 
meet  is  smaller.  If  this  angle  vanishes,  tho  diameter  of  the  drop  becomes  infinitely 
great,  that  is  to  say,  the  cbop  spreads  itself  out.  He  regards  as  vague  and  unsatis- 
factory tho  tension  hypothesis,  according  to  which  the  surface  of  a  liquid  is  compared 
with  a  membrane  tending  to  contract  with  a  certain  force  depending  on  the  nature  of 
the  liquid;  and  refers  to  the  stationary  diffusion  of  alcohol  upon  oil,  observed 
simultaneously  by  himself  and  by  Plateau,  in  which,  notwithstanding  the  uniform 
centrifugal  flow  of  the  alcohol,  the  entire  surface  assumes  a  fixed  form.  Finally,  he 
regards  the  existence  of  a  repulsive  force  in  thin  films  of  certain  liquids  as  established 
with  a  degree  of  probability  equal  to  that  which  is  attainable  in  the  case  of  physical 
forces  in  general. 

CA^mc  or  RUTIC  ACID,  C'»H=«0=  =  C^H'-'.COOH  (F.  Grimm,  Ami.  Ch. 
rharm.  clvii.  26f ).  This  acid  has  been  found,  togelhor  with  caprylic  acid,  in  the 
fiisel-oil  of  Hungarian  wines.  The  liquid,  freed  by  distillation  from  water,  ethyl  alcohol 
and  amyl  alcohol,  was  boiled  with  strong  caustic  soda,  and  tho  lower  layer  containing 
the  sodium  salts  of  the  fatty  acids  was  treated  with  dilute  sulphuric  acid,  whereby  a 
brown  disagreeably  smelling  oil  was  separated.  This  oil  was  dissolved  in  dilute 
ammonia;  the  liquid  freed  from  an  undissolved  fatty  substance  was  precipitated  by 
barium  chloride  ;  and  the  precipitate  was  collected  on  a  linen  cloth  and  pressed  between 
filter  paper.  To  remove  tho  fatty  substance  which  st  ill  adhered  to  it,  tho  barium  salt  was 
decomposed  by  hydrochloric  acid,  and  the  fatty  acids  were  saponified  ■with  a  dilute  solu- 
tion of  sodium  carbonate.  After  repeating  this  operation  tmce,  a  mixture  of  fatty  acids 
was  obtained,  which  solidified  at  -t-  20°.  On  distillation,  it  began  to  boil  at  226°,  the 
temperature  rising  gradually  to  280°,  when  a  thick  brown  residue  was  left  in  the  retort. 
A  small  portion  of  the  distillate  was  precipitated  in  fractions  by  a  hot  concentrated 
solution -of  caustic  barytn.  Tlir  iiim i  vsis  of  the  different  fractions  showed  that  the 
acids  consisted  chiefly  of  c;i|  I'i.-  .uid  uiiha  little  caprylic  and  perhapis  a  small  quantity 
of  cenanthylic  acid.  The  a.iwu:  acids  were  found  by  Fischer  in  crude  cenanthic  etlier, 
excepting  that  ho  obtp.ined  more  caprylic  acid. 

To  obtain  pure  capric  acid,  the  mixture  of  acids  was  subjected  to  fractional  distil- 
lation, and  the  portion  boiling  above  260°  pressed  between  filter-paper,  first  at  a  very 
low,  and  afterwards  at  the  common  temperature. 

Pure  capric  acid  melts  at  30°  to  a  clear  oil,  which  begins  to  solidify  again  at  29-5°, 
and  boils  with  partial  decomposition  at  268°-270°. 

Methyl  capratc,  C"'H"(CH^)0^,  was  obtained  by  saturating  a  solution  of  the  acid  in 
methyl  alcohol  with  dry  hydrochloric  acid  gas.  It  is  a  colourless  liquid,  boiling  at 
222°-225°,  and  having  a  pleasant  fruit-like  smell.  Elhyl  capratc,  which  has  been 
prepared  by  Fischer  and  Eowney,  boils  at  243°. 

Amyl  caprate,  C"'H"'(C"H")0-,  prepared  by  acting  with  hydrochloric  acid  on  a 
solution  of  the  acid  in  amyl  alcohol,  is  a  light  colourless  liquid,  which  has  only  a  faint 
smell.  The  small  quantity  obtained  distilled  between  275°-290°  with  partial  decom- 
position. This  ether  is  contained  in  large  quantity  in  the  Hungarian  fusel-oil,  which 
contains  neither  propyl  nor  butyl  alcohol. 

Capric  chloride,  C'"H".0C1,  corresponding  with  the  preceding  acid,  is  best  pre- 
pared by  the  action  of  phosphorus  pontachloride  on  the  acid.  It  has  not  however 
been  obtained  in  the  pure  state,  as  it  is  decomposed  by  distillation  and  by  contact  with 
water.  It  is  a  heavy  liquid,  boiling  at  a  temperature  above  200°,  and  having  a  faintly 
aromatic,  not  pungent  odour. 

The  action  of  phosphdrus  pontiichlorido  on  tho  acid  likewise  gives  rise  to  a  small 
quantity  of  a  white  crystalline  body,  which  is  not  acted  upon  by  boiling  water,  or  by 
potash  solution,  and  therefore  does  not  appear  to  consist  of  capric  anliydrido  (Grimm. 
loc.  cit,). 
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Tho  capric  acid  above  described  is  doubtless  identical  with  that  wliicli  was  obtained 
some  years  ago  by  Kowney  from  Scotch  fusel-oil.    It  is  probably  an  iso-aeid. 

Another  modification,  liquid  even  at  low  temperatures,  has  been  prepared  by  Borodin 
{Zeitschr.  f.  Chcm.  vi.  416),  by  oxidation  of  the  decyl  alcohol  C'°H--0,  which  he  ob- 
tained in  1804  by  the  action  of  sodium  on  valoral  (v.  972).  This  alcohol,  lieated  ■nith 
a  dilute  mixture  of  potassium  dichromate  and  sulphuric  acid,  is  converted  into  capric 
aldehyde  C'"li-°0,  and  capric  acid,  wliich  may  be  separated  by  potash-ley,  the  acid 
alone  dissolving  therein ;  the  aldehyde  is  also  converted  into  the  acid  by  fm-ther 
oxidation. 

The  capric  acid  precipitated  from  the  potash-solution  by  hydrochloric  acid  may  bo 
freed  from  admixed  lower  homologues  by  converting  into  the  calcium  or  cadmium  salt, 
both  of  which  are  crystallisable.  It  boils  at  21 1-5°,  becomes  syrupy  at  —20°,  but  does 
not  solidify  even  at  —37°.  It  has  a  faint  odour  and  a  disagreeable  rancid  taste,  is 
insoluble"  in  water,  but  dissolves  readily  in  alcohol  and  ether. 

The  potassium,  sodivmi,  and  ammonium  salts  are  obtained  by  neutralisation  ;  the 
rest  by  precipitation.  The  potassium  salt  KC^H'^O^  is  an  amorplious  very  soluble 
mass,  the  concentrated  aqueous  solution  of  whicli  is  decomposed  by  water,  with 
formation  of  an  acid  salt.  The  sodium  salt  NaC'H'^O-  is  very  much  like  the  potas- 
sium salt.  The  silver  sali  AgC'WO-  is  a  white  precipitate  somewhat  soluble  in 
hot  alcohol,  from  which  it  separates  in  flocks  on  cooling.  The  cadmium  salt 
Cd(C"'H'^0'^)=  is  also  a  white  precipitate  soluble  in  alcohol,  from  wliich  it  separates 
easily  in  needle-.shaped  crystals.  The  calcium  salt  Ca(C"'H'"0-)=  is  a  white  precipitate 
sparingly  soluble  in  water  and  in  alcohol,  easily  in  ether,  from  which  it  crystallises  in 
needles.  Tlie  strontium  salt  resembles  the  calcium  salt ;  the  barium  salt  is  oily  or 
waxy  and  seldom  crystallises  ;  the  magnesium  salt  is  soluble.  The  zinc,  manganese, 
iron,  chromium,  aluminium,  cobalt,  nicAel,  copper,  mercury,  and  lead  salts  are  all  in- 
soluble or  slightly  soluble,  glutinous  precipitates. 

Borodin  regards  this  modification  of  capric  acid  as  an  amylated  valeric  acid 
C^H»(C^II").COOH. 

CAPROXC  ACID,  C'^W-O'^.— Normal  Caproic  acid,  (CH=)«CH'.COOH,  is  pre- 
pared by  heating  normal  amyl  cyanide  (CH-)''CH'.CN  with  alcoholic  potash,  and  de- 
composing tlie  resulting  potassium  salt  with  sulphuric  acid.  The  acid  then  separates 
as  an  oily  layer,  which  may  be  purified  by  washing  and  distillation.  It  is  a  colourless 
liquid,  which  does  not  mix  with  water,  has  an  odour  fainter  and  somewhat  less  dis- 
agreeable than  that  of  ordinary  caproic  acid,  and  a  strongly  acid  taste.  It  boils  at 
204-o°-205°  (bar.  at  0-7385  met.);  ordinary  caproic  acid  boils  at  199-7°.  Its  specific 
gravity  at  different  temperatures  is  as  follows : — 

Temperature       ,       .       0°  20°  40°  99-1° 

Specific  gravity    .       .    0-9149       0-9294  0-9172  0-8947 

(Lieben  a.  Rossi,  Gazzetia  cMmica  italiana,  i.  314). 

The  following  table  exhibits  the  composition  and  solubility  of  the  calcium  and 
barium  salts  of  this  acid,  and  of  ordinary  caproic  acid  prepared  from  fermentation 
amyl  alcohol,  by  converting  it  into  the  chloride,  this  into  the  cyanide,  &c.  The 
numbers  denote  the  quantities  of  anhydrous  salt  dissolved  in  100  parts  of  water  at 
185° :— 


1 

Normal 

Ordinary 

J  Calcium  Salts 

1  Barium  Salts 

1 
1 

Ca(C''H"0=)-  -1-  WO 
2-6676  —  2-707  parts  atl8-5°; 
a  little  more  in  boiling  water. 

BaCC^H-'O-)- 
8-496  parts  at  18-5°;  much 
more  soluble  in  hot  water. 

Ca(C«H'iO-0=  +  SH^O 
4-4   parts   at    18-6°;  more 
soluble  in  hot  water. 

Ba(C'=H"0')=  +  2H=0 
34-65  parts  at    18-5°;  less 
soluble  in  hot  water. 

The  normal  barium  salt  contained  a  little  water,  probably  hygroscopic. 

Normal  ethyl  caproate,  C-II^.C''II"0-,  prepared  by  ■  treating  10  grams  of  the 
normal  acid  with  10  grams  alcohol  of  99  p.c.  and  5  grams  of  sulphuric  acid,  boils  at 
165'5°  under  a  pressiu-e  of  735-8  mm.,  and  has  a  sp.  gr.  of  0-8898  at  0°,  0  8732  at  20°, 
0-8594  at  40.° 

Ordinary  ethyl  caproate,  prepared  in  like  manner,  boils  at  160-4°  (corr.)  under  a 
pressure  of  737  mm.  and  has  a  sp.  gr.  of  0-887  at  0°  0-8705  at  20°,  0-8566  at  40°. 

The  ordinary  caproic  acid  from  which  the  preceding  compounds  w-ere  prepared  had 
a  very  feeble  optical  rotatory  power :  hence  the  statements  made  respecting  it  are  not 
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)iC'oes.sarily  true  for  every  specimen  of  caproic  acid  prepared  from  fermentation  amyl 
alcohol  (Lieben  a.  Eossi,  Ann.  Ch.  Fharm.  clxv.  118). 

Normal  caproic  acid  is  contained  in  the  less  volatile  portions  of  the  crude  acid  ob- 
tained by  the  butyric  fermentation  of  sugar.  A  mixture  of  rice,  malt,  milk,  clioppeil 
meat  anil  challc,  left  to  ferment  for  several \vr,1vs,  yielded  ,a  mixture  of  ^mtiIc,  imlyi'i,', 
and  caproie  acids  (no  propionic,  or  valeric  mcpI  i.  The  portion  which  ju^sri  ,i\rrini 
fraction.'il  distillation  between  164  ^in<l  1  7.V-' i''mimsI  cd  of  butj'ric  and  caju'ii-e  .•lei^ls,  trum 
which  the  formar  was  removed  l)y  re|"  ::lc  il  washing  with  water.  The  caproic  acid 
which  remained  boiled  at  200°-Llo,)  .  ^  ii  I  It  d  .in  anhydrous  barium  salt,  100  parts  of  a 
saturated  solution  of  which  at  21  L"J  eoin.iined  8'3  parts  of  salt,  and  a  calcium  salt, 
Ca(C''H"0-f  +  H-0.  containing  in  100  parts  of  solution  satiu-ated  at  21°-22°,  4-4 
parts  of  anhydrous  salt  (Grillone,  Ann.  Ch.  Phctrm.  clxv.  127). 

According  to  A.  Freund  {J.  p.  Cham.  [2]  iii.  224)  ordinary  caproic  acid  is  formed, 
together  with  formic,  acetic,  and  butyric  acids  (but  no  valeric  acid),  by  the  fermenta- 
tion of  wheat-bran  in  contact  with  leather-cuttings  (the  process  recommended  by  Keller 
for  the  preparation  of  propionic  acid). 

This  caproic  acid  added  to  a  .solution  of  cupric  acetate  throws  down  cupric 
caproato  in  bluish-green,  heavy,  oily  drops,  which  after  a  short  time  become  crystal- 
line. Tlie  salt  is  nearly  insoluble  in  water,  and  may  therefore  be  readily  obtained 
pure  by  washing ;  it  is  readily  soluble  in  alcohol,  and  is  obtained  by  spontaneous 
evaporation  in  small,  dark  green,  anhydrous  rhombohedrons  (Freund). 

Zinc  caproate  is  formed  in  like  manner  by  the  action  of  caproic  acid  on  zinc  acetate, 
as  a  difficultly  soluble  crystalline  precipitate,  which  redissolves  partly  on  warming  in 
the  mother-liquor,  and  is  deposited  in  small  plates  on  cooling.  The  crystals  separated 
from  the  mother-liquor  are  but  slightly  soluble  in  water,  but  readily  soluble  iu  warm 
alcohol,  from  which  the  salt  separates  in  anhydrous  crystalline  needles  having  a 
mother-of-pearl  lustre  and  a  soapy  feel.  The  formation  of  this  salt  may  bo  employed 
as  a  jnethod  of  distinguishing  caproic  acid  from  valeric  and  butyric  acid,  neither  of 
which  forms  a  precipitate  when  added  to  an  aqueous  solution  of  zinc  acetate.  The 
same  salt  is  produced  by  acting  on  zinc  oxide  with  an  alcoholic  solution  of  caproic 
acid  (Freund). 

CAPROSTE  or  DXirOM-S-X.  XETOIffE,  C'^ff^o  =  CO(C^H")^  is  obtained  iu 
large  quantities  by  distilling  the  calcium  salt  of  capric  acid  from  Hungarian 
fusel-oil  (p.  249).  It  crystallises  in  white  pearly  scales,  which  are  insoluble  in 
water,  readily  soluble  in  ether  and  boiling  alcohol ;  it  melts  at  68°,  solidifies 
again  at  56°,  and  boils  above  350^.  It  is  not  acted  upon  by  a  boiling  mixture  of  8 
parts  of  potassium  dichromate,  3  parts  of  sulphuric  acid,  and  10  parts  of  water; 
neither  is  it  changed  by  dilute  nitric  acid  ;  when  it  is  heated  with  concentrated  nitric 
acid,  a  violent  action  takes  place,  and,  amongst  other  products,  capric  acid,  and  per- 
haps also  caprylio  acid,  are  f  irmed  (Grimm,  loc.  cit.). 

CAPROOH'E  or  DIABIYX.  KETOTTE,  C"H"0  =  CO(C'H")^  E.  Schmidt 
{Beut.  Chem.  Ges.  Bcr.  v.  597)  prepares  this  compound  (and  other  ketones  in  like 
manner)  by  heating  calcium  caproate,  mixed  with  chalk  to  prevent  fusion,  in  a  wide 
iron  tube  placed  in  a  combustion  furnace.  After  dehydration  by  calcium  chloride  and 
repeated  fractional  distillation,  it  lias  a  sp.  gr.  of  0-822  at  20°,  and  boils  at  220°-221° 
(at  165°  according  to  Brazier  a.  Gosleth).  Nitric  acid  acts  violently  on  it,  forming 
caproic  and  nitrovaleric  acids  : 

C0(G5H")'^  +  3HN03  =  C^H"(COOH)  -t-  C5H»(N0=)0-"  -i-  N=0=  -i-  2H-'0. 

Mvthyl-c  aproone,  CO  |q5jjii.  prepared  in  like  manner  by  heating  a  mixture  of 

the  calcium  salts  of  caproic  and  acetic  acids,  lias  a  sp.  gr.  of  0-813  at  20°  (0-828  at  0° 
according  toPopoff),  and  boils  at  155°-156°  (at  144°  according  to  Popoff ;  at  152°,  ac- 
cording to  Schorlemmer's  '  Lehrbucli ' ).  AVith  nitric  acid  it  yields  caproic  and  acetic 
acid,  but  no  nitro-acid.  With  sodium  bisulphite  it  forms  an  abundant  crop  of  crystals 
(Schmidt). 

CAPR-H-I.  CHIORIDS,  CioH'^OCl.  see  Capbic  acid,  (p.  249). 

CARBAMATES  Ammoniuia  Carhamafc,  CO-N-H"  =  NH^COONliS  splits  up 

completely,  when  volatilised,  into  ammonia  and  carbon  dioxide.  A.  Nauman  {Dent. 
Chan.  Gcs.  Bcr.  iv.  779),  in  five  determinations  of  the  vapour-density  made  with 
llofmann's  apparatus  (1m  1127).  at  temperatures  ranging  between  37°  and  100°, 

obtained  numbers  between  0-896  and  0-891,  the  density  calculated  for  2NH''  +  C0= 
(4  vols.)  being  0-898.  The  apparatus  has  to  be  heated  for  an  hour  before  the  tension 
becomes  constant,  and  at  low  temperatures  the  tension  reaches  its  maximum  witli 
extreme  slowness,  both  when  the  point  of  saturation  has  not  been  previously  attained, 
and  when  it  has  been  passed  over  by  cooling,  after  long-continued  exposure  of  the 
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suLstanco  to  a  liiglier  temperature.    Bodies  TS'liich  volatilise  witliout  docomposition,  r.s 
uaplitlialene  and  carbon  sescjiiicliloride,  behave  differently. 
From  a  great  number  of  experiments,  the  following  Table  has  been  calculated : — 
Becomposition-Tensio'AS  of  Ammonium  Carbamate. 


Tension 

mm. 

mm. 

mm. 

—15° 

10° 

29-8 

26° 

97-5 

42° 

278" 

—10 

4-8 

12 

34 

28 

110 

44 

316 

—  5 

7-5 

14 

39 

30 

124 

46 

354 

0 

12-4 

IG 

46-5 

32 

143 

48 

402 

15-7 

18 

53-7 

34 

166 

60 

470 

4 

19 

20 

62-4 

36 

191 

55 

600 

6 

22 

22 

72 

38 

219 

60 

770 

8 

25'7 

24 

84-8 

40 

248 

This  table  shows  that  the  decomposition-tension  of  ammonium  carbamate  increases 
by  increase  of  temperature  similarly  to  the  tensions  of  other  substances. 

The  time  required  for  this  decomposition  depends  partly  on  the  quantity  of  undocom- 
posed  salt  present,  and  becomes  shorter  the  larger  the  surface  of  the  latter.  Both 
during  decomposition  and  during  reproduction,  the  tension  increases  or  decreases  more 
slowly,  the  nearer  it  comes  to  the  point  of  equilibrium. 

The  long  time  required  for  the  decomposition  by  heat,  or  for  the  reproduction,  of  this 
compound,  shows  that  it  is  an  atomic  and  not  a  molecular  combination.  In  this  respect 
it  resembles  formic  metaldeliyde,  C^H'^O^,  which,  as  Hofmann  has  shown,  splits  up 
when  heated  into  three  molecules  of  formic  aldehyde  CH^O,  this  gas  on  cooling  being 
slowly  reconverted  into  the  solid  polymeric  compound  (Naumann,  Deut.  Chem.  Ges. 
Bcr.  v.  815). 

Benzyl  Carbamate,  CO.NH^.OC'H',  is  produced,  together  with  benzyl  chloride, 
by  the  action  of  cyanogen  chloride,  gaseous  or  solid,  on  benzyl  alcohol.  See  Benzyl- 
CoMPorxLs  (p.  178). 

Phenyl  Carbamate,  C0.NII2.0C''H^  is  formed,  together  with  ammonium 
chloride,  by  tlie  action  of  dry  ammonia  gas  on  a  solution  of  phenyl  chlorocarbonata 
in  absolute  etlier : 

Co{oC^ff  +  NH3  =  HCl  +  Coggg,. 

The  solution  filtered  from  the  sal-ammoniac  and  left  to  evaporate,  yields  phenyl  car- 
bamate in  beautiful  laminae  melting  at  141°,  soluble  in  alcohol  and  water,  as  well  as 
in  ether.  When  evaporated  with  strong  soda-solution,  it  gives  off  a  large  quantity  of 
ammonia,  and  forms  sodium  carbonate  and  sodium  phenato.  Heated  to  140°-150° 
with  saturated  aqueous  ammonia,  it  forms  phenol  and  urea : 

CO.Nff.OC'H-'  +  NIP  =  KOCm  +  CON-H* 
(Kempf,  I)eut.  Chcm.  Ges.  Ber.  iii.  253). 

Sthyl  Fbenyloarbamate,  Etbyllc  Carbanilate,  Phenylcarbamic  Ether, 
or  Phenyl-urethane,  CTI"NO=  =  CO  Iq^'j^s'^  •  This  ether  is  formed  when 
1  mol.  otliyl  chlorocarbonato  is  allowed  to  flow  upon  2  mol.  aniline  contained  in 
a  flask  connected  wth  an  inverted  condenser.  The  whole  solidifies  to  a  crystalline 
mass,  which,  when  heated  in  a  water-bath  and  freed  from  excess  of  aniline  by  washing 
it,  first  with  water  containing  hydrochloric  acid,  and  then  several  times  with  cold  water, 
yields  crystals  of  ethyl  carbanilate  : 

Pf.<Cl         ,    ^(C«ff  _  ^^^NHCCH^)  jjp. 
^^\OC"-W   +   ^\B?     ^  ^"jOC-H^  + 

The  ether  may  be  purified  either  by  boiling  it  with  a  large  quantity  of  water  and 
filtering  quickly,  or  better,  by  distilling  it  after  drying.  It  is  nearly  insoluble  in  cold, 
somewhat  soluble  in  boiling  water,  easily  soluble  in  alcohol  and  ether ;  passes  over 
abundantly  with  aqueous  vapour ;  melts  at  51°'5-52° ;  volatilises  without  decomposition, 
and  boils  at  237°-238°.  It  is  decomp)osod  by  baryta-water  and  hydriodic  acid,  and 
carbanilic  acid  cannot  be  prepared  from  it.  It  reacts  like  the  urethanesand  appears  to 
bo  only  isomeric  with  the  ethylic  ether  of  anthranilic  or  meta-amidobenzoic  acid  (ob- 
tained l:iy  the  action  of  boiling  potash  on  indigo,  1st  Suppl.  751),  but  probably  identical 
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■with  the  body  -which  Hofmauii  obtained  in  1849  by  tlie  action  of  ethyl  alcohol  on 
phenyl  cyanate  or  carbanil  (ii.  197).  When  treated  with  potash-ley,  it  yields  at  first 
alcohol,  carbon  dioxide  and  aniline,  the  last  of  -which  acts  further  on  the  undecom- 
posed  ethyl  carbanilate,  converting  it  into  diph enyl-urea,  CON^Ii'(C''H*)-.  The 
diphenyl-iirea  obtained  in  this  manner,  or  directly  by  heating  ethyl  carbanilate  with 
aniline  to  160°,  dilfers  from  Hofmann's  carbanilide  (i.  756)  only  by  boiling  at  225° 
instead  of  205°,  and  by  its  smaller  solubility  in  alcohol.  Ethyl  carbanilate  heated 
-with  ammonia  yields  aniline  and  urea  (Wilm  a.  Wischin,  Chern.  Soc.  J,  [2]  vi.  192). 

H.  Schiff  {Deut.  Chcm.  Gcs.  Be):  vi.  649)  has  obtained  an  ethyl  carbanilate  differing 
in  properties  from  that  above  described,  by  the  action  of  aniline  on  ethyl  chlorocar- 
bonate  in  ethereal  solution.  1  part  of  ethyl  chlorocarbonate  dissolved  in  10  to  15 
times  its  volume  of  absolute  ether  was  added  by  drops  to  2  parts  of  aniline ;  the  liquid 
filtered  from  the  aniline  hydrochloride  and  evaporated  ;  and  the  residue  washed,  first 
-with  acidulated,  then  with  pure  water,  cbied  over  calcium  chloride,  again  dissolved  in 
ether,  and  evaporated. 

The  product  thus  obtained  has  the  composition  of  ethyl  carbanilate,  but  does  not 
crystallise.  It  is  not  volatile  without  decomposition,  but  decomposes  when  heated 
above  200°,  giving  off  vapour  of  ether,  and  between  230°  and  235°  a  colourless  liquid 
which  begins  to  boil  in  the  receiver,  gi-ving  off  ether-vapour  and  an  odour  of  plienyl 
cyanate,  and  finally  solidifying  to  a  -white  crystalline  mass.  After  some  time 
more  crystals  are  formed,  the  odour  of  phenyl  cyanate  is  no  longer  emitted,  and  the  mass, 
which  then  contains  alcohol,  may  be  freed  from  the  uncrystallisable  portion  by  treat- 
ment with  ether  or  benzene. 

The  crystallised  mass  thus  obtained  contains  three  compounds  which  may  be  sepa- 
rated by  means  of  alcohol ;  all  three,  when  fused  with  potash,  yield  aniline  and 
carbonic  anhydride,  and  when  fused  alone,  emit  the  odonr  of  phenyl  cyanate.  Tliese 
compounds  are:  1.  Trijiheni/l  Cyania-ate,  C^W{OC^Ti^y ;  small  colourless  prisms,  in- 
soluble in  water  and  in  ether,  nearly  insoluble  in  cold,  very  slightly  soluble  in  hot 
alcohol,  moderately  soluble  in  hot  benzene  and  in  the  alcoholic  solutions  of  the  com- 
pounds 2  and  3.  It  melts  at  214°-216°  (corr.  222°)  and  is  identical  with  the  compound 
which  Hofmann  obtained  by  heating  ethyl  carbanilate  -with  phosphoric  anhydride 
(Dcut.  Chcm.  Ges.  Ber.  iii.  765),  and  by  the  action  of  cyanogen  chloride  on  potassium 
phenate  {ibid.  269).  2.  Biphcni/l-carbamideo^  Carbanilide,  ]SI^CO.(C"ff)^H^  identical 
with  that  obtained  in  various  other  ways  (i.  756  ;  \st  Siq^pl.  398).  It  forms  long 
shining  needles,  melting  at  200°-203°,  easily  soluble  in  hot  alcohol,  more  soluble 
in  cold  alcohol  than  the  preceding  compound.  It  forms  the  principal  part  of  the 
product  obtained  by  the  decomposition  of  the  carbanilic  ether.    3.  Triphcnyl-buircf, 

N  \  Cff  .    This  constitutes  the  portion  of  the  product  easily  soluble  iu  alcohol ; 

it  is  best  precipitated  from  the  alcoholic  solution  by  water,  whereby  an  indistinctly 
crystalline  mass  is  obtained  which  melts  at  105°,  and  maybe  distilled  but  decomposes 
at  the  same  time,  yielding  triplienyl  cyanurate  and  diphenyl-carbamide. 

Ethyl-aniline  acts  on  ethyl  chlorocarbonate  loss  strongly  than  aniline,  forming  a 
compound  which  distils  without  decomposition  between  245'^  and  250°  (SchiJf). 

X:tliyl  Tolylcarbamate  or  Tolyl-uretbane,  CO  Iq^^^^-^',  is  obtained  by  the 
action  of  chlorocarbonic  ether  upon  toluidine;  the  reaction  is  very  violent,  and  is 
best  conducted  in  presence  of  ether.  The  solution  filtered  from  the  toluidine 
liydrochlorido  and  evaporated  leaves  the  tolyl-urethane  as  an  aromatic  oil,  which, 
when  cooled  by  a  freezing  mixture,  solidifies  with  difficulty.  It  is  insoluble  in  water ; 
crystallises  from  alcohol  in  long  prisms  melting  at  32°.  By  distillation  with  phos- 
phoric anhydride  it  yields  tolyl  isoeyanato  or  tolyl-carbimidc,  N  'Iq!^:  (Hofmann, 
Proc.  Hoy.  Soc.  xix.  108). 

Ethyl  Xylylcarbamate  or  Xylyl-urethane,  CO  {qc^h''^  '  o'^taincd  in 
like  manner  from  clilorocarbonic  ether  and  toluidine,  crystallises  in  slender  needles 
melting  at  .',8°  (Hofmann). 

Ethyl  Haphthylcarbamate  or  iraphthyl-uretbane,  CO  |  q^.j^I"^^'  .  oIj- 
tained  liy  treating  naphthylamine  with  chlorocarljunic  other,  crystallises  from  alcohol 
in  needles  which  melt  at  79°  (Hofmann). 

CARBAZOX.,  C''^H°N.  (Gracbe  a.  Glaser,  Jkut.  Chen.  Ges.  Ber.  v.  12  ;  Graclie, 
ibid.  976,  also  Ann.  Ck.  Pharm.  clxiii.  256,  clxvii.  125). — A  compound  obtained  in  the 
purification  of  crude  anthracene  on  the  large  scale,  under  conditions  not  yet  precisely 


254      CARBAZOLINE- OARBOGLYCOLLIC  ETHERS 


specified.  For  purification  it  is  distilled  oncG  or  twice,  then  dissolved,  together  with 
.in  equal  -weight  of  picric  acid,  in  tar-oil  of  high  boiling  point.  The  solution  on  cooling 
deposits  fine  red  crystals  of  a  compound  of  carbazol  and  picric  acid,  which  when 
treated  with  ammonia,  yields  the  carbazol.  It  is  also  produced,  together  with 
hydrogen,  ammonia  and  ammonium  cyanide,  by  passing  aniline-vapour  through  a 
porcelain  tube  heated  to  bright  redness : 

2C»H'N  =  C'2H»N  +  W  +  ; 
and  more  readily  by  decomposition  of  diphenylamine,  C'=H"N  =  C'^H'N  +  H-. 
Hence  it  may   be    supposed   to   have   the   composition   of    imido-di  phenyl 

I       ^>NH.    Three  determinations  of  its  vapour-density  (in  sulphur-vapour)  gave 

the  numbers  5-97,  5-96  and  6'01,  the  calculated  number  for  C'^H^N  being  5-85. 

By  sublimation  or  crystallisation,  carbazol  is  obtained  in  beautiful  white  laminre  or 
tables.  It  is  insoluble' in  water,  but  dissolves  in  alcohol,  ether,  and  benzene,  sparingly 
at  ordinary,  more  fi-eely  at  higher  temperatures.  It  melts  at  238°  and  boils  at  338°. 
It  is  not  decomposed  by  passing  through  a  red-hot  tube  or  by  distillation  over  red- 
hot  zinc-dust  or  soda-lime.  It  dissolves  in  cold  sulpJmric  acid,  ordinary  or  fuming, 
and  separates  out  unaltered  on  addition  of  -water;  but  -\vhen  heated  to  100°  -with 
ordinary  sulphuric  acid,  it  is  converted  into  carbazol-disnlphonic  acid.  Nitric 
acid,  according  to  its  degree  of  concentration,  converts  carbazol  into  a  mono-  or  di- 
nitro-compound.  Fuming  nitric  acid  acts  upon  it  -vvith  great  violence.  The  same 
nitro-derivatives  are  formed  by  the  action  of  nitroiis  acid  on  carbazol  dissolved  in 
alcohol.  Carbazol  is  not  decomposed  by  hydrochloric  acid,  by  fusion  with  potassium 
hydrate,  or  by  heating  to  200°  -with  alcoholic  potash-solution.  Neither  is  it  reduced 
by  sodium-amalgam  in  alcoholic  solution,  or  by  hydriodic  acid  at  200°,  but  when 
heated  to  200°-220°-with  strong  hydriodic  acid  and  amorphous  phosphorus,  it  takes  up 
6  at.  hydrogen  and  is  converted  into  carbazoline.  Carbazol  is  strongly  attacked  by 
oxidising  agents  ;  when  dissolved  in  glacial  acetic  acid,  it  is  readily  oxidised  by  chromic 
acid,  but  does  not  yield  any  well-defined  product.  With  chlorine  and  bromine  it  forms 
substitution-products. 

The  compound  of  carbazol  with  picric  acid  C"H°N.C''H'(NO-)^0  forms  beautiful  red 
needles  slightly  soluble  in  cold  benzene,  more  freely  in  hot  benzene  and  in  ether.  It 
is  decomposed'  by  water  and  by  alcohol  like  the  corresponding  anthracene-compound, 
from  -which  indeed  it  is  distinguishable  only  by  the  form  of  its  crystals  and  by  its 
inferior  solubility  in  benzene.  By  careful  heating  it  may  be  sublimed  in  needles, 
-svith  only  slight  decomposition. 

In  the  characters  of  its  picric  acid  compound,  as  well  as  in  not  combining  -with 
mineral  acids,  and  indeed  in  all  the  characters  above  described,  carbazol  resembles  a 
hydrocarbon  much  more  closely  than  a  nitrogenised  organic  base. 

CARBASOXiXErS,  C''-II"N. — A  base  formed,  as  already  mentioned,  by  the  action 
of  hydriodic  arid  on  carbazol  in  presence  of  amorphous  phosphorus.  To  prepare  it, 
carbazol  is  heated  for  some  hours  to  200°-230°  with  4  parts  of  hydriodic  acid  (b.  p. 
127°)  and  "I  part  of  amorphous  phosphorus ;  the  contents  of  the  tube  when  cold  are 
mixed  -^vitli  water  ;  and  the  solution  is  warmed,  and  filtered  from  a  brown  unctuous 
mass  formed  at  the  same  time.  The  filtrate,  on  addition  of  ammonia,  deposits  car- 
bazoline, -which  may  be  purified  by  crystallisation  from  alcohol. 

Carbazoline  crj'stallises  from  alcohol  in  largo  white  needles  ;  it  melts  at  96°,  and 
distils  at  286°  (uncorrected)  ;  its  vapour-density  is  6-13°,  6-99°  being  the  calculated 
density  for  C'^H'^N.  It  sublimes  in  needles,  and  volatilises  with  -water-vapour.  It  is 
readily  soluble  in  alcohol,  ether,  and  benzene,  and  forms  salts  with  acids  very  soluble 
in  water  and  alcohol;  its  hydrochloride  is  C'-H'^N.HCl.  Platinic  chloride,  ferric 
chloride,  potassium  clichromate,  and  potassium  permanganate,  readily  oxidise  its 
solutions,  even  in  the  cold,  -with  formation  of  a  bro-svn  amorphous  mass ;  nitric  acid  of 
sp.  gr.  1  -2,  forms  a  resinous  body ;  red-hot  soda-lime  and  melting  potash  are  without 
action  on  it  (GJracbc  a.  Glaser,  loc.  cit.). 

CASBOGI.-S'COI.SilC  ETHERS  (Hointz,  Ann.  Ch.  Pharm.  cliv.  257). 

,ocn-cooc^H'> 

1.  Ethyl  Carhodicilncollatc,    C'II"0'  =  CO^  ,   is  formed, 

^OCH^COOC^ff 

together  -with  ethyl  chlorocarbonate  and  glycollide,  when  gaseous  carbonyl  chloride 
(phosgene)  is  continuously  passed  through  ethyl  glycoUate.  On  leaving  the  liquid  to 
itself  for  some  time,  glycollide  C-H-O-  separates  out ;  and  on  -washing  this  substa  iicj 
with  ether,  mixing  the  ethereal  -washings  -with  the  liquid  from  -whicli  the  glycollide  luis 
separated,  and  agitating  the  ethereal  solution  v,-ith  -water,  hydrochloric  acid  and  ethyl 
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giycoUate  dissolve,  and  the  remaining  ethereal  liquid  dehyda-ated  with  calcium  chloride, 
and  evaporated,  leaves  a  liquid  which  by  fractional  distillation  yields  ethyl  chloro- 
carbonate,  ethyl  glycollate,  and  ethyl  carbodiglycollate. 

The  formation  of  carbodiglycollic  ether  in  the  above  reaction  is  represented  by  the 
equation : 

/  CH=OH  /OCffCOOC-ff 
200''^  +  COCr-  =  2HC1  +  C0<  ; 

\OC=H'>  ^OCH'COOC-U'* 

the  simultaneous  formation  of  gl3'"collide  and  clilorocarbonic  ether  probably  liy  the 
equations  : 

/CII-OH  .CI 
(1.)       CO^  +  COCP  =  HCl  +  CO<f  ; 

^OC^IP  \OCH=C0OC=H' 

/CI  /CI 
(2.)        CO/  =  C-^H'0=  +  CO/ 

^OOH^COOC^ff  \OC-H^ 

Carbodiglycollic  ether  is  a  viscid  liquid  of  yellowish  colour  (probably  colourless  in 
the  pure  state),  sinking  in  water,  having  a  somewhat  ethereal,  not  altogether  pleasant 
odour,  and  a  peculiar  burning  taste  ;  easily  soluble  in  alcohol  and  ether.  It  boils  with 
partial  decomposition  at  about  280°.  Under  the  influence  of  bases,  it  decomposes,  readily 
yielding  carbonate  and  glycollate ;  probably,  however,  a  carbodiglycollate  is  formed 
as  an  intermediate  product,  for  the  ether  dissolves  in  lime-  or  baryta-water  -n-ithout 
immediate  deposition  of  carbonate ;  but  decomposition  ensues  on  heating  the  liquid, 
and  partially  even  when  it  is  left  to  evaporate  at  ordinary  temperatures,  so  that  it  has 
not  yet  been  found  possible  to  prepare  a  pure  metallic  carliodiglycollate. 

.OC=H= 

2.  Ethyl  Carhoglycollate,   C'H'-O^  =  C0<^  ,  is  produced 

\OCF-'COOC=IP 
by  the  action  of  ethyl  chlorocarbonate  on  etliyl  glycollate  : 

^Cl     '  ^CH=OII  ^OC'R' 

CO^  +   C0<;  =  HCl  +  CO^ 

\0C=H»  \0C-ff  ^OCffCOOC^ff 

A  mixture  of  the  two  ethers  is  heated  to  100°  in  a  sealed  tube  till  hydrochloric  acid 
no  longer  escapes  on  opening  the  tube ;  and  by  subjecting  the  product  to  repeated 
fractional  distillation,  carboglycollio  ether  is  at  length  obtained  in  the  form  of  a  some- 
what viscid  colourless  liquid  boiling  at  about  240°.  It  has  a  pleasant  though  faint 
ethereal  odour,  and  a  disagreeable  burning  taste;  sinks  in  water;  dissolves  in  alcohol 
and  ether  ;  also,  without  turbidity,  in  cold  lime-  and  baryta-water.  Hence  metallic 
carboglycollates  appear  to  be  producible,  but  they  are  very  easily  resolved  into  car- 
bonates and  glycollates. 

In  the  preparation  of  this  ether,  glycollide  and  ethyl  carbonate  are  formed  at  the 
same  time  by  a  simple  decomposition  of  the  ethyl  carhoglycollate: 

^OC^ff  OC-H' 
CO  <  =  C^ff  0'^  +  CO<f 

\OCH=CO0C-H-'  ^OC-IP 

CARBON".  AHotropic  Modifications. — Despretz  found,  several  years  ago,  that  all 
kinds  of  carbon  heated  in  the  electric  arc  of  a  battery  of  500  to  600  Bunsen's  elements, 
soften  and  are  ultimately  converted  into  graphite.  According  to  Bettendorf  (Arch. 
Fharm.  [2]  cxliv.  79),  gas-coke  may  be  thus  transformed  by  a  battery  of  only  24 
elements.  Wlien  wood  (of  box,  ash,  hornbeam,  elder,  lilac  or  cork),  or  flax,  hemp, 
cotton,  paper,  or  silk  is  placed  in  a  porcelain  tube,  vapour  of  carbon  sulphide  passecl 
over  it  at  ordinary  temperatures  till  all  the  air  is  driven  out.  and  the  tube  then  slowly 
and  gradually  heated  to  redness  for  about  an  hour,  the  organic  substance  is  found,  after 
cooling,  to  be  converted  into  a  kind  of  coke,  having  the  ring  of  steel,  silver,  &c.,  and 
a  great  power  of  conducting  heat  and  electricity.  When  heated  it  gradually  becomes 
inc.nndescent  throughout  its  whole  mass,  v/ithout  taking  fire  at  any  particular  part,  and 
cools  down  as  soon  as  the  .source  of  heat  is  removed  ;  it  might,  perhaps,  be  used  lo 
f(irm  tlio  carbon  cylinders  of  Bunsen's  batterj'.  It  exhibits  metallic  lustre  on  its  sur- 
i'.ice,  is  denser  tlian  wood-charcoal,  and  does  not  sensibly  absorb  gases.  A  kind  of 
riii-bnn,  whicli  is  a  good  conductor  of  heat  and  electricity,  and  does  not  absorb  gases, 
i.s  likcwise  obtained  liy  strongly  heating  wood  in  a  crucible  filled  with  charcoal  powder. 
^Viiod-spiril,  liydrdcarbons.  &c.,  likewise  act  like  carbon  sulphide  in  converting  wood 
into  rinstic  and  i-niiducting  carbon.    The  wood-spirit  suffers  decomposition  nt  tl'c  same 
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time,  -whereby  tlie  interioi-  of  tlio  tube  becomes  coated  with  silver  -wliito  threads  of 
carbon  about  a  centimeter  long  (Sidot,  Compt.  rend.  Ixs.  605). 

Carhon  in  Meteorites.  Certain  meteorites  contain  carbon,  both  in  the  free  and  in 
the  combined  .state,  that  is,  in  the  form  of  hydrocarbons  ;  the  combined  carbon  is  com- 
pletely dissolved  out  by  free  acids.  In  two  samples  of  meteoric  iron  from  Caille, 
Boussingault  {Compt.  rend.  Ixxiv.  1287)  found  0*12  p.c.  combined  carbon.  Three 
specimens  of  meteoric  iron  from  Ovifvak,  in  Greenland,  wore  found  by  Daubree  (ibid. 
240)  to  contain : 

Combined  Carbon  .       .       .    3-00  2-6  3-6  p.c. 

Free  Carbon  .       .       .       .1-64  0-3  1-1  „ 

The  meteorite  found  at  Cranbourne  near  Melbourne  contains  fragments  of  pyi-ites 
and  a  certain  quantity  of  amorphous  carbon.  On  treating  the  amorphous  carbon, 
first  with  nitric  acid,  to  remove  admixed  pyrites,  and  then  with  a  mixture  of  fuming 
nitric  acid  and  potassium  chlorate,  a  gi-eenish  graphitic  oxide  is  obtained,  identical  in 
all  respects  with  the  oxide  from  the  graphite  which  crystallises  from  molten  east-iron, 
but  different  from  the  oxide  obtained  from  plumbago.  From  its  association  with 
pyrites  in  the  meteorite,  the  carbon  may  have  arisen  from  the  action  of  carbon  sulphide 
on  the  incandescent  iron ;  at  any  rate,  it  has  been  formed  under  the  influence  of  a  very 
high  temperature  (Berthelot,  Compt.  rend.  Ixxiii.  494). 

Carhon  from  the  decomposition  of  Carbonic  Oxide  by  Iron. — In  the  decomposition  of 
carbonic  oxide  by  iron  and  oxide  of  iron,  at  a  comparatively  low  temperature,  a  large 
quantity  of  amorphous  carbon  is  produced.  By  repeated  treatment  with  nitric  acid 
and  potassium  chlorate,  this  carbon  dissolves  almost  completely,  in  the  same  way  as 
the  combined  carbon  in  carburctted  iron  and  manganese,  a  trace  only  of  graphitic  oxide 
being  formed  (Berthelot). 

CAIiBOSr  BKOMSBB  (TETRA-),  CBr*  (Bolas  a.  Groves,  Chem.  Soc.  J.  [2]  ix. 
773).  The  formation  of  tliis  compound  by  the  action  of  bromine  in  presence  of 
iodine  bromide  or  antimouious  bromide  on  carbon  sulphide,  bromopicrin  or  bromoform, 
has  been  already  noticed  {1st  Suppl.  400.  See  also  Bhomofokm,  in  this  volume). 
Subsequent  experiments  have  shown:  (1).  That  this  compound  is  formed  in  small 
quantity  when  carbon  sulphide  is  heated  with  pure  bromine  alone  to  180^-200°  for 
several'  hundred  hours  ;  (2).  that  the  quantity  produced  is  greatly  increased  by  the 
presence  of  the  bromides  of  bismuth,  arsenic,  gold,  platinum,  cadmium,  zinc,  or  nickel, 
whereas  the  bromides  of  iron,  tin,  phosphorus  and  sulphur  have  but  little  influence  on 
the  result.  Bismuth  heated  with  carbon  sulphide  and  excess  of  bromine  for  a  con- 
siderable time,  converts  a  large  proportion  of  carbon  sulphide  into  tetrabromide,  appa- 
rently yielding  a  result  as  good  as  that  obtained  with  antimony ;  arsenious  bromide 
under  similar  circumstances  also  transforms  the  greater  portion  of  the  carbon  sulphide. 
On  the  whole,  however,  iodine  bromide  in  presence  of  excess  of  bromine  appears  to  be 
the  most  convenient  agent  for  effecting  the  conversion.  Carbon  tetrabromide  is  also 
produced  in  the  following  reactions. 

a.  Bi/  decomposition  of  Bromopicrin,  CBr^(NO^).  When  this  liquid,  in  quantities  of 
200  to  300  grams,  is  gently  heated  for  thirty  or  forty  hours  in  a  flask  connected  with 
a  condensing  apparatus,  nitrogen  oxides  and  carbon  dioxide  are  given  off,  a  dark  rod 
liquid  having  nearly  the  composition  NOBr '  collects  in  the  receiver,  and  the  liquid 
remaining  in  the  flask  deposits  after  some  time  large  crystals  of  carbon  tetrabromide. 
To  obtain  this  compound  in  the  pure  state,  the  liquid  is  mixed  with  water,  caustic 
soda  added  to  neutralise  excess  of  bromine,  and  the  solution  is  heated  till  the  carbon 
tetrabromide  melts  into  a  cake.  The  product  thus  obtained  contains  a  small  quantity 
of  an  oily  substance,  which  may  be  removed  by  strong  pressure  between  bibulous 
paper  before  crystallisation.  Traces  of  bromopicrin  which  remain  undecomposed, 
unless  the  heating  has  been  continued  for  a  somewhat  longer  time  than  that  above 
specified,  may  be  removed  by  heating  tlie  product  with  aqueous  potassium  cyanide. 
The  action  of  heat  on  bromopicrin  affords  an  easy  and  expeditious  method  of  preparing 
small  quantities  of  carbon  tetrabromide,  the  yield  being  about  30  p.c.  In  operating 
on  small  quantities,  however,  caro  must  be  taken  that  the  liquid  does  not  dry  up  on 
the  sides  of  the  vessel,  and  become  strongly  heated,  as  in  that  case  the  whole  is  apt 
to  decompose  with  explosive  violence. 

/3.  Bi/  the  action  of  Bromine  on  Iodoform,  CHIl  At  ordinary  temperatures  this 
reaction  gives  rise  to  bromiodoform  CBr-IH ;  but  an  excess  of  bromine  at  high 
temperatures  removes  the  hydrogen  and  the  whole  of  the  iodine,  producing  carbon 
tetrabromide.  When  one  part  of  iodoform  was  introduced  into  a  tube,  and  six  times 
its  weight  of  bromine  added  to  it,  the  mixture  became  warm,  and  much  iodine  was 
liberated.  The  tube  wan  then  scaled  and  heated  to  about  180°  for  70  hours,  and  on 
opening  it  at  tlie  expiration  of  that  time,  a  considerable  quantity  of  hydrobromic  acid 
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escaped.  The  contents  were  then  neutralised  -with  sodium  hydrate,  and  distilled  in 
tlie  usual  way.  The  semi-solid  crystalline  mass,  after  being  separated  from  tlio 
water,  and  having  the  greater  portion  of  the  oily  matter  removed  by  pressiu-e,  was 
examined,  and  found  to  be  carbon  tetrabromide  contaminated  with  a  miinite  quantity 
of  the  above-mentioned  oil,  which  was,  however,  easily  removed  by  crystallisation  from 
spirit.  In  this  experiment  bromiodoform  was  undoubtedly  first  produced,  the  liberated 
iodine  combining  with  the  excess  of  bromine ;  and  the  bromide  of  iodine  thus  formed, 
acting  upon  the  bromiodoform,  transformed  it  into  tetrabromide  of  carbon. 

7.  By  the  action  of  Iodine  Bromide  and  Bromine  on  Chloroform: — This  reaction 
yields  the  compounds  CBr'  and  CBr'Cl,  together  with  other  products.  When  dry 
chloroform  was  heated  to  150°  in  sealed  tubes  with  one  part  of  iodine  and  3  parts  of 
bromine  till  the  tubes  on  being  opened  no  longer  emitted  gas,  the  contents  when 
submitted  to  fractional  distillation  yielded  several  fractions,  the  lowest  of  which  (100°- 
130°)  was  liquid  at  ordinary  temperatures,  wliile  the  intermediate  fractions  deposited 
large  colourless  crystals  when  cooled,  and  the  highest  (180°-200°)  solidified  at  once 
to  a  crystalline  mass,  which  when  recrystallised  from  alcohol  had  nearly  the  composi- 
tion of  tribromochloromethano  CBr'Cl.  Another  rectification  of  the  higher  fraction 
yielded  a  substance,  which,  after  crystallisation  from  spirit,  melted  at  76°  and  gave  by 
analysis  92-91  p.c.  bromine  and  3  p.c.  chlorine.  Now  as  carbon  tetrabromide  con- 
tains 96-4  p.c.  bromine,  it  would  appear  that  the  substance  in  question  was  simply 
carbon  tetrabromide  contaminated  with  a  small  quantity  of  tribromomethane. 

Boiling  point  and  Specific  gravity. — The  following  table  gives  the  results  of  two 
parallel  series  of  experiments  made  with  the  tetrabromide  prepared  from_  carbon 
.sulphide  and  from  bromopicrin.  Column  I.  represents  the  pressure  in  millimeters ; 
column  II.  the  boiling  point  of  the  tetrabromide  derived  from  carbon  bisulphide ; 
column  III.  the  boiling  point  of  that  from  bromopicrin  : — 


I. 

II. 

III. 

mm. 

CBr*  from  CS^ 

CBr'  from  GNO'B 

50 

101-75 

101-75 

100 

120-50 

121-00 

228 

143-00 

143-50 

280 

15000 

150-50 

380 

160-25 

161-00 

430 

165-50 

482 

169-50 

658 

175-00 

Tetrabromide  of  carbon  under  the  ordinary  pressure  (760  mm.)  boils  at  189-5°,  but 
at  the  same  time  it  undergoes  a  slight  decomposition,  bromine  being  liberated.  It  can, 
however,  be  distilled  -^vithout  change  in  a  vacuum,  but,  when  the  pressure  is  increased 
to  about  350  mm.,  a  very  slight  decomposition  commences. 

The  specific  gravity  of  carbon  tetrabromide  was  found  to  bo  3-42  at  14°;  but  the 
result  is  perhaps  rather  too  low,  as  the  substance  is  very  apt  to  form  cavities  in 
crystallising. 

Reactions.  1.  Carbon  tetrabromide  heated  to  200°  in  a  sealed  tube,  undergoes 
partial  decomposition,  a  small  quantity  of  bromine  being  liberated.  The  same 
phenomenon  takes  place  when  the  tetrabromide  is  exposed  to  bright  sunshine,  the 
substance  at  the  same  time  showing  a  strong  tendency  to  crystallise  on  the  side  of  the 
tube  nearest  the  light,  in  well-formed  and  very  brilliant  crystals. 

2.  Carbon  tetrabromide  heated  to  100°  -with  alcohol  in  a  sealed  tube,  yields  hydro- 
gen bromide,  aldehyde  and  bromoform  : 

CBr^  -f  C-WO  =  HBr  +  C^H^O  +  CHBr'. 

3.  Heated  with  afcoMic  a?/i»zom'«  to  100°  in  a  sealed  tube  for  several  hours,  it 
like-wise  yields  bromoform,  produced  as  above,  together  with  a  small  quantity  of 
guanidine. 

4.  When  1  part  of  carbon  tetrabromide  is  heated  with  2  parts  of  aniline,  the  mixture 
turns  red,  and  in  a  few  seconds  a  powerful  reaction  sets  in,  which  completes  itself 
•syithout  further  application  of  heat,  and  the  mixture  on  cooling  solidifies  to  a  crystal- 
line mass,  consisting  of  the  hydrobromides  of  aniline  and  carbotriphenyltriamine  or 
triplicnylguanidino  : 

6(C«H^H-)N  -t-  CBr'  =  3[(C«H^)H-N.HBi-]  +  N'[C"(C''H5)3H-].HBr. 

The  reaction  is  exactly  similar  to  that  which  Hofmann  obtained  with  the  tetra- 
chlorides (i.  765),  but  takes  place  much  more  readilj% 
2nd  Sup.  S 
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5.  The  tetrabromido  lieated  witli  antimony  gives  up  part  of  its  bromine,  and  yields 
a  carbonaceous  mass.  6.  AVhen  it  was  heated  with  silver  oxalate  to  100°  in  a  sealed 
tube,  a  violent  explosion  took  place. 

CARBON'  CHS.ORXDES.  The  trichloride  C-Cl"  is  produced  by  the  action 
of  chlorine  on  acetylene  tetrachloride  CTI-Cl*.  Acetylene  tetrachloride  heated  in  a 
sealed  tube  to  300°  for  fifteen  hours  splits  up  into  chloracety  leue  dichloride  and 
hydrogen  chloride.    The  action  is  : 

C^ffCl^  +  CI'  =  2HC1  +  G-GY: 

Carbon  trichloride  is  also  formed,  when  hydrogen,  mixed  with  the  vapour  of  the 
tetrachloride,  is  passed  through  a  red-hot  glass  tube  filled  with  fragments  of  glass  : 

2CC1*  +       =  2HC1  +  G-G\\ 

The  reaction  takes  place  at  a  temperature  at  which  no  perceptible  resolution  of  the 
tetrachloride  ijito  the  trichloride  and  chlorine  takes  place  (Stadeler,  Aim.  Ch.  Pharm. 
Siippl.  vii.  168). 

Thirdly,  carbon  trichloride  is  formed  by  the  action  of  phosphorus  pentachloride  on 
acetyl  chloride  CH^.COCl,  tlie  oxygen-atom  and  the  three  hydi-ogen-atoms  being 
replaced  by  equivalent  quantities  of  chlorine.  Wlien  acetyl-chloride  is  heated  for 
some  hours  in  a  sealed  tube  to  180°  with  rather  more  than  4  mol.  PCP,  the  tube  being 
opened  now  and  then  to  allow  the  escape  of  hydrochloric  acid,  and  finally  heated  for 
56  hours  to  210°-220°,  and  the  contents  then  slowly  poured  into  cold  water,  carbon 
trichloride  separates  as  a  white  mass,  which  may  be  crystallised  from  boiling  alcohol 
in  feathery  crystals,  or  by  slower  separation  in  thick  square  plates.  The  crystals 
melt  at  182°-183°,  not  at  160°  as  commonly  stated  (1st  Siippl.  766). 

The  formation  of  tlie  trichloride  is  accompanied  by  that  of  a  small  quantity  of 
the  compound  C^H'CP  or  Cff.CCP  (H.  Hiibner  a.  F.  C.  G.  Muller,  Zeitcchr.  f. 
Clwm.  vi.  328). 

Tetrachloride,  CCP.  When  1  mol.  phosphorus  pentoxide  is  heated  witli  2-3 
mol.  carbon  tetrachloride  to  200°-220°,  the  following  reaction  takes  place  :  — 

P20=>  +  2CCP  =  COCP  +  CO-  +  2P0CP. 

The  quantity  of  phosgene  produced  is  about  three-fourtlis  of  the  theoretical  amount,  and 
a  portion  of  carbon  tetrachloride  always  remains  unchanged.  By  diminishing  the 
quantity  of  the  latter,  the  yield  of  phosgene  always  diminishes  while  that  of  carbon 
dioxide  is  increased.    On  employing  equal  numbers  of  molecules,  the  reaction  is  — 

2P'^0^  -f  3CCP  =  4P0CP  +  3C0'^ 

The  residue  in  the  tubes  is  a  viscid  liquid,  consisting  of  phosphorus  oxycliloridc,  and 
a  compound  formed  by  the  action  of  phosphorus  oxychlorido  on  the  pentoxide 
(Gustavson,  Zeitschr.  ./'.  Chan.  [2]  vii.  615). 

Phosphorus  pentasulphide  has  no  action  on  carbon  tetrachloride,  even  when  the  two 
are  heated  together  to  200°-220°  in  a  sealed  tube  for  a  week  (Thorpe,  Chem.  Soc.  J. 
[2]  X.  453). 

Cblorobromides.  The  trichlorohromidc  CCPBr  is  obtained  by  heating 
chloroform  with  bromine  to  200°  for  six  or  eight  hour's,  washing  the  product,  and 
submitting  it  to  fractional  distillation.  It  .is  a  mobile  colourless  liquid,  which 
becomes  coloured  on  exposure  to  ligl^t,  has  a  pleasant  ethereal  odour,  dissolves  in 
alcohol  and  ether,  and  boils  at  104"3°  under  a  pressure  of  757"9  mm.  A  small 
quantity  of  the  dichloro-dibromide  C'-CPEr-,  which  is  a  liquid  boiling  at  a  higher 
temperature,  is  likewse  oljtained  in  this  reaction  (Paterno,  Gazsetta  chiniica  italiana. 
i.  593). 

The  tetrachloro-dihromide,  or  tetrachloro-dihromcthanc  C-Cl'Br^,  is  produced,  by 
heating  pentachlorethane  C^HCP  with  bromine  to  200°,  as  a  crystalline  body,  which 
may  be  purified  by  washing  with  dilute  potash  and  crystallisation  from  alcohol  or 
ether,  in  which  it  is  very  soluble.  It  has  a  characteristic  camphor-like  odour,  similar 
to  that  of  carbon  trichloride,  which  it  closely  resembles  in  appearance.  When  heated, 
it  decomposes,  with  liberation  of  bromine,  but  without  melting  or  volatilising.  It 

{CCP  { CCl'Br 

,  and  is  isomeric  with  the  compound  ^qqicj^j,  '«'hieh 

Malagiiti  obtained  [\st  SuppJ,  768),  by  tlio  direct  union  of  bromine  and  carbon 
dichloride  (Paterno). 


Cbloronltrylides.     Cal'boli    dichloride,  or  tctrachlorethylenc  C-'Cl',  unites 
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directly  with  nitrogen  tetroxide,  forming  crystalline  tetrachloro-dinit  roc  thane 
C-Cl'(NO-)-.  This  compound  is  ^-iolently  attacked  by  alcoholic  potash ;  hut  if  tho 
liquid  be  diluted  with  water,  and  the  nitro-compound  gradually  added  to  it,  tho 
formation  of  by-products  may  be  avoided,  and  an  alkaline  liquid  is  obtained,  which 
by  evaporation  yields  potassium  chloride,  together  with  long  prisms  agreeing  in 
CCP] 

composition  with  the  formula,  NO-  I  C.OK.    This  compound  may  be  regarded  as  the 
NO^  ) 

potassium  salt  of  trichloracetic  acid  in  which  the  oxygon  of  the  group  CO  is  replaced 
by  two  atoms  of  nitryl ;  or  as  the  potassium  derivative  of  trichloro-dinitro-ethyl 
alcohol  (Hoch  a.  Kolbe,  J.  pr.  Chcm.  [2]  iv.  60). 

Carbon  dichlorido  gradually  added  to  a  well-cooled  mixture  of  concentrated  sul- 
phuric and  red  fuming  nitric  acid,  forms  nitryl  chloride  and  nitrotrichlorethy- 
lene.  This  compound,  which  has  not  been  obtained  in  the  pure  state,  owing  to  its 
instability,  is  a  yellow  liquid,  having  an  extremely  intense  and  unpleasant  odour,  and 
causing  headache  and  tears  ;  it  is  decomposed  by  water  and  alkalis.  By  heating  with 
bromine  for  some  hours  to  140°-150°  it  is  converted  into  C=CP(NO^)Br-,  a  cry.stalline 
substance,  melting  at  about  120°,  with  decomposition  (separation  of  bromine)^  ensily 
soluble  in  ether,  less  soluble  in  alcohol.  By  heating  with  liquid  nitrogen  tetroxidein 
sealed  tubes  to  115°,  it  is  converted  into  trinitrotrichlorethane,  C -CP'KO'^)-', 
which  crystallises  in  feathery  forms  ;  this  body  is  not  explosive,  but  gives  up  nitrogen 
tetroxide  when  heated  (K.  Hoch,  J",  pr.  Chem.  [2]  vi.  95). 

CABBOXf  OXIDES.  1.  Monoxide.  Carbonic  Oxide.  CO.  This  gas  is 
oxidised  to  CO-  ^^y  chromic  acid.  The  oxidation  may  be  slowly  but  completely 
accomplished  by  introducing  a  ball  of  gypsum  soaked  with  solution  of  chromic  acid 
into  carbonic  oxide  standing  over  mercury  (E.  Ludwig,  Ann.  Ch.  Pharm.  elxii.  47). 

Decomposition  by  Iron  and  its  Oxides. — When  pure  and  di-y  carbonic  oxide  is  passed 
over  metallic  iron  at  300°-4:O0°,  scarcely  any  deposition  of  carbon  takes  place ;  but 
■when  it  is  passed  over  ferrous  oxide,  this  oxide  is  reduced  at  the  surface  to  metallic 
iron  and  a  deposit  of  carbon  is  formed.  Carbonic  oxide  mixed  with  a  small  quantity 
of  carbonic  anhydride  or  oxygon,  and  passed  over  metallic  iron  at  the  same  tempera- 
ture, deposits  pulverulent  carbon  on  the  surface  of  the  iron.  TIicsc  reactions  may  bo 
represented  by  the  equations  : 

3FeO  +  CO  =  IVO'  +  C; 
and  FCO^  -h  CO  =  3FeO  +  CO-. 

If  in  the  experiments  which  yield  carbon,  the  temperature  be  raised  to  redness, 
the  deposition  of  carbon  immediately  stops,  and  any  ferrous  oxide  that  may  be 
present  is  again  burnt. 

The  carbon  which  is  deposited  in  these  reactions  contains  metallic  iron,  sometimes 
amounting  to  between  5  and  7  p.  c,  and  some  oxides  of  iron,  for  tho  most  part 
magnetic.  The  presence  of  iron  in  the  deposited  carbon  suggests  the  idea  that 
natural  graphite  containing  iron  may  have  originated  in  a  similar  manner  (Griiner, 
Compt.  rend.  Ixxiii.  281). 

Action  of  Elcctriciitj  on  Carbon  Monoxide  alone  and  in  presence  of  Hydrogen. — 
When  a  mixture  of  hydrogen  and  carbon  monoxide  was  submitted  to  the  action  of 
electricity  in  an  induction  tube,  a  contraction  of  the  mixed  gases  was  observed  ;  and 
after  the  fifth  hour  they  were  found  to  contain  about  6  p.  c.  of  marsh-gas,  which  had 
thus  been  synthetically  produced  : 

CO  +  3H=  =  CH'  H-  H=0. 

In  a  similar  experiment,  made  with  a  mixture  of  hydrogen  and  carbon  dioxide,  the 
resultantgas  was  found  to  contain  carbon  monoxide,  and  at  the  same  time  minute  drops 
of  an  oily  liquid  appeared  in  the  tube.  These  were  foiind  to  give  tho  characteristic 
reactions  of  formic  acid  : 

W  +  C0=  =  H=CO^ 

When  pure  and  dry  carbon  monoxide  is  circulated  through  the  induction  tube,  and 
then  submitted  to  the  action  of  electricity,  a  decomposition  of  the  gas  occurs,  attended 
with  a  gradual  and  regular  contraction,  carbon  dioxide  being  formed,  whilst  a  trans- 
parent film  of  a  reddish-brown  colour  is  deposited  on  the  sides  of  the  tulje.  This 
film,  which  is  entirely  soluble  in  water,  and  yields  a  coloured  solution  possessing  an 
intensely  acid  reaction,  is  an  oxide  of  carbon,  but  in  different  experiments  it  does  not; 
present  tho  same  composition.  Two  of  these  '  oxycarbons,'  have  however  been 
identified,  namely,  C'O^,  and  C^O',  which  may  be  regarded  as  corresponding  with 
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crotonylene,  C^H^,  and  valerylene,  C^H',  in  the  analogous  hydrocarbon  system  of -whicli 
acetylene  is  the  first  term  (Brodie,  Proc.  Hoy.  Soc.  xxi.  245). 

2.  Bioxide  or  Cartoonic  Anbydride. — Cailletet  {Comft.  rend.  Ixxv.  1271)  has 

examined  the  properties  of  liquid  carbon  dioxide,  which  he  condenses  by  mechanical 
pressm-e ;  but  his  experiments  do  not  add  much  to  the  information  previously 
furnished  by  those  of  Gore  {1st  Siippl.  402),  with  which  he  does  not  appear  to  be 
acquainted.  It  is  a  colourless  mobile  liquid,  which  does  not  conduct  electricity. 
When  the  ends  of  the  wires  of  a  powerful  induction-coil  are  brought  near  each  other 
in  this  liquid,  a  brilliant  white  light  is  produced,  unaccompanied  by  any  deposit  of 
carbon.  It  does  not  dissolve  sodium  chloride,  sodium  sulphate,  calcium  chloride,  cal- 
cium carbonate,  sulphur,  phosphorus,  stearin,  or  paraffin.  It  converts  neutral  sotlium 
carbonate  into  acid  sodium  carbonate,  which  is  insoluble  in  the  liquid.  Iodine 
dissolves  in  it  sparingly,  giving  the  tint  produced  by  6  milligrams  of  iodine  in  10  c.  c. 
of  carbon  bisulphide.  The  liquid  fats  are  slightly  soluble  in  liquid  carbon  dioxide  ; 
tallow  is  bleached  by  the  abstraction  of  its  liquid  fats.  Petroleum  oil  dissolves  5  or 
(!  times  its  volume  of  the  liquid  dioxide.  It  appears  to  be  miscible  with  ether  in 
all  proportions.  Carbon  sulphide  takeii  up  a  small  proportion  only.  Liquid  carbon 
dioxide  is  not  reduced  by  sodium. 

The  liquid  bubbles  enclosed  in  certain  minerals,  as  rock-crystal,  topaz,  amethyst  and 
quartz  appear  to  consist  in  many  cases  of  liquid  carbon  dioxide,  sometimes  enclosing  a 
small  bubble  of  water.  The  liquefied  carbon  dioxide  does  not  fill  the  cavities  com- 
pletely, and  does  not  adhere  to  their  sides,  but  moves  freely  about,  like  mercm'y  in 
glass.  On  heating  the  mineral,  the  liquid  carbon  dioxide  expands  strongly,  and  con- 
denses the  enclosed  water-bubble.  When,  however,  the  water  predominates,  the 
bubble  does  not  disappear  on  heating  (Vogelsang  a.  Geissler,  Fogg.  Ann.  cxxxvii.  66). 

Eespecting  the  amount  of  carbon  dioxide  contained  in  the  air  near  the  Baltic  Sea, 
see  Atmospheee  (pp.  112,  113). 

Decompositio'ii  by  the  Electric  Discharge.— k..  Thenard  {Conipt,  rend.  Ixxiv.  1280)  by 
passing  gaseous  carbon  dioxide  through  a  tube  similar  to  those  used  by  Houzeau  for  the 
preparation  of  ozone,  finds  that  from  4  to  8  p.c.  of  the  gas  is  decomposed,  yielding,  after 
absorption  of  the  undecomposed  portion  by  potash,  a  mixture  of  1  vol.  carbon  monoxide 
and  h  vol.  oxygen,  265  c.c.  of  which  were  obtained  in  thirty  hours.  Ozone  was  likewise 
formed,  but  its  quantity  was  extremely  small,  indicating  that  the  energy  of  the  electric 
discharge  was  almost  exclusively  consumed  in  decomposing  the  carbon  dioxide. 

Action  of  Carbon  and  Iron  on  Carbon  Dioxide  at  a  red  heat. — It  lias  been  lately 
asserted  by  Dubrunfaut  {Comft.  rend.  Ixxiv.  125)  that  carbon  dioxide  cannot  bo 
reduced  to  monoxide  by  ignited  charcoal,  unless  hydrogen  gas  or  water- vapour  is 
present.  To  test  the  truth  of  this  assertion,  Dumas  {ibid.  Ixxv.  611)  has  iindertaken  a 
series  of  very  careful  experiments,  in  which  charcoal,  completely  deprived  of  hydrogen 
and  aqueous  vapour  by  ignition  in  a  current  of  chlorine,  was  afterwards  heated  to  red- 
ness m  a  current  of  dry  carbon  dioxide.  The  gas  collected  at  four  different  stages  of 
tlie  operation  exhibited  the  following  composition  : — 

I.  11.  III.  IV. 

Carbon  dioxide     .    .    0-0  O'O  4-6  9-9 

Carbon  monoxide      .99-9  ISS'O  95-4  90-1 

Gas,  non-absorbablej  Inappreciable  Inappreciable 

by  potash  or  cu-      O'l  {^^^^^^ 

prous  cluorido  ) 


These  results  show  that,  at  the  commencement  of  the  operation,  a  trace  of  gas  is  dis . 
engaged  which  is  not  absorbed  by  potash  or  cuprous  chloride,  and  tliat  this  gas  finally 
disappears.  Also  that,  towards  the  termination  of  the  experiment,  carbon  dioxide 
makes  its  appearance  in  increasing  quantity,  having  escaped  decomposition  because  of 
the  deficiency  of  carbon.  The  two  following  points  may  be  regarded  as  definitely 
settled  by  the  experiments  :  first,  that  charcoal  absolutely  deprived  of  hydrogen  and 
water  by  the  action  of  chlorine,  will  transform  carbon  dioxide  into  monoxide  ;  secondlj', 
that  the  conversion  is  total  when  the  conditions  are  favourable,  that  is  to  say,  when 
there  is  an  excess  of  carbon,  and  when  the  current  is  slow. 

In  order  to  ascertain  whether  metallic  iron  exerts  a  similar  decomposing  action  upon 
carbon  dioxide,  the  foregoing  experiments  were  repeated,  the  tube  being  filled  with 
clean  iron  turnings,  instead  of  charcoal.    It  was  found  that  a  very  slow  current  of 
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cavLon  dioxide  passing  ovor  iron  at  a  temperature  approaching  nearly  to  -whiteness, 
^7as  not  entirely  converted  into  monoxide,  30  vol.  and  sometimes  60  vol.  p.c.  escaping 
decomposition.  Tlio  difference  between  the  action  of  iron  and  that  of  carbon  is  ex- 
jiL'xiii^d  by  the  fact  that  the  iron  oxide  formed  at  first,  tends  to  reproduce  carl)on 
dioxide  by  acting  upon  the  monosido,  and  thus  gives  rise  to  varying  mixtures  of  tho 
two  gases. 

Bcduction  of  Carbonic  to  Forinio  Acid. — A¥lien  a  stream  of  carbon  dioxide  is  passed 
continuously  lor  several  days  into  the  porous  cell  of  a  Grove's  battery,  formic  acid 
is  found  both  in  the  porous  cell  and  in  the  outer  vessel.  The  quantity  formed  in  a 
given  time  is  greater  with  unamalgamated  than  -with  amalgamated  zinc,  provided  a  little 
dilute  sulphuric  acid  be  added  from  time  to  time  to  the  liquid  in  the  outer  vessel  (E. 
Eoyer,  Compt.  rend.  Ixx.  731). 

Estimation  of  Carbon  dioxide  in  Sea-imtcr. — Himly  ( Chem.  Soc.  J.  [2]  x.  455)  points  out 
that  the  amount  of  carbon  dioxide  in  sea-water  cannot  be  correctly  determined  by  the 
ordinary  gasometric  method,  since  tho  gas  is  never  completely  expelled  by  boiling  the 
sea- water,  either  in  a  vacuum  or  at  100°  under  the  ordinary  atmospheric  pressure,  even 
when  a  stream  of  pure  air  free  from  carbon  dioxide  is  simultaneously  passed  through 
the  liquid.  The  presence  of  magnesium  chloride  in  the  sea-water  has  doubtless  an 
essential  influence  ou  the  retention  of  the  carbon  dioxide. 

Tho  total  amount  of  the  carbon  dioxide  may  be  estimated  by  the  use  either  of 
b.'iryta-water  or  of  aqueous  ammonia  saturated  ^vith  a  suitable  barium  salt,  and  an 
ammonium  salt.  The  following  method  of  conducting  the  estimation  is  very  simple, 
free  from  errors  that  might  arise  from  the  carbon  dioxide  of  the  air,  and  A'ery  exact, 
inasmuch  as  it  depends  only  upon  two  barium  determinations  :  — 

Tho  precipitation  of  the  sulphuric  and  carbonic  acid  of  the  sea-water  is  performed  in 
a  graduated  litre  cylinder,  with  a  quantity  of  the  reagent  which  need  not  be  exactly 
known,  but  should  be  slightly  in  excess  of  that  which  is  actually  required.  The  liquid 
liaving  been  set  aside,  out  of  contact  with  the  air,  till  tho  precipitate  has  completely 
settled  down,  an  aliquot  part,  ^ths  for  example,  of  tho  clear  liquid  is  decanted ;  the 
barium  contained  in  it  is  determined  as  sulphate ;  and  from  this  the  quantity  of 
barium  which  remains  dissolved  in  the  last  -^th  of  the  liquid  may  be  determined  by 
calculation. 

The  barium  carbonate  is  then  dissolved  by  dilute  acid,  tho  liquid  is  filtered,  and 
the  total  quantity  of  barium  determined  as  sulphate.  The  difference  gives  the  quan- 
tity of  barium  contained  in  the  solution  as  carbonate,  and  from  this  tho  quantity  of 
carbon  dioxide  may  be  calculated. 

To  avoid  loss  of  carbon  dioxide  and  other  gases  during  and  after  the  collection  of  tho 
sea- water,  Himly  proposes  to  add  the  reagent  below  the  sairface  of  the  sea ;  and  for 
this  he  has  devised  an  apparatus  consisting  of  a  cylinder  open  at  both  ends,  and 
capable  of  being  closed  when  sunk  to  the  required  depth.  For  this  purpose  it  is  pro- 
vided at  each  end  with  a  large  stopcock,  which  can  be  closed  by  a  powerful  spring, 
reloHsed  at  the  proper  moment  by  means  of  an  electro-magnet  set  in  action  in  the 
usual  way. 

On  the  solubility  of  calcium  carbonate  and  of  bono  phosphate  in  water  containing 
carbonic  acid,  sou  Cakhonates  and  Phosphates. 

CARBOXr  02CirCH3j03lI3>B,  COCl".  Phosgene. — This  compound  is  very  soluble 
in  benzene,  glacial  acet  ic  acid,  and  most  liquid  hydrocarbons.  It  may  bo  expelled  from 
these  liquids  by  boiling,  but  never  in  a  state  of  perfect  purity  ;  for  not  only  does  tho 
smallest  trace  of  water  contained  in  the  solvent  decompose  an  equivalent  quantity  of 
tho  oxychloride  on  boiling,  into  carbon  dioxide  and  hydrogen  chloride,  but  the  escaping 
oxychloride  is  likewise  contaminated  wdth  the  vapour  of  the  solvent. 

Cold  water  dissolves  about  an  equal,  or  at  most  a  double  volume  of  phosgene  gas, 
and  decomposes  it  very  slowly,  whereas  alcohol  decomposes  it  immediately,  into 
hydrogen  chloride  and  ethyl  cldoro-carbonate,  CO.Cl.OC^H^.  Aqueous  potash  and 
ammonia  absorb  it  immediately.  Yery  characteristic  of  carbon  oxychloride  is  tho 
fact  that,  when  brought  in  contact  with  slightly  moistened  potassium  bicarbonate,  it 
triples  its  volume  and  the  gas  then  becomes  completely  absorbable  by  water : 

C0C1=  +  2KHC05  =  300=  +  2KC1  +  WO. 

No  other  gas  reacts  in  this  manner  (Berthelot,  Bidl.  Soc.  Chim.  [2]  xiii,  14). 

Action  of  Liquid  Fkosffcne  on  Organic  'compounds. — Liquid  phosgene  acts  on  acet  ic 
acid  at  ll'o°-120°,  forming,  acetyl  chloride: 


CH^COOH  +  COCl-  =  HCl  +  00=  +  CHICOCI. 


262 


CARBON  OXYSTJLPHIDE. 


Heated  to  110°-120°  for  some  days  willi  aceionc,  it  yields  a  small  quantity  of  a  liquid 
boiling  at  120°-135°,  probably  dichlor  acetone. 

AA''lien  2  parts  of  liquid  phosgene  are  heated  with  3  parts  oi phenol  to  140°-!  50°,  and 
the  contents  of  the  tube  are  subsequently  treated  ■with  dilute  soda-ley,  phenyl  car- 
bonate (C''H^)-CO'  is  obtained,  as  a  solid  substance  which  crystallises  from  alcohol 
in  needles.  If  the  heating  be  continued  for  some  time  and  the  product  then  distilled 
by  itself,  a  pungent-smelling  liquid  distillate  is  obtained,  which  contains  phenyl 
chlorocarb  onate  CO.Cl.OC'^H'^,  and  when  dissolved  in  anhydrous  ether  and  satu- 
rated with  ammonia  gas,  yields  phenyl  carbamate  CO.NH-.OCff  (T.  Kempf, 
Deut.  Chem.  Ges.  Bcr.  iii.  632,  740). 

Cresol  reacts  with  liquid  phosgene  similarly  to  phenol ;  so  likewise  does  thymol, 
though  with  much  greater  difficulty.  With  bensoio  aldehyde  at  120°-130°,  liquid 
phosgene  forms  chlorobenzyl  chlorido:  Cff.CHO  +  COCf-  =  CO-  +  Cff. 
CCr-H  (Kempf,  Zeitschr.  f.  Chem.  [2]  77). 

Urea  heated  with  excess  of  liquid  phosgene  in  sealed  tubes  to  100°  for  two  days,  is 
converted  into  carbonyl-diurea,  C^H^N'O^ : 

Nff— CO— NH 
NH--— CO— NH^I  ! 

!-  -h  COCl-  =  2HC1  +  CO 
Nff-CO— NH'^j  I 

NH=— CO-NH 

By  further  action  of  the  phosgene  at  150°-160°,  the  carbonyl-diurea  is  converted  into 
hydrochloric  acid,  and  a  crystalline  mixture  of  dicyanic  and  tricyauic  (cyanuric) 
acids. 

By  heating  biuret 'AnA  phosgene  to  60°  for  twelve  hours,  carbonyl-dibiuret 
C^H'^N'^O^  is  formed : 

2(NH-*.C0.NH.C0.NH'-)  +  COCP  =  NH-.CO.NH.CO.NH.CO.NH.CO.NH.CO.NII^ 

and  by  further  action,  this  compound  is  resolved  into  two  molecules  of  cyanuric 
acid ; 

c^H»N«o^  +  COCP  =  2HC1  +  icmm^o\ 

Bensamide  and  liquid  phosgene  heated  together  to  160°-170°  j'iold  carbon  dioxide, 
benzyl  chloride,  benzonitril  and  carb on y  1 -dib enzami de,  C'^H'-N'-'O-',  the  latter 
being  formed  according  to  the  equation  : 

C«ff— CO-NH^ 
2(C«H^C0.NH■-)  +    COCP   =   2HC1  +  >C0. 

C«H^— CO— NH-^ 

With  acetamide,  in  like  n^anner,carbonyl-diac6tamide,  C^H^N-O^  is  produced 
(E.  Schmidt,  J.  fr.  Chem.  [2]  v.  35  ;  Chem.  Soc.  J.  [2]  x.  718). 

Butlerow  has  shown  that  phosgene  gas  is  slowly  absorbed  by  zinc-methyl,  forming 
the  crystalline  compound  2Zn(CH^)".C^H''0Cl,  which  when  acted  upon  by  water  yields 
trimethyl  carbinol.  He  formerly  stated  also  that  a  small  quantity  of  acetic  acid  is 
formed  at  the  same  time  {\st  Suppl.  406).  He  now  finds, however,  that  no  acetic  acid 
is  formed  by  the  action  of  water  on  this  crystalline  body  ;  the  small'quantity  formerly 
observed  was  probably  due  to  the  decomposition  of  the  trimethyl  carbinol  {Zeitschr. 
f.  Chem.  [2]  vi.  523). 

On  the  action  of  phosgene  on  anthracene  and  benzene,  see  j)p.  83,  131 ;  on  glycollio 
ethers,  see  Cakboglycollic  Ethers,  p.  254. 

CAKBOir  OXYSVIiPHXDE,  COS.  According  to  F.  Salomon  {J.  }.  Chem.  [2] 
T.  476),  the  best  mode  of  preparing  this  gas  is  to  pass  a  mixture  of  carbon  monoxide 
and  sulphur  vapour  through  a  red-hot  tube,  and  absorb  the  gas  by  alcoholic  potash, 
from  which  it  may  be  liberated  in  the  pure  state  by  hydrochloric  acid. 

Carbon  oxysulphide  is  absorbed  slowly  by  aqueous  potash,  more  quickly  however 
than  the  vapour  of  the  bisulphide  difiused  through  air  or  any  other  gas.  Bromine 
and  strong  sulphuric  acid  react  with  the  oxysulphide  nearly  in  the  same  manner  as 
with  the  bisulphide.  Potassium  hydrate  moistened  with  alcohol  absorbs  both  com- 
pounds very  quickly;  absolute  alcohol  and  liquid  hydrocarbons  dissolve  both  of  them 
in  large  quantity.  Ammonia  either  gaseous  or  in  solution  is  the  best  reagent  for 
distinguishing  between  the  two.  The  vapour  of  the  bisulphide  mixed  with  air  may 
remain  mixed  with  gaseous  ammonia  for  hours  without  producing  any  distinct  reaction ; 
but  when  the  oxysulphide  is  mixed  with  dry  ammonia  gas,  the  sides  of  the  vessel  im- 
mediately become  covered  with  a  crystalline  crust  of  ammonium  oxysulpho  car- 
bamate, Nff.COSNHS  formed  by  direct  combination  of  COS  and  2NH^  The 
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aqueous  solution  of  tliis  salt,  heated  to  100°  in  a  sealed  tube,  is  converted,  by  separation 
of  II-O,  into  ammonium  sulpliocyanate  CNS.NH*.  The  same  solution  gently  heated 
with  lead  carbonate,  gives  up  H-'S  and  yields  urea  CN'-JS^O  (Berthelot,  Ann.  Cliim. 
rhi/s.  [4]  xxvi.  470). 

CAZlBOXa- SUX.PHXSSS.  1.  Bisulphide  ov  Bisuljihide,  CS-.  Preparation 
and  I'l' rijh;iti,iii.  In  ihe  manufacture  of  this  compound,  the  yield  depends  mainly  on 
thu  tcnipcrat  \Li-c  uinployud.  :Sidot  (,/.  Pharm.  [4]  xiii.  239)  by  passing  a  known  weight 
(4U  gram.s)  of  sulphur,  in  the  form  of  vapour,  over  10  grams  of  charcoal  contained  in 
a  porcelain  tube  heated  to  various  temperatures,  has  obtained  the  following  numbers, 
representing  the  mean  results  of  three  experiments  at  each  of  the  temperatures  men- 
tioned : — 

1.  At  a  dull  rod  heat,  5  grams  of  carbon  gave  17  grams  of  carbon  bisulphide. 

2.  „    red  heat        6-3  .,  .,  29 

3.  „    briglit-red  „  7-5  „  „  19 

These  numbers  show  clearly  that,  in  order  to  obtain  the  maximum  yield,  a  red 
heat  should  be  employed,  but  that  it  should  by  no  means  be  exceeded.  In  practice 
the  variations  in  the  yield  of  carbon  bisulphide  are  attributed  to  loss,  to  imperfections 
in  apparatus,  and  chiefly  to  temperature,  which  is  always  considered  to  be  too  low. 
The  above  result  is  due  to  the  fact  already  pointed  out  by  Berthelot,  that  carbon 
bisulphide  undergoes  decomposition  the  more  completely  the  higher  the  temperature 
to  which  it  is  exposed.  It  behaves,  in  presence  of  charcoal,  exactly  like  the  carbon 
oxide  in  Devillo's  dissociation  experiments,  undergoing  simple  decomposition,  and  the 
liberated  carbon  being  deposited  upon  the  heated  charcoal.  Sid<jt  has  made  a  series 
of  comparative  experiments  at  diiFerent  temperatures,  the  results  of  wliicli  show  that 
decomposition  takes  place  to  some  extent  even  at  a  dull  red  heat,  but  that  it  goes  on 
much  more  rapidly  at  higher  temperatures :  150  e.c  of  carbon  bisulphide  were  com- 
jjletely  decomjjosed  by  passing  six  times  over  10  grams  of  charcoal  lieated  to  bright 
redness  in  a  porcelain  tube. 

To  purify  carbon  bisulphide,  Sidot  first  distils,  and  then  agitates  it  with  mercury, 
till  it  ceases  to  blacken  the  brilliant  surface  of  the  metal.  This  latter  operation  is 
performed  as  follows  : — 500  grams  of  the  bisulphide,  and  about  the  same  weight  of 
mercury,  are  introduced  into  a  bottle  of  500  c.c.  capacity,  which  is  then  agitated  for 
some  tiirte.  The  sulphide  formed  is  easily  removed  by  filtration,  and  the  mercury 
separated  by  means  of  a  funnel.  The  two  liquids  are  then  returned  to  the  bottle, 
and  the  agitation  is  renewed,  until  the  bright  surface  of  tlie  mercury  is  no  longer 
tarnished.  Carbon  bisulphide  thus  purified  is  completely  free  from  the  fetid  smell 
which  it  generally  possesses,  and  has  a  pure  ethereal  odour.  It  is  not  affected  by 
contact  with  mercury  for  any  length  of  time. 

Solubility  in  Water. — Carbon  bisulphide  is  not  quite  insoluble  in  water.  After 
several  days'  contact  at  ordinary  temperatures,  water  takes  up  about  1  part  in  1,000 
of  its  weight  of  this  compound,  a  very  small  quantity  at  the  same  time  undergoing 
decomposition.  The  aqueous  solution  when  distilled  gives  up  the  carbon  bisulphide 
unaltered,  at  the  commencement  of  the  distillation.  It  has  theodoiu-of  the  comijound, 
a  slightly  burning  taste,  and  does  not  contain  more  than  0'002  gram  of  hydrogen 
sulphide  in  a  litre  (Sestini,  Gazettachimica  italiana,  i.  473). 

Solubilitij  in  Alcohol. — Carbon  bisulphide  does  not,  as  usually  stated,  mix  in  all 
proportions,  \vith  common  strong  spirit,  which  indeed  takes  up  less  of  the  bisulphide 
in  proportion  as  it  contains  more  water.  It  is  only  with  absolute  alcohol  that  carbon 
bisulphide  is  miscible  in  all  proportions.  These  facts  afibrd  a  means  of  testing  the 
.strength  of  alcohol,  as  the  point  of  saturation  can  be  very  easily  determined,  one  drop 
of  bisulphide  in  excess  producing  a  milky  turbidity.  The  only  precaution  to  he, 
attended  to  is  to  work  at  a  temperature  above  15°,  because  below  that  point  the 
solubility  decreases  rapidly  with  the  temperature,  whereas  above  it  the  solubility  re- 
mains nearly  constant.  Thus  when  a  satiu-ated  solution  is  cooled  down  from  + 15° 
to  -  1 2°,  about  one-half  of  the  bisulphide  separates  out ;  at  —  10°  one-third,  and  at 
+  10°  about  one-fifth. 

The  follovring  results  were  obtained :  10  c.  c.  of  alcohol  were  used  in  each  experi- 
ment, the  temperature  being  17°  : 

Icrcentagc  of  Alcohol  by  weight. 

98-5    98-15    96-95    93-54    91-37    84-12    70-02  48-40  47-90 

Cub.  cent,  of  CS-  dissolved. 

18-20  13-20    10-00      7-00      5-00      3-00      2-00  0-2  0 
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By  inserting  these  values  in  a  system  of  co-ordinates,  a  curve  having  the  folio-wing 
equations  is  obtained  : — 


On  calculating  from  those  equations,  ?/,  or  the  quantity  of  bisulphide  in  cbc.  dissolved  in 
10  cbc.  of  alcohol  of  x  per  cent,  by  weight,  numbers  are  obtained  agreeing  almost  exactly 
with  those  found  by  experiment.  On  the  other  hand,  x  can  be  easily  calculated  when 
-sve  know  how  much  bisulphide  dissolves  in  10  cbc.  of  the  alcohol  to  be  tested.  Alcohol 
which  mixes  in  all  proportions  with  bisulphide  may  be  considered  as  anhyarous 
(Tuclischmidt  a.  Follenius,  Beut.  Chcm.  Ges.  Be:  iv.  683). 

Eeactionx.  1.  With  the  Hydrates  of  the  Alkaline  Earths. — When  a  mixture  of 
water,  calciimn  hydrate,  and  carbon  bisulphide  is  exposed  to  the  action  of  solar  light  in 
summer,  the  liquid  in  six  or  eight  hours  acquires  a  fine  yellowish-red  colour,  and  during 
the  following  night  deposits  a  few  very  line  prisms  of  an  orange-red  colour.  The 
same  reaction  takes  place  in  two  hours  when  carbon  bisulphide  is  heated  to  about  50° 
with  milk  of  lime.  The  liquid  filtered  while  hot  does  not  deposit  any  crystals  on 
cooling ;  but  on  adding  calcium  hydrate  to  the  cooled  filtrate,  it  yields  the  prismatic 
crystals  above  mentioned,  which  consist  of  a  compound  of  hydrate  and  sulphocarbonate 
of  calcium,  represented  by  the  formula  SCaH'^O-.CaCS^ .  7H-0.  The  formation  of  the 
sulphocarbonate,  which  however  is  preceded  by  that  of  sulphide  of  calciiun,  is  repre- 
sented by  the  equation. 


This  reaction  affiards  a  test  for  the  presence  of  carbon  bisulphide,  Q-o  c.c.  of  the 
compound  is  sufficient  to  produce  it. 

Hydrate  of  barium  acts  exactly  like  hydrate  of  calcium,  and  gives  rise  to  a  yellow 
compound  which  crystallises  in  short  prisms.  The  hydrates  of  strontium  and  mag- 
nesium likewise  act  in  the  same  lAanner  (the  latter  but  feebly),  but  do  not  yield 
crystallised  compounds  (Sestini,  loo.  cit.). 

2.  With  Lead  Acetate.— Ou  mixing  10  c.c.  of  a  saturated  aqueous  solution  of  carbon 
bisulphide  (containing  -j—  part  of  CS'^)  with  caustic  potash,  heating  to  50°,  and  adding 
acetate  of  lead,  the  liquid  yields,  after  five  minutes,  a  copious  black  precipitate  of 
lead  sulphide.  The  same  reaction  is  still  perceptible  with  a  saturated  aqueous  solu- 
tion of  the  bisulphide  diluted  with  ten  times  its  volume  of  water,  containing,  there- 
fore, only  jgl^  part  of  OS'''  (Sestini). 

3.  With  Phosphorus  Fentaohloride. — According  to  Eatlike  (Zeitsch:  f.  Chem.  vi.  57), 
this  reaction  yields  phosphorus  sulphochloride  and  carbon  tetrachloride  : 


The  statement  of  Carius  {Ann.  Cliem.  Pharm.  cxii.  193),  that  carbon  sulphochloride  is 
formed  in  this  reaction,  is  incorrect. 

Solid  {1  Hydrate d)  Carbon  Bisulphide. — When  a  strong  current  of  dry  air 
is  passed  over  the  surface  of-  carbon  bisulphide  contained  in  a  glass  vessel,  crusts  of 
the  solidified  compound  form,  even  while  an  immersed  thermometer  still  stands  at  a 
few  degrees  above  0°  ;  the  temperature,  however,  quickly  falls  to  —17°  or  —18°,  and 
white  cauliflower-like  masses  then  form  on  the  surface,  and  float  on  the  liquid  ;  the 
air-delivery  tube  also  quickly  becomes  stopped  up  by  the  snowy  mass,  and  should 
therefore  be  rather  wide.  In  a  short  time  the  whole  of  the  liquid  has  disappeared, 
and  the  thermometer  begins  to  rise,  remaining  constant  at  about  —12°.  AVhen  a 
mixture  of  carbon  bisulphide  and  ether  (to  diminish  the  partial  pressure)  is  introduced 
into  the  receiver  of  a  Carre's  air-pump,  it  is  possible,  by  vigorous  pumping,  to  obtain 
the  bisulphide  in  the  above-mentioned  cauliflower-like  masses. 

Solid  carbon  bisulphide  retains  its  solid  form  for  some  time  at  ordinary  temperatures, 
but  gives  off  a  quite  peculiar  aromatic  odour,  and  is  less  inflammable  than  in  the  liquid 
state.  It  aiFords  an  easy  means  of  obtaining  ice  of  low  temperature  in  comparatively 
large  quantity.  It  is  merely  necessary  to  add  to  water  in  a  glass  dish  a  few  cubic 
centimeters  of  the  liquid  bisulphide,  and  pass  a  strong  current  of  air  through  it,  where- 
upon (if  a  little  more  of  the  bisulphide  be  used,  so  that  this  also  may  solidify)  the 
temperature  of  the  whole  may  sink  to  —13°.    lu  all  these  experiments  care  must  be 


^,  _  (■'■'  —  y^)  +  '^(«  -)-  ybf  +  iyc 

"  'fy 

when  s  =  1-065,  h  =  0-58,  and  c  =  0-502. 


3CaH=0=  +  3CS=  =  2CaCS»  4-  CaCO''  +  3H=0. 


CS=  +  2PCP  =  2PSCP  +  CCl'. 
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taken  to  avoid  the  continuous  inhalation  of  ths  vapour  of  the  bisulphide  (Wartlin, 
Dcut.  Chem.  Gcs.  Bar.  iii.  80). 

Berthelot,  by  rapid  evaporation  of  moist  carbon  bisulphide,  obtained  a  crystalline 
substance  which  ho  regarded  as  a  hydrate  of  the  bisulphide  ;  and  Duclaux  afterwards 
assigned  to  it  the  composition  2CS-.H'0  {\st  Suj)])!.  410).  Ballo  {Dcut.  Chem.  Gcs. 
Bcr.  iv.  118)  regards  the  solid  substance  obtained  by  Wartha  also  as  a  hydrate.  IIo 
put  some  carbon  bisulphide  into  a  shallow  vessel,  and  directed  a  current  of  air  on  it, 
60  as  to  strike  the  surface  at  an  acute  angle ;  with  v.ndried  air,  the  formation  of  a 
snowy  solid  was  particularly  observed  at  the  point  where  the  current  divides  the  liquid 
like  a  wedge,  while  a  general  formation  of  flakes  took  place  in  the  rest  of  the  liquid. 
Air,  driccl  by  calcium  chloride,  gave  no  formation  of  snow  ;  or  at  most,  a  very  slight 
formation.  Some  of  the  snowy  substance  was  freed  from  liquid  carbon  bisulphide  by 
a  current  of  air,  and  the  amount  of  water  determined  by  Duclaux'  method.  Three 
experiments  gave  17"3,  36-14,  27'00,  as  the  percentages  of  water.  Ballo  regards  the 
possibility  of  formation  of  ice  from  excess  of  moist  air,  or  of  loss  of  carbon  bisulphide 
during  the  piu?ification,  as  sufficient  to  account  for  the  variable  numbers. 

To  ascertain  whether  water  is  really  necessary  for  the  formation  of  the  solid  sub- 
stance, he  directed  the  air-current  on  the  bisulphide  covered  with  a  layer  of  alisolute 
alcohol,  so  that  the  air  on  reaching  the  bisulphide  was  thoroughly  dried ;  in  this  ciise 
the  snowy  substance  was  not  formed.  He  concludes  from  this  that  wMtor  is  necessary 
for  the  production  of  this  body,  and  regards  it  as  a  solidified  solution  of  liquid  carbon 
bisulphide  in  water,  or  of  water  in  carbon  bisulphide. 

Sajohelyi  a.  Ballo  {ihid.  iv.  160)  have  tried  the  effect  of  a  current  of  moist  air 
directed  on  the  surface  of  chloroform  and  ethyl  iodide.  The  same  formation  of  snow 
was  observed,  as  in  Ballo's  experiments  with  carbon  bisulphide  ;  the  clilorolbrm  snow 
was  shown  to  contain  water  and  chloroform  by  melting  in  a  test-tube.  In  the  case  of 
chloroform  the  temperature  fell  to  —13°,  in  that  of  ethyl  iodide  to  —9°. 

Wartha  {ibid.  iv.  180  and  221)  regards  the  experiments  of  Ballo  as  inconclusive. 
He  maintains  that  in  his  own  experiments  the  solid  bisulphide  was  obtained  .by  direct- 
ing a  current  of  dry  air  on  the  surface  of  the  liquid  in  a  manner  which  altogether 
prevented  the  admixture  of  frozen  atmospheric  water  with  the  solid  bisulphide,  and 
attributes  the  non-formation  of  the  solid  when  a  current  of  air  was  directed  on  the 
liquid  bisulphide  covered  with  absolute  alcohol,  to  the  fact  that  the  temperature 
in  this  experiment  fell  only  to  — ir5°,  whereas  the  solid  bisulpliide  melts  at  —12° 
to  -13°. 

In  reply  to  these  observations,  Ballo  {thid.  iv.  294)  stntes  that  ho  did  not  observe 
any  formation  of  the  solid  substance,  even  when  the  tenipiorature  of  the  above  liquid 
was  lowered  to  — 18°,  which  can  be  efiocted  by  cooling  the  bisidphido  and  alcohol  with 
a  mixture  of  ice  and  salt,  and  at  the  same  time  directing  the  air-blast  on  the  liquid. 
If  a  layer  of  water  be  substituted  for  the  alcohol,  the  formation  of  the  hydrate  of 
carbon  bisulphide  takes  place  at  a  temperature  much  higher  than  —18°. 

The  crystalline  compound  was  likewise  formed  when  air  saturated  v.'ith  vapour  of 
carbon  bisulphide  was  passed  through  a  tube  cooled  by  a  freezing  mixture  to  —  15°  ; 
no  crystals  were  obtained,  however,  when  air  dried  by  calcium  chloride  was  employed. 

Ballo  further  remarks,  that  the  solid  substance  obtained  by  Wartha  by  the  sudden 
evaporation  of  a  mixture  of  carbon  bisulphide  and  ether  by  means  of  the  air-pump, 
has  not  been  shown  to  be  free  from  water. 

2.  Pentacarbon  Blsulptaiae,  C^S=  (?). — A  substance  having  this  composition  is 
formed,  according  to  L.  Baalo  {N.  Repcrt.  Pharm.  xix.  449),  by  the  action  of  sodium 
on  carbon  bisulphide.  The  sodium  becomes  covered  with  a  black  easily  separable 
crust  which  dissolves  with  red  colour  in  water,  and  on  treating  the  solution  with 
chlorine  or  with  an  acid,  a  yellowish-brown,  and  afterwards  a  red-brown  precipitate 
is  formed.  This  precipitate  dissolves  in  alkalis,  ammonia,  baryta-water,  nitric  acid, 
aqua  regia,  potassium  cyanide,  and  sodium  sulphate,  but  not  in  carbon  bisulphide, 
alcohol,  or  ether.  It  begins  to  melt  at  135°,  and  if  then  left  to  cool,  forms  an  amor- 
phous, nearly  black,  resinous,  brittle  mass,  translucent  with  red  colour  on  the  edges. 
At  150°  it  decomposes,  emitting  extremely  fetid  yellow  vapours.  It  gave  by  analysis 
47  73  p.c.  carbon  and  52  27  sulphur,  the  formula  C^S-  requiring  48-38  and  51-62. 

CA.I&302J  SVSiPHOB^O^XOE,  CSBr",  appears  to  be  formed  as  an  inter- 
mediate product  in  the  prepnration  of  carbon  tctrabromide  by  the  action  of  bromine 
and  bromide  of  iodine  on  carbon  bisulphide  (p.  256).  On  pouring  the  product  of  thir3 
reaction  into  water,  removing  the  iodine  and  excess  of  bromine  by  cautious  addition  of 
dilute  soda-solution,  taking  care  that  the  liquid  never  became  alkaline  (otherwise 
nothing  but  tetrabromido  would  have  been  obtained),  a  slightly-coloured  heavy  oil 
separated,  which,  when  dried  by  calcium  chloride  and  submitted  to  fractional  dis'tilla- 
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tion,  passed  over  for  the  most  part  between  160°  and  160°,  tlioiigli  wltli  considerable 
decomposition.  The  portion  boiling  at  165°  gave  7-81  p.  c.  sulphur,  wliereas  the 
formula  CSBr'^  requires  lo'69  p.c. ;  hence  it  would  appear  that  the  oily  liquid  consisted 
of  carbon  sulphobromide  mixed  with  -the  tetrabromide.  The  sulphobromide  smells 
like  the  corresponding  sulphochloride.  Heated  with  excess  of  soda-solution,  it  is  com- 
pletely converted  into  the  tetrabromide  (Bolas  a.  Groves,  Chem.  Soo.  J.  [2]  x.  78). 

CAHBOSr  SUIiPHOCHX.ORXBES.  —  Sulphocarboiiyl  chloride,  CSC1-,  the 
analogue  of  phosgene,  was  discovered  by  Kolbe,  who  obtained  it  by  the  action  of  dry 
clilorino  on  carbon  bisulphide  {1st  Swppl.  777).  Another  sulphochloride  CSCl^,  which 
may  be  regarded  as  perchloromethyl-mercaptan  CCP.SCl,  is  formed,  together  with 
trichloromethyl-sulphurous  chloride  CCl^SO^  (v.  559),  by  the  action  of  moist  chlorine 
on  carbon  bisulphide,  or  by  digesting  tlie  bisulphide  for  several  days  with  a  mixture 
of  manganese  dioxide  and  hydrochloric  acid  ;  the  action  may  be  considerably  assisted 
by  addition  of  a  little  iodine  ;  it  is  then  completed  in  a  week.  On  distilling  the  pro- 
duct, a  yellow  oil  passes  over,  partly  with  the  aqueous  vapour,  and  afterwards  trichloro- 
methyl-sulphurous chloride  solidifies  in  the  receiver.  The  oil  dried  -^rith  lime  and 
submitted  to  fractional  distillation,  yields,  below  80°,  carbon  bisulphide,  carbon  tetra- 
chloride, and  a  small  quantity  of  sulphocarbonyl  chloride,  and  between  80°  and  140° 
a  mixture  of  the  preceding  products  witli  an  oil  the  greater  part  of  which  distils  between 
140°  and  150°;  and  from  this  by  further  fractionation,  perchloromethyl-mer- 
captan CCl^S,  boiling  at  147°  (corr.)  may  be  isolated.  This  compound  has  a  golden 
yellow  colour,  and  a  pungent,  tear-exciting  odour  like  that  of  sulpliocarbonyl  chloride. 
By  moist  air,  and  more  quickly  by  heating  with  water,  it  is  decomposed  in  the  manner 
represented  by  the  equation : 

CSC1<  +  2mO  =  CO^  +  4HC1  -f  S; 

similarly  by  aqueous  potash  or  ammonia;  in  the  latter  case  ammonium  sulphocyanate 
is  likewise  formed,  together  witli  a  small  quantity  of  a  compound  not  yet  examined, 
containing  sulphur  and  nitrogen.  Wlien  left  for  two  or  three  weeks  in  contact  with 
nitric  acid  (sp.gr.  l'2)it  is  converted  into  trichloromethyl-sulphurous  chloride.  Solution 
of  potassium  iodide  acts  upon  it  even  in  the  cold,  with  evolution  of  gas,  separation  of 
iodine,  and  formation  of  hydriodic  acid  and  a  yellow  glutinous  solid  body.  Heated 
to  200°  it  is  resolved  into  carbon  tetrachloride,  together  with  small  quantities  of 
sulphocarbonyl  chloride  and  sulphur  chloride  (Rathke,  Beat.  Chem.  Ges.  Ber.  iii.  868). 

CARBOXTATBS.  Ammonium  Carbonates  (Divers,  Chc7n.  Sac.  J.  [2]  viii. 
171).  There  are  three,  if  not  four,  true  carbonates  of  ammonium:  the  normal 
or  diammonio  carbonate,  the  acid  or  monammonic  carbonate,  the  half-acid 
ammonium  carbonate,  and  probably  a  hjrper-acid  carbonate  which  Eose  obtained 
crystallised  from  aqueous  solution. 

The  normal  carbonate  appears  to  have  been  obtained  by  Dalton,  but  his  account  of 
it  is  imperfect,  and  has  been  either  ignored  or  discredited  by  other  chemists.  Its 
production  in  the  solid  stiito  presents  no  difficulty.  It  may  be  prepared  in  largo 
crystals  by  adding  ammonia  to  a  warm  concentrated  solution  of  the  ordinary 
carbonate,  provided  that  an  excess  be  added  and  not  merely  the  calculated  quantity  as 
directed  by  Dalton — the  presence  of  the  ammonia  serving  to  diminish  very  consider- 
ably its  solubility.  Another  method  of  preparing  it,  also  in  large  crystals,  is  to  warm 
some  water  repeatedly  with  fresh  quantities  of  the  ordinary  carbonate,  and  allow  the 
solution  to  cool  and  crystallise  between  the  additions  of  the  carbonate,  until  the  cold 
mother -liquor  from  the  last  crop  of  crystals,  on  further  standing,  forms  crystals  of  the 
normal  carbonate.  In  this  process  the  first  crops  of  crystals  consist  of  acid  carbonate, 
and  the  later  ones  of  the  half-acid  carbonate.  The  cold  mother-liquor  yielding  the 
normal  carbonate  on  standing  has  been  ascertained  to  be  a  solution  of  carbamate ;  and 
this  gradually  becomes  converted  into  the  carbonate.  The  normal  carbonate  can  also 
be  obtained  in  several  other  ways. 

It  forms  elongated  plates  or  flattened  prisms,  which  decompose  very  rapidly  on 
exposure  into  ammonia,  water,  and  the  acid  carbonate.  Its  composition  is  expressed 
by  the  formula  CO=(OH=)^(NH^)=  =  CO\^YL'f.OW  or  C0^(NH^)2H=.  It  is  freely 
soluble  in  water,  insoluble  in  alcohol,  and  only  sparingly  soluble  in  ammonia-water. 
Digested  for  some  time  in  the  most  concentrated  solution  of  ammonia  at  a  temperature 
of  20°-25°  in  a  closed  vessel,  it  is  gradually  dissolved  and  converted  into  ammonium 
carbamate,  which  separates  in  brilliant  crystals  when  the  solution  is  allowed  to  cool. 

The  half-acid  carbonate  contains  only  four,  .itoms  of  water  instead  of  five,  as 
hitherto  supposed,  its  formula  being  (CO--)*(OH=)XNff)*  =  CO^Nff)"  Off  -f 
(C0^)-(0H2)-(NII')=.  A  new  and  advantageous  method  of  preparing  it  is  the  process 
already  described  of  dissolving  at  a  gentle  heat  successive  quantities  of  the  ordinary 
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oarlionato  ia  the  same  quantity  of 'water  until  the  crops  of  crystals  obtained  cease  to 
consist  of  the  acid  carbonate.    There  are  also  other  new  wny.s  of  obtaining  it. 

There  are  several  reasons  for  supposing  that  the  formula  of  the  acid  carbonate  ought 
t(j  be  i^C0-)-(0H'-)-(NH3)-  instead  of  the  half  of  this— the  formula  usually  given  to  it. 
The  relations  of  the  three  carbonates  are  exliibitcd  in  the  following  table : — 

Normal  carbonate  (C0=)-'(0H2)<(NH»)< 

Half-acid     „   (CO-f(OH-)^(NH') 

Acid   (CO'^/(OH=)\NH'y 

Eose's  hyper-acid  carbonate  probably  forms  the  fourth  member  of  this  series. 

A  normal  orthocarhonate,  CO^(NH')*,  appears  to  exist;  for  the  commercial  carbonate 
mother-liquor  which  has  just  deposited  the  half-acid  carbonate,  contains  more  than 
2  mols.  of  ammonia  to  one  of  carbon  dioxide,  and  must  therefore,  in  all  probability, 
be  a  solution  of  the  half-acid  (meta)  carbonate  and  the  normal  orthocarbonato. 

When  any  of  the  true  ammonium  carbonates  or  the  commercial  carbonate  are 
distilled,  not  too  slowly,  the  principal  product  is  the  substance  (CO-)-OH-(jSfH^)^ 
identical  with  the  carbonate  pow  occurring  in  commerce.  When  first  olstained  it  is 
always  moist  from  adhering  water.  In  a  day  or  two  this  moisture  becomes  combined 
with  the  carbamate  of  the  salt,  and  often  before  doing  so  it  serves  to  fix  a  little 
ammonia  upon  the  acid  carbonate  of  the  salt.  The  per-centage  numbers  given  by 
analysis,  and  certain  of  its  reactions,  place  beyond  doubt  the  correctness  of  the  above 
formula  for  the  commercial  carbonate,  although  it  contains  1  p.  c.  or  so  of  water  in 
excess,  and  often  also  a  very  little  ammonia  from  the  cause  just  stated.  Besides  the 
fact,  that  a  body  of  this  composition  is  formed  under  a  variety  of  conditions,  there  is 
another  serving  to  establish  that  the  commercial  carbonate  is  a  single  substance. 
This  is  that  acid  potassium  carbonate  appears  to  combine  with  ammonium  carbamate 
and  form  a  compound  analogous  to  the  commercial  carbonate  of  ammonia. 

When  sal-ammoniac  and  chalk  are  distilled  together,  the  products  are  not  those 
stated  in  the  text-books,  namely,  ammonia,  water,  and  the  carbonate  of  commerce, 
but  water  and  ammonium  carbamate.  The  production  of  the  commercial  carbonate 
occurs  during  the  re-distillation  of  the  crude  cake.  E.D. 

Calcium  Carbonate. — Experiments  on  the  dimorphism  of  this  compound  have 
been  made  by  H.  Crodner  {Jafirbuchf.  Mineralogic,  1871,  288),  from  which  the  follow- 
ing results  are  deduced : — 

1.  From  a  pure  and  cold  solution  of  calcium  bicarbonate,  when  saturated  or  moder- 
ately dilute,  the  normal  carbonate  separates  at  ordinary  temperatures  as  calcspar,  in 
the  form  of  the  fundamental  rhombohedron  ;  from  more  dilute  solutions  as  prismatic 
aragonite. 

2.  The  calcspar  deposited  from  a  cold  solution  of  bicarbonate  to  which  potassium 
silicate  has  been  added,  is  remarkably  transparent,  well  defined,  and  exhibits  numerous 
faces.  Credner  had  previously  noticed  that  it  is  from  association  with  apophyllite  that 
certain  calcspars  of  Andreasbergand  Lake  Superior  derive  their  complex  form.  Similar 
results  are  obtained  when  sodium  silicate  or  a  mixture  of  the  two  silicates  is  used. 

3.  From  a  cold  solution  of  the  carbonates  of  calcium  and  strontium  in  carbonated 
water,  the  two  being  dissolved  together,  acicular  or  prismatic  aragonite  separates,  even 
when  the  solution  is  moderately  dilute.  Calcium  bicarbonate,  to  which  strontium 
bicarbonate  has  been  added,  or  introduced  by  dialysis,  gives  acicular  and  wedge-shaped 
aragonite,  accompanied  with  crystals  of  calcspar,  the  latter  increasing  in  number  as 
the  admixture  of  strontium  is  reduced.  The  spectroscope  shows  the  presence  of  a 
trace  of  strontium  in  the  aragonite ;  in  short,  such  results  place  it  almost  beyond 
doulit  that  a  trifling  proportion  of  strontium  is  of  influence  in  the  formation  of  ara- 
gonite. 

4.  The  addition  of  a  solution  of  gypsum  to  cold  bicarbonate  disposes  a  portion  of  the 
latter  to  take  the  form  of  aragonite. 

5.  In  presence  of  a  sufficient  quantity  of  lead  salt,  calcium  carbonate  crystal- 
lises in  the  form  of  aragonite.  This  is  seen  in  nature  in  the  case  of  tarnovieite.  If, 
however,  the  amount  of  lead  Carbonate  present  is  small,  the  calcium  carbonate  sepa- 
rates as  calcspar,  with  greater  numbers  of  faces. 

The  general  conclusions  deducible  from  these  observations  are : — I.  The  addition 
of  certain  bodies  to  a  solution  of  a  mineral  substance  exerts  an  influence  on  the  form 
and  the  number  of  f  ices  of  a  crystal  deposited  from  it.  II.  By  tlie  presence  of  certain 
bodies  in  its  solution,  one  and  the  same  mineral  substance  may  receive  an  impulse  to 
form  totally  different  mineral  species.  III.  Calcium  carbonate,  which  separates  from 
cold,  pure,  and  not  too  dilute  solutions  of  the  acid  carbonate,  as  calcspar,  is  deposited 
partly  in  the  form  of  aragonite,  on  the  addition  of  trifling  quantities  of  lead  carbonate, 
calcium  sulphate,  or  strontium  carbonate.    IV.  Differences  in  temperature  and  degree 
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of  concentration  of  solution  are  not  the  only  causes  of  the  dimorphism  of  calcium  car- 
bonate. 

Hydrated  Calcium  Carbonate,   CaCO^.SH-O  :  Crystals  of  this  hydrate,  which 

Pelouze  obtained  from  a  solution  of  lime  in  sugar-water,  and  Salm-Horstmar  obsers-ed 
in  a  water-pipe  (1st  Suppl.  781),  have  also  been  found  attached  to  confervse  in  a  pond. 
Tliis  hydrate  is  distinguished  by  losing  its  water  at  temperatures  above  15°  even  when 
immersed  in  water  (Eammelsberg,  Deut.  CJiem.  Ges.  Ber.  iv.  469). 

On  the  solubility  of  Calcium  Carbonate  in  Carbonic  acid  water,  see  Schloesing 
(Covijit.  rend.  Ixxiv.  1152  ;  Chem.  Soc.  J.  [2]  x.  788). 

Sodium  Carbonate. — Efflorescences,  called  by  the  natives  Ccollpa  (pronounced 
Koichpa),  are  deposited  in  dry  places  in  the  bed  of  the  Eio  de  Hualfin  (Argentine 
province  Calamarca)  which  flows  from  the  Sierra  de  Galampaja,  especially  in  winter 
wlien  the  stream  is  slow  ;  they  are  used  by  the  natives  for  washing  and  for  making 
soap.  A  specimen  which  had  been  kept  for  four  years  in  a  corked  bottle,  gave  by 
analysis  21-475  p.c.  H-0,  24-142  C0=,  25-985  Na=0,  0-538  K'O,  6-307  NaCl,  1-924  S0^ 
5-788  clay  and  sand,  and  0-554  organic  matter,  with  traces  of  magnesia  and  lime, 
numbers  which,  neglecting  the  sodium  chloride  and  other  extraneous  matters,  lead  to  the 
formula  Na^CO^  +  2H-0.  A  recent  specimen,  on  the  other  hand,  gave  31-934  p.c. 
H-0,  23-939  C02,  34-647 Na=0,  3-484  NaCl,  0-845  SO',  0-264  MgO,  4-492  clay  and 
sand,  and  0-089  organic  substance,  leading  to  the  formula  Na-CO'  + oH'-'O  (Schickon- 
dantz,  Ann.  Ch.  Pkarm.  civ.  359). 

CAKBOWYIi  CHIiOROPXiATXII'ZTE.    See  Platinum  Compounds. 

NH(COCH^) 

CARBOWYI.-I>IACETliai3>E,  C-'H'N^O'  =  C0<;  ,  is  formed 

^NH(COCff) 

by  heating  acetamidc  to  50°  with  liquid  earbonyl-chlorido . 

.NH=  ^NH(COCHn 
2C0/  -I-  COCP  =  2HC1  +  COCT 

^CH»  ^NH(COCH') 

It  crystallises  in  rhombic  needles ;  water  and  alcohol  dissolve  it,  but  slowly  in  the 
cold,  freely  at  a  higher  temperature.  It  melts  when  heated  and  sublimes  without 
decomposition.  By  boiling  with  concentrated  acids  it  is  decomposed  into  ammonia 
and  acetic  acid,  and  when  boiled  for  a  long  time  -ndth  potash-solution  it  yields  carbon 
dioxide  and  acetamide  (E.  Schmidt,  J.  pr.  Chem.  [2]  v.  35). 

,NH(COC«ff) 

CARBOI7V2.-BXBEirZAiaiBE,   C'^H'^N'O'   =  C0<^  ,  is 

^NH(COC«H=>) 

formed  in  like  manner  when  phosgene  and  benzamide  are  heated  together  to  160°- 
170°.  It  is  sparingly  soluble  in  water,  more  freely  in  alcohol,  and  crystallises  in  fine 
silky  needles.  With  concentrated  acids  and  -with  alkalis,  at  the  boiling  heat,  it  reacts 
like  carbonyl-diacetamide  (Schmidt). 

NH.CO.NH.CO.NH= 

CABBOir-S'Ii-BXBXUItET,  C^H'N^O^    =    CO<f  ,  is 

^NH.CO.NH.CO.Nff 

formed  by  heating  biuret  with  liquid  phosgene  to  60°  for  twelve  hours  : 

.CONff  .NH.CO.NH.CO.NH= 
2NH-^  +  COCP  =  2HC1  +  CO-^ 

CONH-  ^-NH.CO.NH.CO.Nir- 

Carbonyl-dibiuret  is  a  light,  wliite  crystalline  powder,  which  is  a  little  more  soluble 
in  water  than  carbonyl-urea,  but  almost  insoluble  in  alcohol.  It  is  soluble  in  alkalis 
and  strong  acids.  When  heated  on  platinum-foil  it  decomposes  into  carbon  dioxide, 
ammonia,  and  cyanic  acid,  and  when  it  is  slowly  heated  in  a  small  flask,  ammonia 
and  carbon  dioxide  are  given  off,  and  a  residue  containing  urea,  cyanuric  acid,  and 
ammelide  is  left  behind. 

On  passing  nitrous  acid  through  a  warm  solution  containing  an  excess  of  carbonyl- 
dibiiu-et,  carbon  dioxide  is  evolved,  and  as  the  liquid  cools,  urea  nitrate  crystallises 
out,  mixed  with  a  little  cyanuric  acid  and  ammonium  nitrate.  On  boiling  it  with 
concentrated  hydrochloric  acid  or  potash-solution  it  decomposes  into  ammonia,  carbon 
dioxide,  and  cyanuric  acid,  whilst  when  boiled  with  baryta  -water,  it  yields  carbon 
dioxide,  cyanuric  acid,  and  urea.  Like  carbonyl-urea  it  combines  only  with  mercuric 
oxide ;  the  compound  C^H''N''0^3HgO  is  a  white  bulky  powder. 
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By  the  further  action  of  phosgene  upon  carbonj^l-dibiuret,  it  is  resolved  into  two 
mols.  of  cyanuric  acid :  C^II»N<'0^  +  COCP  =  2HCI  +  2C^iI=N'0'.  (Schmidt). 
CARBOH'VIi-UREA,   or   CA.RBON'S'Xi-SZCARBAnXZSE,   C'H'N  0  = 
,NH.CO.NH- 

C0<^  ,  is  olitained  by  heating  urea  with  excess  of  liquid  phosgene  to 

^NH.CO.NH^ 
100°  for  two  days  : 

2C0C  -!■  COCr-  =  2HC1  +  CO^ 

^NH=  ^NKCO.NH- 

It  is  a  bulky  white  powder  composed  of  microscopic  needles,  Tery  slightly  soluble  in 
cold,  more  freely  in  boiling  water,  almost  insoluble  in  cold  alcohol.  Heated  on  plati- 
num-foil, it  is  resolved  into  ammonia  and  cyanic  acid.  When  heated  slowly  in  a  test- 
tube,  it  yields  ammonia  and  cyanuric  acid.  It  is  soluble  in  concentrated  acids,  but 
does  not  combine  with  them.  Neither  does  it  form  compounds  with  salts  or  bases, 
with  the  exception  of  mercuric  oxide.  The  compound  C''H"N^O'.HgO  is  obtained  as  a 
crystalline  precipitate,  which  is  insoluble  in  water,  and  decomposed  by  dilute  acids. 

Carbonyl-urea  is  further  acted  upon  by  phosgene  when  the  two  substances  are  heated 
up  to  loO'-'-lOO",  hydrochloric  acid  being  formed,  together  with  a  crystalline  bod}', 
which  is  a  mixture  of  dicyanic  and  tricyanic  (cyanuric)  acids  (Schmidt). 

CARBOTHIAXBXN-E,  C5I^"'mS^— This  compound  was  obtained  by  Liebig  a. 
Eedtenbachcr  by  the  action  of  carbon  bisulphide  on  aldehyde-ammonia  (Ist  Supi)!. 
802).  It  cannot  be  crystallised  from  water  or  alcohol,  but  is  deposited  in  magnificent 
crystals  from  solution  in  concentrated  aqueous  ammonia.  It  is  decomposed  by  iodine, 
nitrous  acid,  and  mercuric  chloride,  yielding  aldehyde,  carbon  bisulphide,  ammonia 
and  ammonium  sulphocyanate.  When  1  mol.  mercitric  chloride  is  heated  with  1  mol. 
carbothialdine  in  aqueous  or  alcoholic  solution,  the  whole  of  the  mercury  is  quickly 
precipitated  as  sulphide,  while  aldehyde,  sal-ammoniac,  hydrochloric  acid  and  sulpho- 
cyanic  acid  are  produced.  But  when  a  large  excess  of  mercuric  chloride  is  used,  a 
white  precipitate  is  formed  which  becomes  crystalline  on  boiling,  without  the  produc- 
tion of  a  trace  of  aldehyde. 

CARBOXABXIDOBENTZOZC  ACZB.    See  Benzoic  Acid  (p.  16G). 

CARMZWE.    See  Cochineal. 

CARirzxrE,  C'H'N'O^  Weidel  {Ann.  Ch.  Pharm.  clviii.  353).— A  base  obtained 
from  extract  of  meat,  of  which  it  constitutes  about  1  p.c.  To  prepare  it,  the  extract 
is  dissolved  in  G  or  7  parts  of  warm  water,  and  carefully  precipitated  with  strong 
baryta-solution,  avoiding  excess  :  the  mass  is  filtered  tlirough  a  linen  cloth,  and  the 
filtrate  precipitated  by  basic  lead  acetate.  A  lead-compound  of  carnine  is  thus  thrown 
down,  and  laeing  soluble  in  boiling  water,  can  thus  be  separated  from  the  other 
bodies  likewise  precipitated.  The  aqueous  solution  thus  obtained  is  decomposed 
while  boiling  with  hydrogen  sulphide,  and  the  filtrate  from  the  lead  sulphide  is  evapo- 
rated to  a  small  bulk  and  separated  from  a  crystalline  mud,  sometimes  deposited  on 
standing,  and  due  to  the  presence  of  variable  quantities  of  sodium  chloride  in  tlio 
extract  employed,  whereby  ultimately  more  or  less  hydrochloric  acid  is  formed  in  tlio 
crude  carnine  solution  :  the  liquid  portion  is  precipitated  by  strong  solution  of  silver 
nitrate  ;  and  from  the  mixed  silver  chloride  and  silver-compound  of  carnine  thus  pro- 
duced, the  former  is  dissolved  out  by  diluted  ammonia-solution,  the  latter  being  almost 
insoluble  in  that  medium  :  finally,  the  silver  compound  is  washed  with  boiling  water, 
decomposed  by  hydrogen  sulphide,  and  the  filtrate  decolorised  with  animal  charcoal, 
a  considerable  portion  of  carnine  being,  however,  absorbed  by  the  charcoal.  From  the 
colourless  aqueous  solution  thus  obtained,  carnine  crystallises  on  cooling  in  chalk- 
white  cbuscs  and  friable  groups  of  extremely  small  irregular  crystals,  containing 
1  mol.  water  (C'H«N^O^H-0)  which  is  given  oif  at  100°. 

The  hi/drochloride  CH^N'OIHCI  is  obtained  in  needles  on  cooling  the  hot  solution 
of  carnine  in  strong  hydrochloric  acid ;  these  needles,  freed  from  the  mother-liquor 
and  redissolved,  do  not  again  make  their  appearance,  a  mud  separating,  which,  how- 
ever, on  standing,  again  becomes  perfectly  converted  into  needles ;  the  salt  is  anhy- 
drous.   The  plntinochloride  has  the  composition  2(C'H'«N'0MICl).PtCl^ 

Silver  nitrate  throws  down  from  a  carnine  solution  a  flocculent  white  precipitate, 
which  is  insoluble  in  nitric  acid  and  in  ammonia,  and  when  dried  at  100°  has  the 
composition  2C'II'AgN''0^AgN0^ ;  theobromine,  which  differs  from  carnine  by  only 
one  oxygen-atom,  does  not  yield  an  analogous  body,  its  silver  compound  beiiig 
C'lI'AgNO-,;  sarcine,  on  the  other  hand,  yieWs  the  compound  C^H^N'O.AgNO'. 

Concentrated  hydriodic  acid  does  not  reduce  carnine  to  theobromine  ;  neither  does 
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long  boiling  with  barjrta-water  produce  any  change  (no  ammonia  or  methylamlne  is 
evolved,  and  unaltered  carnine  is  found  after  precipitating  the  baryta  -with  carbonic 
acid). 

With  bromine-water  in  slight  excess  on  the  water-batli,  carnine  gives  a  slight 
evolution  of  gas  ;  after  evaporation,  crystals  of  tlie  hydrobromide  of  sarcine  separate, 
from  which  alkalis  precipitate  the  base  itself,  soluble  in  excess,  but  nearly  insoluble 
in  cold  water.  From  analyses  of  the  base  and  its  hydrobromide,  and  from  its  properties, 
it  appears  to  be  identical  with  Streeker's  sarcine  (v.  196),  the  only  observed  difference 
being  that,  whereas  Streeker  states  that  his  sarcine  is  not  precipitated  by  basic  lead 
acetate,  the  base  obtained  as  above  is  precipitable  by  basic  lead  acetate,  though  not 
by  neutral  lead  acetate,  or  even  by  the  basic  lead  salt  in  presence  of  the  neutral  salt. 
Streeker's  statement  is,  however,  in  contradiction  to  the  fact  that  Stadeler  also  has  pre- 
pared sarcine  from  the  basic  lead  precipitate  from  flesh,  liver,  &c. 

Ordinary  nitric  acid,  heated  with  carnine,  gives  rise  to  a  violent  action,  from  the 
product  of  which  the  nitrate  of  sarcine  is  obtained  on  cooling :  oxalic  aftid  and  an  in- 
distinctly crystalline  yellow  body  are  also  produced. 

Sarcine  being  considered  as  a  urea-derivativo  CO    |   '  carnine  may  be  regarded 

as  either 

I  — CH-— OO(OH)  I  — CH=— CH(OH) 

CO                              or  CO  I 

I  _CH2— CH^  I  — CH2-CH(0H) 

— CN  "-^  —  CN 

and  the  production  of  sarcine  from  earnlno  by  bromine  appears  to  be  in  accordance 
with  the  equation 

C'HWO'  +  2Br  =  C=H^N^0.HBr  +  CH'Er  +  C0=. 

Bromacetic  acid  might  possibly  be  formed  at  the  same  time  ;  but  this  body  was  not  dis- 
tinguishable in  the  ethereal  extract  obtained  with  the  product  of  the  action  of  bromine. 

AVhen  sarcine  is  heated  with  fresh  chlorine-water  and  a  trace  of  nitric  acid,  and  the 
solution  is  evaporated  on  tlie  water-bath  to  dryness,  and  placed  in  an  ammoniacal 
atmosphere,  a  dark  rose-red  tint  is  produced ;  carnine  gives  the  same  reaction,  sarcine 
being  previously  formed. 

The  barium  precipitate  obtained  in  the  method  of  extracting  carnine  from  meat-ex- 
tract, as  above  described,  is  principally  phosphate  and  sulphate  ;  tlie  portion  of  the  lead 
precipitate  insoluble  in  water  contains  inosite,  a  little  lactic  acid,  and  some  succinic 
acid;  and _ especially  an  amorphous  extractive  matter,  part  of  which  only  is  soluble  in 
alcohol.  The  filtrate  from  the  original  lead  precipitate  yields,  when  evaporated,  a 
crystalline  lead  lactate,  and  the  filtrate  from  this,  when  evaporated,  yields  much  creatine 
with  a  little  creatinine,  the  mother-liquor  of  which  contains  considerable  quantities  of 
glutinous  and  dextrin-like  substances. 

Doses  of  ^  to  2  decigrams  of  carnine  and  its  hydrochloride  appear  to  have  a  slight 
effect  on  the  nervous  system,  a  slackening  of  pulsation  being  the  most  marked  symptom. 

CARVOXi.    Sec  Oils,  Volatile. 

CASBIH.    See  Proteids. 

CASSIA  Oia.    See  Oils,  Volatile. 

CASTOE  OXSi.  This  oil  rotates  a  ray  of  polarised  light.  10  p.  c.  solutions  of 
pure  Italian  and  Ostend  castor  oil  in  absolute  alcohol  gave,  as  a  mean  result,  a  direct 
deviation  of  10°  to  the  right,  which  gives  as  the  specific  rotatory  power  of  castor  oil, 
(a)  =  +  12'15°.  This  behaviour  of  castor  oil  maybe  used  as  a  test  of  its  purity, 
although  the  specific  rotatory  power  is  too  small  to  allow  small  quantities  of  adultera- 
tion to  be  detected.  Castor  oil  also  contains  a  constant  quantity  of  nitrogen,  which 
may  bo  due  to  the  presence  of  an  alkaloid.  It  is  possible  indeed,  tliat  not  only  the 
purgative  properties,  but  also  the  circular  polarisation,  are  due,  not  to  tlio  oil  itself, 
bu1s  to  the  presence  of  this  alkaloid  (Popp.  Arch.  Pharm.  [2]  cxlv.  233). 

CATHARTXSr.  This  substance,  extracted  from  senna  by  Lassaigne  a.  FeneuUe 
{1st  Su^pl.  817),  and  by  them  regarded  as  the  active  principle  of  the  plant,  has 
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lately  been  examined  by  Bourgoin  (Comft.  rend.  Ixxiii.  1449),  'who  finds  that  it  is  a 
mixture  of  three  distinct  substances,  viz.: — 

1.  Chrysophanic  Acid. — Obtained  by  exhausting  crude  cathartin  with  other;  it  is 
present  but  in  small  quantity  in  senna,  but  may  be  at  once  rendered  evident  l:>y  the 
formation  of  a  characteristic  red  colour  on  the  addition  of  ammonia  to  an  aqueous 
infusion  of  the  leaves. 

2.  A  dextro-rotatory  Glucose. — Cathartin  freed  from  the  aboA'o  acid  yields  with 
water  a  limpid  solution,  possessing  the  following  properties:  (1.)  It  ferments  in  con- 
tact with  yeast,  giving  carbonic  anhydride  and  alcohol.  (2.)  It  reduces  a  cupro- 
potassic  solution.  (3.)  Freed  from  ehrysophanine  and  colouring  matter,  it  rotates  a 
ray  of  polarised  light  to  the  right.  This  glucose  may  be  isolated  by  precipitating 
with  basic  lead  acetate,  and  evaporating  to  dryness  after  removing  the  dissolved  lead. 

3.  Chrysoplianine. — Obtained  by  adding  lead  acetate  to  a  strong  infusion  of  senna, 
after  the  removal  of  the  mucilaginous  matter  by  alcohol,  decomposing  the  precipitate 
with  hydrogen  sulphide,  evaporating  the  liquid  to  a  syrup,  treating  the  syrup  with 
alcohol,  dissolving  the  residue  in  water,  reprecipitating  with  alcohol,  and  then  drying 
over  sulphuric  acid.    Thus  obtained  it  is  almost  white. 

CEIiIilTliOSE.  The  solubility  of  this  substance  in  ammoniacal  copper-solution 
lias  been  made  available  for  the  preparation  of  water-proof  paper,  artificial  wooden 
Blabs,  &c. 

When  linen  rags  or  wood  sawdust  are  fully  dissolved  in  ammoniacal  copper-solution, 
find  the  solution  then  allowed  to  evaporate  to  dryness,  a  semi-transparent,  brittle  glass 
is  left.  But  if  the  action  of  the  solvent  be  prevented  from  effecting  more  than  a  com- 
mencing superficial  solution,  in  which  the  fibres  maintain  their  original  form  and  dis- 
position, a  very  tough  material  is  obtained.  A  sheet  of  paper,  left  only  an  instant  in 
the  ammoniacal  copper-solution,  and  then  passed  between  rollers  and  dried,  becomes 
quite  impervious  to  water,  and  does  not  lose  its  power  of  .cohesion  at  the  boiling  heat. 
Two  sheets  of  paper  thus  treated  adliere  firmly  together,  and  form  one  piece,  and  by 
treating  a  large  number  of  sheets  of  paper  in  the  same  manner,  artificial  boards  are 
produced.  Linen  pieces  thus  treated  furnish  a  very  elastic  material  of  great  cohesive 
power.  By  treating  linen  and  paper  together  in  this  manner,  a  material  is  obtained  of 
great  firmness  and  strength,  which  is  said  to  be  well  adapted  for  making  roofing  tiles, 
gas  and  water  pipes,  articles  of  clothing,  and  even  for  boats  {Dingl.  2wlyt.J.cQ.\\.  514). 

Animal  Cellulose. — Schiifer  {Ann.  Ch.  FJiarm.  clx.  312),  from  his  analyses  of 
the  mantles  of  the  Pyrosomida;,  Salpidce,  and  Phallusia  mamillaris,  finds  that  the 
cellulose,  or  tuniein  (v.  918)  derived  from  them  is  identical  with  vegetable  cellulose. 
The  mantles,  after  being  boiled  in  a  Papin's  digester  to  remove  chondrigen,  were  treated 
with  dilute  hydrochloric  acid  to  remove  the  inorganic  constituents.  These  consisted 
of  calcium  sulphate,  sodium  sulphate,  and  traces  of  iron,  calcium  carbonate,  and  calcium 
phosphate.  The  mantles  were  then  boiled  for  several  days  in  a  saturated  solution  of 
cjiustic  potash,  and  subsequently  washed  with  alcohol  and  water.  The  mantles  so 
treated  retained  their  original  form,  but  had  become  transparent  like  glass,  but  not 
horny,  as  Berthelot  found  in  Cynthia  papillaia.  The  substance  thus  obtained  is  quite 
free  from  nitrogen,  and  contains  44'09  p.  c.  carbon,  6'30  hydrogen,  and  49"61  oxygen. 

"With  iodine  and  sulphuric  acid  it  gives  a  violet  colour  like  vegetable  cellulose.  It 
is  soluble  in  ammonio-cupric  oxide,  from  which  it  is  precipitated  like  cellulose  by  acids. 
The  precipitate  is  soluble  in  dilute  hydrochloric  acid,  and  gives  tlie  cellulose  reaction 
with  iodine  and  zinc  chloride.  It  is  converted  into  sugar  by  prolonged  heating  with 
dilute  sulphuric  acid  in  closed  tubes.  Like  vegetable  cellulose,  it  is  converted  into 
pyroxylin  by  the  action  of  fuming  nitric  acid.  The  mantles  so  converted  into  pyroxylin 
retain  their  form,  but  are  very  brittle.  They  are  soluble  in  ether,  which  on  evapora- 
tion leaves  a  film  like  the  ordinary  collodion  film.  These  reactions  leave  little  doubt 
of  the  complete  identity  of  animal  and  vegetable  cellulose. 

CEMSWTS.  A  good  cement  for  broken  glass  and  porcelain  basins  may  be  pre- 
pari  il  by  s'inkiiig  half  an  ounce  of  isinglass  in  distilled  water,  then  pouring  off  the 
v.att  v,  ,-111(1  .iddliig  so  much  alcohol  as  just  to  cover  the  isinglass,  the  solution  being 
pro7noted  by  heat.  A  quarter  of  an  ounce  of  mastic  is  then  dissolved  in  three  quarters 
of  an  ounce  of  alcohol ;  the  two  solutions  are  mixed ;  a  quarter  of  an  ounce  of  powdered 
gum-ammoniac  is  added ;  and  the  mixture,  after  being  well  shaken,  is  evaporated  in  a 
water-bath  to  the  consistence  of  strong  glue.  The  cement  thus  prepared  is  poured  into 
a  glass  in  whiidi  it  soon  solidifies  to  a  jelly,  and  is  then  ready  for  use.  It  is  warmed 
just  before  using,  and  is  applied  with  a  brush  to  the  perfectly  clean,  warm,  fractm-ed 
turface  ;  it  hardens  in  24  hours  {Dingl.  polyt.  J.  cciv.  344). 

HyJrauUc  Limes  and  Cements. — Roman  and  Portland  Cements  are  compounds  of 
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alumina,  lime,  and  silica  in  closer  or  looser  combination  according  to  the  temperature 
at  which  they  have  been  burnt.  Besides  the  constituents  above  named,  magnesia, 
potash,  soda,  and  generallj'  sulphuric  and  phosphoric  acids  are  also  present.  Of  these 
subsidiary  bodies,  sulphuric  acid  (as  gypsum)  is  so  hurtful  to  the  quality  of  the  cement, 
that  if  a  sample  contains  any  considerable  quantity — even  3  p.  c. — it  should  be  rejected. 
The  gypsum  is  burnt  dead  at  the  temperature  employed  in  making  the  cement,  and 
does  not  combine  with  water  until  after  the  rest  of  the  mass  has  hardened,  and  then, 
as  it  slowly  takes  up  water  and  expands,  it  causes  the  whole  to  crumble.  Much  mag- 
nesia seems  also  to  injure  the  quality,  but  a  moderate  proportion  of  soda  improves  it 
(C.  Bender,  Bingl.  folyt.  J.  cci.  254). 

AVartha  {ih'id,  ccii.  6?.7)  found  that  the  hardening  power  of  a  natural  hydraulic 
lime,  made  from  a  somewhat  siliceous  marl,  was  not  impaired  by  mixing  it  with  even 
15  p.  c.  of  nearly  pure  unslaked  lime,  but  that  when  ferruginous  siliceous  lime  was 
added,  the  mass,  after  binding,  f^l  to  powder  when  immersed  in  water.  This  eflfect 
appears  to  be  due  to  the  circumstance  that  the  slaking  of  the  impure  dead-biu-nt  lime 
does  not  take  place  till  after  tlie  cement  has  set,  and  that  the  consequent  swelling 
causes  the  mass  to  break  up. 

According  to  Knapp  (ihid.  ccii.  513)  the  hydraulic  properties  of  a  cement  depend  as 
much  on  its  mechanical  state  as  on  its  chemical  composition.  Schott  has  shown  that 
the  coarse,  sandy  parts  of  Portland  cement  have  but  slight  power  of  hardening  under 
water,  but  if  they  be  rubbed  to  a  fine  powder,  this  powder  exhibits  all  the  properties  of 
the  original  fine  cement. 

The  so-called  SooWs  Cement. — It  was  observed  some  years  ago  by  Captain  H.  Scott 
that  quicklime  heated  to  redness  in  the  vaponr  of  burning  sulphur  lost  its  power  of 
slaking,  but  acquired  the  property  of  gradually  hardening  when  stirred  up  in  water. 
F.  Schott  {Bingl.  polyt.  J.  ccii.  52)  has  examined  the  mode  of  formation  of  the  cement 
thus  produced,  with  the  view  of  determining  the  nature  of  the  compound  formed,  and 
the  best  mode  of  preparing  it.  His  principal  results  are  :  that  cold  dry  lime  does  not 
absorb  cold  dry  sulphur  dioxide,  but  that  at  a  red  heat  complete  absorption  takes  place 
without  evolution  of  gas  ;  that  when  sulphur  dioxide  is  passed  over  red-hot  lime  con- 
tained in  a  tube,  combination  takes  place,  attended  with  evolution  of  light  and  heat, 
the  p)roduct  being  a  mixture  of  sulphate  and  sulphide  of  calcium,  with  excess  of  lime 
in  uncertain  proportion ;  that  when  calcium  sulphite  is  heated  to  moderate  redness,  it 
is  resolved  into  sulphate  and  sulphide,  according  to  the  equation  4CaS0^  =  SCaSO' 
+  CaS,  forming  a  mass  devoid  of  hydraulic  properties,  but  that  when  heated  to  white- 
ness it  sinters,  leaving  a  mass  containing  only  about  half  the  sulphur  required  by  tlie 
above  formula,  and  capable  of  hardening  under  water. 

A  mass  having  all  the  properties  of  Scott's  cement  may  be  prepared  by  strongly 
igniting  a  mixture  of  gypsum  and  lime,  in  the  proportion  of  2  mols.  of  the  former  to 
3  mols.  of  the  latter.  The  cement  so  formed  is  the  better  the  higher  the  temperature 
at  which  it  has  been  formed,  and  the  less  calcium  sulphite  it  contains. 

Cement-stone  found  near  Jena. — This  stone,  which  is  largely  used  for  the  manufac- 
ture of  cements,  contains  about  90  p.  c.  of  matter,  chiefly  earthy  carbonates,  soluble 
in  hydrochloric  acid.    The  composition  of  the  soluble  portion  is  as  follows : 

CaCO^    MgCO'  CaSO'"'   Fe=0'     FeO     MnO    Na=0     K=0      .SiO=  H=0 

49-84    26-96    0-36    3-83    4-17    0-22    0-40    0-35    2-96    0-66  =  89-75. 

These  numbers  show  that  the  dolomitic  constituents  of  the  stone  may  be  nearly  repre- 
sented by  the  formula  2MgCO'.3CaCO». 

The  residue,  insoluble  in  hydrochloric  acid,  after  being  freed  from  soluble  silica  by 
digestion  in  sodium  carbonate  was  found  to  contain  : — 

Potassium  Sodium    Calcium  Mas;nesium  Ferric  Aluminium  q_, 
Silicate     SiUcate     SiUcate     Silicate    Silicate     Silicate  ^^^^ 
0-26       0-47       2-01       0-46       0-95       3-04       3  26  =  10-45 

The  oxygen  ratio  in  the  metallic  oxides  and  the  silica,  viz.,  RO  :  :  SiO-  = 
1:2-7:38  leads  to  the  formula  EO.SiO=  +  E'0'.SiO=,  which  is  that  of  zeolite, 
natrolite  and  labradorite  (E.  Eeichardt,  Bingl.  poh/t.  J.  cc.  219). 

CEKXTE  SMCETASiS.  The  atomic  weights  of  these  metals  have  lately  been  dis- 
cussed by  McndclcicfF  in  his  paper  '  Ueber  die  periodische  Gesetzmassigkeit  der 
chemiseheu  Elemente,'  {Ann.  Ch.  Pliarm.  Supp.  viii.  186).  For  the  atomic  weights 
hitherto  received,  viz.  C  =  92,  La  =  92,  Di  =  95,  he  proposes  to  substitute  G-e  =  138, 
ia  =  180, ^i  =  138.  His  reasons  for  proposing  this  change  are  founded  chiefly  on 
the  differences  between  the  observed  properties  of  these  metals  and  those  which — if 
their  received  atomic  weight  were  correct — they  might  be  expected  to  have  according 
to  Meudelejeff's  system  of  classification  of  the  elements  (see  Elements). 


CERIUM. 


273 


■With  regard  to  cerium  in  particular,  MendelejefF  points  out  tliat  there  are  but  Uyo 
known  oxides  of  this  metal,  not  three,  as  usually  stated,  the  so-called  eerie  oxide 
(Cc-'O^)  being  purely  hypothetical,  as  it  has  never  been  obtained  in  the  separate  state, 
and  no  salts  corresponding  with  it  in  composition  are  known.  The  two  known  oxides 
CeO  and  Cu^O\  according  to  the  atomic  weight  Ce  =  92,  become  and  Ge-0 '  or 

GeO'-,  if  the  proposed  atomic  weight  1 38  is  adopted.  MendelejefF  has  made  a  determina- 
tion of  tho  specific  heat  of  cerium  (semifused  and  dried  in  hydrogen),  which  he  finds 
to  be  0-050.  This  number  multiplied  by  138  gives,  for  the  atomic  heat  the  product 
G'9,  wliich  is  much  nearer  to  the  mean  value  of  the  atomic  heats  of  the  elements,  than 
that  obtained  with  the  commonly  received  atomic  weight  of  cerium,  viz.  0-05  x  92 
=  4-8. 

On  tho  otlior  hand,  Eammelsberg  (Dent.  Chem.  Ges.  Ber.  vi.  84)  objects  to  the  pro- 
posed change  :  (1).  Because  if  there  are  but  two  oxides  of  cerium,  CeO  and  Ce'O'  (or 
<?e-0' and  GeO")  these  oxides  will  exhibit  the  unusual  oxygen-ratio  3  :  4.  (2).  If  the 
higher  oxide  is  to  be  regarded  as  an  independent  oxide  Ge'O'  (or  GeO-)  and  not  as  a 
compound  of  monoxide  and  sesquioxide,  CeO.Ce-0',  it  ought  to  form  analogous  salts, 
e.g.  Ce^(SO<)'  or  Ce'0'.4S03,  or  Ce"S0'.(C6"-)^i(S0'f ,  whereas  in  nearly  all  tho  known 
ceroso-ceric  salts,  the  x^roportion  of  Ce"  and(C6-)''  is  different  from  this  (v.  686)  ;  thus 
the  ceroso-ceric  sulphate  which  crystallises  in  brown-rod  hexagonal  forms,  has  tho 

composition  Cc^S°0-'  +  18  aq.,  or  Qe2^('gOJ)3|  +  ^l- 

Tho  reduction  of  the  higher  to  the  lower  oxide  of  cerium  is  regarded  by  MendelejefF 
ns  ,'inalogous  to  that  of  TiO-  to  Ti-0' ;  but  ceroso-ceric  oxide  is  reduced  to  cerous  oxide 
by  liydrochloric  acid,  with  evolution  of  chlorine,  which  is  not  the  case  with  titanic 
oxide.  Cerous  oxide  decomposes  solution  of  sal-ammoniac,  an  effect  not  produced  by 
ses  juioxidcs,  M-0^.  Lastly  ceroso-ceric  oxide  crystallises  in  the  regular  system,  like 
most  oxides  of  the  form  MO.M-0^,  whereas,  according  to  Mendclejeff's  formula  GcO'-, 
it  sliould  be  isomorphous  Avitli  TiO-  and  ZrO-' 

For  didymium  and  lanthanum  MendelejefF  proposes  the  atomic  weights  =  138, 
ia  =  180,  giving  to  the  respective  oxides  the  formulae  ©i-0^  and  iaO'^  whereas  both 
are  usually  regarded  as  monoxides.  In  favour  of  the  dissimilar  formulae  of  these 
oxides,  Mendelejefif  adduces  the  fact,  communicated  to  him  by  Marignac,  that  none 
of  tho  corresponding  salts  of  didymium  and  lanthanum  arc  isomorphous  ;  that  didy- 
niiuin  sulphate  separates  easily  and  nearly  pure  from  a  mixed  solution  of  the  two 
^^ulphates  ;  and  tliat  the  formulae  commonly  given  to  these  sulphates  are  not  analogous, 
that  of  the  didymium  salt  being  3DiSO'.8H-0,  and  that  of  the  lanthanum  salt  LaSO^ 
oH-O.  The  imusual  formiila  3DiS0^8H-0  will  be  changed  according  to  Mendelejeflf's 
atomic  weight,  into  ©i-(S0*)^.8H''0.  That  the  dissimilarly  constituted  oxides  Ce-'O', 
^>^i-0',  iaO''  should  constantly  occur  together  in  nature,  need  occasion  no  surprise, 
iuasmucli  as  many  similar  cases  are  known,  e.q.  the  simultaneous  occurrences  of  Nb'-'O^ 
and  TiO'-,  of  WO^  and  Nb^OS  and  of  \"0^  and  CrO'. 

On  tlie  other  hand,  Eammelsberg  states,  as  the  result  of  his  own  observations,  that 
sulphate  of  didymium  is  isomorphous  with  the  sulphates  .of  yttrium  and  cadmium,  the 
general  formula  of  these  sulphates  being  3R"S0'  +  8  aq.;  hence  he  infers  that,  accord- 
ing to  MendolcjefF's  view,  cadmium  oxide  should  also  1)0  a  scsquioxide  Cd-0';  and 
since  greonockite,  wurtzito,  and  cinnabar  are  also  isoninriiliiins,  ilu^  oxides  of  zinc  and 
mercury  should  also  bo  Zn'^0'  and  Hg'^O'-  Eammclsl"  i-u:  rt  lmi-'I'^  Ihe  isomorphism  of 
the  three  cerito  metals  as  positively  established,  and  lu  iici'  cuucluilesthat  the  oxide  of 
lanthanum  must  be  analogous  in  composition  to  cerous  oxide  and  didymium  oxide. 

According  to  MondelejefF's  view,  however,  lanthanum  oxido  and  ceroso-ceric  oxido 
should  bo  isomorphous,  since  their  formulae  are iaO-  and  CeO-,  whereas  in  reality, 
lanthanum  oxide  is  trimetric,  like  PbO  and  CuO,  while  ceroso-ceric  oxide  is  mono- 
metric.  Again,  lanthanum  oxide  dissolves  easily  in  liydrochloric  acid,  whereas  ceroso- 
ceric  oxide  dissolves  slowly  and  with  reduction.  The  chlorides  of  the  cerito  metals 
also,  which,  according  to  MendelejefF,  are  Ge-Cl'',i>i^Cl'  andiaCl\  are  very  much  alike, 
are  probably  isomorphous  when  thoy  crystallise  with  4  aq.,  and  are  very  different  in 
cliaracter  from  tho  volatile  chlorides  RCl"  and  RCl'  which  are  decomposed  by  water, 
sui  h  as  TiCP  and  Ti^Cl". 

For  all  these  reasons  Eammelsberg  is  of  opinion  that  the  changes  proposed  by 
MendelejefF  in  the  atomic  weights  of  the  cerite  metals  cannot  be  admitted. 

CERXVni.  Tlie  following  method  of  preparing  pure  cerium  salts  is  given  by 
C.  Erk  {Zcitsclir.f.  Chen.  [2]  vii.  100): — Finely  powdered  cerite  is  made  into  a  thirt 
paste  wth  sulphuric  acid,  kept  warm  for  several  hours,  aud  then  gently  heated  ;  tjio 
white  powder  is  then  exhausted  by  repeated  treatment  with  boiling  dilute  nitric  acid  ; 
tho  filtered  solution,  after  treatment  with  sulphydric  acid,  and  filtration,  is  mixed  Avith 
a  little  hydrochloric  acid  and  oxalic  acid ;  the  oxalates  are  iguited  in  a  platinum  dish, 
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■with  constant  stirring,  and  dissolved  in  rather  strong  nitric  acid ;  the  solution  is 
evaporated  to  a  syrupy  consistence,  and  then  mixed  with  a  large  quantity  of  boiling 
dilute  sulphuric  acid ;  and  the  precipitate  of  basic  ceroso-ceric  sulphate  is  -washed 
■with  hot  water  as  long  as  the  washings  give  a  precipitate  with  oxalic  acid. 

The  addition  of  magnesia  to  the  oxalates  previous  to  ignition,  as  recommended  by 
Bunsen  and  by  Jegel,  is  imnecessary ;  it  is  also  very  difficult  to  separate  the  magnesia 
perfectly  from  the  ignited  product. 

Popp's  method  {1st  Suppl.  419),  which  consists  in  treating  a  solution  containing 
cerium,  lanthanum,  and  didymium  -with  chlorine  and  sodium  acetate,  is  efficient  for  the 
preparation  of  pure  cerium  salts,  but  not  for  the  preparation  of  pure  lanthanum  and 
didymium  compounds,  on  account  of  the  easy  reducibility  of  ceroso-ceric  oxide  by  free 
acetic  acid.  The  precipitate  described  by  Popp  as  a  peroxide  of  cerium,  is  according 
to  Erk,  a  basic  acetate. 

Electrolysis  of  Geriuyn  Salts. — A  concentrated  solution  of  cerous  chloride  sub- 
jected to  the  action  of  a  Bunsen's  battery  of  three  elements  gave  free  chlorine  at  the 
positive,  and  a  deposit  of  ceroso-ceric  Iiydrate  at  the  negative  pole.  Fused  cerous 
chloride  gave,  at  the  negative  pole,  small  quantities  of  metallic  cerium,  together  with 
reddish  white  laminse  of  cerium  oxychloride  (formed  by  the  action  of  atmospheric  mois- 
ture). At  the  positive  pole  (consisting  of  gas  carbon)  hydrogen  chloride  was  evolved, 
a  larger  quantity  of  ceroso-ceric  oxide  was  formed,  and  the  resulting  mass,  when 
treated  with  water,  gave  oif  a  very  fetid  gas.  Strong  solutions  of  cerous  sulphate 
turned  yellow  at  the  positive  pole,  from  formation  of  ceroso-ceric  sidphate,  wliile  at 
the  negative  pole  there  was  formed,  besides  a  little  metallic  cerium,  a  waxy  deposit 
of  ceroso-ceric  sulphate  which  afterwards  became  crystalline.  The  electrolysis  of  a 
neutral  solution  of  cerous  nitrate  yielded,  at  the  negative  pole,  a  brownish  yellow 
mass,  and  a  quantity  of  ammonia  sufficient  to  precipitate  the  whole  of  the  cerium.  An 
aqueous  solution  of  cerous  acetate  yielded  a  basic  acetate  which  dried  up  to 
brownish  amorphous  lumps.  Neither  of  these  reactions  yielded  an  oxide  of  cerium 
higher  than  ceroso-ceric  oxide  Ce'O*  (Eric,  loc.  cit.). 

Cerous  Platino chloride. — A  salt  having  the  composition  2CeCl^.PtCl*  -t-  8H-0 
is  described  by  Holzmann  (i.  833).  Another  containing  iCeCl^.SPtCl'  +  36H=0  has 
lately  been  obtained  by  Marignac  {Ann.  Ch.  Phys.  [-1]  xxx.  65),  from  a  solution  con- 
taining excess  of  platinic  chloride.  It  is  very  soluble  in  water,  and  crystallises  only 
from  syrupy  solutions,  redissolving  on  the  slightest  rise  of  temperature.  It  forms 
dimetric  crystals,  P.oP,  having  the  angle  P  :  P  in  the  lateral  edges  =  121-  40'  to  122° 
and  oP  :  P  =  106°  to  106°  20'.  The  crystals  are  orange-red,  deliquesce  in  moist  air, 
but  effloresce  in  the  air  of  a  warm  room  during  cold  dry  days.  They  give  off  half  their 
water  at  100°. 

Marignac  has  also  obtained  platinochloridos  of  lanthanum  and  didjTuium,  iso- 
morphous  with  the  cerium  salt. 

Oxides.  When  pulverised  cerite  is  heated  with  strong  sulphm-ic  acid  and  then 
treated  with  water,  an  abundant  evolution  of  hydrogen  takes  place  ;  and  this  effect  is 
renewed  if  the  cerite,  after  the  lapse  of  a  considerable  time  (about  a  year),  be  again 
treated  with  the  acid  and  water.  This  effect  appears  to  be  due  to  a  power  possessed 
by  the  lower  oxides  present  in  the  mineral  of  decomposing  water  in  presence  of  strong 
acids,  wliereby  they  are  raised  to  a  higher  state  of  oxidation  (Sonnenschein,  Betit, 
Chcm.  Ges.  Bcr.  iii.  632). 

Ceroso-ceric  oxide  is  a  more  powerful  oxidising  agent  than  most  oxides  represented 
by  the  formula  M'O*,  and  this  power  is  attributed  by  Sonnenschein  to  the  peculiar 
state  of  the  oxygen  contained  in  it.  He  observes  that  when  ceroso-ceric  oxide  is 
treated  with  strong  sulphuric  acid,  the  odour  of  ozone  is  evolved,  and  the  presence  of 
ozone  may  be  further  rendered  evident  by  its  well-known  reactions.  The  oxide  forms 
with  sulphuric  acid,  a  brown-red  solution  which  may  be  used  in  place  of  permanganate 
for  the  titration  of  iron,  inasmuch  as  it  is  very  permanent,  and  indicates  the  termina- 
tion of  the  oxidation  by  a  distinct  change  of  tlie  brown-red  colour  of  the  solution  to  a 
light  salmon-colour.  The  same  solution  may  be  used  for  decomposing  the  excess  of 
sulphuretted  hydrogen  produced  in  many  operations  of  chemical  analysis. 

Ceroso-ceric  oxide  added  to  strycMne  pre-\aously  mixed  with  strong  sulphuric  acid, 
produces  a  fine  blue  colour  which  affords  a  very  delicate  test  for  the  presence  of  strych- 
nine. It  does  not  produce  the  same  colour  with  any  other  alkaloid,  (see  Axkaloids, 
p.  43). 

xritrates.  A  solution  of  ceroso-ceric  hydi-ate  in  nitric  acid  mixed  ■with  nitrate 
of  magnesium  or  zinc,  yields  red  rliombohedral  crystals  of  a  double  salt,  having,  ;ic- 
cording  to  Holzmann's  analysis  (J.  pr.  Chcm.  Ixxv.  330),  the  composition  2E''N-0'*. 
Ce''N-0«.(Ce-)"N''0"'  +  15  aq.    Zschiesche,  however,  {ibid.  cyii.  66)  found  that  the 
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green  nickel  salt  prepared  in  like  manner,  and  crystallising  in  the  same  form,  is  not  a 
ceroso-ceric  but  a  cerous  salt  Ni"N-0''.Ce"N-0°  +  8  aq.,  and  that  analogous  double 
salts  containing  cobalt  and  manganese  may  be  prepared  in  a  similar  manner.  He 
attributes  Holzmann's  result  to  a  defect  in  the  method  of  analysis,  which  consisted  in 
precipitating  tlic  cerium  oxide  directly  from  the  solutions,  washing  it,  and,  then  deter- 
mining the  quantity  of  eerie  oxide  present  by  treatment  with  hydrochloric  acid.  Now 
a  precipitate  of  cerous  oxide  thus  formed  oxidises  very  quickly  in  contact  with  the 
air ;  but  the  oxidation  may  be  completely  prevented  by  mixing  the  solution  before, 
precipitation,  with  a  large  excess  of  sal-ammoniac,  and  treating  the  precipitate  with 
hydrochloric  acid  -svithout  first  drying  it.  Operating  in  this  manner  Zsehiesche  found 
that  the  double  nitrates  above  mentioned  contained  only  cerous,  no  eerie  oxide. 
Eammelsberg  has  also  analysed  the  ceroso-magnesium  nitrate  and  finds  its  formula  to 
be  exactly  analogous  to  that  of  the  nickel  salt,  viz.  MgN^C.CeN^O"  +  8  aq.  He  finds 
that  the  red  magnesium  salt  analysed  by  Holzmann,  and  designated  by  Biinsen  as 
magnesio-ceric  nitrate,  becomes  pale  yellow  after  one  recrystallisation,  and  nearly 
colourless  after  two,  and  tliorefore  considers  that  this  salt  owes  its  red  colour  merely  to 
the  eerie  mother-liquor  with  which  the  crystals  are  drenched. 

Basic  Ceroso-ceric  Acetate.  The  light  yellow  precipitate  obtained  in  Popp's 
method  of  separating  cerium  from  the  allied  metals  is,  according  to  Erk  (Zcitschr.  f. 
Chem.  [2]  vii.  115),  a  basic  acetate  having  the  composition  Cn'Oe^O'".  It  is  easily 
soluble  in  water,  but  insoluble  in  dilute  aqueous  sodium  acetate. 

Cerous  Oxalate  dried  at  ordinary  temperatures  has  the  compositionCcC-0  '  +  4H-0; 
after  drj-ing  at  100°  it  contains  CeC'-O*  +  H'-O.  The  last  molecule  of  water  cannot 
be  expelled  without  decomposing  the  salt  (Erk). 

Sulphates.  Marignac  some  years  ago  described  a  cerous  sulphate,  CeSO'. 
3H-0,  crystallising  in  right  rhombic  octahedrons  (Bechcrckes  sur  Ics  formes  crystallines 
de  quclques  campuses  chimiqucs,  Geneve,  1855).  Czudnowicz,  on  the  other  hand  {J.  pr. 
Chem.  XXX.  19),  obtained  a  trihydrated cnons,  sulphate  in  the  form  of  hexagonal  prisms; 
and  this  result  was  corroborated  by  Hermann  {ibid.xtn.  126),  who,  moreover,  obtained 
another  cerous  sulphate  in  octahedral  crystals  having  the  composition  3CeSO'.8H-0, 
•  analogous  to  that  of  didymium  sulphate  ;  the  two  salts  being  formed  under  the  same 
circumstances,  namely,  by  the  evaporation  of  a  solution  of  cerous  sulphate  at  a  gentle 
heat.  Eecent  observations  by  Marignac  {Ann.  Chun.  Phys.  [4]  xxx.  57)  have  shown 
that  these  statements  are  correct,  and  tliat  tlie  octahedral  |-hydrated  salt  is  formed 
most  readily  by  evaporation  in  a  vacuum  at  ordinary  temperatures — the  hexagonal 
triliydrated  crystals  by  evaporation  in  the  air  at  40°-50°. 

The  crystals  of  the  salt  3CeSO*.8H=0  have  the  faces  P  .  2P,  predominant,  oof>cc  . 
4?  CO,  and  others  subordinate.    The  principal  angles  are  as  follow : 

In  the  Erachydiagonal  lu  the  Macrocliagonal  In  the  Basal 

priucipal  section                    principal  section  principal  section 

P  :   P  =  114°12'                          111°10'  103°14' 

2P  :  2P  =    99°48'                           95°48'  136°17' 

Notwithstanding  the  analogy  of  composition  between  this  salt  and  the  sulphate  of 
didymium,  the  two  salts  are  not  isomorphous,  the  crystals  of  the  didymium  salt  being 
monoclinic. 

The  crystals  of  the  liexagonal  salt,  CeS0^.3H-0,are  mostly  combinations  of  the  hex- 
ngonal  prism  coP  with  the  pyramid  P,  sometimes  also  with  JP,  and  two  secondary 
pyramids  (see  CRYSTiLL0GB4PHY,  ii.  138).  Angle  ocP  :  ooP  =  120°  to  r20°15' ; 
ooP  :  P_=  130°  10' ;  ooP  :  'P  =  112°  65'.  This  salt  is  isomorphous  with  the  cor- 
responding sulphate  of  lanthanum. 

Ceroso-ceric  Sulphates. — The  red  hexagonal  crystals  which  separate  by  slow  evapo- 
ration from  a  solution  of  ceroso-ceric  oxido  in  sulphuric  acid,  consist,  according  to 
Eammelsberg  (v.  587),  of  3CeS0^Ce=(S0-')'  +  18  aq.  Zsehiesche,  on  the  other  hand, 
{J.pr.  Chem.  cvii.  65  ;  Zcitschr.  f.  Chem,  [2]  vii.  40)  assigns  to  them  the  composition, 
SCeO.eSO^  +  06^0^380^  +  27  aq.,  or  perhaps  6(CeO.SO»)  -I-  2(CeO=.2S03)  -t-  27  aq. 
Eammelsberg  {Dent.  Chem.  Gcs.  Ber.  vi.  85.),  from  a  fresh  analysis  of  the  salt  in  well- 
defined  crystals,  deduces  the  formula  30eS0*.Ce'^(S0^)-'  4-21  aq.,  which,  agrees  with 
his  earlier  formula,  excepting  in  the  amount  of  water. 

Prom  the  mother-liquors  of  the  hexagonal  salt,  or  from  a  solution  of  ceroso-ceric 
hydrate  in  dilute  sulphuric  acid,  there  is  deposited  a  yellow  salt,  not  in  measurable 
crystals,  which,  according  to  Eammelsberg,  has  the  composition  Ce^S^O'"  -i-  8  aq.  or 
CeSO'.Ce-(SO')'  +  8  aq.;  according  to  Erk  it  contains  14  aq. 

The  yellow  basic  salt  formed  from  either  of  the  preceding  by  the  action  of  water, 
appears  to  lose  acid  by  long  keeping;  hence  the  formula  assigned  to  it  (v.  587)  viz. 
2Ce'0*.3SO'  +  6  aq.  must  be  regarded  as  uncertain.  According  to  Erk,  this  salt  is 
t2 
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decomposed  by  -washing  with  hot  -water,  and  loses  all  its  sulphuric  acid  Ly  repeated 
boiling  -with  -water.  When  washed  -with  cold  -water,  pressed  bet-ween  filter-paper,  and 
dried  oyer  oil  of  -dtriol,  it  has  the  composition  Ce^HSO^  +  2aq.  or  2CeS0'.Ce'-0'.  H-0 
+  4  aq. 

Compounds  of  the  Cerium  SidphaUs  with  Luteo-cohaltic  and  Eosco-cohaltie  Sulphate. 
Wlien  a  hot,  strongly  acid  solution  of  ceroso-ceric  sulphate  is  mixed  -with  a  hot  satu- 
rated acid  solution  of  luteo-cobaltic  sulphate,  a  light  yello-w  crystalline  precipitate  is 
.formed,  -which  the  microscope  sho-ws  to  be  made  up  of  hexagonal  prisms.  After -wash- 
ing with  a  small  quantity  of  cold  water,  it  has  the  composition  12NH'.Co^(SO*)-'. 
Ce'''(SO*)'.H-0.    It  may  be  heated  to  160°  without  decomposition. 

The  corresponding  cerous  salt  12NH-".Co2(SO^)'.3CeSO'.H20  is  obtained  by  adding 
a  hot  concentrated  solution  of  luteo-cobaltic  sidphate  to  a  hot  nearly  neutral  solution 
of  cerous  sidphate  as  long  as  the  supernatant  liquid  remains  colourless.  A  yellow 
precipitate  is  then  formed,  having  a  somewhat  paler  colour  than  the  eerie  salt  just 
described,  but  resembling  it  in  form,  so  that  the  two  salts  appear  to  be  isomorphous. 

Roseo-cobaltic  double  salts  of  analogous  composition  have  likewise  been  obtained, 
but  they  are  very  easily  decomposed  by  water.  The  compound  lONH^.Co-(SO^)'. 
Ce'-'(S0*)^.5H-0  is  produced  as  an  orange-bro-wn  crystalline  precipitate,  by  adding  a 
solution  of  ceroso-ceric  sulphate  to  an  excess  of  a  hot,  strongly  acid  solution  of  roseor 
cobaltic  sulphate,  or  by  adding  the  latter  to  an  excess  of  the  cerium  salt.  The  crystals 
belong  to  the  regular  system.  The  corresponding  cerous  salt  is  obtained  as  a  homo- 
geneous precipitate,  only  when  a  solution  of  cerous  s-ulphate  is  added  to  a  large  excess 
of  roseo-cobaltic  sulphate.  The  crystals,  which  resemble  those  of  the  cerio  salt,  have 
the  composition  10NH'.Co2(SO^)^3CeSO-'.5II2O.  An  attempt  to  prepare  a  corre- 
sponding lanthanum  salt  was  unsuccessful.  The  amount  of  cerium  in  these  salts 
appears  to  vary  within  certain  limits,  and  tlie  roseo-ceric  salt  appears  to  be  always 
mixed  -with  a  certain  quantity  of  cerous  salt. 

It  was  not  found  possible  to  pr  cparc  ceroso-ceric  oxide  free  from  didjnnium  by  oxi- 
dising a  solution  of  cerous  salt  with  lead  dioxide  and  sulphuric  acid,  and  then  mixing 
it  with  luteo-cobaltic  sulphate,  the  double  salt  thereby  produced  always  retaining  a 
certain  quantity  of  didymium  (C.  H.  Wiug,  Sill.  Amer.  J.  [2]  xl.  356). 

CERVI.EOIiACTIia'.  A  hydrated  aluminium  phosphate,  ZM-O^.IV^O'WOWO.' 
lately  fouud  in  botrj-oi'dal  and  reuiform  masses  in  the  Eindsberg  mine  at  Katzenel- 
leilbogen  in  Nassau  (see  Phosphates). 

CEItVSSZTE,  PIjCO^  This  mineral  is  known  to  accompany  the  galena  of 
Kirlibaba  in  BukoA\-iiJa. 

Crystals  of  remarkable  beauty  have  recently  been  met  with,  measuring  13  mm. 
long  and  7mm.  broad,  and  of  a  yellowish  or  greyish-white  colour.  Both  as  individuals 
and  in  groups  they  are  but  slightly  attached  to  the  quartz  or  decomposed  mica-slate, 
and  consequently  exhibit  almost  perfect  development.  A  prismatic  development 
along  the  principal  axis,  and  occasionally  simultaneously  along  the  brachydiagonal,  is 
generally  observed  in  them.  In  additional  to  the  three  pinaco'ids,  of  which  the  basal 
is  but  slightly  developed,  there  are  found  the  often  greatly  developed  prism  ooP,  in 
a  less  degree  the  brachyprism,  ooP3,  the  brachydomes  ^Poo  ,  Pod  ,  2? co  ,  3Poo  ,  4? oo  , 
the  pyramid  P,  and,  what  is  new  for  cerussite,  the  brachj'pjTamid  f  ^.  The  orienta- 
tion of  these  forms,  often  apparently  very  distorted  through  dissimilar  development 
of  faces,  is  facilitated  by  an  almost  constant  surfiice  character  of  individual  forms. 
The  macropinaco'id  always  presents  a  fine  vertical  striation,  sometimes  by  oscillatory 
combination  with  oo  P.  The  brachypinaco'id,  oo  f  oo  has  strongly  marked  horizontal 
striation,  or  decreases  gradually  by  the  occasional  introduction  of  the  faces  of  the 
brachydomes;  of  the  latter,  too  has  strong  vertical  striation.  The  ratio  of  the 
macrodiagonal,  brachydiagonal  and  principal  axis  is  1-6396  :  1  :  1'1852.  The  Kirli- 
baba crystals  often  bear  considerable  resemblance  to  hexagonal  combinations,  and 
some  resemble  the  arragonite  of  Bilin  (v.  Zepharovich, /aAriucA  f.  Mincralogie,  1871, 
286). 

CERYIiXC  ETHERS  (Hesse,  Beut.  Chem.  Gcs.  Ber.  iii.  637).  The  white  mealy 
coating  which  forms  on  the  capsides  of  the  opium  poppy  (Papavcr  somnifermn)  after 
the  petals  have  fallen  oif,  and  increases  in  quantity  as  the  fruit  ripens,  consists  of  a 
waxy  substance  called  Opium-wax  or  cerosin  [?  identical  with  the  cerosin  of  the 
sugar-cane,  i.  836].  In  consequence  of  the  method  adopted  for  obtaining  opium  from 
the  poppy-heads,  part  of  this  wax  becomes  mixed  with  the  drug,  and  is  found  in 
the  residue  or  marc  which  remains  when  the  opium  is  exhausted  -with  water.  When 
this  marc,  after  being  treated  with  a  little  potash-solution  to  remove  resinous  colour- 
ing matters,  is  boiled  with  alcohol,  the  alcoholic  liquor  deposits  on  cooling  a  consider- 
able quantity  of  nearly  white  crystals,  winch  may  be  freed  from  adhering  basic  com- 
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pouuds  by  dilute  liydrocliloric  acid,  and  from  a  i^eciiliar  .sticky  siibstance  by  recrystal- 
lis.ition  from  boiliog  alcoliol. 

The  wax  thus  obtained  is  nearly  Ti'hitc,  but  is  still  a  mixture  which  cannot  bo 
resolved  into  its  constituents  by  alcohol.  The  best  reagent  for  the  purpose  is  chloro- 
form, which  at  the  boiling  heat  dissolves  the  true  wax,  and  leaves  a  substance  which 
crystallises  in  colourless  prisms,  melts  at  a  temperature  above  200^,  and  is  probably 
related  to  lactucerin  and  hyoscerin. 

On  exposing  the  chloroform  solution  to  a  temperature  of  +  10°,  it  deposits  colour- 
less scales;  and  if  the  mother-liquor  be  then  cooled  down  to  —10°,  another  body  is 
obtained  crystallising  in  small  prisms.  The  compound  crystallising  at  -I- 10°  may 
be  purified  by  recrystallisation  from  chloroform.  It  then  forms  white  satiny  scales 
composed  of  flattened  pirisms,  melts  at  82-6°,  resolidifies  at  80°,  and  gives  by  analysis 
82-13  p.  e.  carbon,  and  13-73  hydrogen,  agreeing  with  the  formula  of  cerylic  cero- 
tato  0»'H""02  =  C"H".C-'ff'0-  (i.  837).  This  ether  dissolves  easily  in  boiling 
alcohol,  and  separates  almost  completely  in  small  prisms  on  cooling.  Ether  and 
acetone  dissolve  a  considerable  quantity  at  boiling  heat,  and  deposit  the  greater 
part  of  it  on  cooling.  It  is  not  acted  upon  Ijy  dilute  solution  of  potassium  perman- 
ganate or  by  cold  strong  sulphuric  acid,  which  however  blackens  it  when  heated.  It 
is  not  acted  upon  by  potash-solution,  hwt  by  fusion  with  potassium  hydrate  it  is 
decomposed,  yielding  a  waxy  acid  ;  heated  ou  platinum  foil,  it  first  melts  and  then 
volatilises,  giving  off  a  waxy  odour  and  a  smoke  which  is  not  easily  inflamed,  but 
when  once  set  on  fire,  burns  with  a  bright  and  very  smoky  flame. 

The  second  compound,  which  separates  at  —10°  from  the  mother-liquor  of  the 
preceding,  may  be  sufficiently  piu?ified  by  treating  the  crystalline  mass  with  a  quantity 
of  chloroform  not  sufficient  to  dissolve  it  all,  and  removing  the  undissolved  portion, 
which  is  contamiii.-itcd  witli  ccrvlic  corotiito.  The  chloroform  solution  thus  obtained 
deposits  small  dull  t i-;iii>hic(  iit  ijhIuI.  s.  ^\]iii'li,  when  recrystallised  from  boiling 
alcohol,  yield  a  wliilr  jhav.I.  i-  <niMi.(,^i .1  ..I  small  jirisms  melting  at  79°,  solidifying  in 
the  crystalline  form  .-it  7() and  having  (he  composition  of  cerylic  palmitato 
(J13JJS6Q2  ,^  C-"H".C"*H^'0-.  It  dissolves  in  chloroform,  alcohol,  ether,  and  acetone 
somewhat  more  readily  than  the  preceding,  is  not  attacked  by  potash-solution,  but  is 
easily  decomposed  hj  melting  potash,  yielding  a  neutral  body  which  melts  at  about 
100°,  probably  cerylic  alcohol,  and  a  crystallisable  fatty  acid. 

CETTTIt  AIiCOHOIi,  C^'^WO.  This  alcohol  is  known  to  be  easily  converted  into 
sebic  acid  by  the  action  of  nitric  acid.  On  the  otlier  hand,  when  a  mixture  of  scbic 
acid  and  caustic  baryta  is  submitted  to  dry  di^l illal ion,  is  funnrd,  liesides  a 

hydrocarbon  C^H'^  boiling  at  ]2'1°,  and  othi  r  ]ir(iiliu'ts,  a  sulid  be  ly,  which,  by 
repeated  crystallisation  from  alcohol,  may  bo  obtained  in  white  crystals  li.-mng  the 
properties  and  composition  of  cetyl  alcohol ;  it  melts  at  49°  and  rcsoliilifies  at  the 
fcame  temperature  (Scherlemmer,  Lent.  Chcm.  Ges.  Bcr.  iii.  61G). 

CHASiCESOXrV,  Some  remarkable  concretions  of  chalcedony  from  Brazil  are 
descrilKMl  by  11.  Koscnbusch  {Jahrhtich  f.  Mineralogic,  1871, 175).  They  are  found  in 
a  bed  of  marl  in  the  valley  of  the  Jahu,  a  tributary  of  the  Tiete,  on  the  table  land  of 
S.  Paulo,  Ibrmiug  long  cylindrical  tubes,  some  50  mm.  long  and  from  5  to  8  mm. 
in  diameter.  They  are  for  the  most  part  well  rounded  and  hollow;  the  interior  is 
coated  with  rod  ochre  which  contains  much  organic  matter,  a  tube  when  heated 
emitting  a  strong  empyrcumatic  odour.  Some  of  the  flattened  tubes  are  clearly  formed 
by  the  union  of  several  smaller  ones.  In  a  microscopic  section  of  a  tube  perpendicular 
to  its  axis,  a  fibrous  structure  is  observed,  the  fibres  being  uniformly  radii ;  that  cut 
parallel  to  the  axis  is  finely  granular.  The  tube  is  coated  on  the  outside  with  a  crust 
of  quartz  crystals,  which  in  their  turn,  are  covered  -with  chalcedony,  and  on  which 
finally,  and  lying  in  contact  -with  the  marl,  is  another  layer  of  quartz.  These  crystals 
exhibit  the  one  rhombohedron  onlj',  the  other  being  altogether  absent  or  but  slightly 
apparent.  Other  quartz  concretions  from  this  region  are  much  contorted,  many  hav- 
ing dendritic  forms.  These  remarkable  structures,  which  strikingly  resemble  the 
indusial  limestone  of  Auverge,  are  in  all  probability  of  organic  origin. 

CHAIVIOIVEX£>s:  Oil.,  BI.UE.    This  volatile  oil,  obtained  from  the  flowers  of 

the  wild  eliamnmile  { Mat ri,;i ri<i  Chamomill-a)  by  distillation  with  water  (iii.  858; 
G/nclin's  ILiutHxin!.-,  xi\-.  36.3)  has  lately  been  examined  by  Kachler  {Beut.  Chem.  Ges. 
Ber.  iv.  30). 

The  crucle  oil  is  a  mixture.  On  rectifying  it,  after  distillation  in  a  current  of  steam, 
it  began  to  boil  at  105°,  and  between  this  and  188°  a  small  quantity  of  a  faintly  blue 
oil,  smelling  strongly  of  chamomile,  passed  over;  between  188°  and  255°  a  second 
fraction  of  a  somewhat  darker  colour  was  obtained.  The  magnificent  blue  vapour 
which  characterises  this  oil  was  first  formed  above  255°,  the  temperature  rising  slowly 
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to  295°,  and  87  grams  distilling  over.  The  portion  distilling  above  295°  was  stUl  blue, 
but  more  syrupy.  The  tempuratiire  then  rose  above  that  at  -ffhich  a  mercury  ther- 
mometer could  be  employed,  the  vapour  became  violet,  and  a  thickish,  but  stUl  blue 
oil,  was  obtained.    Finally,  there  remained  in  the  retort  41  grams  of  a  brown  tar. 

All  these  fractions,  which  had  an  acid  reaction,  were  washed  with  potash-solution  ; 
the  wash-water  was  acidified  with  sulphuric  acid  and  exliausted  with  ether  ;  and  tlie 
strong,  unpleasant-smelling  residue  remaining  after  distilling  off  the  ether,  was  dis- 
solved in  water,  saturated  with  ammonia,  and  converted  into  a  silver  salt,  the 
analysis  of  which  indicated  that  the  acid  isrutic  or  capric  acid  C'E-'O- (anal. 
431  p.c.  C,  6-0  H.,  38-4  Ag.;  cale.  44  2  C,  6  8  H.,  38-7  Ag.). 

The  first  two  fractions,  after  repeated  rectification,  yielded  a  liquid  boiling  at  1 50°- 
168°,  which  had  a  composition  indicated  by  the  formula,  C'E'^O  (anal.  79-1  p.  c.  C, 
10-8  H.;  calc.  79  0  C,  lO  o  H.) 

The  analysis  of  the  portions  of  higher  boiling  point  (165°-18o°)  indicated  increas- 
ing amounts  of  carbon  and  hydrogen,  the  mean  of  several  determinations  being  82-93 
p.c.  C,  and  11-10  p.c.  H.;  probably  due  to  the  presence  of  a  hydrocarbon  C'"!!"^, 
isomeric  -ndth  oil  of  turpentine.  Bizio's  analyses  (Wien.  Acad.  Bcr.  xliii.  [2]  292) also 
lead  to  the  same  conclusion. 

The  blue  fraction,  after  washing  and  drying  over  calcium  chloride,  was  repeatedly 
rectified,  and  the  various  portions  analysed.  The  portions  of  lower  boiling  point  are, 
as  is  plainly  shown  by  their  colours,  the  least  pure.  That  obtained  between  27p°-300° 
has  the  purest  colour,  a  magnificent  azure-blue,  similar  to  that  of  an  ammoniacal 
copper-solution.  From  numerous  analyses  of  this,  and  from  tlie  results  obtained  by 
Bizio  and  Borntrager  {Ann.  Ch.  Pharm.  xlix.  243),  it  is  evident  that  this  body  is  an 
isomeride  or  poljTneride  of  camphor. 

QiojjicQ  Borntrager.  Bizio.  Kachler. 

300°     275°     281°  (287°-288°)  289° 


C  79-0  70-85  79-81  79-86  78-41  79  8  79-0  78  92  78-5  78-4  79-5 
H  10-5    10-60    10-69    10-89    10-69      10  4      10-3    10  37     10-7      107  10-5 

Accurate  determinations  of  the  vapour-density  could  not  be  obtained,  as  the  oil  is 
partly  decomposed  when  heated  for  some  time  above  310°-320° ;  nevertheless,  the 
experiments  prove  that  the  molecular  formula  is  certainly  double,  and  probably  treble 
the  empirical  camphor  formula,  C"'H"''0. 

A  comparison  of  this  portion  of  the  chamomile  oil,  which  appears  to  be  pure,  -with 
those  of  the  corresponding  fraction  of  the  oil  obtained  hy  distillation  of  galbanum  by 
Mossner  (ii.  758),  shows  them  to  be  very  similar  in  properties,  though  they  appear  to 
differ  considerably  in  composition  : 

Blue  Chamomile  Oil,  Blue  Galbanum  Oil, 

281°— 289°.  289°— 290°  (M-dssner). 

C  =  79-25  per  cent.  83-74  per  cent. 

H  =  10-40  per  cent.  11-43  per  cent. 

Kachler,  finds,  however,  that  the  galbanum  oil  is  a  very  variable  mixture  according 
to  the  temperature  at  which  the  resin  is  distilled.  It  contains  varying  quantities  of  a 
colourless  hydrocarbon,  which  has  the  composition  of  turpentine  oil,  and  may  be 
driven  off  by  heating  for  two  or  three  days  at  230°-250°.  This  hydrocarbon,  when 
purified  by  distillation,  is  not  identical  with  the  colourless,  limpid,  turpentine-like 
galbanum  oil  obtained  by  distillation  of  galbanum  in  a  current  of  steam.  It  is  less 
limpid,  has  a  perfectly  different,  unpleasant  odour,  and  boils  at  240°-250°,  whereas 
the  latter  boils  at  160°-165°.  The  high  percentage  of  carbon  in  Mossner's  blue  oil 
is  probably  due  to  an  admixtiu'e  of  this  hydrocarbon.  Kachler  found  that  the  blue 
galbanum  oil,  after  purification  from  this  body  &c.,  gave  79-07  and  80-8  p.c.  C,  and 
10-42  and  10-4  H.;  numbers  agreeing  well  with  the  camphor  formula. 

On  treating  chamomile  oil  with  potassium  and  with  phosphoric  anhydride  in  the 
same  way  as  Mossner  treated  galbanum  oil,  the  behaviour  of  the  two  oils  was  found 
to  be  identical,  and  the  products  obtained  were  of  the  same  composition. 

Products  of  the  treatment  with  potassium  : — 

From  Galbanum  oil.  From  Chamomile  oil. 

Kachler  Kachler 

nC'°H'=                            Mossner  (23.5°).              (205=).  (25U°— 255°). 

C       .  88-6              88-7              88-8              88-0  88-1 

H      .  11-4  <          11-3             11-1             11-4  11-8 

The  vapour-density,  determined  by  Dumas'  method,  was  14'8.  that  calculated  for 
3C'»H'=  being  14-1. 
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Products  of  the  action  of  phosphoric  anhydride  : — 

From  Galhamm  From  Cliamomile 

oil.  oil. 

nC'II'^O  Kachlcr  K;ichlcr 

C        .       .  80-6  89-2  88-8 

H       .       .  10-i  10-4  10-8 


Bearing  in  mind  the  extreme  difficulty  of  preparing  such  bodies  in  the  pure  state, 
tlie  analytical  results  obtained  \vith  the  two  oils  could  not  perhaps  be  regarded  as 
perfectly  conclusive  in  favour  of  their  identity,  were  it  not  for  some  characteristic  re- 
actioiuj  which  seem  to  remove  all  doubt.  On  adding  an  ethereal  bromine  solution  to 
a  dilute  ethereal  solution  of  the  product  from  the  treatment  of  tho  blue  chamomile  oil 
with  potassium,  the  liquid  becomes,  after  a  short  time,  azure  blue.  This  colour  is  not 
persistent ;  on  the  evaporation  of  the  other  (which  shoidd  be  saturated  with  water,) 
it  turns  green,  and  finally  brown.  The  product  from  galbanum  oil,  and  tho  products 
of  the  action  of  phosphoric  anhydride  on  the  two  oils,  all  give  exactly  the  same 
reaction. 

On  agitation  with  nitric  acid,  sp.  gr.  1-2.5,  a  similar  reaction  is  observed.  Tho 
brownish  colour  at  first  produced  soon  passes  into  a  deep  violet ;  afterwards  oxida- 
tion takes  place,  and  the  colour  disappears. 

CHEIVKICa:L  ACTIOIT.  Coefficient  of  Chcraical  Activiii/  or  Elective  Attraction. 
Mills  {Phil.  Mag.  \i  \  xl.  134  ;  xliv.  343),  in  studjdng  the  action  of  phosphorus  oxy- 
ehlorido  upon  certidn  nitrates,  has  found  that  the  decomposition  jiroceeds  with  a  cer- 
tain degree  of  uniformity,  the  analysis  of  the  residual  products  showingindeed  that,  in  any 
series  of  operations  -n-ith  the  same  nitrate,  the  ratio  between  the  weights  of  chlorine 
retained  and  phosphoric  oxide  produced  is  sensibly  constant.    This  ratio,  multiplied 

into  4-06  or  is  designated  by  the  symbol  a. 

The  experiments  were  thus  conducted.  A  weighed  quantity  of  pure  anhydrous 
nitrate  was  placed  in  a  suitably  arranged  reaction-tube,  a  proportion  of  phospihorus 
oxychloride  (free  from  hydrochloric  acid  and  non-fuming)  was  added,  and  heat  gradually 
applied  until  the  action  reached  a  maximum,  a  current  of  absolutely  dry  air  passing 
slowly  through  the  apparatus  during  the  whole  operation.  AVhen  no  more  coloured 
gases  were  expelled,  it  was  judged  that  the  reaction  was  completed  ;  the  excess  of  oxy- 
chloride was  then  distilled  away,  and  the  residue  after  weighing  was  dissolved  in 
water  and  analysed. 

I'he  nitrates  of  silver,  lead,  thallium,  potassium,  sodium,  litliium,  caesium,  and 
rubidium  w^ere  submitted  to  experiment.  Barium  nitrate  was  not  attacked  by  phos- 
phorus oxychloride.    The  accompanying  table  affords  an  example  of  the  results  : — ■ 


! 

I. 

II. 

III. 

Silver  nitrate  employed  . 
Eesidue  obtained 
Temperature  .... 

Compos 

Silver  nitrate  .... 
Silver  chloride  .... 
Phosphoric  oxide 

Hence  the  values  of  a  are  re-) 
spectivcly         .       .       .  j 

2-1746 
2-1800 
121° 
ition  of  the  rcsid 

40-77 
49-77 
9-47 

1 -0,519 
1-0.589 
120° 

le,  viz., 

2.5-96 
61 -:U 
12-93 

2-7633 
2-73-1,5 
120° 

.57-87  ! 
36-11  i 
6-60  1 

100-01 

100  80 

100-91  { 

5-21 

4-74 

i 

5-47  j 

The  residual  nitrate  is  calculated,  not  by  difference,  but  from  the  original  nitrate  on 
the  basis  of  the  chloride  found.  In  the  case  of  the  potassium  salt,  the  amount  of 
nitrate  obtained  by  calcidation  did  not  even  remotely  approximate  to  the  undetermined 
diftcn'Tice,  and  a  determination  of  the  unattiickcd  nitrate  by  Harcourt's  process  (iv.  89) 
w.-is  also  unsuccessful.*    The  analysis  of  tho  lithium  residues  was  attended  with 


*  In  Harcom-t's  pi-occss,  if  the  potasiium  nitrate  be  niixal  with  a  small  proportion  o£  ix)ta=sium 
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several  inconveniences,  inasmuch  as  the  mass  in  the  tube  became  vesicular,  and  fiuall}' 
interrupted  the  passage  of  air ;  from  this  circumstance,  the  oxychloride  never  wholly 
distilled  away,  and  had,  consequently,  to  be  determined  by  another  operation.  In  the 
case  of  thallium  nitrate,  the  dichloride,  and  not  the  sparingly  soluble  thallious  chloride, 
■nas  the  result  of  the  reaction. 

Mean  values  of  a— 


Potassium  Sodium  Thallium  Silver 

nitrate  nitrate  nitrate  nitrate 

2-001                    1-70  4-38  0-48 

Lead  Lithium  Caesium  Rubidium 

nitrate                      nitrate  nitrate  nitrate 

5-17                     1-61  2-21  2-38 


The  numbers  to  which  o  corresponds  are  ratios  and  not  absolute  quantities ;  they 
represent  the  potential  energy  or  dynamical  uas  which  can  be  made  of  a  nitrate  ;  they 
are  obtained  under  a  law  of  chemical  action,  and  are  in  themselves  independent  of  any 
adventitious  circumstances  of  manipulation.  AVhen  one  nitrate  surpasses  another  in 
the  power  of  fixing  chlorine  per  unit  of  phosphoric  oxide,  that  is  an  index  of  superior 
chemical  activity,  or  to  name  the  ultimate  cause,  attraction  ;  and  since  this  attractive 
effect  can  be  estimated  for  several  nitrates  in  a  series,  a  becomes  the  coefficient  of 
elective  attraction  of  the  nitrates. 

If  a  bo  divided  by  the  molecular  weights,  2,  of  the  several  nitrates  calculated  to  an 
uniform  weight  of  oxynitryl  (NO'),  the  following  numbers,  Q,  are  obtained: — 


Q. 

1  Tliallious  nitrate  . 

8-76 

265-3 

30-29) 

\  Silver   

5-48 

169-04 

31-01  I 

(Lead   

5-17 

165-56 

32-02 ) 

Rubidium  ,, 

2-38 

147-40 

61-93 

Caesium   

2-21 

195-01 

88-24 

J  Potassium  ,, 

1-99 

101-14 

50-82 

\  Sodium 

1-70 

85-05 

50-03 

Lithium   

1-61 

69-00 

42-86 

Those  numbers  show  that  the  elective  coefficient  is  directly  proportional  to  the 
symbolic  (molecidar)  value,  and  that,  with  one  exception,  a  and  2  increase  and  diminish 
in  regular  order;  the  quotients  Q,  therefore,  represent  the  weights  of  nitrates  which 
correspond  with  the  unit  of  elective  attraction.  If  those  numbers  be  considered  as  an 
incomplete  arithmetical  series,  of  which  the  most  probable  value  of  the  first  term  is 
6-258,  some  interesting  results  are  observable.  The  mean  product  of  symbolic  value 
into  the  specific  heat  is  6-246,  and  the  identity  of  this  number  with  the  foregoing  term 
is  unmistakeable.  If  «  =  specific  heat,  2  s  =  w  6-25,  n  being  integral.  But  Q  = 
m  6-25;  or  since  the  results  of  experiment  show  that  m  >  n,  let  m  =  x  n;  then  by  com- 


traction  in  terms  of  the  specific  heat. 

1 


several  instances  x  =  x',  as  is  obvious  from  the  foregoing  table.    Then  — 7  =  - 

The  following  instances  ma}' be  adducedin  verification  of  the  latter  case  : — • 

ajp_^ssium  nitrate)  ^  ^  7      the  method  of  ratios. 
a  (sodium  nitrate) 


=  "2782 
-2388 

«  (thallious  nitrate) 
a  (silver  nitrate) 

_  -1433 
•0942 


=  1-17  by  specific  heat. 
=  I'oO  by  the  method  of  ratios. 
=  1-53  by  specific  heat. 


phosphate,  the  whole  of  the  nitrate  is  not  decomposed  in  the  ordinary  manner,  and  the  apparent  yield 
requires  to  be  multiplied  by  the  number  1-0C89,  When  the  phosphate  is  absent,  a  normal  number  is 
Obtained. 
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ThHt  the  intensity  of  elective  attraction  is  proportional  to  molecular  value  is  a  result 
quite  in  accordance  with  ordinary  chemical  experience. 

When  silver  nitrate  is  added  to  a  dilute  aqueous  solution  of  potassium  iodide 
bromide,  and  chloride  (these  salts  having  been  mixed  in  any  proportion),  silver  iodide, 
bromide,  and  chloride  are  successively  precipitated,  that  is,  in  the  order  of  their  sym- 
bolic values.  Silver  chloride  may  be  wholly  converted  into  bromide  by  digestion  with 
aqueous  potassium  bromide ;  and  silver  bromide  is  completely  transformable  into  iodide 
by  aqueous  potassium  iodide.  In  the  formation  of  salts,  baryta  has  the  preference 
over  strontia,  and  strontia  over  lime.  In  the  fractional  separation  of  the  volatile 
members  of  the  fatty  series  C-H'"0^,  by  Liebig's  process,  the  law  is  strictly  observed, 
excepting  in  the  case  where  n  =  2,  which  is  an  intelligible  anomaly.  Hoiutz's  method 
of  separating  the  non-volatile  members  of  the  same  series  by  means  of  magnesia  ex- 
hibits the  same  order.  In  a  mixture  of  the  hydrocarbons  C"II-°-°,  benzene  is  the  last 
to  be  chlorinated  or  nitrated.  AVaringtou  has  shown  the  superiority  of  ferric  over 
aluminic  oxide  as  an  absorber  of  alkalis  in  soils.  In  cases  of  jaundice,  taurocholic 
iR'id  is  destroyed  in  tho  system  before  glycocholic  acid. 

Chemical  Equilibrium  of  Carbon,  Hydrogen  and  Oxygen  (B(  rth(  lot,  JlidL 
Soc.  C/in,i.  [2]  .xiii.  D'J).     CarlHHi  (lioxi,!,.,  Ilinm-h  which  ii^  srrirs  of  iiulurliim  sp;irks 

then  diminishing,  then  again  increasing,  tlien  diminishing,  and  so  on,  witliout  approach- 
ing any  fixed  limit.  Neither  is  any  constant  proportion  observed  in  the  extreme  limits 
between  which  the  decomposition  varies.  Buif  and  Hofmann  {Chem.  Soc.  J.  xii.  29.3) 
observed  that,  when  thi'  dceomposition  of  tlif  earlKju  dioxide  had  gone  on  to  a  certain 
amount,  the  resulting  luixl  hit  of  l  arlmn  iimnDxiilr  and  oxygen  was  exploded  liy  the 
spark,  and  the  dioxide  was  rrpi-uiiuci  d.  1!(  rthulot  did  not  observe  this  explosi(m,  Imt 
thinks  it  might  tiike  place  with  weaker  sparks  than  those  which  he  employed.  Ho 
finds  that  a  mixture  of  2  vol.  carbon  monoxide  and  1  vol.  oxygen  no  longer  explodes 
when  the  admixed  carbon  dioxide  amounts  to  between  60  and  65  p.  c.  of  tho  total 
volume,  the  limit  varying,  however,  according  to  the  intensity  of  the  sparks.  Berthelot 
also  confirms  tho  observation  of  Dalton  that  a  mixture  of  carbon  monoxide  and  oxygen 
no  longer  explodes  when  it  contains  less  than  Jth  or  more  than  ^4ths  of  its  volume  of 
carbon  monoxide.  The  limits  depend  to  a  certain  extent  on  the  intensity  of  the  spark, 
and  in  any  given  mixture  the  combustion  is  sometimes  complete,  sometimes  more  or 
loss  incomplete.  The  decomposition  of  carbon  dioxide  is  completely  prevented  liy 
the  presence  of  a  large  quantity  of  oxygon  or  carbon  monoxide.  Mixtures  of  1 6  -G  GO- 
Avith  83-4  CO,  or  of  13'0  C0=  -Nvith  87-0  CO,  were  found  to  contain  exactly  the  same 
quantities  of  carbon  dioxide  after  the  spark  had  been  passed  through  them  for  an 
hour. 

The  decomposition  of  aqueous  vapour  exhibits  the  same  general  features  as  that  of 
carbon  dioxide,  not  approximating  to  any  fixed  limit.  The  presence  of  an  excess  of 
the  water-vapour  interferes  with  tho  union  of  hydrogen  and  oxygen.  Under  tho 
prolonged  influence  of  the  spark,  a  small  quantity  of  hydrogen  or  of  oxygon  in  presence 
of  a  large  excess  of  the  other  gas  is  completely  converted  into  water. 

With  regard  to  the  equilibrium  of  hydrogen,  oxygen  and  carbon,  Berthelot  has 
already  investigated  the  reaction  between  hydrogen  and  carbon  monoxide  {1st  Supi>l. 
30).    The  products  of  this  reaction  are  carbon  dioxide  and  acetylene. 

In  presence  of  a  considerable  quantity  of  water- vapour  or  carbon  dioxide,  liowevor, 
no  acetylene  is  formed,  whereby  the  relations  are  very  much  simplified.  To  prevent 
condensation  of  water,  the  reactions  were  carried  on  in  tubes  whicli  were  heated  to 
100^  in  a  current  of  steam.    Two  mixtures  were  experimented  on,  consisting  of 

II  =  20  0  00=  =  20-0  CO  =  40-8  vol. 

and  H  =  20  0  C0=  =  20-0  CO  =  21 '5  „ 

These  mixtures  are  equivalent  in  composition  to  tho  two  explosive  mixtures, 

H  =  20-0  0  =  lO'O  CO  =  00-8 

and  H  =  20  0  0  =  10-0  CO  =  41-5. 

After  electric  sparks  had  been  passed  througli  these  gaseous  mixtures  for  half-an- 
hour,  exactly  half  tho  carbon  dioxide  in  each  was  decomposed,  with  formation  of  a 
volume  of  water-vapour  equal  to  that  of  the  undecomposed  gas.  The  equilibrium 
resulting  from  tho  influence  of  a  series  of  electric  sparks  is  therefore  the  same  as  that 
which,  in  Bunsen's  experiments  on  the  combustion  of  carbon  monoxide  and  hydrogen, 
{Ist  Sufpl.  483),  is  paoduced  by  the  sudden  explosion  of  similarly  constituted  mix- 
tures. 

Division  of  a  body  between  two  Solvents,  Bortholot  n.  Jungflcisch  (Compt 
rend.  Ixix.  338)  have  experimented  on  this  sul  ject,  by  dissolving  a  substance  in  one 
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of  the  two  liquids,  then  adding  a  measured  volume  of  the  other  solvent,  and  shaking 
tlie  whole  strongly,  tlie  temperature  being  kept  constant  by  means  of  a  water-bath. 
The  quantity  of  substance  dissolved  in  the  liquid  was  determined  from  time  to  time 
till  the  results  bec;ime  constant — a  state  whieli  was  sometimes  not  attained  for  an 
hour  or  two — and  the  quantity  of  the  substance  dissolved  in  each  of  the  two  solvents 
was  then  ascertained. 

A  body  brought  in  contact  witli  two  liquids,  in  each  of  which  it  is  soluble,  always 
divides  itself  between  them  in  a  simple. ratio,  however  great  may  be  its  solubility  in 
one  of  them,  and  the  excess  of  the  volume  of  this  same  solvent.  The  quantities  dis- 
solved simultaneously  by  the  two  liquids  stand  to  one  another  in  a  constant  ratio, 
called  the  coefficient  of  division.  This  coefficient  is  independent  of  the  relative 
volumes  of  the  two  liquids,  but  varies  with  their  concentration  and  the  temperature, 
as  shown  by  the  follo-ndng  experiments  : — 


Infltjekce  of  Tesipebature. 


Weight  of  Succinic  acid 
in  10  e.  c.  of  the— 


Aqueous 

Ethereal 

Coefficient 

Solution 

Solution 

of  Di\-lsion 

JAt  15°  . 

.  0-376 

0  060 

6-2 

}  „    0  . 

.  0-376 

0-078 

4-9 

.  0-106 

0-019 

0-5 

: 

.  0-098 

0-019 

50 

Tliese  numbers  show  that  the  coefficient  of  division  changes  with  the  temperature, 
but  at  a  very  slow  rate.  Decrease  of  temperature  increases  the  action  of  the  ether, 
that  is  to  say,  of  the  more  volatile  liquid  ;  but  it  is  not  yet  proved  that  this  law  is 
general. 

Influence  of  Concenteation. 


The  coefficient  of  di\nsion  varies  with  the  final  concentration  of  the  solvents ;  it  is 
not,  however,  proportional  to  the  weight  of  substance  dissolved,  but  increases  at  a 
slower  rate. 

The  numbers  w  in  the  follo^ving  tables  denote  tlie  weight  in  grams  of  substance 
dissolved  in  10  c.  c.  of  one  or  the  other  solvent  after  agitation. 


Succinic  acid,  Water,  and  Ether,  at  1 5°. 


In  Water  {le) 

In  Ether 

Coefficient  of 
Division  C 

0-486 

0-073 

6-6 

0-420 

0-067 

6-3 

0-365 

0-061 

60 

0-236 

0-041 

5-7 

0121 

0-022 

5-4 

0-070 

0-013 

5-2 

0-024 

5-2 

C  =  5-1  +  3  w. 


Benzoic  acid,  Water,  and  Ether,  at  10°. 

Weight  of  Benzoic  acid 
in  10  c.c.  of  the— 

Aq.  Solution  Ether.  Solution  '^"f" 

0  00304                       0-277  (w)  1 

0  00258                       0-227  1 

0-00150                       0-119  1 

000110                       0  078  1 


In  this  case  the  action  of  the  etlier  greatly  exceeds  that  of  the  -water,  contrary  to 
what  happens  in  the  case  of  succinic  acid.  The  results  may  be  represented  by  the 
formula : 

1  =  C3  +  100  «.-. 
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Oxalic  acid,  Water,  and  Ether,  at  about  11°. 


Aq.  Solution  (if)  Ether.  Solution  "^Dirisiou' 

0-473  0-052  9  0 

0-436  0-046  9-5 

0-304  0-031  9-8 

0-203  0-0205  9-9 

The  results  may  be  represented  by  the  formula : 

C  =  lO-o  -  3-3  w; 


ill  -n-bieh  w  refers  to  the  aqueous  solution  ;  as  also  in  all  tlic  foUo-iving  series  : — 


Malic  acid.  Water,  and  Ether,  at  ahoiii  18°* 


-Weight  of  Malic  acid  in  10  c.  c.  Coefficient  of 

of  the  Aqueous  Solution  Division  C 

4-1  26 

2-2  36 

ro  40 

0-35  47 

C  =  40  -  0-6  It. 


Tartaric  acid,  Water,  and  Ether,  at  about  20°. 


2-60 
96 


1  00 
120 


0-4 
130 


Acetic  acid,  Water,  and  Ether,  at  about  18° 


The  results  obtained  -with  malic,  tartaric,  and  acetic  acid  sho-w  that,  in  very  soluble 
bodies,  the  coefftoient  changes  -with  the  concentration  more  rapidly  than  in  less  soluble 
liodies.  The  cause  of  this  difference  is  that  concentrated  solutions  of  tartaric  or  acetic 
acid  dissolve  ether  in  other  proportions  than  dilute  solutions,  so  that  the  actual  solvents 
are  not  comparable.  Sulphuric  and  hydrochloric  acid  are  dissolved  in  considerable 
quantity  by  ether,  only  -when  they  are  concentrated ;  if  their  aqueous  solutions  aro 
dilute,  the  quantities  of  them  taken  up  by  ether  can  no  longer  be  estimated  -svith 
accuracy. 

Ammonia,  Ether,  and  Water,  at  about  17°. 

7/1  =  0-71  0-52  0-27 

C  =     83  100  135 


Bromine,  Water,  and  Carbon  Bisul])hide. 


K  in  10  c.  c.  -n-.-itcr  ic  in  10  c.  c.  CS=  C 

0176                           10-2  1  :  58 

0  030                            2-46  1  :  82 

0  020                             1-65  1  :  78 

0  0011                           009  1  :  80 


Iodine,  Wafer,  and  Carbon  Bisulphide,  at  about  18°. 

w  in  10  c.  c.  -n-ater                  w  in  10  c.  c.  CS=  C 

0-0041                          1-74  1  :  420 

0  0032                           1-29  1  :  400 

0  0016                           0-66  1  :  410 

0-0010                           0-41  1  :  410 

0-00017                        0-076  1  :  440 

The  coefiicient  of  division  of  iodine  between  water  and  carbon  bisulphide 
regarded  as  independent  of  the  concentration. 


284 


CHEMICAL  ACTION. 


General  Laws  and  Theory  of  the  'Preceding  Phenomena  (Berthelot,  Ann.  Chim.  Phys. 
[4]  xxvi.  408).— The  fact  that  the  coefficient  of  division  is  independent  of  the  relative 
volumes  of  the  two  solvents  when  the  latter  form  two  distinct  layers,  is  easily  explained 
as  follows  : — Suppose  the  dissolved  substance  to  be  uniformly  distributed  in  each  of 
the  superposed  liquids ;  then,  in  order  that  equilibrium  may  subsist,  it  is  necessary 
and  sufficient  that  there  be  equilibrium  at  the  surface  of  contact  of  these  liquids,  as  it 
is  there  only  that  the  actions  take  place  which  cause  the  dissolved  body  to  pass  from 
one  liquid  to  the  other.  Consequently  the  equilibrium  cannot  be  disturbed  by  addition 
of  a  further  quantity  of  either  liquid  saturated  to  the  same  degree  by  the  dissolved 
body. 

The  same  reasoning  is  applicable  to  a  multitude  of  phenomena,  in  which  one  and 
the  same  body  is  distributed  between  different  portions  of  the  same  system,  such  as 
the  division  of  a  gas  between  a  liquid  and  an  empty  space  above  ;  the  formation  of  a 
satiu-ated  vapour  in  presence  of  excess  of  liquid  ;  the  solution  of  a  solid  body  (in 
excess)  in  a  liquid :  and  the  limited  decomposition  (dissociation)  of  a  solid  or  liquid 
which  is  giving  off  gases.  All  these  divisions  obey  similar  laws,  because  they  are 
determined  solely  by  actions  taking  place  at  the  surface  of  separation  of  two  distinct 
portions  of  a  heterogeneous  mass. 

2.  The  coefficient  of  division  appears  to  approximate  to  a  certain  limit  as  the  liquids 
become  more  dilute.  This  coefficient  is  in  fact  represented  by  a  formula  of  the  form 
C  =  M  +  Nw,  which  approaches  nearer  and  nearer  to  its  first  term  as  w  becomes 
smaller.  This  limit  may  be  substituted  for  tlie  coefficient  in  all  that  relates  to  dilute 
liquids. 

Let  A  bo  the  total  weight  of  the  body  dissolved  before  any  division  takes  place  ; 
B  the  weight  which  remains  and  the  first  solvent  at  the  end  of  the  experiment;  k  the 
weight  dissolved  in  the  first  instance  by  a  given  fraction  of  the  second  solvent.  If 
now  this  second  solvent  be  made  to  act  successively  in  equal  fractions,  then  after  n 
reactions,  the  quantity  of  the  soluble  substance  remaining  dissolved  in  the  first  liquid 

will  be  represented  by  the  relation      =  (1  +  A-)»,  that  is  to  say,  it  will  decrease  in 
i> 

geometric  progression..   If,  on  the  contrary,  the  same  volume  of  liquid  bo  used  at  once, 
...  A 

the  quantity  remaining  will  bo  —  =  1  +  nJc.    It  is  therefore  advantageous  to  employ 
15 

the  second  solvent  in  successive  fractions,  and  the  advantage  becomes  greater  as  tlio 
coefficient  Jc  is  larger.  The  principles  which  regulate  the  exhaustion  of  a  dissolved 
substance  by  a  second  solvent  are  the  same  as  those  which  apply  to  the  evaporation  of 
a  gas  dissolved  in  a  liquid  (see  Ann.  Ck.  Phys.  [4]  xx,  422). 

3.  The  preceding  laws  afford  the  means  of  determining  whether  a  body  dissolved  in 
a  liquid  is  a  definite  compound  or  a  mixture,  namely,  by  agitating  the  solution  vith 
several  successive  portions  of  the  second  solvent,  and  determining  the  coefficient  of 
division  at  each  operation.  If  the  liquid  is  sufficiently  dilute,  these  successive  values 
of  the  coefficient  ■will  be  exactly  or  nearly  equal  in  the  case  of  a  definite  compound  ; 
but  in  the  case  of  a  mixture  of  several  compounds,  these  coefficients  will  vary  the  more 
rapidly  in  proportion  as  the  division-coefficients  of  the  several  dissolved  compoimds 
differ  more  iTom  one  another,  the  bodies  most  soluble  in  the  second  solvent,  ether  for 
example,  being  eliminated  more  quickly  than  the  others. 

4.  The  division-coefficient  tends  towards  a  certain  limit,  not  only  as  the  liquids 
become  more  dilute,  but  likewise  as  they  become  more  concentrated,  whenever  the 
dissolved  body  is  soluble  to  a  finite  extent  in  each  of  the  liquids.  This  limit  corres- 
ponds ynth  the  saturation  of  the  two  liquids  by  the  dissolved  body,  and  differs  more 
or  less  from  the  limit  which  holds  good  for  the  same  liquids  in  the  dilute  state.  At 
first  sight  it  might  appear  that  this  limit  of  saturated  liquids  would  be  expressed  by 
the  ratio  of  the  solubilities  in  the  two  liquids  condensed  separately  at  the  same  tem- 
perature; but  it  is  not  so  in  reality:  something,  indeed,  appears  to  take  place  analogous 
to  the  diminution  of  the  vapour-tension  of  mixed  liquids,  which  is  usually  less  than 
the  sum  of  the  separate  tensions.  Take,  for  example,  the  case  of  iodine  in  presence  of 
water  and  carbon  bisulphide.  10  c.  c.  of  carbon  bisulphide  saturated  with  iodine  at 
18°  contain  l'8o  gram  of  iodide;  and  10  e. c.  of  water  at  the  same  temperature  can 
take  up  0'014  gram  iodine.  The  ratio  of  these  two  solubilities  is  1  :  132.  On  the 
other  hand,  when  carbon  bisulphide  nearly  satiu-ated  -with  iodine  is  shaken  up  with 
vater  at  18^,  10  c.  c.  of  the  carbon  bisulphide  retain  1'74  iodine,  and  10  c.  c.  of  the 
water  take  up  0'0042  iodine.  Now  the  ratio  of  these  numbers  is  1  :  410,  that  is  to 
say,  the  coefficient  of  division  is  only  about  one-third  as  great  as  the  ratio  of  the  solu- 
bilities. In  like  manner,  for  succinic  acid  in  presence  of  water  and  ether,  the  ratio  of 
the  solubilities  from  saturated  solution  is  10-4,  whereas  the  coefficient  of  division  for 
the  same  degree  of  concentration  is  only  6-8. 
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Tho  same  holds  good  wlion  the  soliiblo  body  dissolves  to  a  finite  extent  only  in  one 
of  the  liquids,  but  is  capable  of  mixing  in  all  proportions  •with  tiie  other.  Take,  for 
example,  the  ease  of  bromine  in  water  and  carbon  bisulphide:  here,  as  already  deter- 
mined (p.  283),  tho  coefficient  of  division  is  about  1  :  80 ;  but  the  ratio  of  the  solu- 
bilities is  infinite. 

0.  With  regard  to  the  relations  between  the  coefficient  of  division  and  the  chemical 
composition  of  the  substance  dissolved,  it  is  found  that  ether  removes  from  water  with 
comparatively  greater  facility — 

a.  Tho  more  highly  carburetted  of  two  homologous  acids,  c.r/.,  succinic  more  easily 
than  oxalic  acid  ;  butyric  more  easily  than  acetic  acid.  P.  A  monobasic  in  preference 
to  the  corresponding  bibasic  acid ;  e.ff.  acetic  rather  than  oxalic,  butyric  rather  tlian 
succinic  acid.  y.  A  monobasic  acid  rather  than  a  bibasic  acid  of  nearly  the  same 
centesimal  composition ;  e.g.  acetic  rather  than  succinic  acid.  S.  Of  two  acids  con- 
taining the  same  proportion  of  carbon  and  hydrogen,  the  less  oxygenated  is  the  more 
easily  removed;  c.q.  succinic  acid  C'H'O'  rather  than  malic  C'ffO',  malic  rather 
than  tartaric  C^H^O^. 

6.  Two  bodies  placed  simultaneously  in  contact  with  two  solvents  are  distributed 
between  them  just  as  if  each  of  the  bodies  acted  alone.  This  law,  which  has  been 
verified  by  Berthelot  in  the  action  of  water  and  ether  on  yarious  mixtures  of  acetic 
anil  tartaric,  of  acetic  and  oxalic,  and  of  oxalic  and  tartaric  acid,  is  analogous  to  the  law 
of  solubility  of  mixed  gases. 

State  of  Salts  In  Solution  (Berthelot  a.  St.  Martin,  Ann.  Chini.  PI/i/s.  [i] 
sxvi.  433).  The  method  of  experimenting  above  described  is  applicable  to  tho 
iletermination  of  the  state  of  acid  salts  in  solution,  and  to  the  question  of  the  division 
of  a  base  between  two  acids  in  solution. 

1.  To  determine  the  state  of  an  acid  salt  in  solution,  a  measured  volume  of  tho 
solution,  of  known  strength,  is  agitated  with  a  known  volume  of  ether.  Three  cases 
may  occur :  a.  The  water  completely  decomposes  the  acid  salt  into  neutral  salt  and 
free  acid.  In  this  case  tho  solution  will  yield  to  tho  ether  a  quantity  of  acid  equal  to 
that  which  tile  ether,  under  similar  circumstances,  would  take  from  a  solution  of  the  free 
acid  of  ti'.-j  same  strength.  P.  Tho  water  partially  decomposes  the  acid  salt,  i~o 
that  tho  solution  contains  a  mixture  of  acid  salt,  neutral  salt,  and  free  acid  ;  in  this 
case  the  quantity  of  free  acid  removed  by  tho  ether  will  afibrd  the  means  of  calculating 
by  means  of  the  division  coefficient,  the  quantity  of  acid  which  existed  in  the  solution 
in  tho  free  state  before  the  agitation,  y.  The  water  exerts  no  action  on  the  acid  salt. 
In  this  case  the  ether,  both  before  and  after  agitation,  remains  perfectly  neutral  to 
litmus. 

As  the  coefficient  of  division  between  water  and  ether  varies  with  the  temperatiu'o 
find  with  the  concentration  of  the  aqueous  liquid,  it  is  necessary  to  make  a  compara- 
tive experiment  with  the  acid  of  the  salt  which  is  tho  subject  of  experiment.  For 
this  purpose,  a  solution  of  the  free  acid  is  prepared  of  the  same  acidimetric  strength 
as  that  of  tho  acid  salt ;  and  the  coefficient  of  division  between  this  solution  and  the 
ether  is  determined,  using  volumes  of  these  liquids  exactly  ecpal  to  those  which  were 
employed  in  experimenting  on  the  acid  salt,  the  two  experiments  being  made  simul- 
taneously, so  that  the  conditions  of  temperature  may  be  the  same. 

AVhen  the  acid  salt  is  completely  resolved  into  neutral  salt  and  free  acid,  tlio  two 
experiments  will  give  the  same  residt;  in  the  contrary  case,  tho  acid  salt  will  yield  a 
smaller  piroportion  of  free  acid;  and  by  a  series  of  trials,  the  particular  solution  of 
free  acid  may  be  found  which  yields  to  ether  the  same  proportion  of  the  acid  as  the 
acid  salt.  In  all  cases,  if  the  liquid  is  dilute,  the  proportion  of  free  acid  in  the 
solution  of  the  acid  salt  may  be  calculated  from  the  quantity  found  for  the  solution  of 
free  acid.  Supposing  that  the  quantities  of  free  acid  yielded  to  the  ether  by  the  two 
solutions  are  proportional  to  the  quantities  which  remain  dissolved  in  them,  the  sum 
of  the  two  quantities  dissolved  by  tlie  water  and  the  ether  after  agitation  give  the 
quantity  of  pre-existing  acid.  This  calculation  supposes  that  tho  coefficient  of  division 
is  constant,  which  is  sensibly  true  for  dilute  liquids  (p.  283). 

The  principal  results  obtained  by  this  mode  of  experimenting  are  the  following  : — 

1.  Jcid  sa//s  of  monobasic  acids,  such  as  the  hiacrfaif  aiul  /lihcii-on/r  of  ■pofaKsium, 
cannot  exist  iii  dilute  aqueous  sobitioii,  hut  are  imwaliiitrl ,/  },rn]:,  ,i  vp  iiiin  lu  ntrid  salt 
and  free  acid.  From  a  solution  of  sodium  biaeetatf,  1^1-  i  x.iiiii.l.  ,  (.iln  i-  ili.-snh  i  s  out 
a  portion  of  the  free  acid,  but  not  the  sodium  acclate  or  liiaci'tiifc.  ibncovrr,  the 
coefficient  of  division  is  exactly  the  same  as  that  of  a  solution  of  acetic  acid  of  the 
same  degree  of  acidity. 

2.  Acidscdts  of  2}o/i/hcisic  acids,  on  the  eontrary,  can  exist  in  solution,  hut  gencndhj  in 
a  state  of  iMrtial  decomposition.  Such  is  the  case  ■with  the  bioxalrites,  bitartrates  and 
especially  the  bisuecinates  of  potassium  and  ammonium,  which  last  salts  are  more 
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soluble  in  water  than  those  of  the  other  two  classes,  and  contain  an  acid  more  soluble 
in  ether.  Potassium  quadroxalate  splits  up  on  solution  into  the  bioxalate  and  free  oxalic 
acid.    All  these  acid  salts  are  as  insoluble  in  ether  as  the  corresponding  neutral  salts. 

3.  The  quantity  of  salt  decomposed  increases  slowly  and  continuously  with  the  degree 
of  dilution. 

4.  The  quantity  decomposed  likewise  changes  continuously  with  tJie  proportion 
between  neutral  salt  and  excess  of  acid  present,  in  such  a  manner  that  the  stability  of  t/ie 
acid  salt  is  increased  by  the  presence  of  an  excess,  either  of  neutral  salt  or  of  free  acid, 
the  increase  of  stability  being  quicker  however  in  the  latter  case  than  in  the  former. 

Division  of  a  Base  between  two  Acids. — Experiments  on  this  division  were  made  by 
adding  to  the  aqueous  solution  of  the  neutral  salt  of  an  acid  which  is  dissolved  out  by 
ether  from  its  aqueous  solution  in  considerable  quantity,  another  acid  whose  coefficient 
of  division  is  very  different  from  that  of  the  former  acid.  The  whole  was  then 
agitated  with  ether,  and  the  final  condition  of  the  two  liquids  determined.  At  the 
same  time,  two  other  liquids  of  the  same  acid  strength,  each  of  them  however,  con- 
ta,ining  only  one  of  the  two  acids,  were  treated  in  a  similar  manner. 

By  a  series  of  experiments  thus  made  on  solutions  of  sodium  acetate  with  dilute 
solutions  of  hycboehloric,  sulphuric,  oxalic,  and  tartaric  acids,  it  was  found  that  each 
of  these  acids  is  able  completely  to  displace  the  acid  of  the  acetate  from  its 
bases.  Keciprocal  experiments,  in  which  acetic  acid  was  added  to  the  solutions  of 
sodium  chloride,  sulphate,  oxalate,  and  tartrate,  confirmed  this  result. 

It  was  proved  also  that  ammonia  has  no  power  to  displace  the  alkali-metals  from 
their  acetates  and  oxalates. 

By  adding  oxalic  acid  solution  to  a  sufficiently  dilute  solution  of  common  salt,  it 
was  found  that  about  Jjth  of  the  oxalic  acid  was  converted  into  sodium  bioxalate,  about 
6  p.  c.  of  the  sodium  being  removed  from  its  combination  ynth  the  chlorine. 

The  results  obtained  by  the  preceding  methods  are  corroborated  by  the  thermic 
phenomena  exhibited  in  the  solution  of  salts  in  water  and  in  the  mutual  action  of 
acids  and  metallic  salts.  On  this  subject  numerous  experiments  have  been  made  by 
Berthelot.  In  one  series  {Compt.  reitd.  Ixxv,  207  and  263),  the  reactions  of  salts  of 
potassium,  sodium  and  ammonium  with  hydrochloric  and  nitric  acids  wexe  examined. 
The  strength  of  the  solutions  was  such  that  two  litres  cortained  an  equivalent  of  the 
salt  in  grams.  Similar  solutions  of  the  two  acids  were  made.  With  the  solution  of 
each  salt  was  mixed  an  equal  volume  of  the  acid  proper  to  it,  and  the  change  of 
temperature  was  observed.  In  these  cases  the  heat  absorbed  or  disengaged  was  barely 
perceptible,  and  scarcely  greater  than  that  allowed  for  experimental  errors. 

Thus  for  the  salts  of  potassium : 

Units*  of  heat.  tJnits  of  heat. 

KCl  +  HCl   .    .    -  80         I       KNO»  +  HNO'  .    .  +10. 

Similar  experiments  were  tried  with  the  sulphates  of  the  alkali-metals  and  oxalic 
acid,  in  a  solution,  whose  strength  was  half  an  equivalent  in  grams  to  two  litres  of 
water. 

Units  of  hc.it. 

Example.    li-SO'  +  H=SO'    -  1040. 

On  mixing  the  solution  of  the  other  salts  with  the  acid  solution,  similar  quantities  of 
heat  were  alisorbod.  Such  figures  indicate  a  decided  reaction  between  the  neutral  and 
the  acid  salt. 

To  examine  the  nature  of  this  reaction,  different  quantities  of  acid  solution  were 
successively  added  to  solutions  of  potassium  sulphate,  and  the  heat  absorbed  was 
observed.     Tlius  there   were  in  solution  successively  K-SO''  +  H'SO*,  K-'SO'  + 

2H-S0S  &c  K'SO*  +  lOH^SO*;  and  it  was  found  that  the  quantity  of  heat 

absorbed  became  greater  as  the  quantity  of  acid  added  was  greater,  but  that  it  had  a 
limiting  value,  about  2,000  units  of  heat,  a  quantity  which  may  be  looked  upon  as 
that  which  represents  a  complete  transformation  of  the  neutral  into  the  acid  sulphate. 
Similar  results  were  obtained  with  oxalate  of  sodium. 

Again  experiments  were  made  by  adding  to  solutions  containing  one  equivalent  of 
sulphuric  acid,  one,  two,  or  more  equivalents  of  neutral  potassium  sulphate.  The 
result  was  similar  to  that  just  described,  reactions  being  obtained  which  approached 
more  and  more  closely  to  that  which  would  correspond  with  complete  conversion  of  the 
sulphuric  acid  into  the  acid  sulphate  of  potassium.  Oxalic  acid  gave  a  similar  result 
with  neutral  oxalate  of  sodium.  The  limiting  value  for  the  quantity  of  heat  absorbed 
in  these  last  experiments— a  value  which  may  be  supposed  to  belong  to  a  complete 

*  The  unit  of  heat  i=  the  quantity  of  heat  required  to  raise  1  s»'am  of  water  V  C. 
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conversion  of  an  equivalent  of  sulphuric  acid  into  acid  sulphate  of  potassium  by 
the  action  of  a  large  quantity  of  neutral  sulphate,  or  of  an  equivalent  of  oxalic 
acid  into  acid  oxalate  of  sodium  by  means  of  neutral  oxalate — was  the  same  as  that 
found  for  the  converse  reaction,  being  2,000  units  of  heat  for  the  sulphate  of  potjissiam, 
and  600  units  for  the  oxalate  of  sodium ;  and  it  is  interesting  and  important  to 
remark  that  tlie  heat  given  out  dirring  the  conversion  by  moans  of  potash,  of  sul- 
phuric acid  into  potassium  sulphate,  viz.,  15,700  units,  when  reduced  by  this  number 
2,000,  gives  1.3,700  units,  the  same  quantity  thatis  given  out  during  the  conversion  of 
a  monobasic  acid,  such  as  nitric  or  hydrochloric  acid  by  the  same  means.  A  simil.ir 
comparison  may  be  made  for  the  case  of  sodium  oxalate. 

Lastly,  experiments  were  tried  as  to  the  effect  of  the  water  of  solution,  and  it  was 
found  that,  on  mixing  an  equivalent  of  sulphuric  acid  with  an  equivalent  of  neutral 
potassium  sulphate,  each  in  the  first  instance  dissolved  in  one  litre  of  water,  then  cai  h 
in  two,  afterwards  each  in  five  litres,  and  so  on,  the  quantity  of  heat  absorbed  became 
less  and  less.  This  represents  a  reaction  less  and  less  complete  as  the  solution  is 
more  and  more  dilute.  In  a  solution  in  which  one  equivalent  of  the  acid  salt  is  con- 
tained is  20  litres  of  water,  little  more  than  the  half  will  remain  as  an  acid  salt,  the 
remainder  being  split  up  into  free  acid  and  neutral  sulphate. 

These  facts  concur  in  showing  that  there  is  a  species  of  equilibrium,  by  means  of 
which,  in  the  case  of  the  salt  of  a  bibasic  acid,  the  four  bodies,  the  water,  the  acid 
salt,  the  free  acid,  and  the  neutral  salt,  all  coexist  in  the  same  solution.  The  propor- 
tion in  which  they  coexist  depends  upon  the  proportions  of  water,  acid,  and  neutral 
salt  present. 

The  formation  of  an  acid  sulphate  by  solution  is  accompanied  by  an  absorption  of 
heat,  which  however  is  only  apparent,  the  actual  formation  of  the  acid  salt  being 
attended  with  a  development  of  heat,  and  the  fall  of  temperature  observed  being  due 
to  secondary  phenomena  connected  with  the  solution  of  the  salt  in  water,  which, 
taken  together,  overpower  the  effect  due  to  the  formation  of  the  salt. 
In  the  case  of  monobasic  acids,  the  experiments  were  made  as  follow: 
Solution  of  sodium  acetate— one  equivalent  in  grams  dissolved  in  t'n-o  litres  of 
water — was  mixed  with  aqueous  nitric  acid,  1  eq.  in  2  litres,  and  the  quantity  of  heat 
given  out  during  the  mixing  was  determined.  Next,  solution  of  sodium  nitrate,  1  cq. 
in  2  litres,  was  mixed  with  acetic  acid  solution  of  the  same  strength,  and  the  heat 
givan  out  was  observed.  The  quantity  of  heat  found  as  the  representative  of  the 
chemical  combination  which  takes  place  was.  for  the  first  operation,  +  450  units,  and 
for  the  second,  —60  ;  the  total,  found  by  subtracting  the  second  from  the  first,  that 
is,  by  adding  60,  is  510  units.  Comparing  this  with  the  difference  between  the  heats 
developed  during  the  neutralisation  of  weak  nitric  acid  and  of  weak  acetic  acid  with 
soda,  tlie  number  is  found  to  be  exactly  the  same,  and  in  favour  of  the  nitric  acid 
combination.  Hence  it  is  concluded  that  when  nitric  acid  and  acetic  acid  in  equivalent 
quantities  are  present  in  the  same  solution  and  in  presence  of  one  equivalent  of  soda, 
the  nitric  acid  takes  the  whole  of  the  soda  to  itself,  and  the  acetic  acid  remains  com- 
pletely uncombined. 

Hydrochloric  acid,  in  presence  of  acetic  acid  and  soda,  likewise  completely  satisfies 
itself  by  forming  sodium  chloride,  as  proved  by  the  heat  evolved.  The  phenomena 
observed  when  a  bibasic  acid  and  a  monobasic  acid  are  together  presented  to  a  single 
base  in  solution  are  various,  and  such  is  the  case  when  two  bibasic  acids  are  simul- 
taneously presented  to  the  same  base.  Carbonic  acid  is  completely  displaced  from  its 
combination  by  nitric,  acetic,  sulphm'ic,  and  tartaric  acid,  no  bicarbonate  being  formed. 
Sulphuric  acid  completely  displaces  acetic  acid  from  its  combination  with  the  alkalis, 
and  during  the  reaction  much  heat  is  given  out.  Tartaric  acid  almost  completely 
displaces  acetic  acid,  but  during  the  reaction  heat  is  absorbed.  The  result  is  confirmed 
by  the  method  of  two  solvents,  above  described,  which  shows  complete  conversion  of 
acetates  into  tartrates. 

The  reactions  of  the  oxalates  and  sulphates  in  presence  of  nitric  and  hydrochloric 
acids  are  more  complex  than  those  mentioned  above.  Here  it  is  found  that  acid  salts 
are  formed  in  quantity  depending  on  the  amounts  of  the  various  bodies  present.  Tlio 
quantity  of  water  especially  has  an  important  influence  on  the  result.  As  already 
pointed  out,  the  six  bodies  in  the  solution  form  a  kind  of  equilibrium  among  them- 
selves. For  example,  the  result  of  the  finished  reaction,  and  consequently  the  amount 
of  heat  given  out,  depends  on  the  equilibrium  due  to  the  quantities  formed  of 
sodium  sulphate,  sodium  bisulphate,  free  sulphuric  acid,  sodium  nitrate,  free  nitric 
acid,  and  water. 

The  following  experiments  relate  to  the  formation  of  metallic  salts  by  the  union  of 
acids  with  the  oxides  of  zinc,  copper,  lead,  &c.,  and  particularly  of  ferric  oxide, 
(Borthelot,  Coiiipt.  rend.  Ixxiii.  1472;  Ixxiv.  48  and  119). 

In  the  case  of  many  of  the  salts  of  these  metals,  the  concentration  of  the  solution 
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exorts  a  far  greater  influence  on  tlie  quantity  of  heat  disengaged  during  a  reaction  than 
it  Joes  in  the  case  of  salts  of  the  alkalis.    Thus  eqmvalent  quantities  of — 

Heat-units. 

Zinc  acetate  (1  eq.  in  grams  in  10  litres)  and  caustic  potash  (1  eq. 

in  2  litres)  being  mixed,  gare   .  +  i-tOO 

Zinc  acetate  (1  eq.  in  2  litres)  and  caustic  potash  (1  eq.  in  10  litres).   +  biO 

Tliis  effect  is  almost  entirely  duo  to  the  difference  in  concentration  of  the  zinc 
acetate  :  for  if  a  solution  of  caustic  potash,  one  equivalent  in  two  litres,  be  diluted 
■n-ith  water  so  as  to  become  ten  litres,  the  thermal  effect  is  scarcely  appreciable,  neither 
is  the  effect  of  the  dilution  of  an  alkaline  acetate  more  perceptible.  On  the  other 
hand,  solution  of  zinc  acetate,  1  equivalent  in  2  litres, 

diluted  to  4  litres,  gives  500  heat-units. 
10        „  101 

The  heat  developed  during  the  solution  of  zinc  oxide  in  acetic  acid  in  presence  of 
different  quantities  of  water,  increases  as  the  solution  is  diluted ;  and  the  same  is  the 
case  with  many  other  salts.  In  some  cases,  however,  as  in  those  of  the  acetates  of 
IJOtassium  and  sodium,  and  in  that  of  zinc  sulphate,  the  addition  of  water  has  little 
or  no  effect  after  a  certain  point  is  reached. 

Experiments  were  also  made  to  ascertain,  by  observation  of  the  heat  developed  on 
mixing  solutions  of  various  salts,  v.-h.en  double  decomposition  takes  place.  Thus, 
zinc  acetate  was  mixed  with  sodium  sulphate,  and  zinc  sulphate  with  sodium  acetate, 
and  it  was  found  that,  in  the  former  case,  the  heat  given  out  is  nothing  more  than  that 
due  to  the  dilution  of  the  zinc  acetate,  while  in  the  latter  the  occurrence  of  double 
decomposition  must  be  supposed,  in  order  to  account  for  its  development  or  absorption. 
It  is  thus  shown  that,  on  mixing  two  solutions  of  salts,  the  final  rcsidt  is  tliat  the 
stronger  base  unites  with  the  stronger  acid,  and  the  weaker  base  with  the  weaker  acid  ; 
in  fact  that  salts  arc  formed  in  tlie  order  of  their  stability,  double  decomposition 
occurring  whenjnecessary  for  this  final  result.  This  was  shown  to  hold  for  the  various 
salts  of  several  metals,  but  the  most  striking  residts  were  obtained  in  the  case  of  the 
ferric  salts. 

Ferric  sulphate,  nitrate,  and  acetate  were  examined,  eaeli  salt  fii'st  by  itself  in 
solutions  of  varied  concentration,  then  in  mixture  with  solutions  of  other  salts, 
with  the  view  of  determining,  by  means  of  the  heat  given  out  during  dilution  and 
mixture,  the  state  of  the  union  existing  between  the  acid  and  base.  The  instability, 
or  at  least  the  feebleness,  of  the  union  was  first  pointed  out  by  Pean  de  St.  Gilles  in 
the  case  of  the  acetate.  Solutions  of  the  salts :  first,  recently  dissolved ;  secondly, 
recently  dissolved,  but  boiled  for  some  minutes  and  then  cooled  ;  and,  thirdly,  after 
the  solution  had  been  kept  for  three  months, — were  mixed  with  equivalent  solutions 
of  caustic  potash,  and  the  following  results  were  obtained  : — In  the  case  of  the  sul- 
phate, the  heat  developed  in  all  three  cases  is  nearly  the  same ;  but  in  the  case  of 
the  nitrate,  while  the  solution  of  the  salt  recently  dissolved  in  the  cold  is  sensibly 
nnehanged  by  boiling,  the  same  solution  kept  for  three  months  gives  a  result  which 
proves  that  slow  disunion  between  the  base  and  the  acid  has  been  going  on.  The 
acet'dto  is  also  found  to  be  slightly  decomposed  when  the  solution  is  kept  for  a  long 
time,  but  when  it  is  boiled  for  a  few  minutes,  the  acid  and  base  are  found  to  be  almost 
completely  disunited. 

When  a  solution  of  ferric  acetate  is  boiled  and  then  mixed  with  solution  of  potas- 
sium sulphate,  a  secondary  disengagement  of  heat  takes  place,  indicating  a  molecular 
coagulation  or  condensation,  which  appears  to  correspond  with  the  .ossumption  of  the 
insoluble  state  in  which  the  oxide  is  found  after  this  kind  of  precipitation. 

The  general  results  of  the  investigation  are  that,  in  solutions  of  ferric  salts,  the  oxido 
and  the  acid  are  united  in  an  incomplete  and  feeble  manner,  and  the  union  is  affected 
by  the  water  of  the  solution,  and  greatly  hy  temperature :  this  is  most  apparent  in 
the  aise  of  salts  formed  with  the  weaker  acids.  The  reaction  of  the  water  in  breaking 
lip  the  salt  is  not  instantaneous,  but  progressive,  as  is  the  case  with  the  decomposition 
of  ethers  by  water  ;  and  finally  the  effects  are  not  always  reversible  by  reversing  the 
conditions  :  for  the  oxide  of  iron  once  separated  from  its  acid  assumes  a  molecular  con- 
dition which  prevents  it  from  retm'uing  to  its  old  stiite  in  combination. 

In  the  action  of  an  acid  on  its  corresponding  ferric  salt,  heat  is  liberated,  in  the 
case  of  the  nitrite  and  sulphate,  when  the  acid  solution  is  added,  which  indicates 
an  increased  union  between  the  oxido  and  the  acid,  due  to  the  presence  of  free 
acid.    A  solution  of  an  alkaline  salt  of  the  same  acid  does  not  produce  much 
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effect  on  the  solution  of  the  ferric  nitrato  or  sulphate,  but  -when  solution  of  sodium  ace- 
tate is  mixed  with  solution  of  ferric  acetate,  complete  though  gi-adual  decomposition 
takes  place. 

The  presence  of  two  ferric  salts  in  a  solution  diminishes  the  docomposiug  power  of 
water  on  eacli  of  them. 

When  a  solution  containing  an  equivalent  of  nitric  acid  is  mixed  with  a  .solution 
containing  an  equivalent  of  ferric  sulphate  or  ferric  acetate,  the  sulphuric  acid  or  the 
acetic  acid  is  displaced  by  the  nitric  acid.  Sulphuric  acid  completely  displaces  acetic 
acid  from  ferric  acetate. 

I"iually,  the  double  decompositions  which  take  place  on  adding  solutions  containing 
various  salts  in  equivalent  quantities  to  solutions  of  ferric  salts  confirm  tlie  rule,  that 
the  stronger  acid  joins  itself  to  the  stronger  base. 

Ammonia  Salts. — By  observations  on  tlie  heat  developed  in  tho  fcomliination  of 
ammonia  with  strong  and  weak  acids  in  presence  of  various  proportions  of  water. 
Bertliolot  finds  that,  in  the  case  of  strong  acids,  the  results  are  not  sensibly  affected 
either  by  different  degrees  of  dilution  or  by  the  presence  of  excess  of  ammonia  or  of 
the  acid,  but  that  ^vith  weak  acids,  as  phonic,  boric  and  carbonic,  the  ]3roportion  of 
.icid,  base,  and  water  exercises  a  very  decided  influence  on  tho  quantity  of  heat 
developed ;  thus,  in  the  formation  of  ammonium  borate  in  presence  of  quantities  of 
water  varying  from  220  to  1320  eq.  tho  heat  evolved  varies  from  2250  to  3640  units  ; 
and  in  tlie  formation  of  the  carbonates  of  ammonium,  tho  quantities  of  heat  evolved 
vary  with  the  proportions  of  carbonic  anhydride,  ammonia  and  water,  in  the  manner 
shown  in  the  following  table  : — 


+ 

NlPi 

1  presence  of  1  lOH-0  dis 

nnages  9730 

+ 

2  Nm 

.,  146H-0 

10940 

220H=O 

12340 

+ 

3  NH' 

„  330H-O 

13240 

4  NH^ 

„  440H-O 

13620 

+ 

„  oSOH^O 

13020 

6  NIP 

660H-O 

14040 

+ 

7  NIP 

„  770H-O 

14070 

Tlioso  results  show  that  the  proportion  of  water  present  exercises  a  much  moro 
marked  influence  on  boric  acid  than  on  carbonic  acid,  but  that  the  decomposing  influ- 
ence of  water  seems  to  produce,  at  first,  greater  effects  on  the  compounds  of  the  latter, 
which  however  rapidly  becomes  very  small,  whilst  with  boric  acid  the  progression  is 
more  regular  {Compt.  rend.  Ixxiii.  864). 

The  opinion  generally  entertained  that  no  thermal  effects  are  produced  by  mixing 
neutral  salts  is  not  justified  by  the  behaviour  of  salts  with  weak  acids.  Whilst  the 
carbonates  of  potassium  and  sodium  and  the  bicarbonate  of  ammonium  aro  not  only 
not  decomposed  by  water,  but  do  not  evolve  any  heat  when  mixed  with  neutral  salts 
of  tho  alkalis,  the  neutral  carbonates  of  the  fixed  alkalis  absorb  heat  on  being  brought 
together  with  the  neutral  ammonium  carbonate,  and  liberate  heat  with  tho  bicarbonate 
of  ammonium.  Neutral  ammonium  carbonate  mixed  with  potassium  or  sodium  carbo- 
nate liberates  heat. 

Ammonium  bicarbonate  is  decomposed  by  tho  carbonates  of  potassium  and  sodium, 
heat  being  absorbed,  whilst  it  evolves  heat  when  mixed  with  neutral  ammonium 
carbonate. 

Ammonia  alone  does  not  produce  any  reaction  with  potassium  carbonate. 

These  facts  can  only  be  explained  on  the  supposition  that  neutral  ammoniTim  carbo- 
nate docs  not  exist  as  such  in  its  aqueous  solution,  but  that  part  of  it  splits  up  into 
bicarbonate  and  free  ammonia.  If,  then,  potassium  bicarbonate  be  present,  it  is 
neutralised  by  the  ammonia.  The  action  of  the  ammonium  bicarbonate  upon  tho 
neutral  potassium  salt  must  be  regarded  as  a  double  decomposition,  inasmuch  as 
potassium  bicarbonate  is  formed,  together  with  neutral  ammonium  carbonate,  whicli 
again  splits  up  in  the  manner  already  described.  Whatever  tho  original  state  of 
things  may  havo  been,  the  final  equilibrium  arrived  at  is  always  tho  same,  giving  rise 
simultaneously  to  five  compounds,  viz.,  the  neutral  carbonate  of  potassium  (or  sodium) 
and  ammonium,  the  bicarbonates  of  the  same  bases,  and  free  ammonia. 

Bicarbonate  of  ammonium  does  not  show  any  thermic  reactions  when  brought  iuto 
cont;ictwith  the  neutral  salts  (chloride,  nitrate,  sulphate.  &c.)  or  with  the  bicarbonate.'^, 
of  potassium  and  sodium ;  moreover  tho  difference  of  the  heats  of  combination  of  tho 
bicarbonates  of  potassium  and  ammonium  is  the  same  as  the  difference  of  tlie  heats 
of  combination  of  the  potassium  and  ammonium  salts  ivith  strong  acids  :  hence  it 
appears  that  ammonium  bicarbonate  in  presence  of  water  is  quite  as  stable  as  tlie 
bicarbonate  of  potassium  and  sodium. 

tnd  Sup.  U 
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From  this  it  may  be  inferred  that  it  is  not  the  gaseous  tension  of  ammonia  and 
carbonic  acid  exhibited  in  the  solid  ammonium  carbonates  which  causes  tliese  salts  in 
their  aqueous  solution  to  change  their  states  of  equilibrium. 

In  general,  it  appears  that  any  system  formed  by  a  mixture  of  amm6nia,  carbonic 
acid,  and  -water,  always  tends  to  the  same  state  of  equilibrium,  -whatever  its  original 
conditions  may  have  been.  When  the  original  state  of  combination  is  less  advanced 
than  that  required  for  the  existence  of  equilibrium,  heat  -will  be  evolved,  -whereas  it  is 
absorbed  -when  the  original  state  of  combination  is  more  advanced  than  that  corres- 
ponding to  the  state  of  equilibrium. 

It  is  tliis  state  of  incomplete  combination,  that  is  to  say,  the  manner  in  -which  tho 
base  of  a  salt  divides  itself  between  acid  and  -\vater,  which  characterises  the  weak 
acids,  and  may  in  future  enable  us  to  define  more  precisely  than  before  the  vague 
terms  weak  and  strong  acids  and  bases. 

The  neutral  salts  formed  by  strong  acids  are  stable,  inasmuch  as  the  addition  of 
water  or  an  excess  of  base  does  not  give  rise  to  any  decomposition  or  other  reaction 
indicated  by  the  thermometer.  Weak  acids,  on  the  other  hand,  form  with  most  of  tho 
strong  bases,  and  especially  with  ammonia,  salts  capable  of  being  decomposed  by 
water  (Berthelot,  Compt.  rend.  Ixxiii.  951,  1003). 

The  thermal  phenomena  produced  when  two  salts  are  mixed  in  solution  indicate 
generally  that  the  strong  acids  combine  by  preference  with  the  strong  bases,  leaving 
the  weak  acids  to  combine  with  the  weak  bases,  so  that  the  salt  most  stable  in  the 
presence  of  water,  and  as  a  necessary  consequence  the  one  least  stable,  are  formed. 

1st.  Both  salts  formed  with  Strong  Acids. — When  solutions  of  two  neutral  and 
stable  salts  are  mixed,  a  feeble  thermal  effect  is  produced,  which  is  not  the  sum  of  the 
effects  produced  by  pure  water  on  the  two  solutions  separately,  taken  at  the  same 
temperature. 

2nd.  One  salt  formed  with  a  Strong,  and  one  with  a  Weak  Acid. — Experiments  on  the 
action  of  the  neutral  carbonates,  bicarbonates,  phenates,  borates,  cyanides  and  sulph- 
hydrates  of  the  alkali-metals  on  ammonia  salts  have  shown  that  the  potash  or  soda 
always  combines  with  the  stronger  acid,  leaving  the  ammonia  to  combine  with  the 
weaker.  If  the  ammonium  salt  formed  is  stable  in  presence  of  water,  the  thermal 
effects  produced  by  the  mixing  are  but  slight ;  if,  on  the  other  hand,  the  ammonium 
salt  produced  is  decomposed  by  water,  as  the  carbonate  for  example,  an  appreciable 
absorption  of  lieat  is  the  result. 

These  facts,  together  with  others  observed  in  the  reaction  of  salts  both  containing 
weak  acids,  show  that  double  decomposition  takes  place  between  salts  in  solution,  by 
which  the  compound  most  stable  under  the  conditions  of  tho  experiments  is  always 
formed  chiefly,  if  not  exclusively. 

Tho  various  conditions  of  equilibrium  tlius  developed  play  an  important  part  in 
cases  where  some  of  the  salts  are  precipitated  as  well  as  in  those  in  which  they  all 
remain  dissolved  (Berthelot,  Comp.  rend.  Ixxii.  1050). 

Precipitation.  In  the  formation  of  precipitates  there  is  for  the  most  part  a 
development  of  heat,  just  as  in  the  solidification  of  a  melted  substance ;  but  in  the 
former  case  the  operation  is  much  more  complicated,  as  various  other  actions  have  to 
be  considered,  such  as  crystallisation,  change  of  aggregation,  &c. 

1.  Formation  of  a  Solid  Compound. — The  heat  disengaged  in  the  formation  of  a 
precipitate  is  due  in  great  part  to  the  separation  of  a  solid  body,  as  is  shown  by  an 
examination  of  those  salts  which  produce  precipitates  only  wlien  the  solutions  are 
concentrated,  such  as  lead  chloride,  potassium  picrate,  and  calcium  tartrate.  Lead 
Chloride. — On  adding  a  dilute  solution  of  sodium  chloride  to  one  of  lead  nitrate,  so 
that  no  precspitato  is  formed,  an  absorption  of  heat  takes  place,  about  equal  to  that 
produced  by  the  dilution  of  the  lead  solution;  but  when  a  precipitate  is  formed,  ther« 
is  a  disengagement  of  +  2000  heat-units  for  each  equivalent  of  lead  chloride 
actually  precipitated.  Potassium  Picrate. — If  dilute  solutions  of  potash  and  picric 
acid  be  mixed,  the  heat  disengaged  corresponds  to  that  of  neutralisation,  but  when  a 
precipitate  is  obtained,  +  10,000  heat-units  are  disengaged  for  each  equivalent  of  salt 
precipitated.  Calcium  Tartrate. — Solutions  of  sodium  tartrate  and  calcium  chloride 
remain  limpid  when  first  mixed,  heat  being  at  the  same  time  disengaged  (  +  lO-lO). 
After  the  lapse  of  some  minutes,  however,  a  crysta,lline  precipitate  of  calcium  tartrate 
is  formed,  accompanied  by  a  further  disengagement  of  heat  ( +  2960).  From  each  of 
these  examples  it  may  be  seen  that  it  is  not  the  chemical  reaction  which  causes  the 
chief  disengagement  of  heat ;  but  it  must  not  be  imagined  that  all  precipitiition  is 
attended  -with  evolution  of  heat,  as  the  effects  of  dehydration,  &c.,  somtimes  render  it 
even  negative. 

2.  Dehydration  of  the  Compounds  Precipitated. — Lime.  Andi-ows  has  observed  that 
the  precipitation  of  lime  from  dilute  solutions  by  potash  gives  rise  to  an  absorption  of 
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heat,  whicli  may  be  explained  by  the  fact  that  calcium  hycli-ato  dissolves  in  -water  with 
disengagement  of  heat,  so  that  the  precipitation  of  lime  sliould  be  accompanied  by  a 
dohycbation,  that  is  a  decomposition,  the  heat  absorbed  by  which  more  than  compensates 
for  that  which  is  disengaged  during  the  solidification  of  the  calcium  hydrate.  Calcium 
carbo7iatc  also  precipitated  in  an  amorphous  form  gives  rise  to  an  absorption  of  heat, 
which  Berthelot  believes  to  be  due  to  the  partial  dehydration  of  the  compound  at  the 
moment  of  its  precipitation.  Mag7icshtm  carbonate,  ferrous  carhonate,  and  manganese 
carbonate  give  rise  to  an  absorption  of  heat,  representing  a  dehydration  of  the  insoluble 
compound.  Calcium  sulphate  and  strontium  sulphate. — The  mixed  solutions  of  sodium 
sulphate  and  calcium  or  strontium  chloride  remain  clear,  a  slight  absorption  of  heat 
taking  place ;  on  causing  precipitation,  however,  by  the  introduction  of  some  crystals 
of  the  sulphate,  there  is  a  slight  disengagement  of  heat.  Barium  sulphate,  when  pre- 
cipitated, on  the  contrary,  evolves  considerable  heat  (  +  2500  to  +  2900).  These  results 
indicate  the  existence  of  a  thermic  action  of  a  contrary  sign  to  that  of  solidification, 
and  varying  in  the  different  salts. 

3.  Separation  of  the  Acid  and  Bascin  Salts. — Not  only  can  the  saline  hycbates  which 
exist  in  solution  be  transformed  into  precipitated  hydrates  of  a  chiFerent  type  by  double 
decomposition,  but  even  a  partial  or  total  separation  between  the  acid  and  base  may 
bo  offljcted,  in  which  case,  as  in  that  of  dehydration,  heat  is  absorbed.  In  general  this 
decomposition  is  not  complete,  the  normal  compound  being  separated  into  two  others,  a 
basic  hydratod  salt,  which  is  precipitated,  and  an  acid  salt  which  remains  dissolved. 
Zinc  Carbonate. — The  composition  of  this  precipitate  varies  according  to  the  temperature 
and  the  proportions  of  water,  base  and  carbonic  acid  which  are  present,  and  its  formation 
is  attended  with  absorption  of  heat.  In  the  normal  reaction,  when  equivalent  quan- 
tities are  used,  the  total  absorption  of  heat  does  not  take  place  at  once,  a  secondary 
reaction  setting  in  by  which  a  fm-ther  but  comparatively  small  amount  is  absorbed. 
These  phenomena  correspond  with  the  formation  of  a  basic  hydrocarbonate  mixed  with 
double  salts  of  variable  composition.  If  an  alkaline  bicarbonate  be  substituted  for 
the  carbonate,  neutral  zinc  carbonate  is  precipitated,  the  heat  absorbed  in  this  case 
being  much  less  than  with  the  alkaline  carbonates.  This  reaction  also  takes  place  by 
two  stages,  and  after  a  time  a  third  action  commences,  accompanied  by  an  absorption 
of  heat,  and  a  very  feeble  evolution  of  gas.  This  is  due  to  the  formation  of  zinc 
bicarbonate,  which  subsequently  undergoes  decomposition,  neutral  zinc  carbonate 
(mixed  -HTth  a  double  salt)  being  precipitated,  and  carbonic  acid  remaining,  in  solution. 
The  absorption  of  heat  is  more  feeble  than  with  the  neutral  alkaline  carbonates,  as  it 
represents  only  the  decomposition  of  the  zinc  bicarbonate  into  neutral  carbonate  and 
carbonic  acid.  Copper  carbonate,  precipitated  by  an  alkaline  carbonate,  produces  in 
strong  solutions  (1  equiv.  =  2  lit.)  an  absorption  of  heat,  which,  like  the  precipitation, 
is  immediate;  after  a  short  time  effervescence  sets  in  with  further  cooling,  indicating 
that  normal  cupric  carbonate  has  but  an  ephemeral  existence.  Ferric  carbonates. — 
On  treating  crystalline  ferric  nitrate  with  potash,  7870  heat-units  were  disengaged, 
from  which  it  maybe  calculated  that  ferric  nitrate  (1  equiv.  =  2  lit.)  poured  into 
potassium  carbonate  (1  equiv.  =  2;  lit.)  would  absorb  —100.  From  the  results  ob- 
t,),ined  with  ferric  sulphate  and  iron-alum,  it  may  be  inferred  that  no  definite  ferric 
carbonate  is  formed,  but  divers  complex  systems  containing  a  basic  salt,  an  acid  salt, 
and  free  acid.  Ahmina. — From  the  results  of  treating  aluminium  sulphate  with 
potassium  carbonate,  it  would  appear  that  a  molecular  condensation  of  the  alumina 
takes  place.  Chromium. — With  chrome-alum  and  an  alkaline  carbonate  there  is,  at 
first,  an  absorption  of  heat,  and  afterwards  a  feeble  effervescence,  accompanied  by  a 
disengagement  of  heat,  indicating  that  there  is  a  special  molecular  change  in  the  chro- 
mium oxide  comparable  with  the  formation  of  a  polymeric  body. 

4.  Changes  in  the  State  of  Aggregation. — This  is  the  case  with  those  precipitates 
which  are  amorphous  in  the  first  instance,  but  gradually  aggregate  and  finally  become 
crystalline  ;  these  successive  changes,  which  may  be  observed  under  a  microscope,  give 
rise  to  an  evolution  of  heat.  Strontium  carbonate  is  precipitated  in  an  amorphous 
state,  accompanied  by  absorption  of  heat  ( —  400),  but  the  precipitate  after  a  time 
becomes  crystalline,  causing  an  evolution  of  heat  +  400  to  +  660.  With  barium 
carbonate  the  difference  between  the  two  actions  is  less  marked.  Lead  carbonate  at 
first  disengages  +  400,  but  the  thermometer  mounts  rapidly,  and  ultimately  the 
amount  of  heat  disengaged  is  2520.  In  silver  carbonate  the  thermic  results  correspond 
with  amorphous  states  which  succeed  one  another  too  rapidly  to  be  distinguished.  Froni 
results  obtained  with  dilute  solutions,  however,  it  is  calculated  that  the  heat  evolved 
in  the  combination  of  carbonic  acid  and  hydrated  silver  oxide  exceeds  that  of  the  form- 
ation of  silver  nitrate.  The  precipitation  of  the  cvalates,  which  are  for  the  most  part 
crystalline,  disengages  much  -heat,  the  calcium  salt  evolving  as  mucli  as  barium 
sulphate. 

u  2 
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Many  effects  marked  by  thermic  phenomena  are  produced  during  the  double  decom- 
position of  salts  ;  at  the  moment  when  the  solutions  are  mixed,  a  certain  definite 
equilibrium  is  attained,  depending  upon  the  proportions  of  water,  of  the  primitive  salts, 
and  of  those  newly  formed  ;  but  when  these  latter  ure  insoluble,  they  undergo  further 
changes  both  chemical  and  physical,  such  as  dehydration,  crystallisation,  &c.  The 
.  heat  disengaged,  therefore,  is  not  the  measure  of  the  forces  set  in  action,  except  in 
those  cases  where  each  individual  change  causes  an  evolution  of  heat,  or  the  contrary. 

Xtecomposition  of  Crystalline  Salts  in  Solution. — C'ri/siaUine  Dissociation 

(Favre  a.  Valson,  Compt.  rend.  Ixxiii.  1144;  Ixxiv.  1016,  1065;  Ixxv.  798,  925,  1000, 
1066,  1071.  Gazzetta  chimica  italiana,  ii.  100,  563,  569.  Chcm.  Centr.  1872,  26, 
457,  475,  572,  651,  730;  1873,  42.  Chem.  Sac.  J.  [2]  x.  22,  600,  1068;  xi.  32,  129). 
When  a  crystalline  salt  is  dissolved  in  water,  a  variety  of  phenomena  take  place. 
In  the  case  of  a  crystal  of  sodium  sulphate  (NaSO*  +  lOHO)  *  for  instance,  it  may 
bo  conceived,  in  the  first  place,  that  there  is  a  disaggregation  of  the  molecules  which 
compose  the  crystalline  edifice,  and  that,  moreover,  there  is  an  effect  analogous  to 
fusion.  The  latter  is  probably  of  a  complex  nature,  being  accompanied  (1)  by  the 
disunion  of  the  chemical  molecules,  and  (2)  by  the  separation  of  the  water  associated 
witli  the  salt  to  form  the  crystal,  or  by  the  addition  of  more  water  to  it.  The  quan- 
titative chemical  methods  hitherto  applied  to  the  solution  of  this  problem  do  not  enable 
Tis  to  distinguish  between  the  separate  amounts  of  work  of  which  the  final  result  is 
made  up.  It  is  better,  therefore,  to  resort  to  thermochemical  methods ;  but,  even 
then,  serious  diflficulties  present  themselves :  for,  although  the  combination  of  mole- 
cules gives  heat,  and  their  separation  produces  cold,  still  the  final  result  represents 
ovly  the  difference  between  these  two,  and  in  the  present  state  of  science  this  difficulty 
cannot  be  directly  resolvcd.f 

The  sulphates  have  many  advantages  for  this  investigation,  as  they  differ  consider- 
ably in  their  crystalline  form  ;  and  while  some  are  anhydrous  and  others  contain  more 
or  less  water  of  crystallisation,  many  of  them,  being  isomorphous,  are  capable  of 
crystallising  together.  These  salts  have  been  examined  in  the  crystalline  state,  either 
anhydrous  or  containing  more  or  less  water  of  crystallisation,  and  in  the  state  of  salts 
partially  dehydrated  by  heat  or  by  treatment  with  alcohol.  Table  I.  contains  the 
results  obtiiinod  -with  salts  of  various  degrees  of  hydration ;  Table  II.  those  given  by 
isomorphous  salts  crystallised  together : — 


Table  I. 


Substance 

Hcat-uuits 

Substance 

Heat-iuiits 

I'eS0^.7H0  . 

-  2182 

MgSO^HO  . 

5493 

ZnS0''.7H0  . 

-  2074 

CuSO^.HO 

4734 

MgS0'.7H0  . 
NiS0'.7H0  . 

-  1860 

MnSO^HO  . 

4216 

-  1944 

CdSO^HO 

3010 

CoSO'.7HO  . 

-  1680 

MgSO*  .... 

10162 

CuS0^5H0  . 

-  1216 

ZnSO'  .... 

9289 

MnSO'i.SHO  . 

+  235 

CuSO«  .... 

8149 

CdS0^.3H0  . 

+  1531 

MnSO'  .... 

7085 

NaSOMOHO  . 

-  9300 

CdSO'  .... 

6344 

ZnSO^.HO  . 

+  4812 

NaSO*  .... 

354 

ZnS0^.3-75HO 

+  2205 

KSO'  .... 

-  3170 

ZnSO'.4-46HO 

+  1354 

(NH*)SO' 

-  975 

ZnS0^4-55HO 

+  1198 

ZnSO«.6-17HO 

-  397 

*  0  =  8  ;  S  =  IG. 

t  This  problem  resembles  that  oi  simultaneous  equations  of  several  unknown  quantities  in  algebra 
requiring,  in  order  to  solve  it,  as  many  independent  equiitions  as  there  are  unkncvn  qujintitics. 
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Table  II. 


Substance 

j       Heat-uuits       j             The  crystals  co!;tain 

Copper  sulphate 

and  zinc  sulpliatc  crystallised  together 

ZnSO^.OHO  . 

.|       -  1160      1  23-28  p.  c.  ZnSO'.SIiO 

CuSO'.THO  . 

.  1       -  2060      I  4'l-30  p.  c.  CuSO'.VHO 

Copper  sulpliato  and 

magnosium  sulphate  crystallised  together 

MgS0'.5H0  . 

.  1       -  119-i      I  10-94  p.  c.  MgSO^.SHO 

CuSO'.THO  . 

.|       -  2130      1  47-37  p.  c.  CuS0'.7H0 

It  -n-ill  be  observed  that  the  anhydrous  sulphates  give  very  different  numbers, 
although  they  are  mostly  positive,  and  that  this  diflference  disappears  as  the  number 
of  equivalents  of  water  in  the  crystal  increases.  Hence  it  appears  that  the  greater 
part  of  the  heat  evolved  during  the  solution  of  an  anhydrous  salt,  or  of  a  salt  in  a 
state  of  hydration  inferior  to  its  normal  state,  is  due  to  the  formation  of  the  crystal 
^^■hieh  contains  the  normal  proportion  of  water.  Moreover,  the  heat  due  to  the  com- 
biuatrion  of  the  first  molecule  of  water,  greatly  exceeds  that  due  to  the  succeeding 
molecules:  thus  between  anhydrous  magnesium  .'iuljili.-iti^  and  the  same  with  one 
equivalent  of  water,  there  is  a  difference  of  465'.)  h.  ,ii -unil  s  for  the  addition  of  one 
equivalent  of  water,  whilst  between  magnesium  sul|'li;il('  wil  li  i»'ve  and  that  with  seven 
equivalents,  there  is  only  a  difference  of  666  for  twi'  i  qui \  a  Iriits  of  water. 

iVnother  question  now  arises  as  to  what  is  the  il  •  dl'  .i  salt  p.irtly  dehydrated  by 
alcohol?  It  will  bo  found,  by  interpolation  of  tin-  huihIh  i-s  in  Table  I.,  that  the 
number  of  heat-units  corresponding  to  zinc  sulphate  dehyilr.ated  by  alcohol  and  con- 
taining five  equivalents  of  water,  is  1000,  whilst  zinc  sulphate  with  five  of  water, 
obtained  by  crystallisation  with  copper  sulphate,  gives  —  1166,  being  a  difference  of 
2166  heat-units. 

Again,  with  regard  to  double  salts,  it  is  found  by  experiment  that  the  amount  of 
heat  set  free  by  the  solution  of  one  of  tv.^o  salts  remains  sensibly  the  same,  even  if 
tlie  water  already  contains  the  other  salt  in  solution,  so  that  if  two  salts  are  dissolved 
in  water,  the  total  amount  of  heat  is  the  same  as  the  sum  of  the  two  determined  sepa- 
rately. If,  however,  they  exist  crystallised  together  as  a  double  salt,  they  give  a  very- 
different  result  :— 


Table  III. 


1 

Substance 

Heat-units 

Substance 

B.  Heat- 
units 

Difference 
between 
A  and  B 

KSO'  . 
CuS0^.5H0  . 
(NH^)SO*  . 
CuS0<.5H0  . 
KCl  . 
CuC1.2H0  . 

-  3170? 

-  1216$ 

-  975 

-  121G; 

-  4574 
+  2323$ 

-  4386  1 

-  2191 1 

-  2251  1 

Double    salt,  / 
with  7H0  i 

Double    salt, } 
with  7H0  $ 

Double    salt, } 
with  2H0  \ 

-  7180 

-  5622 

-  3491 

2794 
2431 
1241 

It  will  be  seen  from  this  table  that  the  amount  of  cold  produced  by  double  salts  in 
dissolving  is  much  greater  than  the  sum  of  the  amounts  produced  by  tlie  two  salts 
dissolved  separately.  This  effect  appears  to  be  due  to  the  fact  that  a  certain  amount 
of  work  is  done  in  the  formation  of  a  double  salt,  giving  rise  to  a  disengagement  of 
lieat,  and  that  when  the  double  salt  is  dissolved,  there  is  an  inverse  work  of  decom- 
position, characterised  by  cold  ;  according  to  this  supposition,  the  numbers  in  the 
column  of  differences  represent  the  work  of  combination  or  decomposition.  Experi- 
ment also  seems  to  establish  a  relation  between  the  heat  disengaged  and  the  contraction 
^.vhich  takes  place  wlien  a  salt  is  dissolved.  If  the  density  d,  of  an  anhydrous  salt  is 
known,  the  volume  V,  occupied  by  an  equivalent  p,  can  be  deduced  from  it.  When 
this  equivalent  is  dissolved,  say  in  a  litre  of  water,  it  is  easy  to  determine  the  increase 
of  volume  v.    The  difference  r—v  represents  then  the  contraction  of  the  salt  on  being 
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dissolved,  whilst  —-p.—  '"'ill  represent  tlio  coefficient  of  contraction  -vritli  respect  to  the 
original  volume  V. 

The  values  of  d  in  the  following  table  are  those  given  by  Eilhol  ;  the  values  of  y 
are  deduced  by  methods  which  will  be  described  fiu-ther  on  (p.  298) ; 


Table  IV. 


Anhydrous  stilts 

p 

d 

d 

r-v 

r—v 

V 

KSO'  . 

87  gr. 

2-6 

33 

21 

12 

0-30 

-  3170 

NaSO'  . 

71 

2-6 

27 

10 

17 

0-63 

354 

CuSO^  . 

80 

3-5 

4 

18 

0-81 

8149 

ZnSO'  . 

80-75 

3-4 

23 

4 

19 

0-83 

9289 

MgSO'  . 

60-50 

2-6 

23 

3 

20 

0-87 

10152 

In  this  table  c  is  the  number  of  heat-units,  and  it  will  be  seen  that  they  increase  iu 

the  same  ratio  as  the  contraction  V  —  v,  or  the  coefficient  of  contraction        " ;  from 

this  it  would  appear  that  the  heat  disengaged  increases  with  the  contraction  efifected 
in  the  substance,  and  is,  at  least  partly,  the  immediate  consequence  of  it. 

From  the  general  principle  that  tlie  different  forces  necessary  to  produce  a  given 
affect  are  equivalent  to  one  another,  it  follows  that  the  contractions  produced  in  a 
liquid,:  (1)  by  lowering  the  temperature,  (2)  by  external  compression,  (3)  by  the 
solution  of  a  salt,  may  be  considered  as  three  effects  of  the  same  order,  and  conse- 
quently equivalent  to  the  forces  which  produce  them.  From  the  known  coefficient  of 
the  expansion  of  water  (0-0001320  according  to  Kopp)  it  follows  that  a  litre  of 
water,  when  cooled  1°,  contracts  to  9,998,680  c.  c.  and  that  a  contraction  of  1  c.  c.  per 
litre  corresponds  -^vith  a  fall  of  temperature  equal  to  7-576°,  i.e.  to  75-76  units  of  heat. 
This  number  is  therefore  the  measure  of  the  work  required  to  compress  a  litre  of 
water  by  1  c.  c.  at  15°.  On  the  other  hand,  Eegnault  has  shown  that  the  coefficient  of 
compression  of  water  =  0  00004685,  for  one  atmosphere  :  consequently  the  compression 
of  a  litre  of  water  by  1  c.  c.  requires  a  force  of  20-34  atmospheres.  From  this  it  may 
be  inferred  that  a  litre  of  water  subjected  to  a  compression  of  21-34  atmospheres 
would  disengage  7576  units  of  heat. 

If  then  we  suppose  a  salt  to  be  dissolved  in  a  litre  of  water  in  quantity  sufficient  to 
produce  a  contraction  of  1  c.  c.  it  follows  that  the  sum  of  the  forces  which  come  into 
play,  whatever  may  be  their  mode  of  distribution,  is  equivalent  to  7576  units  of  heat, 
or  to  a  ijressure  of  21-34  atmospheres. 

For  sodium  sulphate  the  following  numbers  have  been  obtained  : 

Anhydrous  salt  (Equivalent)] 
„        „     (Density')  . 

„        ,,     (Volume)  , 

Hydrated  salt  with  lOHO  (Equivalent) 
,,  ,,  (Density) 

,,  ,,  (Volume)  . 

The  volume  of  the  anhydrous  salt,  26-5  c.  c.  added  to  the  volume  of  lOHO  =  90, 
gives  116-5  e.  c,  whereas  the  actual  volume  of  the  crystallised  salt  is  only  110  c.  c. 
Consequently : 

1.  Sodium  sulphate  and  water,  in  uniting  to  form  the  crystallised  hydi-ato,  suffer  a 
contraction  of  6-5  for  116-5,  i.e.  ith  of  the  total  volume. 

2.  When  1  eq.  (71  grams)  of  anhydrous  sodium  sulphate  is  dissolved  in  a  litre  of 
water,  a  liqiud  is  obtained  whose  density  -  1-0606,  and  volume  therefore  =  1009-8  c.c; 
and  as  the  volume  of  the  anhydrous  salt  itself  is  26-5,  the  total  volume  of  the  two  has 
suffered  by  solution  a  contraction  of  20-5  —  9-8  =  16-7  c.  c. 

3.  When  1  eq.  (161  grams)  of  crystallised  sodium  sulphate  is  dissolved  in  a  litre  of 
water,  the  density  of  the  solution  is  1-0559  and  its  volume  1099-5  c.  c. ;  and  as  the 
crystallised  salt  itself  has  a  volume  =  110  c.  c.  the  total  volume  has  suffered  a  con- 
traction of  1110-0  -  1099-5  =  10-5  c.  c. 

To  determine  the  force  required  to  compress  the  water,  as  strongly  as  it  is  contracted 


p 

=  71  grams 

D 

=  2-681 

V 

=  ?  =  26-5  c.  c. 

P 

=  161  grams 

D 

=  1-463 

V 

=  ^  =  110-0  e.  c. 
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by  the  act  of  dissolving  the  salt,  the  ahovo-mentioned  numbers,  7576  hoat-units  and 
L'l-IU  atmospheres,  must  bo  multiplied  by  the  number  of  cubic  centimeters  in  each 
case.    The  results  are  given  in  the  following  table  : 

Table  V. 


1  cq.  salt  dissolved  in 
1  litre  o£  water 

Contraction  of 
volumo 

Contraction 
measured  in 
Heat-uuits 

Contraction 
measured  in 
Atmospheres 

Heat-units 

observed  in  the 
Calorimeter 

Anhydrous  salt  . 
Hydrate  . 
Crystallisntion 

16-7  c.c. 
10-5 
6-5 

126519 
70518 
4924i 

356 
224 
139 

+  354 
-  9300 
+  9654 

The  calculated  numbers  in  the  third  column  differ  greatly  from  those  in  the  last, 
which  are  obtained  by  direct  observation.  Now  the  water,  in  dissolving  the  salt,  gives 
up  to  it  almost  all  the  heat  developed  by  its  own  contraction.  If  then  T  and  T'  denote 
the  numbers  of  heat-units  equivalent  to  the  internal  work  expended  in  the  combina- 
tion of  the  anhydrous  and  hydrated  salts  respectively  with  water,  we  have  for  the 
anhydrous,  salt,  T  -I-  354  =  126519  heat-units,  therefore  T  =  126165;  and  for  the 
hydrate,  T'  -  9300  =  79548  units,  therefore  T'  =  88848..  Hence  T  -  T'  =  37317 
heat-units,  which  luumber  expresses  the  quantity  of  heat  given  up  by  the  water 
(lOHO)  to  the  salt  SO'Na  to  form  the  crystallised  salt  SO^Na  +  lOHO,  and  agrees 
approximately  with  the  experimental  number  39590  given  at  the  end  of  the  fQllowiiig 
table. 

The  value  and  distribiition  of  tlic  work  are  thercforo  as  follows  : — 


Table  A^I. 


Ileat-units 

Units   of  heat  evolved  by  the 
water  for  contraction  of .    .  . 

Algebraic  sum  of  the  Heat-units 
given  by  the  Calorimeter    .  . 

Heat-units  as  measure  of  the  in- 
ternal work  of  combination 
between  salt  and  water  .    .  . 

(16-7  c.c.  in  SO*Na  +  Aq 
\  10-5  c.c.  in  SO'Na.lOHO  +  Aq 
[  0-5  c.c.  in  SO^Na  +  lOHO 
(SOm  +  Aq 
JsO<Na.lOHO  +  Aq 
(SO^Na  +  lOHO 
f  SO'Na  +  Aq 
JSO^Na.lOHO  +  Aq 
i  SO'Na  +  lOHO 

126,519 
79,548 
49,244 
+  354 
-  9,300 
+  9,654 
126,165 
88,848 
39,590 

The  Alums. — The  salts  of  this  group  are  particularly  well  adapted  for  the  en- 
quiries under  consideration,  on  account  of  their  great  resemblance  to  one  another  in 
form  and  composition. 

Tlie  following  tables  exhibit  the  quantities  of  heat  developed  or  absorbed  in  the 
solution  of  these  salts  in  water  under  various  conditions  : — 


Table  VII. 


Thermic  action  in  the  solution  of  1  eq.  of  an  alum  in  a  large  quantity  [about  1000  cq) 
of  water. 


Alums 

1  Equivalents 

Ilcat-miits  at 
8°-lP 

Heat-units  at 
19°-20° 

Potassium  alum 

474-5 

■  --  9803 

-  9883 

Ammonium  alum 

.  1  453-5 

-  9580 

-  9631 

Potassio-chromic  alum 

.  '  500-5 

-  9651 

-  9499 

Ammonio-chromic  alum  . 

.  1  479-5 

-  0628 

-  9889 

Potassio-ferric  alum  . 

.  i  503-0 

-  16016 

Ammonio-ferric  alum 

482-0 

-  10571 

-  180G0 

These  numbers  show  that  the  action  of  water  on  the  first  four  alnms  at  the  tempera- 
tures of  experiment  is  nearly  the  same.    The  last  two,  on  the  other  hand,  undergo  a 
greater  amount  of  separation.    The  experiments  with  ammonio-ferric  alum  show  that 
at  the  higher  temperature  (19°-2P)  a  still  greater  separation  of  the  constituent  .'altS"" 
takes  place. 
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The  quantities  of  lie;it  absorbed  were  found  not  to  vary  sensibly  wlion  the  salts 
■were  dissolved  in  comparatively  small  quantities  of  water,  so  small  indeed  as  to  become 
saturated  with  them. 

The  following  table  shows  the  quantities  of  heat  evolved  when  the  alums  dried  at 
85°  were  dissolved  in  water  at  20°.  Most  of  them  when  dried  at  85°  retain  10  mols. 
of  water,  but  the  ammonio-ferrio  salt  melts  below  85°  and  loses  4272  p.  c.,  or  23 
mols.  water,  and  afterwards  dissolves  so  slowly  and  imperfectly  as  to  be  unfit  for 
thermic  determinations.  To  obtain  the  total  heat  of  hytU-ation  of  the  alums  which 
still  retain  10  mols.  water,  the  numbers  in  the  fourth  column  must  be  increased  liy 
those  which  represent  the  thermic  eifect  produced  on  dissohnng  the  24-bydrated 
Baits  in  water,  that  is  to  say  the  numbers  in  Table  VII.  but  with  opposite  sign. 


Table  VIII. 


Alums  drietl  at  85° 

Molecules  of 
water  still 
present 

Equivalents 

Heat  of 
Hydration 

Potassio-aluminic  alum  .  , 

1000 

3-18-50 

■  12-416 

22-047 

Ammonio-aluminic  alum 

10-83 

335  00 

12-093 

21-724 

Potassio-chromic  alum    .  . 

11-07 

3-825 

Ammonio-chromio  alum  .  . 

10-75 

360-25 

4-851 

The  evolution  of  heat— more  than  12,000  units — which  accompanies  the  solution  of 
the  1 0-hydrated  aluminic  alums  may  be  regarded  as  the  difference  between  the  total 
heat  which  would  be  evolved  in  the  conversion  of  the  10-hydrated  into  the  24-hydrated 
salts,  and  the  quantity  absorbed  in  the  solution  of  the  latter  in  water. 

There  is,  however,  another  way  in  which  the  phenomenon  may  be  viewed.  The 
contraction  -which  generally  takes  place  in  the  solution  of  salts  is  accompanied  by  a 
considerable  evolution  of  heat,  arising  from  the  great  resistance  which  water  offers  to 
compression  ;  in  fact,  those  salts  which  evolve  most  heat  in  dissolving,  likewise  give 
rise  to  the  greatest  amount  of  contraction  ;  and  the  calorific  eifect  actually  observed  is 
the  difference  between  the  absorption  of  heat  resulting  from  the  disintegrating  action 
of  the  water  which  brings'  aljout  the  destruction  of  the  crystalline  edifice,  and  the  dis- 
engagement of  heat  proceeding  from  the  contraction  of  the  total  volume  which  takes 
place  when  the  salt  is  dissolved.  jVIoreover,  the  24  mols.  of  water  which  exist  in  the 
alums  in  the  solid  state,  would,  if  uncombined,  require  17,000  heat-units  to  pass  into 
liquid  state  ;  but  the  cliromium  and  aluminium  alums  in  dissolving  absorb  only  about 
9,500  units.  It  would  seem,  therefore,  that  the  latent  heat  of  water  is  considerably 
diminished  when  it  is  associated  with  the  saline  constituents  of  crystallised  alums. 

The  behaviour  of  the  violet  chrome-alums  is  peculiar.  When  a  solution  of  one  of 
these  salts  is  kept  boiling  for  a  considerable  time,  it  becomes  green  and  uncrystallisable, 
and  the  solution  of  the  salt  thus  modified  gives,  when  treated  "with  barium  chloride  in 
the  cold,  only  a  slight  precipitate  ;  the  filtered  liqiiid  also  gradually  becomes  turbid, 
showing  that  the  precipitation  is  taking  place  gradually ;  at  length,  however,  all  the 
sulphuric  acid  is  thrown  down.  If  to  a  solution  of  violet  chrome-alum  modified  as 
above,  the  quantity  of  barium  chloride  required  to  throw  do-wn  all  the  sulphuric  acid 
be  added  in  four  equal  portions,  the  first  two  portions  -will  be  precipitated  directly  and 
completely,  whereas  the  third  and  fourth  portions  will  give  rise  to  a  slow  precipita- 
tion. Hence  Favre  a.  Valson  infer  that  the  formula  of  green  chromic  sulphate  is 
SO'[Cr=(SO^)-],  the  group  Cr'-(SO')-  being  regarded  as  a  metallic  radicle,  sulphochrowyl. 

These  results  are  corroborated  by  the  thermic  phenomena  exhibited  in  the  successive 
precipitations  of  the  sulphuric  acid  by  barium  chloride.  Table  IX.  gives  the  quanti- 
ties of  heat  evolved  in  the  precipitation  of  modified  solutions  of  the  chrome-alums  by 
barium  chloride  in  halves  and  in  fourths  : — 


Table  IX. 


Chrome-alums 

Excess  of  Barium 
Chloride  (A.) 

1.  half 

2.  half 

1.  foui-th 

2,  fourth 

3,  fourth 

Potassio-chromic  \ 
alum     .       .  \ 

Ammonio-ehromic  \ 
alum     .       .  \ 

8251  heat-units 
7641 

:8142  h.u. 

204  h.u. 

4104  h.u. 

4102  h.u. 

146  h.u. 
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Hero  it  is  seeu  that  the  first  two  of  the  four  precipitations  give  rise  to  equal  dcvclop- 
munts  of  beat,  whereas  the  calorific  effect  of  the  third  is  much  smaller.  The  difFerence 
between  the  quantities  of  heat  evolved  in  the  precipitation  of  the  two  chrome-alums  Ly 
excess  of  barium  chloride  (column  A),  seems  to  show  that  those  two  salts  are  not 
modified  by  water  in  exactly  the  same  manner. 

The  numbers  in  the  last  three  columns  show  that  the  precipitable  sulphuric  acid 
proceeds  from  both  the  sulphates  contained  in  the  double  salt.  But  since,  as  the 
following  numbers  show,  the  decomposition  of  potassium  sulphate  by  barium  chloride 
gives  about  3,300  heat-units,  the  precipitation  of  the  sulphuric  acid  of  sulpho-ehromyl 
Kulphate,  if  this  salt  wore  alone  present,  would  give  about  4,900  units,  that  is  to  say, 
as  much  as  the  decomposition  of  barium  chloride  by  free  sulphuric  acid : 


TAlil.E  X. 

Potassium  sulphate  precipitated  by  barium  chlorido  fjives 
Am.monium  sulphate  ,, 
Free  sulphuric  acid  ,,  „ 

An  equivalent  of  aluminium  sulphate  precipitated  by  3  eq.  of  barium  chloride 
develops  11,877  units  of  heat,  and  if  the  3  eq.  be  added  separately,  the  successi^ve 
quantities  of  heat  evolved  are  nearly  equal  to  one-third  of  this  amount. 

The  following  table  gives  the  quantities  of  heat  evolved  on  precipitating  the  several 
alums  and  their  constituent  salts  with  barium  chloride,  both  directly  after  prepara- 
tion, and  after  standing  for  a  considerable  time : — 


neat-units 
.  3,3.37 
.  3,270 
.  5,063 


Table  XI. 


Alums 

Precipitation 
immediately 
after  prepara- 
tion 

Precipitation 
alter  1-1  clays 

Immediate 
precipitation 
of  the  Consti- 
tuent Salts 

Precipitation 
of  Constitu- 
ent Salts  after 
11  days 

Potassio-aluminic  alum 

15,026 

14,944 

14,893 

14,902 

Aznmonio-aluminic  alum  . 

1-1,888 

14,650 

14,812 

14,787 

Potassio-chromic  alum 

14,767 

13,623 

Ammonio-chromic  alum 

14,636 

13,900 

Potassio-ferrie  alum  . 

18.161 

18.092 

Aramonio-ferric  alum 

18,286 

18,399 

These  numbersshow:  (1).  Th.at  no  alteration  is  produced  by  keeping,  in  the  solutions 
of  any  of  the  ahims,  excepting  the  chrome-alums,  which  appear  to  be  modified  by 
keeping  in  the  same  manner  as  by  boiling.  (2.)  That  the  heat  evolved  in  the  precipita- 
tion of  the  two  aluminic  alums  is  nearly  the  same  as  that  which  is  developed  by  the 
precipitation  of  their  constituent  salts.  Hence  it  follows  that  these  alums  can  neither 
Ije  produced  from  their  constituent  salts  within  an  aqueous  solntion,  nor  can  they 
subsi.st  in  aqueous  solution  after  they  have  been  formed  by  crystallisation. 

If  from  the  nearly  15,000  heat-units  evolved  in  the  precipitation  of  the  first  four 
nlunis  by  barium  chloride,  we  deduct  the  3,300  units  developed  by  the  precipitation  of 
])otassium  or  ammonium  sulphate,  there  remain  11,700  units  due  to  the  precipitation 
of  the  aluminium  sulphate  contained  in  the  alums.  This  number  agrees  nearly  with 
tliat  found  by  direct  observation.  Divided  by  3,  it  gives  3,900  for  the  quantity  of  heat 
due  to  the  precipitation  of  1  mol.  sulphuric  acid  from  the  aluminium  sulphate.  But 
the  precipitation  of  barium  chloride  by  free  sulphuric  acid  gives  about  5,000  heat- 
units,  that  is  to  say  considerably  more.  With  the  iron-alums  it  is  otherwise :  for 
on  subtracting  from  the  18,300  heat-units  of  the  last  tablo  likewise  the  number  3,900, 
there  remain  15.000  units,  the  third  of  which,  xiz.  6,000,  is  the  same  as  the  amount  of 
he.at  developed  in  precipitation  by  free  sulphuric  acid.  This  seems  to  show,  that  in 
the  iron-alums  the  disuniting  action  of  the  water  goes  further  than  with  the  other 
alums,  nf)t  only  separating  the  constituent  sulphates  one  from  the  other,  but  likewii-e 
resiilving  the  ferric  sulphate  itself  into  acid  and  base. 

The  following  table  gives  the  quantities  of  heat  developed  in  the  successive  precipi- 
tation of  the  sulphuric  acid  of  various  alums  ; — 
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Table  XII, 


Alums 

1.  half 

2.  half 

1,  fourth 

2,  fourth  j  3.  fourth 

4.  fourth 

Potassio-aluminie 
Potassio-chromie  . 
Ammonio-ferric  . 

7,601 
7.514 

7,815 
7,388 

3,680 
4,570 

i 

3,702  !  3.665 
4,600  4,793 

3.600 
4,712 

When  a  sufficiently  dilute  solution  of  a  ferric  alum  is  heated,  its  original  brown 
colour  becomes  gradually  lighter,  and  at  length  like  that  of  cobalt  solutions  ;  if  tlie 
liquid  be  then  heated  for  some  time  to  the  boiling  point,  a  more  or  less  considerable 
quantity  of  ferric  oxide  is  precipitated,  containing  small  quantities  of  sulphuric  acid, 
This  is  shown  by  the  following  numbers 


Table  XIII. 


Am 

monio-ferric  alum 

Potassio-f  erric  alum 

1. 

Fe^O^^P'"''"?''''!'':^ 

I  not  precipitated  . 

S  precipitated 

l  mit  precipitated  . 

64-3 
16-1 
5-4 
I860 

66-3 
13-2 
5-8 
185-6 

59-1 
21-0 
41-4 
151-5 

76-1 
4-7 
60-3 
130-9 

The  effect  appears  to  be  duo  to  the  disuniting  action  of  tlie  heat  superadded  to  tliat 
of  the  water,  a  view  confirmed  by  the  tliermic  results  obtained  on  precipitating  the 
ferric  alums  by  ammonia  {C'ompt.  rend.  Ixxiv.  1016,  1065;  Chem,  Ceritr.  1872,  457, 
475). 

Favre  a.  Valson  have  also  studied  the  solution  of  the  alums  in  -water  with  reference 
to  the  alterations  of  physical  state,  more  especially  the  contraction  in  volume — the 
coercive  ejfecf,  as  they  designate  it — thereby  produced  {Compt.  rend.  Ixxv.  798,  925, 
1000,  1066;  Chem.  Centr.  1872,  572,  730  ;  1873,  42). 

Tlie  results  -were  obtained  by  two  methods  :  first,  by  a  comparison  of  the  densities 
of  the  solid  salts  and  the  solutions ;  secondly,  by  observing  the  increase  of  volume 
caused  by  the  solution  of  a  known  weight  of  the  salt  in  a  determinate  quantity  of 
water  contained  in  a  reservoir  surmounted  by  a  narrow  calibrated  tube.  Table  XIV. 
contains  the  direct  results  of  observations ;  Table  XV.  the  results  deduced  therefrom. 
To  render  these  numbers  comparable,  the  formute  of  the  salts  examined  are  all  reduced 
to  1  eq.  of  sulphuric  acid.  Column  P  contains  the  equivalent  (molecular)  weights  of 
the  salts.  The  numbers  in  columns  d,  h,  dh,  refer  to  normal  solutions,  that  is  to  say, 
solutions  containing  1  eq.  of  the  salt  in  a  litre  of  water.  Column  d  shows  the  densities 
of  tlie  salts;  column  h  the  heights  in  millimeters  to  which  the  respective  solutions 
rise  in  capillary  tubes  of  J  mm.  diameter.  These  and  the  following  observations  were 
made  at  a  temperature  of  20°.  Column  dh  gives  tlie  products  of  the  densities  and 
capillary  heights.  The  numbers  in  column  v  express  the  increase  of  volume  which 
the  water  acquires  by  solutions  of  1  eq.  of  the  salt.  These  values  are  easily  calculated 
from  the  densities  of  the  solutions.  For,  supposing  that  a  weight  .v  of  the  salt  is 
dissolved  in  a  litre  of  water,  so  that  the  total  weight  of  the  solution  is  1  +  a-,  further 
that  1  +  y  is  the  density  of  the  solution,  and  1  +  ^;  the  volume,  wo  have  1  +  = 

L±-^,  therefore  v  =  ^  ~ 
1  +  1/  _      1  +  y  ^ 

Column  D  contains  the  densities  of  the  salts  in  tlie  anhydrous  state;  column  V 
p 

their  volume  =      .    Before  solution,  the  total  volume  is  1  +  V,  after  solution  it  is 

1+  v\  consequently,  V  —  v  \s  the  contraction,  and  the  quotient  ^  ~  ^  is  the  co- 
efficient of  contraction,  that  is  to  say,  the  contraction  of  the  solution  referred  to  the 
unit  of  volume.  These  numbers  are  given  in  the  last  two  columns  of  the  second 
table. 
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Tablh  XIV. 


Names  of  the  salts 

Tcniperaturo 

Density 

Potassium  sulphate  .... 

o 

21-8 

2-6o3 

Ammonium  sulphate  .... 

22-.3 

1  766 

Aluminium  sulphate,  dehydrated 

22-.) 

2-672 

Aluminium  sulphate,  crystallised 

22-1 

1'767 

O 

'Potassio-ahimimc  alum 

21-9 

l-7i5 

W 

Ammonio-aluminic  alum  . 

21-5 

1-631 

Potassio-ferric  alum  .... 

Ammonio  -ferric  alum 

22'1 

1-712 

S 

Potassio-chromic  alum 

21-0 

1-810 

.Ammonio-chromic  alum 

21  "9 

1-697 

'Potassio-ahiminic  alum 

22'0 

2-617 

1 

Ammonio-aluminic  alum  . 

2U'9 

2-3S3 

I. 

Potassio-ferric  alum  .... 

Ammonio-ferric  alum 

22-0 

2-492 

1 

Potassio-chromic  alum 

20-9 

Ammonio-chromic  alum 

21-9 

2-472 

Normal  solutions 

Potassium  sulphate  .... 

21-8 

1-0662 

Ammonium  sulphate  .... 

22-3 

1-0378 

1-0568 

Potassio-aluminic  alum 

21-8 

1  0595 

Ammonio-aluminic  alum 

21-8 

1-0521 

Potassio-ferric  alum 

l.ro 

1-0600 

Ammonio-ferric  alum 

21-8 

1-0535 

Potassio-chromic  alum,  violet 

21-0 

1-0636 

Ammonio-chromic  alum,  violet  . 

21-0 

1-0567 

Potassio-chromic  alum,  green 

22-0 

1-0602 

Ammonio-chromic  alum,  green  . 

22-0 

1-0517 

The  density  of  an  anhydrous  potassio-aluminic  alum  sho-\vs  that  it  is  a  chemical 
compound,  not  a  mere  mixture  of  its  constituents:  for  the  sum  of  the  weights  of  the 
constituent  salts  divided  by  the  sum  of  their  volumes  gives  the  numlici-  2-G(i5,  whereas 
the  actual  density  of  the  alum  is  only  2-617.  With  ammonio-.iliimliiic  .iliim.  mi  the 
contrary,  the  observed  density,  2-333,  is  very  nearly  the  same  as  I  he  ne  an  den-iiy  iif 
the  constituent  salts,  namely,  2-337.  Nevertheless  it  is  most  probable  that  this  salt 
is  also  a  chemical  compound,  inasmuch  as  it  does  not  give  off  ammonium  sulpli.-ite 
till  raised  to  a  temperature  much  higher  than  that  at  -svhich  ammonium  sulphate 
volatilises  -when  heated  by  itself.  The  same  is  the  case  -vvith  the  other  ammonia 
alums. 

The  relations  of  volume  and  density  of  the  crystallised  alums  arc  given  in 
Table  XVI. 

As  the  values  of  V  differ  but  slightly,  it  may  be  assumed  that  the  molecular  volumes 
of  all  the  crystallised  alums  are  equal. 

The  values  F,  —  i',  measiu-e  the  contraction  which  tlie  water  undergoes  by  dissolving 
the  hydrated  salts.  If  from  these  we  subtract  the  corresponding  values  V  —  v  in 
Table  XV.  which  measure  the  contraction  consequent  on  the  solution  of  the  anhydrous 
salts,  the  differences  will  give  the  portion  of  the  contraction  which  is  a  consequence  of 
the  formation  of  crystals.  For  potassio-aluminic  alum,  for  example,  V  —  v  =  19-86 
and  F,  —  v,  =  9-17  ;  and  the  difference  of  these  niimbers,  10-69,  is  greater  than 
V  —  V  itself,  showing  that  the  contraction  produced  by  the  crystallisation  is  greater 
than  that  which  is  a  consequence  of  the  solution  of  the  hydrated  salt.  Direct  experi- 
ments v/ith  sodiimi  sulphate  have  shown  that  for  this  salt  the  reverse  takes  place 
(p.  294). 

The  conversion  of  the  violet  solutions  of  the  chrome-alums  into  green  is  accompanied 
by  a  diminution  of  the  density  of  the  liquid.  Normal  solutions  of  the  two  violet 
chrome-alums  were  heated  in  sealed  tubes  to  the  boiling  temperature,  and  their  densities 
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S0«  (^^)  +  OHO 
SO'  (3AM™)  +  6110 
SO*  (^Mii)  +  GHO 
SO*  ^3Fe|Am  ^  ^  ^^,3 
SO'  (^MK^  , 

^3Cr|Am^  +  6110 


SO 

SO'Alrj 


p 

D 



118G2 

1-715 

67-98 

1-0565 

58-81 

9-17 

0-135 

113-33 

1-G31 

60-36 

1-0497 

60-62 

S-74 

0-12G  1 

12.5-78 

1-827 

G8  81 

1-0569 

65-18 

3-66 

0-053  1 

i  120-50 

1-712 

70-38 

1-0508 

C6-35 

4-03 

0-057 

1 

1 

1  125-12 

1-816 

C8-90 

1-060-1 

61-04 

7-86 

0-114  1 

j  119-87 

1-697 

70-61 

1-0538 

62-70 

7-94 

0-112 

1  111-17 

1-767 

62-90 

1-0539 

54-3-1 

8-56 

0-130 

aftor-wards  determined  at  22°.  These  densities  -were  found  to  bo  1-0572  and  1-0192, 
numbers  ditfering  from  those  in  Table  XVI.  viz.,  1-0636  and  1-0567,  which  -Hero 
determined  before  the  solutions  had  been  heated.  The  diminution  of  density  in  the 
solutions  of  the  two  chrome-alums  is  nearly  the  same. 

The  numbers  in  Table  XV.  under  the  head  of  normal  solutions,  afford  the  means  of 
extending  to  the  alums  the  relations  of  density  and  capillary  height  formerly  established 
by  Valson  for  other  salts  (pp.  244-246).  The  follo-wing  arc  the  moduli  of  density 
•md  capillarity  of  the  several  metals  contained  in  the  alums,  deduced  from  the  numbei  s 
in  Table  XV.  a  solution  of  ammonium  sulphate  being  taken  as  the  standard  : — 

Table  XVII. 


Moduli  of 

Jloduli  of 

density 

cainll.iiity 

0  0000 

0-0 

0-0284 

1-0 

0-0190 

1-7 

Iron  (Fej)  

0-0209 

1-9 

Chromium  (Cr§)  ..... 

0-0252 

2-0 

The  moduli  of  density  are  the  numbers  -which  must  be  .iddcd  to  the  density  of  a 
normal  solution  of  ammonium  sulphate  1-0378  to  obtain  the  densities  of  the  other 
normal  solutions.  The  moduli  of  capillarity  are  the  numbers  "ivhich  must  be  sub- 
tracted from  the  capillary  height  of  ammonium  sulphate,  69-7,  in  a  tube  5  millimeters 
in  dianjuter,  to  obtain  the  capillary  heights  of  the  other  normal  saline  solutions(p.  246). 
The  following  table  exhibits  the  agreement  between  the  observed  and  calculated 
results:— 


Table  XVIII. 


Normal  solutions  of  aliinis 

Density 

Capillary 

""oLij!'* 

Calc. 

Obp. 

Potassio-aluminic  alum 

1  0591 

1-0595 

68-0 

58-0 

Ammonio-aluniinic  alum 

1-0520 

1  0521 

58-4 

58-4 

Potassio-ferric  alum  . 

1-0606 

1-0600 

57  8 

Ammonio-ferric  alum 

1-0535 

58-3 

Pobis.sio-chroniic  alum 

1-0638 

1-0636 

57-8 

57-9 

Ammouio-chromic  alum 

1-0567 

1-0567 

58-2 

58-2 

802 
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The  product  of  the  height  of  each  normal  solution  into  its  density  gives  the  numbers 
in  column  dh  of  Table  XV.  wliieh  are  nearly  the  same  for  all  the  alums. 

These  results  confirm  the  conclusion  deduced  from  the  thermic  phenomena  before 
considered,  namely,  that  double  salts,  and  especially  the  alums,  cannot  exist  in  pre- 
sence of  water,  but  are  resolved  into  their  constituent  salts;  both  for  the  density  and 
for  the  capillary  height  the  same  numbers  are  obtained,  -whether  by  direct  determina- 
tion mth  solutions  of  the  alums,  or  by  calculations  from  the  numbers  belonging  to 
the  constituent  salts  {Compt.  -rend.  Ixxv.  798  and  925:  Chem.  Ccntr.  1872,  572,  730). 
■  A  comparison  of  the  thermic  effects  and  the  alterations  of  volimie  accompanying  the 
solution  of  the  alums  leads  to  the  following  conclusions  : — 

The  numbers  in  column  v  of  Table  XV.  show  that  different  salts  in  dissolv- 
ing undergo  very  different  changes  of  volume  ;  for  whereas  ammonium  sulphate 
increases  by  about  27  c.  c.  for  1  eq.,  potassium  sulphate  increases  by  only  20  c.  c,  and 
aluminium  sulphate  by  only  0  35  c.  c.  The  solution  of  the  sulphates  of  potassium 
and  ammonium  is  attended  with  a  fall  of  temperature,  whereas  aluminium  sul- 
phate exhibits  a  considerable  rise.  The  slowness  with  which  this  salt  dissolves 
when  in  the  anhydrous  state  renders  it  unfit  for  calometric  experiments,  but  when 
dehydrated  at  200°  and  then  brought  back  to  the  composition  A1-(S0*)'.6H0  it  gives 
•23919  heat-units  in  dissolving.  If  it  could  be  employed  iu  the  anhydrous  state,  it 
would  doubtless  give  a  higlier  numlier. 

These  examples,  together  with  those  formerly  cited,  show  that  there  is  a  certain 
connection  between  the  thermic  phenomena  and  the  contraction  of  volume  attending 
the  solution  of  salts.  Tlie  hydrated  alums,  in  dissolving,  exhibit  a  contraction  smaller 
than  that  whicli  might  be  expected  from  a  comparison  of  the  values  obtained  for  v, 
and  Vi ;  but  at  the  same  time  the  act  of  solution  is  accompanied  by  an  absorption  of 
heat,  amounting  to  about  10,000  units  in  the  case  of  chrome-alum  with  24  eq.  water, 
and  to  18,000  xinits  in  that  of  the  ferric  alums  with  the  same  amount  of  water.  Nearly 
the  same  absorption  of  heat  is  likewise  observed  in  the  solution  of  the  aluminic  alums ; 
at  the  same  time  the  values  of  y,  and  F,  show  that  the  corresponding  contractions 
are  nearly  the  same ;  the  latter  observation  applies  also  to  the  iron-alums.  On  the 
other  hand,  the  contractions  which  take  place  in  the  solution  of  the  anhydrous  alums 
are  greater  than  those  which  accompany  the  solution  of  the  hydrated  alums. 

The  partially  dehydrated  alums  exhibit  in  dissolving,  not  an  absorption  but  a 
development  of  heat;  thus  potassio-aluminic  alum  with  1  OHO  gives  +  12,416  heat- 
units  instead  of  —9,803  (the  absorption  observed  with  the  24-hydrated  salt),  making 
altogether  a  difference  of  22,219  heat-units.  This  difference  would  be  much  greater  if 
it  were  possible  to  operate  with  perfectly  anhydrous  alums. 

In  examining  the  relations  between  the  phenomenon  of  contraction  and  the  external 
thermic  effects  accompanying  the  solution  of  salts,  it  must  be  borne  in  mind  that  solu- 
tion is  a  complex  effect  resulting  from  several  different  forms  of  work,  of  which  only 
the  final  result  can  be  directly  observed. 

This  has  already  been  explained  in  the  case  of  sodium  sulphate.  Table  XIX. 
will  facilitate  the  application  of  similar  considerations  to  the  alums. 

In  this  table  F",  v,,  V  and  v,  have  the  same  values  as  before.  The  column 
—  V  +  6H0  contains  the  volumes  of  the  anhydrous  salts  plus  that  of  their  water 
of  crystallisation  in  the  uncombined  state ;  hence,  as  is  the  volume  of  the  crystal- 
lised salt,  the  differences  V„  —  F,  measure  the  contractions  which  take  place  on 
assumption  of  the  water  of  crystallisation.  Lastly,  the  differences  V  —  v  denote  the 
contractions  which  accompany  the  solution  of  the  hydrated  salt,  and  F,  —  v^  those 
which  ensue  on  the  solution  of  the  crystallised  salt.  The  sum  of  the  values  J'\  — 
and  F,  —  v  is  necessarily  V.,  —  v.  for  the  ultimate  state  of  a  solution  must  be  the 
same  whether  it  is  made  from  the  hydrated  or  from  the  anhydrous  salt,  and  conse- 
quently the  contraction  produced  by  the  anhydrous  salt  must  be  equal  to  that  produced 
by  the  hydrated  salt  together  with  that  resulting  from  the  addition  of  the  action  of 
crystallisation. 

When  the  values  of  v  are  calculated  for  the  first  two  alums,  starting  from  the 
corresponding  values  for  aluminium  sesqui sulphate  and  for  the  sulphates  of  potissivini 
and  ammonium,  we  Obtain  the  numbers  5-19  and  7  00,  agreeing  approximately  with 
4-83  and  6-88.  A  similar  calculation  for  the  same  alums  with  respect  to  the  values 
V  —  V  gives  the  numbers  19-4  and  18-37,  agreeing  approximately  T,vith  19-86  and 
18-55.  For  the  other  .ahims,  however,  this  calculation  cannot  be  carried  out,  because 
tlie  densities  of  the  anhytbous  ferric  and  chromic  sulphates  are  unknown.  Never- 
theless, the  above-mentioned  coincidences  seem  to  show  that  moduli  of  contraction 
exist  analogous  to  those  previously  established  for  the  thermal  phenomena  densities 
and  capillary  actions. 

Table  XX.  exhibits  the  quantities  of  heat,  which,  according  to  principles 
previously  developed,  correspond  with  the  work  of  the  solution.    V  —  v  denotes  the 
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internal  work  -wliicli  measures  tlio  contractive  force  exerted  by  tlio  salt  in  the  water. 

—  F,  measures  the  work  employed  in  the  formation  of  the  crystal,  and  J\  —  v, 
the  work  which  is  rendered  available  on  the  solution  of  the  crystallised  salt.  The 
numbers  in  this  table  were  obtained  by  multiplying  the  corresponding  numbers  of  the 
preceding  table  by  75'76,  wliicli  number  answers  to  the  quantity  of  heat  abstracted 
from  a  litre  of  water  when  its  volume  is  diminished  by  1  c.  c. 


Table  XX. 


Formula;  of  the  Salts 

r~  V 

V,  —  i; 

Heat-units 

Heat-units 

Heat-units 

SO'K  

99,170 

SO'Am  

78,700 

so^Ai;|  

159,323 

64,851 

94,854 

fPotassio-alumiiiic 
1  Ammonio-aluniinic  . 
, ,         1  Potassio-ferric  . 
i  Ammonio-ferric 
1  Potassio-ehromic 
LAmmonio-chromic 

150,459 
U0,535 
120,534 
108.716 
145,005 
136,141 

69,472 
66,214 
27,728 
30.531 
59,547 
60,153 

81,139 
76,290 
93,109 
78,109 
85,685 
75,836 

The  interpretation  of  these  numbers  leads  to  the  same  or  similar  consequences  as 
those  which  have  already  been  developed  in  the  case  of  sodium  sulphate  (p.  294). 

The  numbers  in  the  last  table  are  very  high,  and  out  of  all  proportion  to  those 
obtained  with  the  calorimeter,  which  are  for  the  most  part  very  low  and  not  unfre- 
quently  negative.  They  cannot  be  explained  either  by  the  fusion  of  the  crystallisation- 
water  or  by  that  of  the  salts  themselves.  The  mechanical  work  corresponding  with 
these  large  quantities  of  heat  seems  indeed  to  indicate  considerable  modifications  of 
internal  structure.  The  solvent  action  of  the  water  may  perhaps  consist  in  separating 
the  elements  of  the  salt  and  bringing  them,  if  not  into  the  free  state,  at  least  into  a 
state  of  partial  independence,  very  dilTerent  from  that  in  which  they  existed  in  the 
original  salt.  The  existence  of  such  a  state  is,  moreover,  indicated,  as  already  ex- 
plained, by  the  phenomena  of  density,  capillarity,  and  contraction.  Starting  from' 
these  different  points  of  view,  we  always  arrive  at  the  same  conclusion,  namely  that  in 
sufficiently  dilute  saline  solutions,  each  of  the  metallic  and  chlorous  radicles  produces 
effects  which  are  independent  of  those  produced  by  all  the  rest. 

Finally,  Favre  and  Valson  sum  up  their  results  in  the  following  theorem:  'Solution 
brings  the  elements  of  the  dissolved  bodies  into  a  state  of  mutual  independence,  and 
the  internal  mechanical  work  required  for  the  production  of  this  effect  is  measured  by 
the  alterations  of  volume  which  take  place  in  the  act  of  solution,  and  consequently  by 
tliat  quantity  of  heat  which  comes  into  play  as  soon  as  the  same  effects  of  contraction 
(coercion)  are  produced  in  the  solvent  by  equivalent  quantities  of  work'  {Coinpt.  rend. 
Ixxv.  1000). 

zrascent  State.  According  to  H.  Saintc-CIaire  Deville  (  Coot^j?.  rend.  Isx.  20,  550) 
the  assumption  of  a  so-called  nascent  state  in  bodies  ascribes  to  them  a  system  of 
arbitrarily  chosen  properties,  which  contributes  nothing  to  the  explanation  of  chemical 
reactions.  By  the  examination  of  a  number  of  phenomena  in  which  this  peculiar  state 
of  bodies  is  supposed  to  come  into  play,  such  as  the  action  of  zinc  on  solutions  of  nitric 
acid,  of  sulphuric  and  nitric  acid,  and  of  hydrochloric  and  nitric  acid,  the  ultimate 
result  of  which  is  the  formation  of  sulphate,  nitrate  or  chloride  of  zinc  and  of  ammonia, 
Deville  found  that  hydrogen  is  never  evolved  in  contact  with  the  zinc  at  any  tempera- 
ture or  any  degree  of  concentration  of  the  nitric  acid,  and  that  the  quantity  of  ammonia 
formed  is  altogether  independent  of  the  concentration  of  the  acid.  When  zinc  is 
treated  with  excess  of  nitric  acid,  the  resulting  solution  contains  nitrons  acid,  a.  little 
nitrogen  dioxide,  often  a  large  quantity  of  nitrogen  monoxide,  very  little  nitrogen, 
and  finally  ammonia.  These  results  are  explained  by  Deville  as  follows : — The  evolu- 
tion of  nitrogen  takes  place  as  represented  by  the  equation, 

Zn'  +  6N--0=  =  5(ZnO.N=0=)  +  W; 
and,  assuming  that  the  acid  was  contained  in  the  liquid  in  the  form  of  the  hydrate 
N=0''.2H-0,  and  that  it  loses  5  at  oxygen,  there  will  remain  ammonium  nitrite 
NH^.NO'  =  i(N2H'*0.N*0').    Moreover,  experiment  shows  that  only  a  portion  of 
the  liberated  nitrogen  remains  united  with  the  elements  of  water,  tlie  rest  escaping 
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as  gas.  This,  according  to  Dcville,  explains  the  formatiou  of  nitrous  acid,  nitrogen, 
and  part  of  the  ammonia. 

The  evolution  of  nitrogen  monoxide  takes  place  according  to  the  equation, 

iZn  +  oN-O^  =  4ZnN'-0'>  +  N=0 ; 

and  assuming,  as  before,  that  the  hydrate  N=0^2H-0,  or  2N0^H.H-0,  is  present  in  the 
liquid  and  gives  up  4  at.  oxj'gon  to  the  zinc,  there  will  remain  ammonium  nitrate 
NH'.NO'=iJ(N'''H''O.N-0*).  Only  a  part  of  the  nitrogen  monoxide,  however,  remains 
combined  with  the  elements  of  water,  the  rest  escaping  as  gas  or  remaining  dissolved. 

Devillchas  also  found — by  a  large  number  of  experiments  in  which  the  proportional 
quantities  of  ammonia,  nitrogen  monoxide,  nitrogen  and  nitrous  acid,  formed  in  a 
liquid  of  known  temperature,  concentration,  and  tension  of  the  dissolved  gases,  were 
determined — that  the  quantity  of  ammonia  formed  and  the  quantity  of  zinc  required  to 
produce  it  from  nitric  acid,  do  not  vary  much  with  the  concentration  of  the  acid.  As 
tlie  concentration  becomes  greater,  the  quantity  of  nitrogen  evolved  decreases  and  that 
of  nitrogen  monoxide  increases. 

When  zinc  acts  upon  a  mixture  of  sulphiu-ic  and  nitric  acids,  the  quantity  of 
hydrogen  evolved  diminishes  as  the  proportion  of  nitric  acid  increases,  and  after 
a  certain  time,  no  more  hydrogen  is  evolved.  Hence  it  is  inferred  that  the  two  acids 
act  upon  the  zinc  just  as  if  each  of  them  were  present  alone.  When  the  nitric  acid  is 
in  excess,  the  bars  of  zinc  become  surrounded  with  a  layer  of  saline  solution  con- 
taining a  large  proportion  of  zinc  nitrate.  Around  this  layer  the  sulphuric  acid 
rapidly  decomposes  the  zinc  nitrate,  reproducing  free  nitric  acid,  which  again  dissolves 
zinc  ;  and  thus  the  action  goes  on,  the  sulphuric  acid  never  coming  into  direct  contact 
with  the  zinc.    This  accounts  for  the  complete  disappearance  of  the  hydrogen. 

A  mixture  of  hydrochloric  and  nitric  acids  likewise  acts  upon  zinc  as  if  the  acids 
were  separate,  and  not  as  if  they  had  previously  formed  aqua  rcgia,  which  would 
decompose  the  ammonia.  Moreover,  sulphuric  acid  dissolves  zinc  less  quickly  than 
hydrochloric  acid,  and  in  such  proport;lon  that  0'20  eq.  of  nitric  acid  is  sufficient  to 
arrest  completely  the  action  of  1  eq.  sulphuric  acid,  whereas  to  stop  the  action  of  1  eq. 
hydrochloric  acid,  0'67  eq.  nitric  acid  is  required.  Lastly,  sulphuric  acid  very  easily 
displaces  the  nitric  acid  of  zinc  nitrate,  whereas  the  conversion  of  this  salt  into 
chloride,  requires  a  very  largo  excess  of  hydrochloric  acid  and  prolonged  boiling. 
Hence,  when  a  layer  of  dissolved  zinc  nitrate  has  formed  around  the  zinc,  hydrochloric 
acid  can  more  easily  penetrate  this  layer  without  decomposing  the  zinc  nitrate,  and 
thus  reach  the  zinc  and  give  off  hydrogen. 

All  these  reactions  may,  therefore,  be  referred  to  simple  mechanical  effects  analogous 
to  the  polarisation  of  the  electrodes  or  the  elements  of  a  battery,  in  which  the  chemical 
action  is  arrested  by  a  layer  of  gas  which  prevents  the  liquid  from  coming  in  contact 
with  the  metals. 

Influence  of  certain  Xiiquids  in  retarding  or  arresting  tbe  action  of 
Acids  on  Eletals.— (Marangoni  a.  Stefanelli,  II  nuovo  Cimcnto,  [2]  iv.  373).  The 
evolution  of  liycbogon  from  dilute  sulphuric  acid  by  the  action  of  zinc  is  quickly 
arrested  on  adding  a  small  quantity  of  an  essential  oil,  such  as  oil  of  myrtle,  thyme, 
lavender,  turpentine,  or  cherry-laurel,  and  agitating  briskly  with  a  glass  rod,  but 
recommences,  though  less  strongly,  on  addition  of  a  certain  qiuantity  of  alcohol. 
Fixed  oils  likewise  arrest  the  action  completely,  but  less  quickly  than  essential  oils  ; 
ether,  naphtha,  benzene,  and  nitrobenzene  have  but  little  effect,  the  evolution  of 
hydrogen  being  merely  retarded  by  them  while  the  agitation  continues,  and  recom- 
mencing soon  after  the  liquid  is  left  at  rest.  The  action  of  dilute  nitric  acid  on  copper 
is  retarded  by  essential  oils  while  they  are  agitated  with  the  liquid,  but  quickly  recom- 
mences on  repose ;  fixed  oils  produce  but  little  retardation ;  ether,  naphtha,  benzene, 
and  nitrobenzene  scarcely  any.  Similar  remarks  apply  to  the  effect  of  these  various 
liquids  on  the  action  of  hydrochloric  acid  upon  zinc.  That  of  dilute  nitric  acid  on 
zinc  is  not  sensibly  retarded  by  either  of  them. 

The  retarding  action  in  all  these  cases  is  due  to  the  formation,  on  tlic  surface  of  the 
zinc,  of  a  film  of  liquid  which  protects  the  metal  from  contact  with  the  acid.  Tlie 
agitation  of  the  mixture  facilitates  the  formation  of  this  film,  partly  by  bringing  the 
particles  of  the,  oily  liquid  in  conttict  with  the  metal,  partly  by  removing  the  bubbles 
of  hydrogen  which  adhere  to  its  surface. 

A  comparison  of  the  observations  made  by  Marangoni  a.  Stcfiinelli  with  those  of 
Duclaux  {Ann.  Chem.  Phys.  [4]  xxi.  378)  on  the  surface-tension  of  liquids,  leads  to 
the  conclusion  that  the  permanence  of  the  protecting  film  is  greater  in  propoi'tion  as 
the  density  of  the  oily  liquid  approaches  more  nearly  to  that  of  tbe  acidulated  Mati'f. 
and  diminishes  in  proportion  as  this  liquid  has  a  greater  superficial  cajiillary  tension 
(which  is  proportional  to  the  product  of  its  density  into  the  height  to  which  it  rises  in 
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CHINOLINE. 


a  capillary  tube  of  given  diameter).  The  fixed  oils  produce  but  little  retarding  effect, 
because,  though  they  differ  but  little  from  the  acidulated  water  in  density,  they  have 
a  considerable  superficial  tension ;  ether,  naphtha,  and  benzene,  on  the  other  hand, 
though  their  superficial  tension  is  small,  cannot  form  permanent  films  on  the  metal 
under  the  acidulated  water,  on  account  of  their  small  specific  gi-avity ;  but  the  volatile 
oils  above  mentioned  have  but  little  superficial  tension,  and  a  density  (0'869 — 0'886) 
not  differing  greatly  from  that  of  the  acidulated  water :  hence  they  have  the  greatest 
tendency  to  form  permanent  films  on  the  surface  of  the  zinc. 

The  authors  also  found  that  the  effect  of  a  film  of  essential  oil  on  the  zinc  plates  of 
a  voltaic  pile  is  similar  to  that  of  amalgamation,  preventing  local  action  to  a  certain 
extent.  It  diminishes  the  quantity  and  intensity  of  the  cm-rent  at  the  commencement 
of  the  action,  but  renders  it  for  a  certain  time  more  constant.  After  two  or  three 
hours,  however,  it  stops  the  action  altogether. 

CHINESE  GBBEW.    See  LoKAO. 

CHIMTESE  OIIi-BBAIO'.  These  beans,  belonging  to  the  genus  Phascohis,  are 
used  in  Cliina  for  the  production  of  sweet  oil  by  pressiu-e,  while  the  pressed  residue  is 
made  into  a  kind  of  cheese.  The  composition  of  a  yellowish  and  a  black  variety, 
analysed  by  Stocldiardt  {Chem.  Ackers.  1872,  122),  is  given  in  the  following  table, 
together  with  that  of  the  cake  analysed  by  Voelcker  : — 


Yellowish 

Black 

Oil-bean 

oil-beau 

oil-bcan 

cake 

Water  

6-60 

7-U 

12-82 

Albuminoids  ..... 

38-o4 

38-Oi 

46-93 

16  88  . 

5-32 

Non-nitrogenous  extractive  mii*4ter 

24-61 

27-79 

24-52 

5-13 

5-53 

6-71 

Ash  

4-50 

4-62 

6-70 

100-00 

100-00 

100-00 

The  Chinese  oil-beans  resemble  lupine-seeds  in  containing  no  starch  and  a  much 
larger  proportion  of  fat  and  nitrogen  than  beans,  peas,  vetches,  or  lentils. 

CHIsroiiXN-E,  C'H'N.  Lubavin's  experiments  with  this  base,  shortly  noticed 
in  the  First  Supplc7nent  (p.  430),  have  since  been  published  in  detail  (Ami.  Ch.  Fharm, 
civ.  311).  The  chinoline  was  prepared  by  Williams's  process  {Ist  Suppl.  869)  by  dis- 
tilling cinchonine  with  potassium  hydrate,  and  collecting  apart  the  portion  which  passed 
over  between  215°  and  246°. 

Potassium  and  sodium  do  not  act  upon  chinoline  at  ordinary  temperatures,  but  on 
applying  heat,  an  unstable  red  body  is  formed  without  evolution  of  hydrogen,  and,  on 
removing  the  excess  of  potassium  and  treating  the  mass  with  water,  a  brown  amorphous 
insoluble  substance  remains.  Chinoline  is  not  decomposed  by  ordinary  nit7-ic  acid  at 
the  boiling  heat,  or  by  the  fuming  acid  at  ordinary  temperatures,  but  on  heating  it 
with  the  latter,  copious  red  fumes  are  evolved,  and  on  addition  of  water,  an  amorphous 
yellow  body  separates  out.  Chinoline  is  not  oxidised  by  heating  with  a  mixture  of 
potassium  chromate  and  sulphuric  acid,  but  the  liquid,  on  cooling,  deposits  character- 
istic gold-yellow  needles  of  acid  chromate  of  chinoline.  'M.nllmg  piotash  produces, 
with  chinoline,  a  greenish-blue,  and  on  pirolonged  heating,  a  dark  violet,  unstable 
coloration,  which  disappears,  with  formation  of  a  brown  amorphous  substance,  when 
the  fused  mass  deliquesces  or  is  dissolved  in  water. 

This  colour  is  likewise  produced  when  any  derivative  of  chinoline  is  fused  with  an 
alkali  or  alkaline  earth ;  souiatimes  even  on  fusing  cinchonine  with  potash. 

Ckinolinc-sulpkonic  acid,  C'H'^N.SO'H,  is  formed  when  chinoline  is  heated 
with  ordinary  concentrated  sulphuric  acid,  but  is  best  prepared  by  heating  chinoline 
for  several  days  on  the  water-bath  with  fuming  sulphuric  acid  till  a  drop  of  the 
solution,  after  dilution  with  water,  no  longer  gives  a  turbidity  with  soda-ley  ;  part  of 
the  chinoline,  however,  remains  unattacked,  even  after  heating  for  forty  hours.  The 
product  is  a  brown  opaque  thickish  liquid,  from  which  the  pure  acid  may  be  obtained 
by  pom-ing  it  into  a  large  quantity  of  water,  saturating  with  baryta,  precipitating  the 
excess  of  baryta  with  the  exact  quantity  of  sulphuric  acid  required,  and  concentrating 
the  yellow  filtrate  till  it  begins  to  crystallise.  The  acid  forms  large,  hard,  well-defined 
crystals,  which  are  colourless,  shining,  strongly  refractive,  permanent  in  the  air,  and 
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anhydrous.  It  dissolves  sparingly  iu  cold,  more  easily  in  liot  water  or  in  strong 
hydrochloric  acid ;  in  hot  alcohol  more  freely  than  iu  cold,  but  is  insoluble  iu  ether. 
Its  solutions,  like  those  of  other  chinoline  derivatives,  exhibit  a  tendency  to  super- 
saturation.  The  aqueous  solution  reddens  litmus  and  slowly,  and  decomposes  barium 
carbonate.  The  acid  bears  a  rather  high  temperatiu-e  without  decomposition,  but 
decomposes  wlien  melted  on  platinum-foil,  giving  off  acid  vapours  and  au  odour  of 
cliinoline.  It  is  not  perceptibly  attacked  by  boiling  nitric  acid.  When  fused  with 
potash  it  gives  off  chinoline,  and  on  treating  the  fused  mass  with  water,  a  brown, 
amorphous  insoluble  body  separates,  which  is  dissolved  by  acids,  and  reprecipitated 
hy  alkalis.  The  original  mass,  treated  with  acids,  gives  off  a  small  quantity  of  sulphur 
dioxide.  Chinoline-sulphouic  acid  or  its  barium  salt,  cautiously  heated  with  barium 
hydrate,  gives  the  blue-green  coloration  above  mentioned. 

Barhiin  cliinoline-sidplwnate,  Ba(C^H''SO^)^  is  prepared  from  the  brown  liquid 
formed  "by  heating  cliinoliue  with  fuming  sulphuric  acid,  Ijy  pouring  this  liquid  into 
a  large  quantity  of  water,  supersaturating  with  baryta,  removing  the  excess  of  barium 
with  carbonic  acid,  filtering,  evaporating  to  dryness,  redissolving  in  boiling  water,  and 
evaporating  to  a  small  bulk.  It  maybe  heated  without  decomposition  to  2.50°,  dissolves 
Init  sparingly  even  in  hot  water,  and  always  separates  in  the  amorphous  state  on  eva- 
poration. 

The  lead  salt  is  obtained  as  a  white  granular  precipitate  on  mixing  the  aqueous 
solution  of  the  acid  with  neutral  lead  acetate  and  ammonia,  or  with  the  basic  acetate. 
Tlio  acid,  neutralised  with  ammonia,  docs  not  precipitate  silver  nitrate,  but  tlic  liquid, 
on  standing,  gradually  deposits  a  white  j)recipitate  consisting  of  thiu  silky  needles. 

Bromochinolines. — When  1  mol.  chinoline-sulphonic  acid  is  heated  in  sealed  tubes 
in  the  water-bath  for  about  twenty-five  hours  with  6  atoms  of  bromine  and  a  little  water, 
the  acid  is  resolved  into  sulphiu-ic  acid  and  bromochinolines,  which  separate  into  a  solid 
yellow-brown  substance.  One  part  of  this  mass  is  dense  and  granular,  the  other  part 
very  loose,  light,  and  of  lighter  colour.  Both  compounds  are  insoluble  iu  water,  very 
slightly  soluble  in  cold,  more  easily  in  hot  alcohol ;  they  arc  easily  separated  by 
mechanical  selection.  When  the  denser  product — wliicli  is  tlio  larger  portion — was 
freed  by  water  from  adhering  bromine,  and  dissolved  in  an  insuflRcieut  quantity  of 
liot  alcohol,  crystalline  nodules  separated  containing  no  sulphur,  a  large  quantity  of 
bromine,  and  (after  drying  at  100°)  quantities  of  carbon  and  hydrogen  indicating  a 
composition  intermediate  between  tri- and  tetrabromochinoline.  They  melt  at 
147°-150°,  are  insoluble  in  water  and  in  soda-ley,  which  latter  does  not  attack  them 
at  the  boiling  heat,  dissolve  in  strong  hydrochloric  acid,  and  are  reprecipitated  by 
water. 

Liquid  bromine  acts  at  ordinary  temperatures  on  chinoline  or  its  aqueous  solution, 
but  the  products  are  uncrystallisable.  Better  results  aro  obtained  with  bromine- 
vapour.  When  a  watch-glass  containing  3  grams  of  chinoline,  and  a  beaker  contain- 
ing 6  grams  of  bromine  aro  placed  within  a  bell-jar  over  sulphuric  acid,  the  bromine 
disappears  in  two  days,  and  the  chinoline  is  converted  partly  into  a  dark  red  s}Tupy 
mass,  partly  into  brown  crystals.  This  product,  probably  an  additive  compound,  forms 
with  water  a  thick  insoluble  oil,  the  water  turning  yellow  and  acquiring  the  odour  of 
bromine.  A  great  part  of  the  bromine  may  be  removed  by  sulphurous  acid,  also  witli 
soda-ley,  which  does  not  separate  chinoline  from  it.  It  is  insoluble  in  hydrochloric 
acid.  Alcohol  dissolves  it  almost  wholly,  forming  a  red  solution  whieli,  on  standing, 
deposits  white  silkj' needles  of  tribromochinoline,  C'lI'Br'N.  Tliis  compound 
melts  at  173°-175°,  solidifies,  on  cooling,  in  radiate  groups  of  long  needles,  and  vola- 
tilises completely,  without  decomposition,  at  a  stronger  heat,  emitting  a  faint  odour 
somewhat  like  that  of  chinoline.  It  is  insoluble  in  water,  very  sohible  in  cold,  easily 
in  hot  alcohol,  also  in  strong  hydrochloric  or  sulphuric  acid,  and  is  precipitateil  liy 
water  or  soda  as  a  loose  crystalline  mass.  It  is  not  acted  upon  by  aqueous  or  alcoholic 
potash,  silver  oxide  or  strong  sulphru-ic  acid.  Wlien  fused  with  potassium  hydrate, 
it  gives  the  blue-green  colour  exhibited  by  all  derivatives  of  chinoline. 

CKI.ORAI.,  C-HCPO  =  CCP.CHO.  Lieben  showed  in  1857  {Compt.  rend.  xliv. 
131.5)  tliat  the  action  of  chlorine  on  alcohol  at  ordinary  temperatures  gives  rise  to  the 
formation  of  mono-,  di-,  and  tri-chloracetal ;  and  Paterno  liaving  since  found  that 
chloral  caTi  bo  formed  by  the  decomposition  of  triehloracetal  ( Ist  tiupiil.  432),  Lieben 
regards  this  series  of  reactions  as  the  source  of  the  formation  of  chloral  by  the 
ovilinary  process  of  passing  chlorine  into  alcohol.  The  final  product  of  the  action  of 
chlorine  on  «/«o;^f/c  alcohol  is  chloral  alcoholate,  C'lI'CPO-  =  CHCPO.C-H''0, 
(Lieben,  Dent.  Clicm.  Gcs.  Bcr.  iii.  907). 

Another  view  of  the  formation  of  chloral  from  alcohol  is  given  by  AVurtz  n.  Vogt 
{Compt.  rend.  Ixxiv.  777).  The  action  of  chlorine  upon  alcohol  first  eives  I'ise  to  tlio 
formation  of  aldehyde  and  hydrochloric  acid;  C-H"0  +  Ci-  =  C'U'U  +  2IIC1 
X  2 
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(i.  74)  ;  the  hydrochloric  acid  acting  upon  the  aldehyde  and  alcohol  produces  water 
and  monochlor-ethyl  oxide, 

Cff.CHO  +  CmOK  +  HCl  =  H"0  +  CffCH  Jq^'-^', 

"which  latter  hy  the  further  action  of  the  chlorine  is  converted  into  tetrachlor-ethji 
oxide,  CCPCH  |  ;  ^^'^  tl^is  compound  is  converted  into  chloral  by  the  action  of 

the  water  either  present  in  the  alcohol  or  formed  in  the  manner  just  mentioned  : 

CCPCH  I  ^p'-^'  +  IPO  =  HCl  +  C^H^OH  +  CCP.CHO. 

This  tetrachlorinated  ether — first  obtained  by  Malaguti  by  the  action  of  chlorine  on 
ethyl  oxide  (ii.  640),  and  likewise  formed  according  to  Henry  (p.  314)  by  the  action 
of  phosphorus  pentachloride  on  chloral  alcoholate  is  in  fact  converted  into  chloral 
by  heating  with  water.  Heated  with  alcohol  instead  of  water,  it  j'ields  Iiydrochloric 
acid  and  trichloracetal,*CCF.CH(OC2H^)-,  which  may  be  converted  into  chloral  by  the 
action  of  sulphuric  acid.  The  tetrachlorinated  ether  distilled  with  sulphuric  acid, 
also  gives  ethyl  chloride  and  chloral : 

C'IPCl'O  =  C=H=C1  +  C^HCPO. 

Chloral  is  also  formed  when  chlorine  is  passed  into  a  cooled  mixture  of  aldehyde  and 
aqueous  hydrochloric  acid,  or  of  aldehyde  and  water  (Wurtz  a.  Vogt). 

Eeactio7is  and  Combinations,  1.  Chloral  is  easily  reduced  to  aldehyde  by  the  action 
of  nascent  hydrogen  evolved  from  an  acid  solution.  If  a  solution  of  chloral  hydrate  be 
heated  to  50°  with  zinc  in  a  retort  connected  with  a  condenser  cooled  by  ice,  and  very 
dilute  acid  gradually  poured  in,  aldehyde  will  soon  be  obtained  in  quantity  sufficient 
to  admit  of  rectification,  and  identification  by  conversion  into  the  ammonia  compound. 
Polymeric  modifications  are  formed  at  the  same  time,  especially  paraldehyde,  which 
floats  as  an  oily  layer  on  the  surface  of  the  distillate  (Personne,  Compt.  rend,  Ixxi. 
227). 

2.  With  pkosjjhorus  iicntachloride  chloral  yields  pent  a  chlor  ethane,  C-HCP, 
{\st  Suppl.  432),  and  with  the  chlorobromidc,  PCPBr-,  it  forms  in  like  manner 
tr ichl or o-dibrome thane,  C-HCPBr=.  On  adding  water  to  the  product  of  the 
reaction,  an  oil  separates,  which,  when  dried  and  submitted  to  fractional  distillation 
under  diminished  pressure,  yields  the  compound  C-HCPBr-  as  a  colourless,  transparent, 
highly  refracting  liquid,  of  sp.  gr.  2'317  at  0°  having  a  pleasant  odour,  insoluble 
in  water,  but  readily  soluble  in  alcohol  and  ether.  It  boils  at  about  200°  with  partial 
decomposition,  but  distils  unchanged  at  93°-95°  at  a  pressure  of  14  millimeters. 
Its  refractive  index  for  D  at  25"7°  is  1-62991.  When  treated  with  alcoholic  potash, 
it  is  rapidly  decomposed,  with  formation  of  potassium  chloride,  and  an  oily  substance 
distilling  at  143°-160°,  but  apparently  not  homogeneous  (Paterno,  Gazzctta  chimica 
italiana,  i.  590). 

3.  With  sulphuric  acid. — Cliloral  mixed  with  fuming  sulphuric  acid  solidifies,  after 
a  short  time,  to  a  white  crystalline  mass,  which  contains  neither  insoluble  chloral  nor 
cliloralide,  but  lias  the  composition  CH^Cl'-S-O",  which  is  that  of  an  anhydride  of 
neutral  chloral  sidphate  formed  by  combination  of  4  niol.  chloral  and  2  mol.  sulphuric 
acid,  with  elimination  of  1  mol.  water : 

4C^HCP0  +  2H-S0'  =  C»IPCl'=S-0"  +  H-0. 

This  compound  is  not  altered  by  cold  water,  but  is  readily  decomposed  by  warm 
Tvater,  potassium  hydrate,  or  alcohol,  in  the  latter  instance  with  formation  of  chloral 
alcoholate.    From  ether,  in  which  it  is  very  soluble,  it  cr3"stallises  in  needles. 

On  passing  the  vapour  of  sulphuric  anhydride  into  chloral,  the  whole  solidifies  to  a 
mass  of  needles  differing  from  the  compound  just  described.  It  crystallises  from 
alcohol  apparently  unchanged,  is  insoluble  in  cold  water,  but  is  decomposed  by  warm 
water  and  by  a  solution  of  potassium  hydrate.  When  gently  heated  it  melts,  and 
separates  into  two  layers,  whilst  at  a  higher  temperature  it  evolves  hydrochloric  acid, 
and  leaves  an  oil  which  does  not  solidify  and  is  not  acted  upon  by  water  (Grabowski, 
Bent.  Chem.  Ges.  Ber.  vi.  225). 

4.  A  concentrated  solution  of  chloral  hydrate  mixed  in  the  cold  witli  neutral 
potassium  sulphite  yields  chloroform,  potassium  formate  and  a  compound  of  chloral  with 
acid  potassium  sulphite.  But  at  a  temperatiu-e  approaching  the  boiling  point,  the 
chlorine  of  the  chloral  is  acted  upon,  and  by  adding  the  solution  of  the  latter  very 
gradually  to  the  hot  solution  of  the  sulphite,  to  avoid  loss  of  chloral  by  production  of 
chloroform,  then  cooling  and  evaporating,  there  are  obtained  a  difficultly  soluble  salt, 
CH(S0''K)-.COH.HKS0^'  +  IPO,  and  a  very  soluble  salt- 
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liesiJes  a  little  potassium  formenc-disulphonate  (methionate),  CH-(SO^K)-,  potassium 
formate,  chloride,  sulphate,  and  hyposulphate. 

The  salt,  CH(S03K)=.C0H.HKS0^  +  ffO,  crystallises  in  indistinct  rhomLie 
plates,  hut  when  it  is  dissolved  in  hot  water,  crystals  containing  more  water  always 
separate  in  the  form  of  soft,  brilliant  white  needles  entangled  together,  and  so 
minute  that  the  whole  appears  amorphous.  A  cold  supersatm-ated  solution  is,  how- 
ever, easily  prepared,  and  on  dropping  a  crystal  of  the  original  form  into  it, 
crystals  of  the  same  kind  go  on  forming  for  a  short  time,  though  they  are  soon  over- 
grown by  the  more  hydrated  crystals.  This  salt  is  the  compound  of  acid  potassium 
sulphite  with  potassium  aldehyde-disulphonate,  this  latter  constituent  having; 
the  composition  of  chloral  in  which  two  atoms  of  chlorine  are  replaced  by  SO'K  and 
the  third  by  hydrogen.  Boiled  with  potassium  carbonate,  it  yii'Ms — I.ll■^i(lrs  tlio 
neutral  sulphite— formene-disulphonate  and  formate,  the  behaviour  d'  Ihr  aUrhyde- 
disulphonate  CH(SO^K)'''.COH  towards  alkalis  being  in  fact  similar  to  that  of  chloral — 

CH(SO'K)-.COH  +  HKO  =  CH=(SO'K)-  +  CEO^K. 

Lead  peroxide  gives  the  same  salts  together  with  lead  sulphate. 

On  treating  the  cold  solution  of  the  double  salt  with  bromine  until  it  remains  per- 
manently coloured,  the  sulphite  is  oxidised,  and  potassium  aldehyde-disulphonate, 
CH(SO^K)-.COH  +  H-0,  is  set  free.  A  similar  destruction  of  the  double  salt  is  effected 
by  boiling  it  for  half  an  horn*  with  hydrochloric  acid.  By  boiling  the  aldehyde-disul- 
phonate with  acid  sulphite,  the  double  salt  can  easily  bo  reproduced.  Potassium 
aldehyde-disulphonate  can  be  heated  to  130°  without  undergoing  change,  and  loses  its 
water  of  crystallisation  but  slowly  at  170°-175°  ;  above  this  it  decomposes,  swelling  up 
into  an  exceedingly  bulky  twisted  mass  like  '  Pharaoh's  serpents.'  The  barium  salt, 
CH(SO^)-Ba.COH  +  2H-0,  forms  slender  needles,  sparingly  soluble  in  water,  which 
can  be  recrystallised  from  hot  acetic  acid. 

A  solution  of  potassium  aldehyde-disulphonate  warmed  with  excess  of  bromine  j'ields 
a  much  more  soluble  brominated  salt,  CBr(SO-K)-.COH,  which  crystallises  out  in 
needles  on  evaporating  and  cooling  the  solution.  It  is  decomposed  by  heat,  leaving  a 
residue  of  potassium  bromide  and  sulphate  mixed  with  a  little  carbon.  Neither  silver 
nitrate,  barium  chloride,  nor  baryta-water  precipitates  its  solutions.  When  it  is 
boiled  for  a  few  seconds  with  potassium  sulphite,  the  original  double  salt. 
CH(SO'K)-.COH  +  HKSO^  -t-  ffO,  separates  out  again  on  cooling.  Boiled  for  half 
an  hour  with  potassium  carbonate  and  neutralised  with  acetic  acid,  the  tolerably 
concentrated  solution,  after  heating  with  alcohol  and  cooling,  gives  a  deposit  of 
microscopic  plates  or  needles  of  another  brominated  salt.  This  salt,  when  boiled  for  a 
few  seconds  with  potassium  sulphite,  yields  on  cooling,  crystals  of  CH-'CSO^K)- ;  it 
must  therefore  be  CHBr(S03K)-,  obtained,  together  with  potassium  formate,  from 
CBr(S0''K)2.C0H,  just  as  CH-(S03K)-  is  obtained  from  CH(SO»K)-.COH. 
'  The  second  salt  obtained  by  the  action  of  potassium  sulphite  upon  chloral,  which  is 
readily  soluble  in  water,  and  has  the  complex  formula  above  given,  crystallises  in 
large  shining  triclinic  prisms,  and  can  be  obtained  quite  pure  by  repeated  crystallisa- 
tions from  warm  water.  When  heated,  it  swells  up  considerably,  blackens,  and  leaves 
a  residue  of  potassium  sulphate  and  chloride  and  some  carbon.  Its  water  of  crystal- 
lisation could  not  be  directly  determined,  in  consequence  of  decomposition  taking 
place.  It  gives  precipitates  with  silver  and  lead  nitrates,  soluble  in  nitric  ncid. 
Baryta-water  precipitates  barium  sulphite  from  its  solutions,  the  salts  CC1(S0'K)-.C0II 
and  CHC1(S0^K).C0H  being  doiilitless  left  in  solution ;  but  these  salts  have  not  been 
obtained  in  the  pure  state,  only  ;i  syni|.y  liquid  being  formed  on  evaporation.  This, 
however,  on  treatment  with  acid  |.ni,is-iiiiM  sulphite,  reproduces  the  crystalline  double 
salt.  Either  component  of  tins  donMc  sa.lt  would,  by  further  action  of  potassium 
sulphite,  produce  the  salt,  CH(SO-'K)-.COH  +  HKSO',  by  replacement  of  CI,  in  the 
one  case  by  H  and  in  the  other  by  SO^H  ;  so  that  the  tendency  to  produce  the  salt 
CH(SO^K)-.COH  appears  to  be  fuliilled  in  two  distinct  ways  so  far  as  regards  the 
stages  of  the  process. 

It  is  remarkable  that  the  two  components  of  the  double  salt  are  produced  in  the 
proportion  to  form  it,  no  excess  of  either  Ijeing  found  in  the  mother-liquor.  The 
circumstance  therefore  that  the  two  only  compounds  intermediate  between  chloral  and 
potassium  aldehyde-disulphonate  which  can  result  from  the  replacement  of  two  atoms 
of  chlorine,  can  unite  to  form  a  double  salt,  actually  occasions  both  of  them  to 
be  produced  and  in  a  perfectly  definite  proportion. 

During  the  digestion  of  chloral  hydrate  with  potassium  sulphite,  a  strong  penetrat- 
ing smell  is  given  off,  quite  distinct  from  that  of  either  chloroform  or  chloral,  some  of 
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the  ebloral  hc-iug  apparently  converted  into  mono-  and  dicliloraldeliyde.  A  very  largo 
quantity  of  it  appears  to  be  elianged  into  these  or  other  volatile  bodies  (Rathke,  Anti. 
Ch.  Pharm.  clxi.  149). 

5.  Chloral  digested  ■with  hydrochloric  and  hydrocyanic  acid  in  aqueous  solution, 
unites  v/ith  the  latter,  forming  chloral  hydrocyanide,  C^HCPO.CHN,  or, 
C;CP — CH(OII)(CN),  -which  crystallises  in  prisms  united  in  white  cauliflower-like 
groups.  It  has  a  pungent  bitter  taste,  dissolves  easily  in  water,  alcohol  and  ether, 
and  when  digested  with  moderately  strong  hydrochloric  acid,  yields  sal-ammoniac  and 

trichlorolactic  acid,  COP  —  CH|qqqjj  (Bisclioff  a.  Pinner,  Beut.  Chcm.  Ges. 

Ber.  V.  113). 

According  to  Hagemann  {ibid.  151)  chloral  hydrocyanide  is  precipitated  from 
watery  solutions  in  oily  drops  by  strong  sulphuric  acid,  or  fuming  hydrochloric  acid. 
It  melts  at  o8°-59°,  solidifies  at  67'5°-58°,  begins  to  boil  at  120°,  with  partial  decom- 
position, the  greater  part  passing  over  at  140°-145°. 

Chlofal  hydrate,  hydrocyanic  acid,  and  fuming  hydrochloric  acid,  heated  for  4-5  hours 
in  sealed  tubes  to  120°-130°,  gave,  after  the  ammonium  chloride  had  been  removed, 
alcohol,  a  zinc  salt  of  trichlorolactic  acid  (Hagemann). 

6.  When  1  mol.  chloral  hydrate  is  added  to  1  mol.  fota&siim,  cyanide  under  absolute 
filcohol,  a  powerful  reaction  sets  in,  accompanied  by  an  abundant  evolution  of  hydro- 
cyanic acid.  On  adding  water  to  the  product,  a  heavy  oil  separates,  from  which,  by 
repeated  fractional  distillation,  ethyl  dichloracotate,  boiling  between  154°  and 
157°,  may  be  obtained;  also,  in  the  higher  portion,  a  solid  crystalline  substance 
melting  at  62°,  and  apparently  identical  with  the  chloral-hydrocyanide  above 
described.  When  the  dilute  alcoholic  solution  mentioned  above,  from  which  the  oil 
had  been  separated,  is  evaporated  to  di-yness  at  100°,  and  exhausted  with  absolute 
alcohol,  it  yields  potassium  dichloracetate,  crystallising  from  the  alcohol  in  largo 
plates.  AVhen  potassium  cyanide  and  chloral  hydrate  react  on  one  another  in  presence 
of  water,  hydrocyanic  acid  is  evolved,  and  free  diehloracetic  acid  obtained,  only  a 
small  amount  of  potassium  dichloracetate  being  produced,  and  that  being  probably 
due  to  the  presence  of  potassium  hydrate  or  carbonate  in  the  potassium  cyanide 
employed.    The  reactions  which  take  place  may  therefore  be  represented  as  follows  : 


When  a  solution  of  chloral  hydrate  in  benzene  is  added  to  potassium  cyanide,  the 
reaction  is  somewhat  different,  hydrocyanic  acid  being  evolved,  and  scarcely  anyt.hing 
but  chloral  hydrocyanide  being  formed.  On  the  other  hand,  if  solid  chloral  hydrate 
be  added  to  potassium  cyanide  under  benzene,  but  little  chloral  hydrocyanide  is  pro- 
duced, the  benzene  on  spontaneous  evaporation  leaving  microscopic  prismatic  crystals, 
melting  at  123°,  and  having  the  composition  C'H'^CPO-N.  This  compound  splits  up 
on  distillation  into  chloral  and  chloralide,  melting  at  112°-114°  (Wallach,  Bcut. 
Chem.  Ges.  Ber.  vi.  114). 

7.  Vapour  of  cyanic  acid  is  readily  absorbed  by  chloral,  wliich  sometimes  solidifies 
at  the  aioment  of  satm'ation  ;  at  other  tinaes,  gas  is  evolved  at  a  certain  stage  of  the 
process,  and  the  mixture  solidifies  immediately,  or  after  some  time,  to  a  vitreous  mass, 
like  fused  borax.  The  product,  however,  in  all  instances,  yields  the  same  result  when 
boiled  with  moderately  concentrated  hydrochloric  acid,  leaving  a  white  granular 
powder,  insoluble  in  water  and  in  hydrochloric  acid.  This,  however,  is  readily  soluble 
in  hot  alcohol,  and  even  more  so  in  ether,  from  which  it  crystallises  in  microscopic 
prisms  having  the  composition  C^H'CPNO^  and  melting  at  167°-170°,  with  partial 
ecomposition.  Boiled  with  potassium  hydrate,  it  yields  chloroform,  formic  acid, 
carbonic  acid,  and  ammonia,  so  that  its  constitution  may  be  expressed  by  the  formula  : 


united  by  cyanic  acid.  On  heating  it  to  200°,  it  splits  up,  cliloral  distilling  over,  and 
cyamelide  being  formed.  It  dissolves  readily  in  alcoholic  ammonia,  and  after 
removal  of  the  excess  of  the  latter,  silver  nitrate  gives  a  precipitate  of  silver  cyanate. 
The  hydrochloric  acid  solution  of  the  crude  substance,  after  separation  of  the  com- 
pound above  described,  yielded  on  evaporation,  besides  ammonium  chloride,  two 
distinct  crystalline  compounds,  the  quantity  of  which,  however,  was  too  small  to 
admit  of  accurate  examination  (G.  BischoflT,  Beut.  Chem.  Ges.  Ber.  v.  86). 

8.  When  dry  ammonia  gas  is  slowly  passed  into  a  small  quantity  (not  more  than 
2  or  3  grams)  of  anhydrous  chloral  cooled  to  a  very  low  temperature,  great  heat  is 


(1)  .    COP.COH  +  CNK  +  ll-O  =  CCPH.COOH  +  KCl  +  CNII, 

(2)  .    CCPH.COOH  +  C^ffO       =  H=0  +  CCPH.COOC^ff. 


representing  two  chloral  molecules 
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evolved  and  chloral-ammonia,  C-HCP.NPP,  analogous  to  aldehyde-ammonia,  is 
formed,  as  a  white,  fusible,  volatile  body  having  the  odour  of  aldehyde-ammonia. 
Tiiis  compound  is  decomposed  by  strong  sulphuric  acid  into  chloral  and  ammonium 
sulphate,  and  by  water  into  chloroform  and  ammonium  formate : 

C=HCPO.NHs  +  ffO  =  CHOP  +  NH^CHO^. 

If  more  than  2  or  3  grams  of  substance  is  iised  for  the  preparation  of  chloral- 
ammonia,  there  is  always  obtained,  as  secondary  product,  a  syrupy  mass,  resolvable  by 
distillation  into  chloroform,  and  a  residue  which  yields  hydrocyanic  acid  when  distilled 
with  phosphoric  anhytli'ide,  and  therefore  appears  to  be  formamide: 

C-HCPO  +  NH'     CHOP  +  COH.NH- 
(Personne,  Compt.  rend.  Ixxi.  22). 

9.  Chloral  unites  also  with  Amines  and  Amides. — With  aniline  it  forms  triehlor- 
ethylidene-diphenylamine  C'H'^CPN-,  a  crystallised  body  analogous  to  Schiff's 
ethylidene-dipheuylamiuo : 

CCPGOH  +  2C»ffNH=  =  CCPCH  |  +  H=0. 

This  compound  melts  at  100°-101°,  but  soon  begins  to  decompose  when  kept  at  this 
temperature.  It  is  insoluble  in  water  and  decomposes  when  boiled  with  water  or 
alcohol,  evolving  a  penetrating  odour  like  that  of  phenylisocyanide.  Treated  with  acids 
it  undergoes  decomposition,  yielding  salts  of  aniline.  It  does  not,  therefore,  appear  to 
possess  basic  properties.  Hydrochloric  acid  gas  passed  into  its  solution  in  benzene 
gives  rise  to  the  formation  of  a  large  quantity  of  aniline  hydrochloride,  and  an  oily 
body  which  has  not  as  yet  been  obtained  in  a  state  fit  for  analysis. 

Toluidine  acts  upon  chloral  in  the  same  manner  as  aniline,  giving  rise  to  t  r  i  c  h  1  o  r- 

ethylidene-ditoluylamine,   CCPCH | -j^ jj-Qg-mQjja,  a  crystalline  body  which 

melts  at  ll-t°-115°.    When  alcohol  is  added  to  the  crude  product  of  the  reaction 

before  cooling,  large  crystals  of  the  compound  CCPCHj  j^jjqsjjiqjjs  ^^re  obtained, 

melting  at  76°-77°  (WaUaeh,  Bent.  Chem.  Ges.  Ber.  v.  251). 

Chloral  also  imites  with  acctamide  and  henzamide.  Chloral-acetamide 
C-HCPO.C-ffOlSr  is  a  crystalline  compound  melting  at  166°-157°,  yielding  by 
distillation,  first  chloral,  then  acetamide,  and  leaving  a  black  residue.  With  aqueous 
alkalis  it  gives  chloroform,  ammonia,  and  acetate  and  formate  of  the  alkali-metal. 
Chloral-benzamido  C'^HCPO.C'H'ON  melts  at  150°-151°,  and  is  decomposed  by 
alkalis  in  a  similar  manner  to  the  preceding  compound  (Wallach,  he.  cit. ;  Jacobsen, 
Ann.  Cli.  Pharm.  clvii.  243). 

On  adding  chloral  to  a  saturated  solution  of  urea,  combination  takes  place,  the 
compound  C-HGPO.COH^N^  being  formed  when  the  urea  is  in  excess,  and 
2CHCP0.C0H'N^  when  the  chloral  is  in  excess.  The  latter  body  is  also  formed  by 
heating  dry  urea  with  chloral  to  lOO'^  (Jacobsen). 

Cbloral  Hydrate,  C-HCPO.H-0. — This  compound  is  formed  by  the  direct  com- 
bination of  chloral  and  water.  The  crystalline  substance  formed  by  the  action  of 
chlorine  on  absolute  alcohol  has  usually  been  regarded  also  as  chloral  hydrate ;  but 
Personne,  Lieben,  and  others,  have  shown  that  the  ultimate  product  of  this  reaction 
is  not  the  hydrate  but  the  alcoholate  of  chloral,  C-HCPO.C'^ffO  (p.  313). 

According  to  Fliiekiger  {Zcitschr.f.  Chem.  vi.  432)  the  best  method  of  purifying 
chloral  hydrate  is  to  recrystallise  it  from  pure  carbon  sulphide,  which  takes  up  about 

of  its  weight  of  chloral  at  lo°-18°,  and  from  i  to  J  at  the  boiling  heat.  Prom  the 
hot  saturated  solution  the  excess  of  chloral  hydrate  separates  in  beautiful  prisms,  which, 
on  exposure  to  the  air,  quickly  give  off  the  solvent  remaining  attached  to  them. 
Chloral  hydrate  thus  purified  boils  at  97'6°  (thermometer  wholly  in  the  vapour). 

According  to  Phipson  {Chem.  News.  xxv.  257)  pure  chloral  hydrate  crystallises  in 
oblique  rhombic  prisms,  sometimes  shortened  in  such  a  manner  as  to  give  them  the 
appearance  of  acute  rhombohedrons.  The  solution  of  the  crystals  in  water  is  attended 
with  considerable  fall  of  temperature,  whereas  the  formation  of  the  solid  hydrate  by 
combination  of  chloral  and  water  is  attended  with  considerable  evolution  of  heat. 
Half  a  pound  of  the  hydrate  mixed  rapidly  with  half  a  pound  of  water,  causes  the 
thermometer  to  sink  many  degrees  below  0°.  Minute  fragments  of  the  crystals 
floating  on  the  surface  of  pure  distilled  water  move  about  rapidly  with  tlie  pieculiar 
gyratory  motion  exhibited  under  similar  circumstances  by  camphor. 

Constitution  of  Chloral  Hydrate.  To  decide  whetlier  this  body  is  a  true  diatomic  alcohol 
(trichlorethylidene  glycol)  CCP.CH(OH)-',  or  merely  a  compound  of  chloral  ^^•ith 
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water  of  crystallisation  CCP.CHO  +  H=0,  Meyer  a.  Dulk  {Beut.  Chem.  Gcs.  B&r.  iv.  9C3) 
have  subjected  it  to  the  action  of  acetyl  chloride,  whereby  they  obtain  tctrachlori- 

nated   ethyl  acetate   CCP  —  CH | ^.    Now  chloral  aleoholate  treated  in 

like  manner  yields  the  aleoholate  of  acetyl-chloral,  according  to  the  equation  : 

CCP-CHjQg,jj5  -r  C^H^OCl  =  HCl  +  CCP-CHj°^!J}!!°. 

These  results  lead  to  the  inference  that  chloral  aleoholate  is  the  ethylic  ether  of  tri- 
chlorethylidene  glycol ;  and  therefore  chloral  hydrate  as  that  glycol  itself. 

AVhen  perfectly  anhydrous  chloral  and  acetic  anhydride  are  heated  together  to  the 
temperature  of  150°  in  molecular  proportions,  they  xmite,  forming  diacctyl  chloral 

hydrate  CCP— CHc:;  ,  which  boils  constantly  at  22r-222°  (uncorrected), 

\O.C=ffO 

has  a  sp.  gr.  of  1'422  at  11°,  is  not  misciblc  with  water,  and  is  not  attacked  by  cold 
potiish-solutiou,  though,  on  heating  it,  the  odoiu-  of  chloroform  is  perceptible  ;  it  is 
evidently  triclorinated  diacetate  of  ethylidene  glycol,  the  diacetate  itself 
being  similarly  obtained  by  heating  aldehyde  and  acetic  anhydride  to  180°  as  shown  by 
Geuther  {Ann.  Ch.  Pharm.  cvi.  249). 

When  chloral  hydrate  is  heated  with  five  times  its  weight  of  syrupy  glycerin,  re- 
action begins  at  100°  and  goes  on  to  230°,  a  distillate  being  obtained  consisting  of 
chloroform;  formic  acid,  and  undecomposed  chloral  hydrate,  together  with  hj'drochloric 
acid  and  allyl  formate  as  secondary  products  (H.  Byasson,  Compt.  rend.  Lxxv.  1628). 

Valuationof  Chloral  Hydrate. — The  quality  of  commercial  chloral  hydrate  is  usually 
tested  by  decomposing  it  with  ammonia  or  a  fixed  alkali,  and  measuring  or  weighing 
the  quantity  of  chloroform  thereby  set  free.  C.  H.  Wood  {Pharni.  J.  Trans.  [3]  i. 
703)  recommends  boiling  the  hydrate  in  aqueous  solution  with  lime  (which  has  no 
sensible  action  on  chloroform)  and  distilling  oft"  the  chloroform  produced.  To  ascertain 
whether  the  hydrate  contains  any  aleoholate,  the  aqueous  portion  of  the  distillate  may 
be  tested  for  alcohol  with  the  iodoform  test. 

The  decomposition  with  alkalis  does  not,  however,  afford  perfectly  accurate  results, 
as  some  chloroform  is  taken  up  by  the  water,  and  some  water  dissolved  by  the  chloro- 
form. For  this  reason  Versmann  {Pharm.  J.  Trans.  [3]  i.  701,  965)  prefers  decom- 
posing tlie  chloral  hydrate  with  sulphuric  acid :  5  to  6  c.c.  concentrated  sulphuric  acid 
are  put  into  a  graduated,  well-stopped  tube,  and  heated  by  placing  the  tube  in  water 
at  60° ;  10  grams  chloral  hydrate  are  then  added,  the  whole  well  shaken,  and  the  tube 
put  back  into  the  hot  water.  The  deeomposition  is  instantaneous,  and  the  anhydrous 
chloral  floating  on  the  acid  may  be  read  off  as  soon  as  the  liquid  has  cooled  down.  By 
about  twelve  hours  standing  metachloral  is  produced.  In  comparative  experiments  a 
somewhat  higher  result  is  always  given  by  sulphuric  acid  than  by  ammonia.  In  work- 
ing with  10  grams  of  chloral  hydrate  by  the  ammonia-test,  there  is,  in  fact,  a  con- 
stant loss  of  0'2  c.c.  of  chloroform,  owing  to  the  solubility  of  the  latter  in  water;  if, 
however,  the  necessary  correction  be  made  for  this  loss,  the  result  will  agree  with  that 
obtained  by  the  sulphuric  acid  test. 

On  the  quality  and  valuation  of  commercial  chloral  hydrate,  see  also  C.  Miiller 
{Zeitschr.  f.  Chem.  [2]  vii.  66;  Chem.  Soc.  J.  [2]  ix.  444  ;  Chem.  Hews,  xxiii.  113): 
Paul  {Phar7ii.  J.  Trans.  [3]  i.  621 ;  Chem.  Soe.  J.  [2]  ix.  134). 

On  the  physiological  action  of  chloral  hydrate  see  Byasson  {Co7npt.  rend.  Ixxii. 
742  ;  Chem,  Soc.  J.  [2]  ix.  748).  On  its  use  as  an  antiseptic,  I>ingl.  polyt.  J.  cciv. 
260. 

Chloral  Sulphydrates.—(1.)  C'^HCPO.H^S  =  CCP  -  CH.  jg^.  Anhydrous 

chloral  readily  absorbs  hydrogen  sulphide,  and  after  the  action  of  the  gas  has  been 
continued  for  about  twenty-four  hours,  the  whole  solidifies  to  a  white  crystalline  mass. 
This  may  be  purified  by  distillation  and  subsequent  crystallisation  from  ether  or  from 
absolute  alcohol,  whereby  it  is  obtained  in  rhomboidal  plates  or  quadrangular  prisms, 
having  the  composition  above  given.  Chloral  sulphydrate  has  a  disagreeable  odour 
and  characteristic  taste,  resembling  that  of  chloral  hydrate.  It  melts  at  77°  and  boils 
at  123°.  It  is  soluble  in  all  proportions  in  anhydrous  alcohol,  ether,  or  chloroform, 
but  is  decomposed  by  water,  with  deposition  of  sulphur,  the  action  being  very  complex. 
Alkaline  solutions  yield  chloroform  and  an  alkaline  formats  and  sulphydrate.  Nitric 
acid  oxidises  it,  with  formation  of  trichloracetic  acid.  Sulphuric  acid  has  no  action 
on  it  in  the  cold,  but  when  heated  with  it  produces  anhydrous  chloral,  whilst  sulphur- 
etted hydrogen  and  sulphurous  anhydride  are  evolved  and  sulphur  is  deposited. 
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The  physiological  action  of  this  compound  is  very  similar  to  that  of  chlur^il  hydrate. 
•2  to  '3  gi'am  administered  to  guinea-pigs,  by  subcutaneous  injection  of  the  ethereal 
solution,  produced  deep  sleep  and  a  slight  acceleration  of  the  movements  of  the  heart 
(Byasson,  Conipt.  rend.  Ixxiv.  1290). 

(2)  Hydrogen  sulphide  passed  into  an  etliereal  solution  of  anhydrous  eliloral,  forms 
a  number  of  compounds,  onlj  one  of  -syhich  has  yet  been  isolated.  This  body  has  the 
composition 

CCT-CHOH 
2C'^HC1'0.H=,S  or  Ss^ 

CCl^-CIIOII 

It  is  insoluble  in  water,  soluble  in  ether  and  in  alcohol.  The  alcoholic  solution  treated 
with  lead  acetate,  yields  lead  sulphide  and  chloral  hydrate  (Hagemann,  Dcut.  Chem, 
Ges.  Bii:  V.  154). 

Cbloral  Alcoliolate,  C-nCPO.C=H«0  =  CCl^-CH  j^^i-g-i  .  This  compound 

is  formed  by  direct  combination  of  anhydrous  chloral  with  absolute  alcohol,  and  is 
also  the  final  product  of  the  action  of  chlorine  on  absolute  alcohol.  Eoussin  {Covipt. 
rend.  Ixix.  114i);  Jahresber.  1869,  50-1)  obtained  by  this  latter  process  a  crystalline 
product  melting  at  56°  and  boiling  at  115°,  'which  ho  supposed  to  be  chloral  hydrate. 
J.  Tliomsen  {Bcut.  Chcm.  Ges.  Ber.  ii.  597)  also  regarded  the  product  thus  obtained 
ns  chloral  liydrate.  Personne,  liowever  (C'owijji'.  mitZ.  Ixix.  1363),  has  shown  that  it 
is  not  the  hydrate,  but  the  alcoliolate  of  chloral,  inasmucla  as  it  gives  by  analysis  only 
54-9  p.  c.  chlorine  (tlie  hydrate  requiring  6-1-3  p.c),  and  when  distilled  with  potash, 
yields  alcohol  as  well  as  chloroform. 

Lichen  also  {Bcut.  Chcm.  Ges.  Bcr.  iii.  907)  finds  that  the  idtiniate  product  of  the 
action  of  chlorine  on  absolute  alcoliol  has  exactly  the  composition  of  chloral  alcoliolate ; 
it  melts  at  43°— 10°,  and  boils  at  114°-115°.  Its  vapour-density,  determined  by 
Dumas'  process  between  157°  and  198°.  was  found  in  two  experiments  to  be  3-68  and 
3-49  ;  now  the  formula  C^H'Cr'O'-  calculated  for  a  condensation  to  2  volumes  requires 
C  OS  :  hence  it  appears  that  the  alcoholate  is  resolved  at  high  temperatures  into  its 
components. 

According  to  Lieben,  the  alcoholate  may  perhaps  be  produced  from  previously 
formed  trichloracetal,  according  to  the  equation  : 

C-H>0(C-HCP)0C2ff  +  HCl  =  C-IP0(C=HC1')0II  +  C-WQ\. 

It  is  possible  also  that  dichloracotal,  formed  by  the  action  of  chlorine  on  the  alcohol, 
may  be  converted,  by  an  analogous  reaction,  into  the  mono-etliylin  HO(C"-'H'-Cl-)OC-i['', 
■vvhich,  by  fm-tber  action  of  chlorine,  is  converted  into  chloral  alcoholate. 

Lastly,  the  question  as  to  the  composition  of  the  crystalline  product  of  the  action  of 
clilorine  on  alcohol  has  been  examined  by  Jungfloiseh,  Lobaignc  a.  Eouclicr  {■!,  Pharm. 
[4]  xi.  208),  who  were  commissioned  by  the  Socicti  de  Tharmacie  in  Paris,  to  undertake 
the  enquiry.  Por  this  purpose  they  prepared  by  synthesis  pure  chloral  hydrate  (1.), 
and  pure  chloral  alcoholate  (II.),  and  compared  these  preparations  with  chloral 
hydrate  prepared  by  Personne  (P),  with  a  sample  of  the  hydrate  prepared  in  Germany 
and  sold  under  Liebreich's  guarantee  (L),  and  with  a  product  prepared  by  Roussin  (R). 
The  results  of  the  comparison  show  clearly  that  Eoussiu's  product  is  the  alcoholate, 
and  not  the  hydrate. 

I.  P.  L.  II.  K. 

ISoiling  point  (corr.)  97  97  97-5  113-5  113-5 

''^S^X^'\    ^--0^      ^-^'"1      1-^^^^     ^-^^^^  1-3286. 

According  to  C.  A.  INIartius  and  P.  MendeIssohn-Bartholdy'(Z'ci(;.  Chcm.  Ges.  Bir. 
iii.  443)  chloral  hydrate  boils  at  95°,  the  alcoholate  at  116°-116°,  and  solidifies  at 
40°  to  a  radio-crystalline  mass.  Its  specific  gravity  at  40°  in  the  fused  state  is  1-143. 
It  dissolves  easily  in  alcohol,  ether,  ethyl  acetate,  and  light  petroleum  oils,  and 
separates  on  cooling  from  the  warm  ethereal  solution  in  long  needles. 

When  chloral  alcoholate  is  gently  heated  witli  'phosphorus  pentachloride  (1  mol.  of 
each),  torrents  of  hydrochloric  acid  are  evolved,  the  pentachloride  disappears,  and  on 
aikliiig  water  to  the  product  to  decompose  phosphorus oxychloride,  totrachlorethyl 
oxide  01'  chloroxethyl-trielilorethylidcne. 
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separates  out  as  a  heavy  colourless  oil,  which  boils  without  decomposition  at  188°,  is 
insoluble  in  water,  has  a  pungent  camphorous  smell,  and  a  sweetish  bitter  taste,  and 
is  decomposed  by  boiling  potash,  like  chloral,  yielding  cliloroform. 

This  compound  is  intermediate  between  trichloracetal  COP— CH(OC'^ff)=  boiling  at 
230°,  and  trichlorethylidene  diehloride  CCl'  — CHOP  boiling  at  158°.  Its  existence 
throws  further  light  on  the  constitution  of  the  hydrate  and  alcoholate  of  chloral.  For 
if  the  latter  were  a  molecular  compound  in  which  the  chloral  and  alcohol  existed  as 
sucli,  it  ought  to  yield  with  phosphorus  pontachloride  the  same  products  as  are  obtained 
from  those  bodies  separately,  \'iz.  CCP.CHCr-  and  C-H^Cl.  But  if  chloral  alcoholate 
is  a  real  atomic  compound,  namely,  the  monethylie  ether  of  trichlorethylidene  glycol, 

CCP—  CH I  Qjj  ,  the  action  of  phosphorus  pentachloride  on  cnloral  alcoholate  must 
give  rise  to  the  replacement  of  OH  by  CI  yielding,  as  actually  observed,  the  body 
CCP  —  CH  I  of  ^  •  '^^^  alcoholate  and  hydrate  must  therefore  be  regarded  as  atomic 
compounds,  the  latter  being  the  glycol  of  trichlorethylidene  (p.  312). 

The  boiling  points  of  the  hydrate  (95°)  and  of  the  alcoholate  (115°)  should,  accord- 
ing to  analogy,  be  higher  than  that  of  the  compound  CCP  -  CHC1(0C2H') :  but 
these  temperatures,  as  shown  by  the  vapour-density  determinations,  are  not  the  real 
boiling  points,  but  temperatures  at  which  the  compounds  in  question  suffer  decomposi- 
tion. The  decomposition  of  chloral  hydrate  into  water  and  chloral  is  quite  analogous 
to  the  decomposition  of  secondary  alcohols,  such  as  amylene  hydrate  into  water  and 
an  olefine  (L.  Henry,  Deut.  Chem.  Ges.  Ber.  iv.  101,  435  ;  Chem.  Soc.  J.  [2]  ix.  255, 
606). 

The  constitution  of  chloral  alcoholate  is  further  established,  as  already  observed 
(p.  312),  by  its  reaction  with  acetyl  chloride,  the  product  of  which  is  acetyl-chloral 

alcoholate  or  the  ethyl-acetic  ether  of  trichlorethylidene  glycol  CCP  — CH/qSj^s*^- 


This  compound,  purified  by  repeated  fractional  distillation,  is  a  colourless  transparent 
oil,  Iiaviug  a  peculiar  odour,  boiling  constantly  at  198°  (uneorr.),  and  of  sp.  gr.  1-327 
at  11°.    It  is  not  attiicked  by  aqueous  potash  at  the  boiling  heat. 

Homologues  of  Chloral  Alcoholate  (Mendelssohn-Bartholdy  a.  Martins, 
Deut.  Chem.  Ges.  Ber.  iii.  443 ;  Jaeobsen,  Ann.  Ch.  Fharm.  clvii.  243).  Chloral 
unites  witli  the  homologues  of  ethyl  alcohol,  forming  crystalline  compounds  very 
similar  to  the  ordinary  alcoholate.  They  are  decomposed  by  strong  sulphuric  acid 
■with  production  of  chloral. 

The  methyl-comjpound,  CCP  — CH(OH)(OCH^),  forms  a  crystalline  somewhat 
hygroscopic  mass,  very  much  like  the  ethyl-compound,  melting  at  50°,  boiling  at  160° 
(jaeobsen),  at  98°  (Bartholdy  a.  Martins). 

The  amyl-compound,  CCP  — CH(OH)(OC^H"),  crystallises  in  long,  very  beautiful 
needles,  nearly  insoluble  in  water,  easily  soluble  in  alcohol  and  ether,  melting  at  about 
56°,  boiling  at  145°-147°.  It  is  not  decomposed  by  heating  with  water,  but  sinks  to  the 
bottom  as  a  heavy  layer,  which  solidifies  under  the  liquid  only  at  very  low  tempera- 
tures (Jaeobsen).  According  to  Bartholdy  a.  Martins,  it  boils  at  143°  and  has  a 
specific  gravity  of  1-2340  at  25°.  It  solidifies  at  25°  to  a  crystalline  mass,  easily 
soluble  in  alcohol,  ether,  and  light  petroleum  oil,  from  which  last  solvent  it  crystallises 
in  tufts  of  long  needles.  By  prolonged  boiling  -ivith  water,  it  is  resolved  into  amyl 
alcohol  and  chloral  (hydrate). 

The  ceil^Z-co?«^oM?j(i,  CCP  — CH(OH)(OC'°H'^),  is  obtained  in  soft  warty  groups  of 
microscopic  needles,  when  cetyl  alcohol  is  dissolved  in  a  slight  excess  of  warm  chloral, 
and  the  sohition  is  left  to  cool  slowly  (Jaeobsen). 

Chloral  Mercaptide,  CCP- CH(0H)(SC2ff),  formed  by  the  combination  of  chloral 
with  ethyl  sulphydrate,  dissolves  easily  in  alcohol,  ether,  and  carbon  sulphide,  and 
may  be  crystallised  therefrom  (Bartholdy  a.  Martins). 

The  alcohols  of  the  aromatic  series  do  not  unite  with  chloral  (Jaeobsen). 

CK^LORATES. — Barium  Chlorate,  Ba(ClO')-.  Widemann  prepares  this  salt 
by  heating  a  mixture  of  1  mol.  crystallised  aluminium  sulphate,  1  mol.  sulphuric  acid, 
and  2  mols.  potassium  chlorate  with  a  quantity  of  water,  sufficient  to  give  it  a  thin, 
pasty  consistence.  Crystallised  potash-alum  then  separates  on  cooling,  while  chloric 
acid  remains  dissolved.  A  four-fold  volume  of  water  is  then  added,  and  the  liquid, 
after  filtration,  is  neutralised  with  baryta-water,  whereupon  barium  sulphate 
separates  out,  together  with  a  little  more  alum.  The  liquid  is  again  filtered,  the 
greater  part  of  the  alcohol  removed,  and  the  liquid,  after  a  second  filtration,  is 
evaporated  to  the  crystallising  point  {Arch.  Pharm.  [2]  cxliv.  66). 
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Potassiir,)!  Chlorciir,  KCIO-'.  A  method  of  preparing  this  salt  on  the  large 
scale  is  described  by  AV.  Hunt  {Dingl.  -polyt.  J.  ccy.  77).  Diluted  chlorine  gas  is 
passed  into  a  brick  tower,  into  which  there  also  drops  a  solution  of  potassium  chloride 
and  milk  of  lime.  The  potassium  chlorate  thus  formed  is  separated  by  crystalli- 
sation. 

Decomposition  hy  heat. — It  is  well  known  that  the  decomposition  of  potassium 
chlorate  by  heat  is  greatly  facilitated  by  mixing  it  with  various  metallic  oxides,  as 
manganese  dioxide,  or  cupric  oxide  in  the  state  of  powder ;  but  the  manner  in  which 
these  substances  act  has  not  been  very  clearly  made  out.  G.  Horusby  {Phcmn.  J. 
Trans,  xv.  352),  maintained  tliat  oxygen,  disengaged  from  potassium  chlorate  in 
presence  of  manganese  dioxide,  is  always  accompanied  by  chlorine,  witli  production  of 
a  brilliant  and  intermittent  light,  which  ho  attributed  to  electricity,  engendered  by 
the  molecular  change  of  the  gaseous  particles.  On  the  other  hand,  Witt  {ibid.  411) 
maintained  that  the  oxygen  obtained  from  such  a  mixture  at  a  high  temperature 
possesses  much  more  combustible  energy  than  the  same  gas  prepared  at  a  low  tempo - 
rature  ;  and  that  the  sparks  observed  by  Hornsby  were  due  to  organic  matters  which, 
by  chance,  were  in  contact  with  the  gas.  Witt  also  recalls  the  two  phases  of  tlie 
decomposition  of  potassium  chlorate  originally  observed  by  Serullas,  and  confirmed 
by  Millon : 

1st  phase       .       .       .    2KCI0^  =  KCIO'  +  KCl  +  0- 
2nd  KCIO*   =  KCl      +  0\ 

and  observes  that  the  oxygen  produced  in  the  second  stage  of  the  reaction  is  mucli 
more  active  than  that  produced  in  the  first  stage,  as,  like  ozone,  it  turns  iodised  test- 
paper  blue.  The  same  character  is  also  met  with  in  the  oxygen  prepared  from 
potassium  chlorate  by  the  aid  of  manganese  dioxide,  although  ho  further  supposes 
that  this  oxide  exerts  a  purely  mechanical  aetinn,  iii(erp(jsing  itself  between  the 
particles  of  the  chlorate,  and  thus  fucilit:itini^  its  r(iiii|Misition  by  heat.just as  certain 
powders  thrown  into  heated  liquids  l.u  ilil  ifi-  tlu  ir  rl-ullition.  The  same  kind  of 
action  is  exerted  by  the  oxides  of  copiier,  iron,  and  chromium,  none  of  these  bodies 
undergoing  any  change  whatever.  A  similar  view  was  subsequently  put  forward  by 
Deville  (Legons  sur  la  Dissociation,  professees  a  la  Sooieti  chimiquc,  18t)4,  p.  353).  Avho 
compares  the  decomposition  of  potassium  chlorate  by  heat  to  the  ebullition  of  water 
charged  with  a  salt,  the  solution  becoming  concentrated  as  the  vapour  escapes.  Here 
the  vapour  is  oxygen  and  the  potassium  chloride  produced  becomes  the  salt  which  is 
concentrated.  On  adding  a  foreign  body,  oxide  of  copper,  oxide  of  manganese,  &c., 
to  the  chlorate  in  fusion,  these  auxiliaries  of  ebullition  evidently  favour  the  disengage- 
ment of  oxygen,  as  they  w^ould  favour  in  water  the  production  of  vapoiu*.  This  view- 
is,  however,  at  variance  with  the  fact  that  potassium  chlorate  loses  its  oxygen  without 
entering  into  fusion. 

E.  O.  Brown  {Fharm.  J.  Trans,  xv.  469)  impugns  this  theory,  and  considers  that 
the  oxide  of  manganese  acts  by  its  proper  nature,  inasmuch  as  the  same  effect  is  not 
produced  by  the  presence  of  other  finely  divided  substances,  pounded  quartz  for 
example.  Ho  attributes  the  supposed  activity  of  the  gas  obtained  under  these  circum- 
stances to  the  presence  of  chlorine.  Witt,  however  {ibid.  503),  finds  that  the  same 
or  even  greater  activity  is  exhibited  by  oxygen  evolved  from  substances  not  containing 
chlorine,  uamely,  from  a  mixture  of  potassium  dichromate  and  sulphuric  acid. 

Schonbein  {Jahresb.  1855,  269 ;  1857,  62)  suggested  that  potassium  chlorate  may 
be  regarded  as  a  compound  of  potassium  chloride  and  ozone,  and  that  this  ozone  is 
converted,  by  the  combined  active  oxygon  of  the  manganese  dioxide,  &c.,  into  ordinary 
oxygen,  which  can  then  no  longer  remain  united  to  the  potassium  chloride. 

This  view  is  controverted  by  Wiederhold  {Fogg.  Ann.  cxvi.  171)  on  the  ground  that 
platinum  black  facilitates  the  decomposition  of  potassium  chlorate,  as  well  as  bodies 
containing  oxygen,  and  that  the  oxygen  thus  evolved  turns  iodised  starch-paper  blue, 
whence  it  cannot  be  ordinary  oxygen.  An  intimate  mixtiu'e  of  2  pts.  potassium  chlo- 
rate with  1  pt.  manganese  dioxide  begins  to  give  off  oxygen  at200°-205°;  with  cupric 
oxide,  the  evolution  of  gas  begins  at  230^-235°,  with  platinum-black  at  260°-270°. 
with  lead  dioxide  at  280°-285°.  Wiederhold  attributes  the  action  of  these  several 
substances  to  their  power  of  absorbing  heat;  the  relative  volume  of  the  catalytic 
substances  appears  also  to  bo  of  some  importance,  inasmuch  as  those  bodies  which 
induce  the  decomposition  at  the  lowest  temperature  are  also  the  most  bulk}'.  When 
a  mixture  of  manganese  dioxide  and  pota,ssium  clilorate  is  heated  for  some  time  to 
200°,  the  evolution  of  oxj'gen  ceases,  recommencing  only  at  a  higher  temperature ; 
then  ceasing  again,  and  so  on  by  steps  up  to  260°  ;  but  when  the  mixture  of  potassium 
chlorate  with  manganese  dioxide  or  cupric  oxide  is  quickly  heated  to  280-"'-290°,  a 
very  tumultuous  evolution  of  oxygen  is  set  up,  the  temperature  of  the  mixture  rising  at 
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onco  tlirougli  40"  or  50°  ;  in  the  other  mixtures  the  tumultuous  evolution  of  gas  Joes 
not  take  place  till  the  heat  is  raised  above  340°.  During  the  heating  of  these 
mixtures,  the  temperature  of  the  middle  of  the  mass  is  always  considerably  below 
that  of  the  external  portions,  uniformity  of  temperature  being  established  after  some 
time  only;  but  when  the  mixture  of  potassium  chlorate  and  manganese  dioxide  is 
heated  to  250°,  the  temperature  in  the  interior  finally  rises  to  254°-255°,  so  that  an 
actual  evolution  of  heat  takes  place.  The  same  rise  of  temperature  is  observed  in  a 
mixture  of  potassium  chlorate  and  cupric  oxide  at  290°.  Since  cupric  oxide  and 
manganese  dioxide  do  not  exhibit  this  rise  of  temperature'  when  heated  alone, 
Wiederhold  attributes  the  excess  of  temperature  to  the  evolution  of  heat  accompanying 
the  liberation  of  the  oxygen.  It  is  further  to  be  observed,  that  when  potassium 
chlorate  is  decomposed  in  contact  with  any  of  these  substances,  no  perchlorate  is 
formed. 

Wlien  potassium  chlorate  is  heated  to  fusion,  then  removed  from  the  fire,  and  small 
quantities  of  pulverised  manganese  dioxide,  cupric  oxide,  &c.,  are  thrown  into  it,  evolu- 
tion of  oxygen  begins  immediately,  the  temperature  rising  to  incandescence  (at  least 
with  cupric  oxide,  and  with  ferric  oxide  or  manganese  dioxide  prepared  in  the  wet  way). 
The  manganese  dioxide  docs  not  lose  any  oxygen.  When  0-1  gram  of  the  catalytic 
substance  was  added  to  3  grams  of  potassium  chlorate,  complete  decomposition  was 
produced  by  cupric  oxide,  and  by  ferric  oxide  and  manganese  dioxide  prepared  in  the 
wet  way ;  with  lead  dioxide,  native  manganese  dioxide,  and  platinum  black,  on  the 
other  hand,  it  was  only  partial. 

Further  experiments  on  this  subject  have  recently  been  made  by  Baudrimont  {J. 
Pharni.  [4]  si  v.  81,  161)  whose  results  agree  in  the  main  with  those  of  Wiederhold. 
By  heating  in  a  mercury-bath  a  mixture  of  4  pts.  pure  and  finely  pulverised  potassium 
chlorate  with  1  pt.  of  black  copper  oxide  prepared  in  the  wet  way,  he  finds  that  in 
presence  of  copper  oxide,  potassium  chlorate  can  give  up  its  oxygen  at  150'  or  160° 
below  its  normal  temperature  of  decomposition  (about  400°),  the  disengagement  of  gas 
taking  place  easily  and  rapidly,  and  Ijecoming  tumultuous  at  about  300°,  the  tempe- 
rature then  rising  suddenly  to  390°  without  any  sign  of  ignition.  The  whole  of  the 
oxj-gen  of  the  chlorate  is  given  off,  together  with  a  small  quantity  of  chlorine,  while 
the  copper  oxide  is  not  altered  in  any  way.  Similar  results  were  obtained  with 
manganese  dioxide.  When  the  mixture  of  potassium  chlorate  and  copper  oxide  was 
introduced  into  a  platinum  crucible  previously  heated  nearly  to  dull  redness,  it  fused, 
boiled  quietly,  then  more  quickly,  Avith  intumescence,  and  soon  afterwards  the  do- 
composition  was  terminated  by  a  general  incandescence,  leaving  the  crucible  at  a 
heat  below  redness. 

The  following  experiments  relate  to  the  influence  of  various  circumstances  on  tlie 
manner  of  the  decomposition. 

Influence  of  the  Nature  of  the  Body  in  contact. — The  results  are  from  experiments 
made  upon  4  grams  of  potassixim  chlorate  and  1  gram  of  the  substance  added.  Spongy 
P/atinum. — No  action  whatever  up  to  360°.  When  the  two  substances  are  fused 
together,  the  evolution  of  oxygen  may  be  a  little  accelerated,  but  there  is  no  incande- 
scence. This  residt  does  not  agree  with  Deville's  theory.  Mercuric  oxide. — Mo 
action  whatever  up  to  360°,  the  oxide  being  found  intact  after  the  operation.  Si/vcr 
oxide. — Gas  is  evolved  at  220°,  due  however  to  the  decomposition  of  the  oxide. 
This  soon  ceases,  and  there  is  no  further  reaction  even  at  360°.  Heated  more 
strongly,  the  chlorate  decomposes  quietly,  with  formation  of  silver  chloride  and 
potassium  oxide.  This  result  is  opposed  to  the  statements  of  Schonbein  and  Witt, 
who  say  that  the  action  of  this  oxide  upon  the  chlorate  is  very  energetic.  Potassium 
fcrmanganate. —  Gas  is  slowly  evolved  at  360°,  and  the  decomposition  of  the  two  salts 
proceeds  simultaneously.  The  permanganate  decomposes  at  about  250°  into  oxygen, 
potassium  oxide  and  manganese  sesquioside ;  the  last-named  substance  then  reacts 
upon  the  chlorate,  and  gradually  transforms  it  into  potassium  chloride  and  oxygen, 
the  temperature  not  rising  beyond  360°.  Black  oxide  of  Coripcr. — Result  already 
given  (vid.  sup.).  Native  Manga7iese  dioxide. — Sensible  action,  even  before  200°,  be- 
coming continuous  about  250°,  and  even  violent  about  310°-320°,  the  thermometer 
rising  beyond  360°.  The  loss  in  weight  is  1-62  grams,  the  excess  over  the  calculated 
loss,  1'56  grams,  being  due  to  the  evolution  of  a  little  chlorine.  Ferric  oxide. — ■ 
Action  begins  about  250°,  but  is  not  continuotis  until  320°-325°.  The  evolution 
takes  place  readily,  but  there  is  no  sudden  rise  of  temperature,  and  the  total  decom- 
position of  the  salt  requires  a  long  time.  Black  oxide  of  Cobalt,  Brown  oxide  of 
Manganese,  Bio.xidc  of  Lead. — Action  more  feeble  than  with  the  substances  previously 
named.  A  long  time  is  necessary  for  the  evolution  of  all  the  oxygen,  and  the  tempe- 
rature does  not  pass  beyond  360°.  The  composition  of  these  bodies  undergoes  no 
change  during  the  reaction.    All  the  preceding  mixtures  undergo  true  fusion  when 
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the  temperature  rises  to  360°.  The  weaker  the  action  of  the  oxide,  the  less  is  tlie 
amount  of  chlorine  evolved  with  the  oxygen.  Alumina. — Gas  is  evolved  from  2o0°, 
but  so  much  contaminated  with  olilorine,  that  the  alumina  appears  to  act  as  an  acid. 
After  the  reaction  the  residue  is  alkaline,  and  the  amount  of  potassium  chloride 
present  is  2-19  grams,  instead  of  2-4i  grams,  as  required  by  theory. 

Influence  of  the  State  of  Blvision  of  the  Substances. — Potassium  chlorate  is  decom- 
posed in  presence  of  cupric  oxide,  with  much  greater  facility  when  the  salt  \s  finely 
sifted  than  when  it  is  only  coarsely  pulverised.  5  grams  of  a  mixture  of  coarsely 
piilverised  chlorate  with  one-tenth  of  its  weight  of  cupric  oxide,  lost  only  0'60  gram 
of  oxygen  at  360°  whilst  in  a  similar  experiment  with  the  salt  finely  sifted,  the  loss 
was  r88  grams.  But  the  influence  of  the  state  of  the  bodies  is  more  plainly  seen  by 
comparing  the  effect  of  black  copper  oxide  obtained  in  the  moist  way,  Avith  that  ob- 
tained by  ignition.  The  former  decomposes  the  salt  Avith  great  facility,  and  produces 
incandescence  of  the  mixture  when  present  to  the  extent  of  one  two-hundredth  part ; 
while  the  latter  acts  only  towards  310°-320°,  causing  a  very  slow  and  feeble  eA'olution 
of  gas,  and  scarcely  producing  incandescence  when  present  as  a  tAvcntieth  part.  So 
also  manganese  dioxide  and  ferric  oxide  obtained  in  the  moist  way,  act  Avith  much 
greater  facility  than  native  manganese  dioxide  and  ferric  oxide  obtained  by  ignition. 

Influence  of  the  Proportion  of  the  Active  Substances  as  compared  with  the  Ainount  of 
Votassium  Chlorate. — By  experiments  with  black  copper  oxide,  manganese  dioxide, 
and  ferric  oxide,  in  proportions  varying  from  one  half  to  one  five-hundredth  part  of 
the  mixture,  it  was  found  that,  altliough  the  decomposition  of  the  chlorate  is  acceler- 
ated by  even  so  small  a  proportion  of  the  active  substance  as  one  five-hundredth  part, 
yet  the  greater  the  proportion  of  the  latter,  the  more  rapid  is  the  decomposition,  and 
the  greater  is  the  proportion  of  the  chlorate  decomposed;  but  there  is  no  relation 
between  these  proportions  and  the  equivalents  of  the  substances  employed.  The  mix- 
tures in  equal  parts  do  not  undergo  any  fusion  at  the  temperature  of  boiling  mercury, 
and  only  imperfectly  when  heated  on  a  sand-bath.  The  phenomenon  of  incandescence 
is  never  produced  when  the  maximaim  temperature  is  360°,  but  is  developed  with 
great  facility  (the  mixture  in  equal  parts  excepted),  when  a  dull  red  heat  is  attained. 

Influence  of  Temperature. — TIio  decomposition  of  the  mixtures  generally  commences 
at  about  240°,  or  towards  800°  when  the  active  subsbince  is  present  in  very  small 
proportion.  Even  at  these  low  temperatures  the  mixture  may  be  completely  decom- 
posed, but  the  evolution  of  oxygen  is  very  slow,  and  the  mixture  does  not  enter  into 
fusion.  Oxygen  so  prepared  is  perfectly  free  from  chlorine.  When  the  temperature 
is  raised  to  310°-320°,  gas  is  CA'olved  violently,  there  is  an  emission  of  heat  Avithout 
ignition,  and  the  temperature  passes  all  at  once  beyond  360°;  at  the  same  time 
chlorine  is  liberated,  and  the  mass  undergoes  complete  liquefaction.  At  a  still  higher 
temperature  the  eA'olution  of  gas  is  still  more  rapid,  and,  in  fact,  the  rapidity  of  the 
decomposition  is  in  proportion  to  the  temperature. 

Chemical  Actions  which  certain  substances  exercise  up)on  Potassium  Chlorate— 
Potassium  chlorate  causes  the  inflammation  of  sulphur,  Avood-cli.irco.il,  Lrniiihite,  sul- 
phide of  antimony,  &c.,  below  the  temperature  of  boiling  nurniry.  .nid  .luring  the 
reaction  there  is  an  enormous  development  of  heat.  Substances  Avlii.  h  i-i  ,ici  upon  this 
salt  generally  abstract  its  oxygen,  rarely  its  chlorine,  and  sometimes  :ilsu  seize  its 
potash ;  when  the  last-named  reaction  occurs,  there  is  always  a  large  quantity  of 
chlorine  produced,  due  to  the  decomposition  of  the  chloric  acid  liberated.  When  green 
oxide  of  chromium  is  heated  in  a  mercury-bath  with  this  salt,  a  considcrnlili^  evolution 
of  chlorine  and  oxygen  occurs  even  beloAv  200°,  and  the  oxide  is  coiii|.I(  idv  tiMiisformcd 
into  potassium  chromate  below  290°.  Metastannic  acid  hasno  acii'in  ii|hiii  ilm  chlorate 
nt  360°,  but  at  a  higher  temperature  chlorine  and  oxygen  are  evnUcd,  Ihe  residue 
is  strongly  alkaline.  Tungstic  acid  begins  to  act  upon  the  salt  at  270°,  and  at  350° 
there  is  evolution  of  o.xj'gen  Avith  much  chlorine,  and  probably  Avith  formation  of  an 
alkaline  tungstate.  Silicic  acid  acts  only  beyond  the  melting  point  of  the  chlorate, 
Avith  evolution  of  oxygen,  chlorine,  and  excessively  pungent  Avliite  A'apours,  which 
may  be  chloride  of  silicium.  Fused  boric  acid  acts  energetically,  chlorine  being 
liberated  in  groat  abundance. 

CHX.ORH7BRZNS.  Dichlorhy clrin,  C'H5C1=(0H).— According  to  Hiibner 
a.  C.  ]\nillc  L-  ['/jit^.'ln-.f.  Chcm.  [2]  vi.  344),  dichlorhydrin  prepared  by  Berthelofs 
process  (i.  803)  boils  betAveen  174°  and  186°,  and  when  subjectwl  to  fnirtioiial 
distillation  does  not  exhibit  any  constr.nt  boiling  point,  IIiohl'-Ii  lin-iri  r  'pi.iiit il ii  -^  jkiss 
overfrom  174°tol77°,  and  from  184°  to  186°,  thanatllic  i i,l miM. I ,n,i.,  ial hits. 
Both  the  lower  and  the  higher  boiling  portions  exhibit  the  <'oiiijhimi  iun  ..f  d  ichlorhydrin, 
whence  Hiibner  a.  Miiller  infer  that  tlie  dichlorhydrin  boiling  bi'tween  174°  and  1 85"  is 
a  mixture  of  the  two  isomerides,  CH-Cl  -  OHCl  -  CH'^OII  and  CH-Cl  -  CIIOH  -  Cn-Cl. 
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According  to  A.  AVatt,  however  {Dciit.  Chun.  Ocs.  Bcr.  v.  257),  the  portion  of 
the  above-mentioned  product  which  boils  at  182°-184°  is  not  homogeneous,  but 
resolvable  into  two  portions  of  lower  and  higher  boiling  point  respectively,  the  latter 
being  very  small  in  quantity.  Hence  Watt  concludes  that  no  second  dichlorhydrin  is 
produced,  at  least  in  any  notable  quantity.  The  same  conclusion  is  arrived  at  by 
Markownikoff  {Dcut.  Chan.  Gcs.  Bcr.  vi.  1210),  who  finds  that  both  the  lower  and  the 
higher  boiling  portion  yield  by  oxidation  the  same  product,  viz.  a  crystalline  dichlor- 
acetone  melting  at  43°. 

According  to  Claus  {Ann.  Ch.  PJiarm.  clx.  42)  dichlorhydrin  is  best  prepared  by 
the  action  of  sulphur  chloride  on  anhydrous  glycerin  : 

C'H«0»  +  2S=Cr-  =  C'H'CPO  +  S0=  +  2HC1  +  &\ 

Glycerin  is  concentrated  till  it  boils  at  195°;  800  grams  of  it  are  then  placed  in  a 
flask  connected  with  a  reversed  condenser;  and  2  kilograms  of  sulphur  chloride  are 
gradually  added,  the  mixture  being  well  shaken  and  heated  in  a  salt-bath.  After 
seven  or  eight  hours,  the  condenser  is  removed,  and  the  product  heated  for  an  hour 
longer  to  expel  sulphur  dioxide  and  hj'drogen  chloride.  The  cooled  mass  is  exhausted 
wth  ether,  the  solution  first  distilled  in  a  water-bath,  and  the  residue  distilled  over 
the  najied  flame.  800  grams  of  glj'ceriu  thus  treated  yielded  700  grams  of  pure 
dichlorhydrin.  The  bye-products  consist  of  sulphuretted  bodies  of  higher  boiling 
point. 

Dichlorhydrin  has  a  specific  gravity  of  1-369  at  16°,  andboils  at  176°-177°  (Watt). 
By  oxidation  with  chromic  acid  it  yields  chloracetic  acid  and  dichloracetone  (Watt, 
Claus),  and,  by  further  action,  hydrochloric  acid  and  carbon  dioxide,  probably  together 
with  formic  acid  (Claus).  By  oxidation  with  nitric  acid  it  gives  oxalic  acid  and  an 
oil  having  the  smell  of  chloropicrin  (Watt). 

According  to  Markownikoff  (loc.  cit.)  pure  dichlorhydrin  prepared  by  addition  of 
hydrochloric  acid  to  epichlorhydrin,  is  an  oily  liquid  of  sp.  gi-.  1-383  at  19°,  boiling  at 
171°-171-5°,  sohible  in  19  times  its  volume  of  water  at  19°.  By  oxidation  with  chromic 
acid  it  is  converted  into  a  dichloracetone,  C'H^Cl-O,  which  crystallises  in  rhombic  plates 
melting  at  43°,  and  is  therefore  isomeric  with  the  dichloracetone  produced  by  the  action 
of  chlorine  on  acetone,  which  is  a  liquid  boiling  at  120°-121°.  The  solid  dichloracetone 
unites  with  sodium  bisulphite,  forming  the  compound  C'H'Cl-O.SO^NaH  +  3H-'0, 
which  crystallises  in  long  four-sided  prisms. 

When  dichlorhydrin  in  ethereal  solution  is  added  by  drops  to  sodium  immersed  in 
anhydrous  ether,  a  violent  action  takes  place,  the  ether  distilling  over,  and  a  white 
saline  substance  being  left  which,  when  separated  from  the  remaining  sodium  by  tri- 
turation and  sifting,  dissolves  easily  in  water.  On  distilling  the  aqueous  solution  till 
the  boiling  point  rises  to  100°,  and  mixing  the  distillate  with  potassium  carbonate,  an 
oily  liquid  rises  to  the  surface  consisting  of  allyl  alcohol.  The  action  of  the 
sodium  is  therefore  simply  to  remove  the  chlorine  from  the  dichlorhydrin  : 

C^H'OHCP  +  Na=  =  2NaCl  H-  C'ffOH, 

Hydrogen  also  appears  to  remove  the  chlorine  from  dichlorhydrin  without  replace- 
ment (Hiibner  a.  Miiller). 

Action  of  Ammonia  (Claus,  Ann,  Ch.  Pharm.  clxviii.  29).  Dichlorhydrin  heated 
with  alcoholic  ammonia  yields  ammonium  chloride  and  chlorhydrinimide, 
C'^H^'N'Cl-0'.  This  compound  is  a  white  amorphous  mass,  insoluble  in  water, 
alcohol,  ether  and  concentrated  acids,  not  acted  upon  even  by  boiling  witli  sulphuric 
acid,  aqua  regia,  or  strong  potash-ley.  In  hot  water  it  swells  up  enormously  and  yields 
a  perfectly  transparent  jelly.  It  appears  to  be  identical  with  the  compound  which 
Eeboul  obtained  by  the  action  of  alcoholic  ammonia  on  epichlorhydrin.  Heated  to 
redness  with  slaked  lime,  it  yields  an  oily  distillate  containing  a  resin  and  basic  com- 
pounds. 

The  formation  of  chlorhydrinimide  is  represented  by  the  equation  : 
4C'H«CP0  +  9NH'  =  GNffCl  -h  C'^H^'N^Cr-O'. 
The  structural  formula  assigned  to  it  by  Claus  is  : 

CH^Cl         CH^— NH—  CH=  CH^Cl 

CHOH        CHOH        CHOH  CHOH 

I  1  I  I 

CII-— NH—  CH^  CH^— NH—  CH^ 

B.  The  formation  of  chlorhydrinimide  in  the  quantity  indicated  by  the  preceding 
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equation  takes  place  only  when  9  mol.  ammonia  arc  used  to  -1  mol.  diclilorliydrin  and 
the  alcoliol  contains  about  I  per  cent,  of  ammonia.  When  the  solution  contains  only 
about  1  p.  c.  ammonia,  no  chlorhj'drinimide  is  obtained,  but  the  product  consists  of  the 
liydrochlorides  of  two  new  bases,  together  with  sal-ammoniac. 

(1).  Diamidohydrin  Hydrochloride,  C'H'»N'0.2HC1.  This  is  a  very 
hygroscopic  substance,  partially  decomposed,  with  formation  of  ammonium  chloride, 
when  the  alcoholic  solution  obtained  in  the  process  just  described,  is  filtered  from 
the  sal-ammoniac  and  evaporated.  On  dissolving  it  in  absolute  alcohol  and  adding 
platinic  chloride,  transparent  prisms  or  needles  are  deposited,  having  the  composition 
of  diamidohydrin  platino-chloride,  C'H'»N-0.2HCl.PtCl*. 
_  (2).  Glycidamine  ^fyt^rocA^oricZf,  C^H'NO.HCl,  is  obtained  in  crystals  by  pre- 
cipitating the  same  alcoholic  solution  with  ether :  it  is  also  very  hygroscopic,  but 
appears  to  be  more  stable  than  the  preceding  hydrochloride. 

The  platinochloridc,  2(C'H'N0.HCl).PtCP,  crystallises  in  transparent  glistening 
needles.  Glycidamino  appears  to  be  identical  with  the  glyceramine  of  Berthelot  and 
De  Luca. 

The  constitution  of  these  bases  and  the  mode  of  formation  of  their  hydrochloritles 
may  be  represented  by  the  following  equations  :— 

CH=C1  H-C— NH-.HCl 

CHOH       +  2  NH3  =  OHOH 

CH^Cl  IPC— NH-.HCl 

Dicblorhydrin.  Diamidohydrin  Hydrochloride. 

H^C— NH=.HC1  H=C-NH^.HC1  H^C-NH^HCl 

I  I  1 

CHOH  —  NH^Cl    =  CH  or       C— OU 


ffC— NH-.HCl  C^H-  Cir^ 

Diaiaiiohydcia.ITyJrocliloride.  Glycidamine  Hydrochloride. 

Trlchlorliyclrin,  C^ffCP.  According  to  Berthelot  (^Jii;.  Ch.  Pharm.  civ.  105) 
the  bodies  having  this  composition  which  are  not  directly  allied  to  glycerin,  are  for  the 
most  part  only  isomeric  with  the  true  trichlorhydrin  obtained  from  that  body  (i.  894). 
To  establish  the  identity  of  any  such  compound  with  trichlorhydrin,  he  considers  it 
necessary  to  show  that  the  body  in  question  may  be  reconverted  into  glycerin,  by  substi- 
tution of  30H  for  3C1,  under  the  same  circumstances  as  trichlorhydrin  itself.  It  is  true 
that  this  transformation  is  difficult,  even  in  the  case  of  the  true  trichlorhydrin,  not  being 
produced  by  the  action  of  alkalis,  or  with  certainty  even  by  that  of  moist  silver 
oxide.  It  may,  however,  be  satisfactorily  effected  by  heating  the  chloride  in  a  diges- 
tion-tube to  160°  for  25  to  30  hours  with  pure  water  ;  part  of  it  is  then  converted  into 
insoluble  polyglycerin  derivatives,  hwt  the  greater  part  into  glycerin.  Trichlorhydrin 
is  further  characterised  by  boiling  at  155°,  and  by  being  converted  by  potash  into 
epidichlorhydrin  C'H'C1=,  boiling  at  101°,  which  in  its  turn  may  be  transformed  into 
the  liquid  compound  CH^Cl',  boiling  at  164°.  By  these  tests,  Berthelot  has  examined 
the  following  isomerides  of  trichlorhydrin  : 

1.  C'H^CP  from  Acetone.  Acetone  was  treated  with  phosphorus  pentachloride, 
whereby  the  compound  C'H'Cl  was  formed,  and  this  was  treated  at  0°  with  dry 
chlorine.  The  product  separated  on  distillation  into  C'ffCl'  boiling  at  140°-14o°, 
and  CH^Cl'  boiling  at  161°-166°.  Neither  of  these  compounds  yielded  glycerin 
\\-l;cn  heated  with  water ;  and  the  same  negative  result  was  obtained  witii  the  com- 
pound C^H^ClBr''  produced  by  direct  combination  of  C^H^Cl  with  bromine.  That  the 
above-mentioned  acetone  derivatives  are  merely  isomeric  with  those  obtained  from 
propylene  chloride  is  seen  from  their  boiling  points  : 

C-^H^CF       C'H'CF  C'H'Cl' 
The  propylene  compounds  boil  at     .       .      104°  170°  19.5°-200° 

The  corresponding  acetone  derivatives  boil  at    70°  140°  105° 

2.  C'H'CP  from  Isopropyl  Iodide.  This  iodide  was  first  converted  by  the  action  of 
chlorine  on  the  corresponding  chloride  C^H'Cl,  and  the  hitter  was  further  chlorinated. 
Two  compounds  were  thus  obtained,  namely  C^ffCP  boiling  at  150°-160°.  and  a 
camphoroidal  body  C''H'C1'  of  sp.  gr.  about  1-55,  melting  at  145°  and  boiling  at  180°- 
190°. 
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The  former  wlieu  heated  with  water  did  not  yield  a  trace  of  glyceriu. 

3.  C^WCl^  from  Propane.  This  hydrocarbon,  prepared  by  heating  ethyl  cyanide 
with  hydriodic  acid  to  180°  was  chlorinated  by  Schorlemmer's  method(lsi  Suppl.  958). 
whereby  two  chlorides  were  obtained,  namely  C^H'^Cl^  boiling  at  200°,  and  C'ff  CP, 
boiling  at  150°-160°.  The  former  was  further  clilorinated  and  the  product,  together 
with  the  trichloride  just  mentioned,  was  submitted  to  the  action  of  water.  The 
results  were  doubtful,  as  only  small  quantities  of  material  were  employed. 

From  these  facts  Berthclot  concludes  that  there  are  at  least  five  series  of  isomeric 
compounds  C^X"  (where  X  =  CI,  H),  namely,  those  derived:  1.  from  Propane; 
2.  from  Propylene  hydrochloride  or  Isopropyl  chloride  ;  3.  from  Normal  propylene 
chloride;  4.  from  the  Acetone  derivative  C^H^CP ;  6.  from  Trichlorhydrin  ;  to  which 
perhaps  may  be  annexed  as  special  series,  the  corresponding  derivatives  of  Allyl 
chloride,  the  two  Hydrochlorides  of  Acrolein,  the  two  Hydrochlorides  of  Allylene, 
&c. 

On  the  physiological  action  of  trichlorhydrin,  see  Eomansky  {PJluger's  ArcJiiv.  fur 
Thysiologk,  v.  365  :  Chcm.  Soc.  J.  x.  002). 

Epichlorhydrin,  C^ffClO.  This  compound  unites  with  sulphuric  acid,  with  great 
evolution  of  heat,  and  forms  a  thick  oil,  C^ff  CICSO^H-,  or  CH-OH.CH(SO^H),  from 
which  the  sulphuric  acid  may  be  removed  by  potash  (Oppenheim,  JDctct.  Chcm.  Gcs. 
Bcr.  iii.  735). 

Chlorobromliydrin,  C^H»(HO)BrCl,  is  prepared  by  the  action  of  fuming  hydro- 
bromic  acid  on  cpichlorhydrin.  When  oxidised  by  chromic  acid,  it  yields  a  product  which 
boils  at  176°-188°,  and  solidifies  in  ice-cold  water.  On  expressing  the  water  from 
this  product,  and  recrystalHsing  it  from  ether  free  from  alcohol,  crj'stals  of  chloro- 
bromacetono  C'H'BrClO  are  obtained,  which  melt  at  34°-35-5°,  have  a  very- 
pungent  odour,  dissolve  easily  in  alcohol  and  ether,  sparingly  in  water,  and  unite  with 
sodium  bisulphite  (Tegarten,  Dcut.  Chcm.  Gcs.  Bcr.  vi.  1212). 

Cliloriodbydrins. — Dichlorioclhydrin,  CHCPI,  obtained  by  acting  on  chlor- 
iodohydrin  witli  phosphorus  peutachlorido,  is  a  colourless  liquid,  with  a  fiiint  ethereal 
tmell.  boiling  at  205°.  It  is  neutral,  but  soon  becomes  acid  in  the  moist  state 
(L.  Henry,  Dcut.  Chcm.  Gcs.  Bcr.  iv.  701). 

Chlorohromiodohydrin,  G'ffClBrI,  obtained  by  acting  with  phosphorus 
pcutabromide  on  chloriodohydrin,  is  a  substsmce  with  similar  properties,  but 
decomposed  on  boiling,  free  iodine  and  acid  vapours  being  given  off  (Henry). 

Cbloronltrins  (L.  Henry,  Ann.  Ch.  Pharm.  civ.  164).  The  mono-  and  di- 
halogen-liydrins,  as  well  as  the  epi-halogen-hydrins  of  glycerin,  axe  acted  on  by  piire 
hydrogen  nitrate,  HNO',  in  such  a  manner  that  the  OH  and  0  contained  in  them  are 
replaced  by  equivalent  quantities  of  the  nitric  acid  residue  NO',  provided  that  the 
only  halogens  present  are  chlorine  and  bromine ;  with  the  chloriodo-  and  bromiod- 
hydrins,  the  reaction  takes  place  somewhat  differently,  the  iodine  as  well  as  the 
hydroxyl  being  then  replaced  by  NO'.  The  method  of  preparing  the  nitro-halogen- 
hydrius,  is  essentially  the  same  as  that  employed  for  the  preparation  of  nitroglycerin. 

To  prepare  mono-  and  di-nitrochlorhydrins,  monochlorhydrin,  or  dichlorhydriu  is 
gradually  added  to  a  cooled  mixture  of  equal  volumes  of  fuming  nitric  and  strong 
sulphuric  acid,  with  vigorous  stirring  in  order  to  bring  the  two  liquids  (which  do  not 
mix  perfectly)  into  intimate  contact.  The  reaction  takes  place  very  quietly,  especially 
in  the  case  of  the  dichlorhydriu.  Wlien  it  is  complete,  the  whole  is  poured  into  cold 
water,  and  the  heavy  oil  produced  is  washed  with  solution  of  sodium  carbonate  and 
dehydrated  with  calcium  chloride. 

The  product  consists  of  monochlorodinitrin  C'H''.C1.(N0')-,  or  dichloromononitrin 
C'H-'.CP.NO'.  The  former  of  these  compounds  may  also  be  prepared  from  cpichlor- 
hydrin C^H'.Cl.O,  by  adding  the  latter  very  carefully,  so  as  to  avoid  even  local 
heating,  to  fuming  nitric  acid  cooled  with  ice,  and  pouring  the  mixture  into  cold  water, 
whereupon  the  chloronitrin  separates  as  an  oil.  To  ensure  complete  conversion,  tlie 
product  is  treated  with  a  mixture  of  nitric  and  sulphuric  acids,  and  the  process  is 
completed  in  the  manner  above  described  when  mono-  or  dichlorhydriu  is  used  as  the 
starting  point.  The  reaction  is  supposed  to  consist,  first,  in  tlio  addition  of  the 
elements  of  nitric  acid  to  the  cpichlorhydrin,  forming  the  compound  C'H\C1.0H.N0', 
and,  secondlj',  in  the  replacement  of  the  water-residue  OH  by  NO^. 

Dichloromononitrin,  C'H^CP.NO',  is  a  colourless  oil  having  a  faintly  pungent 
nitrous  odour  and  a  saccharine  taste,  slightly  soluble  in  water,  easily  in  alcohol  and 
ether,  and  having  a  specific  gravity  of  1-465  at  10°.  It  distils,  with  partial  decompo- 
sition at  180°-190°,  therefore,  like  other  nitric  ethers,  at  a  temperature  differing  Vmt 
slightly  from  the  boiling  point  of  the  corresponding  alcohol  (dichlorhydriu).  Heated 
on  platinum  foil,  it  burns  quickly  with  a  white  flame.    Aqueous  potash  does  not  act 
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upon  it,  but  alcoholic  potash  attacks  it,  even  iu  the  cold,  forming  potassium  nitrate, 
potassium  chloride  and  epiclilorhydrin,  and  finally  reducing  it  to  glycerin.  From 
aqueous  hydriodic  acid  it  eliminates  iodine.  Ammonium  sulfhjdratc  in  alcoholic  solu- 
tion reduces  it  quickly,  forming  an  oil  which  appears  to  lie  the  thio-compound 
C'H^.Cl-.SH,  analogous  to  dichlorhj'drin. 

Monochlorodinitrin,  C'ff.Cl(NO^)',  is  verymuchlike  the  preceding  compound ; 
it  has  a  specific  gravity  of  1"5112  at  0°,  and  appears  to  bo  nou-volatile.  Neither  of 
these  chloronitrius  can  be  exploded  by  pressure  or  percussion. 

Iu  the  scries  of  the  eliloronitrins,  the  specific  gravity  increases  with  the  proportion  of 
N 0^  thus  :— 

Hydrin  contiiiniiig  CP  C1=(N0")         C1(N0")=  (NO")'' 

Sp.gr.  I'347~l-il7  1-465  1-.3112  l-o03-l-600. 

Chlorohromonitrin,  C^H'.Cl.Br.(NO^),  formed  by  adding  chlorobromhydrin  in 
small  quantities  to  a  mixture  of  nitric  and  sulphuric  acids,  is  a  thiclc  colourless  liquid, 
having  a  pungent  odour  and  a  bitter  taste. 

CHXiORIBIE,  Prcpamtion. — Deacon's  process  for  preparing  clilorine  by  passing  a 
mixtiin^  of  liyJiMsi  n  chloride  and  oxygen  over  cupric  sulphate  or  otlier  copper  salt 
luatc.l  to  'tWy'-'i'^P  F.  {\st  Su2}pl.  435),  has  been  explained  by  its  author  in  a  lecture 
delivered  before  the  Chemical  Society  on  June  20,  1872  (see  C'koii.  8oc.  J.  [2]  x. 
725-759)  ;  abstr.  Chcm.  News,  xxv.  307).  The  paper  contains  an  account  of  numerous 
experiments  both  on  the  laboratory  and  on  tho  manufacturing  scale,  the  chief  results 
of  which  are  as  follow  : — 

1.  The  heated  mixture  of  hydrochloric  acid  gas  and  oxygen  or  air  does  not  yield 
clilorine,  except  in  presence  of  some  substance  capable  of  being  attacked  by  the  Imlro- 
chloric  acid,  amongst  which  the  copper-compounds  are  eminently  active.  For  economic 
reasons,  tho  sulphate  is  the  salt  mostly  employed. 

2.  With  the  same  mixture  of  gases  at  tlio  same  temperature,  tho  amount  of  hydro- 
chloric acid  decomposed  by  the  aid  of  a  molecule  of  the  copper  salt  in  a  given  time, 
depends  \vpon  the  number  of  times  the  molecules  of  tho  mixed  gases  are  passed 
through  the  sphere  of  action  of  the  copper  salt. 

3.  There  is  a  certain  small  range  of  temperature  between  the  limits  of  which  the 
percentage  of  hydrochloric  acid  decomposed  varies  greatly  ;  this  percentage  is  higher 
for  the  sulphate  of  copper  than  for  the  chloride,  but  is  the  same  whetlier  solid  cupric 
sulphate  is  used,  or  merely  pieces  of  brick  saturated  with  it:  hence  the  amount  of 
action  appears  to  depend  upon  the  surface  rather  than  the  mass  of  the  copper  salt 
present. 

In  experiments  on  the  large  scale,  tlie  critical  temperature  is  always  lower  than  in 
laboratoiy  experiments,  usually  100°  or  150'^  ;  and  when  the  mixed  gases  are  passed 
through  a  series  of  parallel  tubes  coated  internally  with  cupric  sulphate,  an  increased 
velocity  in  the  flow  of  gas  yields  only  about  one-third  the  increase  in  the  amount  of 
chlorine  produced,  that  an  irregular  porous  surface  does  under  the  same  circum- 
stances. 

4.  Other  conditions  remaining  tho  same,  the  percentage  of  hydrochloric  acid 
decomposed  varies  with  tho  square  root  of  tho  proportionate  volume  of  oxygen  to 
hydrochloric  acid. 

5.  Tho  cupric  chloride  formed  bears  no  definite  proportion  to  the  amount  of 
chlorine  produced. 

De  Lalande  a.  Prudhomme  (Bull.  Soc.  Chim.  [2]  xvii.  290)  find  that  wlicn  a 
mixture  of  silica  with  tho  chloride  of  an  alkali-metal,  alkaline  earth-metal,  or  earth- 
metal  is  heated  to  redness  and  subjected  to  the  action  of  a  current  of  air  or  oxygen 
gas,  chlorine  is  evolved  and  the  chloride  is  converted  into  a  silicate :  c.ff. 

SiO-  +  2NaCl  H-  0  =  Na=SiO'  +  CP. 

When  hydrochloric  acid  gas  is  passed,  together  with  oxygen,  over  the  mixture  of 
silica  and  chloride,  the  hydrochloric  acid  reproduces  the  metallic  chloride  at  eacli 
instant  by  decomposing  the  silicate : 

Na^SiO^  +  2HC1  =  SiO^  +  2NaCl  +  II-O. 

In  this  manner  a  continuous  evolution  of  chlorine  is  obtained. 

The  water-vapour  formed  in  the  preceding  reaction  gives  rise  to  two  secondary  re- 
actions : 

1.  The  water  is  decomposed  by  the  chlorine: 

K-0  +  2C1  =  2HC1  +  0. 

2.  The  chloride  is  decomposed  by  the  water  : 

2NaCl  +  H-'O  =  Na-0  +  2HC1. 

2ud  Sup.  y 
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Boric,  stannic,  and  phosphoric  acids,  alumina,  pumice-stone,  fragments  of  brick,  &c., 
cause  the  evohition  of  chlorine  quite  as  -well  as  silica. 

The  temperature  of  the  reaction  is  higher  than  in  Deacon's  process,  but  the  quantity 
of  chlorine  evolved  is  the  same. 

On  the  action  of  Light  on  Chlorine,  and  on  the  Absorption  of  Light  by  Chlorine  and 
its  Compounds,  see  Light. 

Detection  and  Estimation. — For  Beilstein's  method  of  detecting  chlorine,  bromine, 
and  iodine  in  organic  substances  by  heating  them  with  cupric  oxide  in  a  gas-flame, 
see  Bromine  (p.  210). 

In  estimating  these  elements  in  organic  bodies  by  Carius's  method,  it  is  found  that 
bulbs  of  ordinary  glass  are  not  available,  since  they  lose  considerably  in  weight  when 
heated  to  160°-220°  with  nitric  acid  of  sp.  gr.  1-2.  Bulbs  of  Bohemian  glass,  on  the 
contrary,  are  scarcely  altered. 

Estimation  in  Bleaching  Powder. — G.  E.  Davis  {Chem.  News,  xxvi.  25)  takes  advan- 
tage of  the  comparatively  easy  solubility  of  arscnious  acid  in  glycerin,  to  prepare  a 
solution  of  arsenious  acid  for  chlorometric  purposes.  He  states  that  it  possesses  all 
the  advantages  and  none  of  the  disadvantages  of  the  solution  prepared  according  to 
Penot's  method  {i'ii  grams  of  arsenious  oxide  and  13  grams  of  crystallised  sodium 
carbonate  dissolved  in  a  litre  of  water).  The  standard  solution  is  thus  prepared : 
13-95  grams  of  powdered  arsenious  oxide  are  dissolved  by  the  aid  of  heat  in  40  c.  c.  of 
glycerin,  and  the  solution  is  diluted  to  one  litre.  Every  10  c.  c.  corresponds  to  O'l  gram 
of  chlorine.  A  drop  of  solution  of  indigo  siilphate  is  used  as  an  indicator,  and  the 
bleaching  liquor  is  run  into  the  arsenic  solution  until  the  blue  coloiu"  of  the  indigo  is 
destroyed  or  changed  to  a  brownish  yellow.  The  results  obtained  by  this  method  are 
found  to  agree  with  those  obtained  by  the  use  of  a  solution  of  arsenious  oxide  in  acid 
or  alkali,  and  with  those  of  Bunsen's  iodometric  method. 

J.  B.  Herreshoif  ( Chc7ii.  News,  xxiii.  29)  has  given  a  method  for  the  determination 
of  available  chlorine  in  bleaching  powder  based  upon  the  fact  that  when  bleaching 
powder  is  made  to  act  upon  an  excess  of  stannous  chloride  in  strongly  acid  solutions, 
stannic  chloride  is  formed  at  the  expense  of  all  the  available  chlorine  of  the  bleaching 
powder : 

Ca(C10)Cl  +  2HC1  -1-  SnCl-  -  SuCP  +  CaCP  +  ffO. 
The  amount  of  stannous  chloride  is  afterwards  estimated  by  means  of  a  standard 
solution  of  potassium  dicliromate,  and  deducted  from  the  amount  originally  employed : 

3SnCP  +  K^Cr^O'  +  14HC1  =  SSnCP  -f  2KC1  -t-  Cr^Cl^  +  7H=0. 

1  gi-am  of  bleaching  powder  triturated  with  water  is  added  to  20  cub.  cent,  of  a 
titrated  solution  of  stannous  chloride  (30  grams  SnCP  dissolved  in  water  with  addi- 
tion of  hydrochloric  acid,  and  diluted  to  1000  c.  c.)  and  afterwards  10  or  12  c.  c.  of 
hydrochloric  acid.  The  reaction  is  energetic  and  complete,  and  yields  a  perfectly 
colourless  solution.  This  liquid  is  then  treated  with  a  few  drops  of  starch-paste  and 
potassium  iodide,  and  the  excess  of  stannous  chloride  is  determined  with  potassium 
dicliromate  (13'8738  grams  in  1000  c.  c.)  added  till  a  permanent  blue  colour  is  produced. 

G.  Lunge  {Chem.  News,  xxiv.  5)  regards  this  method  as  unsatisfactory,  on  the  ground 
■that  the  strength  of  the  tin-solution  is  very  variable.  He  gives  the  preference^  to 
Mohr's  method  of  estimation  with  arsenious  acid  (i.  90-1),  and  replies  to  certain  objec- 
tions urged  by  HerreshofF  against  it,  namely,  that  it  is  difficult  to  ascertain  the  purity 
of  the  arsenious  acid  employed  ;  that  the  dissolution  of  this  acid  in  sodium  carbonate 
takes  a  long  time ;  and  that  the  solution  thus  formed  does  not  remain  of  constant 
strength.  Lunge,  on  the  other  hand,  finds  that  the  purity  of  any  sample  of  arsenious 
acid  is  easily  tested  by  sublimation  ;  if  pure,  it  will  sublime  completely  and  yield  a  per- 
fectly white  sublimate  (sulphides  of  arsenic,  if  present,  would  give  the  sublimate  a 
reddish  tinge);  further  that  the  arsenious  acid  dissolves  very  quickly  in  aqueous 
sodium  carbonate,  if  the  proportions  recommended  by  Mohr  and  by  Fresenius  are 
followed ;  and  lastly,  that  a  solution  of  piu-e  arsenious  acid  will  preserve  its  strength 
unaltered  for  years.  Lunge  titrates  it  with  iodine,  and  recommends  that  the 
arsenious  acid  be  poured  into  the  iodine-solution. 

A.  H.  Massey  {Chem.  News,  xxiv.  271)  examined  three  samples  of  bleaching 
powder  by  Herreshoff's  method  and  by  the  arsenic  method,  and  foimd  that  in  each 
case  the  two  methods  gave  concordant  results. 

According  to  J.  Smyth  {ibid.  75)  the  milky  solution  of  chloride  of  lime  is  not_  so 
well  adapted  for  chlorimetry  as  a  clear  solution  obtained  by  dissolving  the  bleaching 
powder  in  an  alkaline  liquid.  10  grams  of  chloride  of  lime  are  added  to  a  solution  of 
20  grams  of  sodium  carbonate;  the  liquid  is  filtered  from  the  precipitated  calcium 
carbonate  ;  the  precipitate  washed  till  the  wash-water  no  longer  bleaches  indigo  ;  and 
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the  liquid  is  diluted  to  a  litre.  The  resulting  solution  is  well  adapted  for  chlorimctry, 
and  presents  the  furtlier  advantage  of  an  easy  estimation  of  the  lime  hj  precipitation 
with  a  titrated  solution  of  sodium  carbonate. 

In  the  method  of  chlorinietry  depending  on  the  oxidation  of  ferrous  sulphate 
by  a  hypochlorite  (i.  904),  it  has  been  proposed  to  substitute  ammonio-fc'rrous 
sulphate  for  the  simple  ferrous  sulphate,  inasmuch  as  it  is  more  easily  obtained  and 
kept  in  a  perfectly  definite  state.  According  to  E.  Biltz,  however  {Arch.  Tharm.  [2] 
cxlvi.  97),  the  double  salt  does  not  give  exact  results,  because  the  chlorine  acts  on 
the  ammonia  as  -well  as  on  the  ferrous  salt,  as  is  shown  by  the  evolution  of  gas  which 
takes  place  on  adding  the  ammonia  salt  to  chlorine  water.  The  error  thence  ensuing, 
which  in  the  most  favourable  case  entails  a  loss  of  J  p.  c.  of  the  chlorine  present, 
is  not  constant,  but  varies  considerably  according  to  the  quantity  of  water  added 
to  the  solution  of  the  double  salt. 

CHIiOKXTE.  From  a  discussion  of  the  published  analyses  of  tlio  Severn  1 
varieties  of  chlorite,  including  pennine  and  clinochlore,  Kcnngott  (Jakrb.  2»'-  Chcm.  ci. 
17)  infers  that  they  may  all  be  included  under  the  general  formida  EO.H-'O  + 
2(KO.SiO-),  assuming  that  the  group  EO.SiO-  may  be  more  or  less  replaced  by 

A  mineral  called  diabantachronnyu,  which  gives  the  colourto  the  green  diabases 
of  the  Vorgtlandand  the  Frankenwald,  was  examined  by  K.Liebe(t7a/i'/'J./.  Miner aloriic, 
1870,  i.  ;  Jahrh.  1870,  1307),  and  regarded  by  him  as  a  distinct  species.  Kenngott, 
however  {Jahrbuchf.  Mineralogie,  1871,  51)  has  shown  fromLicbe's  analyses,  that  it  is 
a  variety  of  chlorite.  Seven  analyses  of  carefully  selected  specimens  of  diabanta- 
chronnyu gave  the  following  results  : — 


1  SiO' 

MgO 

FcO 

11=0 

I  

30-27 

11-16 

21-22 

26-94 

10-20 

1200 

21-01 

25-63 

11-27 

Ill  

29-85 

9-07 

17-92 

26-60 

15-81 

IV  

31-25 

10-03 

3-47 

19-73 

23-62 

11-37 

V  

31-69 

12-22 

22-05 

21-26 

12-47 

VI  

31-38 

11-89 

22-91 

22-72 

10-91 

VII. 

31-56 

12-08 

22-44 

21-61 

11-78 

These  numbers  yield  tho  following  ratios 


1 

I- 

11. 

III. 

^• 

TI. 

VII. 

Silica  . 

505 

4-89 

4-97 

5-21 

5-28 

5-23 

5-26 

Alumina 

1-08 

1-16 

0-97 

1-19 

1-15 

1-17 

Ferric  oxide  . 

0-22 

Magnesia 

5-30 

5-25 

4-48 

4-93 

5-51 

5-73 

5-61 

Ferrous  oxide 

3-74 

3-56 

3-69 

3-27 

2-95 

s-k; 

3-(l0 

Water  . 

5-67 

6-26 

8-78 

6-93 

6-OG 

6 -,54 

If  now  we  resolve  the  alumina  into  AlO-  and  AlO,  and  add  these  to  the  SiO-  and 
RO  respectively,  tho  same  being  done  in  IV.  with  the  ferric  oxide,  we  have — 


11. 

III. 

IV. 

V. 

VI. 

VII. 

■SiO-  + 

AK)-- 

.  6-13 

6-05 

5-80 

6-40 

6-47 

6-3 

G-43 

no  + 

AlO 

.  :  10-1 2 

9.97 

9-05 

9-05 

10-0 

9-78 

1  2-83 

3-13 

4-39 

3-16 

3-46 

3-03 

3-2G 

Or, 

SiO=  + 

AlO^ 

.  '  2-00 

2-00 

2-00 

2-00 

2-00 

2-00 

2-00 

EO  + 

AlO 

.  i  3-30 

3-30 

8.09 

2-93 

2-98 

3-15 

3  04 

2H=0  . 

.  1  0-92 

1-03 

1  -50 

0-97 

1-07 

0-95 

1-1,1 

Y  2 
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Tliese  proportions  agree  for  the  most  part  with  the  chlorite  formula.  The  disparity 
in  III.  of  ToO  instead  of  ](2H'^0)  doubtless  arises  from  an  error  in  analysis,  tha 
exact  estimation  of  the  water  presenting  considerable  diflSculty. 

CHXiOROCOBXDE.    See  Codeine. 

CRXiOROFORM,  CHCP. — This  compound  is  formed  by  the  action  of  phosphorus 
pentaehloridc  on  iodoform  : 

2CHP  +  3PCP  =  2CHCP  +  31-  +  3PCP. 

There  is  also  formed  a  very  small  quantity  of  a  liquid  containing  a  large  proportion 
of  iodine,  and  decomposing  quickly,  with  rise  of  temperature,  on  exposure  to  the  air 
(Gautier,  Bull.  Soc.  Chim.  [2]  xiii.  127).  The  action  of  phosphorus  pentachloride  on 
iodoform  was  first  studied  by  Seridlas,  who  obtained  an  iodised  product,  regarded  by 
Butlerow  as  methylene  iodide  CH'P  (iii.  311,  1006). 

According  to  Belolioubek  {Ann.  Ch.  P/ia7-m.  clxv.  249), ^wre  methyl  alcohol,  obtained 
from  the  crystalline  oxalate,  does  not  yield  chloroform  when  treated  with  bleaching 
powder  and  water.  Neither  is  chloroform  obtained  by  treating  acetic  acid  ^vith.  aqueous 
bleaching  powder.  Now  Lieben  has  shown  that  pm-e  methyl  alcohol  and  acetic  acid 
yield  no  iodoform,  although  ethyl  alcohol,  aldehyde,  and  acetone  do  yield  that  com- 
pound under  the  influence  of  certain  reagents.  Probably,  therefore,  bodies  which  do 
not  yield  iodoform  are  likewise  incapable  of  producing  chloroform.  The  formation  of 
chloroform  by  heating  drt/  acetates  with  bleaching  powder,  is  probably  due  to  the 
acetone  formed  in  the  first  instance. 

Chloroform  heated  with  bromine  to  200°  for  six  or  eight  hours  yields  a  product  from 
which,  by  fractional  distillation,  bromotrichlorometiiane  CBrCP  is  obtained, 
together  with  a  small  quantity  of  a  liquid  of  higher  boiling  point,  probably  CBr'^'Cl-, 
(Paterno,  Gazzetta  chimica  italiana,  i.  693. — Friedel  a.  Silva  Bull.  Soc.  Chim.  [2] 
xvii.  637).  The  compound  CBrCl'  is  a  mobile  colourless  liquid  becoming  coloured  on 
exposiire  to  light.  It  has  a  pleasant  ethereal  odour,  dissolves  in  alcohol  and  ether, 
boils  at  104'3°  under  a  pressure  of  767"9  m.m.  (Paterno) ;  at  103°-104:°  under  a  pres- 
sure of  752  m.m.  (F.  and  S.)  Its  specific  gravity  is  2-063  at  0°,  2-016  at  25°.  When 
it  is  mixed  with  ether  and  acted  upon  by  sodium,  its  chlorine  and  bromine  are  slowly 
attacked  ;  sodium  alone  does  not  act  upon  it  even  when  heated,  but  potassium  produces 
a  violent  explosion  (F.  and  S.). 

Chloroform  heated  to  150°  for  three  hours  with  3  parts  bromine  and  1  part  iodine  in 
sealed  tubes,  which  are  opened  occasionally  to  allow  escape  of  gas,  yields  a  liquid  from 
which  by  fractional  distillation  are  obtained  tribromochlorom ethane  CBr'Cl, 
melting  at  70°  and  tetrachloromethane  or  carbon  tetrachloride,  melting  at 
76°  (Solas  a.  Groves,  Chem.  Soc.  J.  [2]  ix.  779). 

In  like  manner  when  chloroform  is  heated  to  160°-170°  in  a  sealed  tube  with 
iodine  monochloridc,  tetrachloromethane  is  obtained,  together  with  a  small  quantity  of 
trichloro-iodomethane,  the  latter  being  doubtless  the  first  product,  and  being 
converted  into  the  former  by  the  further  action  of  the  iodine  monocliloride : 

CHci'  +  cii  =  Hci  +  ccr^i 

and  CCPI  +  Cll  =   P    +  CCI' 

(Friedel  a.  vSilvn,  C!!;.) 

Chloroform  may  be  converted  into  cliloropicrin,  G(NO-)CP,  by  heating  7  vol.  of 
it  with  ^6  vol.  hydrogen  nitrate  (HNO^),  containing  much  nitrogen  tctroxide,  in  sealed 
tubes  to  90°-100°  for  120  hours.  The  digesting  tubes  should  bo  at  an  angle  of  about 
30°  with  the  bottom  of  the  bath,  as  a  more  nearly  horizontal  position  is  found  to 
involve  the  destruction  of  any  nitro-compound  that  may  be  formed,  while  an  up- 
right position  causes  the  reaction  to  proceed  very  slowly.  When  the  digestion 
is  ended,  the  apparent  volume  of  the  chloroform  is  much  greater  than  before,  on 
account  of  the  liquefied  gases,  especially  nitrogen  tetroxide,  which  it  now  holds  in 
solution.  The  tubes  are  best  opened  by  means  of  a  flame,  and  allowed  to  stand  about 
12  hours;  their  contents  are  then  poured  into  water  (with  which  they  are  washed), 
and  are  afterwards  dried  over  calcium  chloride  and  fractionally  distilled. 

In  the  course  of  the  distillation,  much  chloroform  comes  over  first,  and  is  followed 
by  a  very  small  quantity  of  chloropicrin. 

Pure  nitric  acid  not  containing  nitrogen  tetroxide  attacks  chloroform  with  much 
greater  diSiculty  and  it  is  very  doubtful  whether  any  chloropicrin  is  formed.  This 
observation,  taken  in  connection  with  the  fact  that  chloroform  dissolves  nitrogen 
tetroxide  much  more  readily  than  nitric  acid  does,  raises  a  fair  presumption  that  the 
tetroxide  is  the  actual  agent  of  nitration  (E.  J.  Mills,  C'/mii.  Soc.  J.  [2]  ix.  641.) 

Detection  of  Chloroform. — To  detect  small  quantities  of  chloroform,  especially  in 
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presence  of  ethereal  compounds  closely  allied  to  it,  and  possessing  similar  properties, 
advantage  may  be  taken  of  its  behaviour  with  the  monamines  in  presence  of  alcohol 
and  sodium  hydrate.  The  odour  of  isonitrils  thereby  produced  is  an  infallible  sign 
of  the  presence  of  chloroform.  The  experiment  is  performed  by  adding  the  liquid  to 
be  tested  to  a  mixture  of  aniline — any  other  primary  monamine,  fatty  or  aromatic, 
serves  equally  well — and  alcoholic  soda.  If  chloroform  is  present,  a  violent  reaction 
takes  place,  either  immediately  or  on  -warming  gently,  and  the  peculiar-smelling  vapour 
of  the  isonitril  is  evolved.  Bromoform  and  iodioform,  of  course,  behave  like  chloro- 
form :  the  reaction  occurs,  moreover,  with  all  bodies  capable  of  yielding  chloroform, 
bromoform,  or  iodoform  by  tlio  action  of  alkalis.  For  example,  on  adding  a  solution 
of  chloral  in  aniline  to  alcoholic  potash,  the  vapour  of  an  isonitril  is  immediately 
evolved  in  abundance.  Ghlorctkylidene  treated  with  alcoholic  potash  and  aniline,  yields 
no  isonitril,  and  is  therefore  easily  distinguished  from  chloroform.  The  reaction 
here  recommended  is  so  delicate,  that  one  part  of  chloroform  dissolved  in  5.000  to 
6,000  parts  of  alcohol  may  be  detected  by  it  with  certainty  (A.  W.  Hofmann,  Bt'iit. 
Chcm.  Ges.  Ber.  iii.  769). 
On  the  detection  of  alcoliol  in  chloroform,  see  Ethyl  Alcohol. 

CHIiOROPKYXi^L.  Absorptio  n-sp  ccir  nm. — In  the  spectrum  of  light  transmit  ted 
through  a  concentrated  solution  of  chlorophyll,  all  the  light  is  absorbed,  except  the 
least  refrangible  red,  near  the  line  B.  On  grailii.illy  ililutiiis'  the  solution,  the  green 
first  makes  its  appearance,  then  the  yellow,  tli-  dimuliv.  mikI  imt  nf  llir  rr^l,  forming  a 
very  characteristic  spectrum  containing — I.  ;i  ln'i.  n!  i\:\yk  IkukI  clusr  hchiiiil  B,  which  is 
darkest  between  B  and  C  ;  II.  a  second  absorption-band  in  the  orange  l  ictween  C  and  1) ; 
III.  a  third  a  little  behind  D  ;  and  a  fourth,  IV.  in  the  green  close  before  E.  Of 
these  bands,  I.  is  by  far  the  darkest,  making  its  appearance  even  in  very  dilute  solu- 
tions, wliilst  II.  III.  and  IV.  gradually  diminish  in  intensity.  The  whole  of  the  more 
refrangible  portion  of  the  spectrum  is  also  absorbed,  but  just  before  G  the  absorption 
is  somewhat  weaker,  increasing  again  behind  G  ;  and  in  the  green  behind  b,  is  a  band 
V.  which  does  not  appear  in  fresh  solutions  of  leaf-green,  but  only  in  those  ^^•hich 
have  been  modified  by  the  action  of  light. 

When  a  solution  of  chlorophyll  is  illuminated  by  a  pure  sun-spectrum,  the  red 
fluorescent  light  is  seen  over  all  the  spectrum  with  the  exception  of  the  extreme 
red,  beginning  just  before  B,  and  extending  with  varying  intensity  to  the  ultra- violet. 
In  this  spectrum  seven  bright  bands  may  be  observed :  the  first  between  B  and  C ; 
the  second  between  C  and  1),  rather  nearer  to  D  ;  the  third  close  behind  D ;  the  fourth 
immediately  before  E  ;  the  fifth,  which  is  seen  only  in  the  modified  solution,  behind  b  ; 
and  the  sixth  and  seventh,  beginning  behind  F,  cover  the  rest  of  the  spectrum.  Of 
these,  the  first,  between  B  and  C,  and  the  sixth  and  seventh  are  the  brightest.  These 
bright  fiuorescent  bands  correspond  both  in  position  and  intensity  with  the  dark 
absorption-bands,  showing  the  intimate  relation  between  fluorescence  and  absorption. 
The  red  fluorescent  light,  when  concentrated  and  examined  spectrally,  is  found  to 
consist  entirely  of  red  rays  corresponding  in  refrangibility  with  those  between 
B  and  C. 

The  absorption-spectrum  of  solid  chlorophyll  has  a  great  resemblance  to  that  of  the 
solution,  a  thick  layer  of  green  leaves  absorbing  all  the  rays  of  the  spectrum  from  B 
to  the  violet  end.  A  thinner  layer  shows  a  dark  band  beginning  before  B  and  reach- 
ing to  behind  C  ;  it  transmits  the  red,  orange,  yellow,  and  green  light  between  C  and 
E  ;  just  behind  E  the  spectrum  begins  to  darken,  and  from  the  middle  point  between 
F  and  G  it  is  opaque.  The  dark  bands  II.  III.  and  IV.  of  the  solution  do  not  appear, 
powerful  absorption  only  being  found  in  the  violet,  and  in  the  red  between  B  and  C. 
As  solid  chlorophyll  does  not  exhibit  the  phenomenon  of  fluorescence,  the  red  rays 
between  B  and  C  can  only  be  indirectly  absorbed  (Lommel,  Pogg.  Ami.  cxl.  iii.  668). 

Modification  of  Chlorophi/ll  by  Light,  a. — It  has  long  been  known  that  a 
clilorophyll  solution  when  exposed  to  light  becomes  changed  in  colour,  and  Stokes  {Pogg. 
Ann.  Erg.  iv.  128)  has  found  that  this  chlorophyll,  precipitated  from  its  alcoholic  solu- 
tion and  again  dissolved  in  clhir.  undergoes  no  further  change  when  exposed  to  diiFused 
light.  This  modified  cliloroiihyll  li;is  a  somewhat  different  spectrum  from  the  fresh,  the 
dark  band  III.  being  lighter  and  displaced  towards  the  more  refrangible  end  of  the 
spectrum,  whilst  there  is  a  bright  band  between  b  and  F.  so  that,  in  the  modified 
chlorophyll,  there  are  five  dark  bands  between  a  and  F,  whilst  in  the  fresh  there  are 
only  four.  In  order  to  investigate  this  change  more  thoroughly,  Gerland  (Pogg.  Ann. 
cxliii.  58,5)  has  examined  the  absorption-spectra  of  various  chlorophyll  solutions,  both 
prior  to  exposure,  and  at  intervals  during  insolation. 

1.  Ahvho/ic  Solution  of  fresh  Chlorophyll. — This  solution,  which  was  simply  an 
alcoholic  extract  of  the  leaves  of  Urtica  dio'ica,  previously  boiled  in  water,  showed  the 
band  III.  very  distinctly  and  stronger  than  IV.  which  was  very  feeble.    Exposed  to 
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uiilight  it  had  perceptibly  changed  colour  in  five  minutes,  in  ton  it  was  olive  green, 
!!  fifteen  brown,  and  after  the  lapse  of  au  hour  it  had  become  bright  yellow,  and  no 
ouger  showed  any  signs  of  fluorescence.  During  this  change  the  absorption-bands 
.j-radually  became  more  indistinct,  and  disappeared  in  their  order,  I.  being  the  most 
stable  ;  eight  days'  insolation  rendered  it  almost  colourless  in  thin  layers,  but  in 
thicker  layers  it  appeared  of  a  brownish  yellow,  and  gave  the  same  absorption-spectrum 
as  Filhol's  yellow  (Ann.  Chitn.  Phys.  [4]  xiv.).  The  same  change  took  place  in 
diffused  light,  but  more  slowly.  The  alcoholic  solution  of  the  leaves  of  Urtica  didica 
which  had  been  previously  treated  with  cold  water,  as  also  that  prepared  from 
Sambucus  nigra,  which  had  been  boiled  with  water,  gave  the  same  spectrum,  although 
tlie  solutions  diiFered  slightly  in  colour. 

2.  Alcoholic  Solution  of  half-modified  Chlorophyll. — A  solution  which  had  been 
precared  from  the  leaves  of  5jY««ica  oZtT«eca  in  December  1870,  and  exposed  to  a 
difilised  light  for  about  two  months,  gave  a  spectrum  between  that  of  fresh  and  that  of 
modified  chlorophyll.  Its  coloiu-  was  brownish-green,  and  gave  the  dark  band  III.  but 
weakly,  whilst  V.  was  scarcely  distinguishable.  Exposed  to  insolation,  it  gradually 
faded,  but  more  slowly  than  the  freshly  prepared  solution ;  for  even  after  being- 
exposed  to  sunshine  for  eight  hours,  and  to  daylight  during  several  days,  it  still  showed 
all  the  dark  bands  except  III.,  but  much  more  faintly  than  before.  After  another 
eight  hours'  sunsliine  and  several  days  more  of  diffused  light,  I.  was  still  very  faintly 
visible,  and  even  when  it  was  submitted  to  insolation  for  six  hours  more,  a  considerable 
thickness  of  the  solution  showed  traces  of  the  band  I.  A  solution,  prepared  in  1865, 
and  kept  in  the  dark  for  5i-  years,  gave  the  same  results. 

3.  Completely  modified  Chlorophyll. — An  ethereal  solution  of  modified  chlorophyll 
becomes  faded,  but  very  slowly  ;  after  42  hours'  insolation,  a  stratum  of  the  solution 
IT)  m.m.  thick  had  the  same  colour  as  one  of  the  original  solution  2'5  m.m.  thick, but 
all  the  bands  were  visible,  and  even  after  forty  days'  exposure  to  light,  I.  was  still 
faintly  visible,  and  the  solution  distinctly  fluorescent.  An  alcoholic  solution  behaved 
in  the  same  way,  but  the  change  took  place  much  more  rapidly. 

4.  Ethereal  Solution  of  Fresh  Chlorophyll. — This  was  obtained  from  Urtica  didica  in 
a  similar  manner  to  the  alcoholic  solution,  and  had  the  same  spectrum,  but  the  bands, 
with  the  exception  of  I.  being  darker,  rendered  it  more  characteristic.  Exposed  to 
the  sun's  rays,  it  faded  much  more  slowly  than  the  corresponding  alcoholic  solution, 
being  only  slightly  changed.  After  one  and  a-half  hour's  action,  and  although  it  now 
showed  the  bright  band  of  modified  chlorophyll,  the  dark  band  III.  was  not  displaced. 
The  latter,  however,  was  much  broader,  so  that  it  occupied  the  space  covered  by  the 
dark  bands  both  in  modified  and  in  fresh  chlorophyll.  On  continuing  the  insolation, 
a  more  rapid  change  took  place,  the  colour  became  browner,  and  after  a  time  III. 
disappeared,  giving  the  spectrum  of  the  incompletely  modified  chlorophyll. 

5.  Solid  Chlorophyll,  precipitated  on  paper  from  its  alcoholic  or  ethereal  solution, 
fades  completely  and  rapidly  in  sunlight,  but  more  slowly  in  diffused  daylight.  The 
chlorophyll  cells  in  a  leaf  of  Sambucus  nigra,  from  which  the  epidermis  had  been 
removed,  became  colourless  on  exposure  to  sunlight. 

6.  Ethereal  Solution  ofFremy's  Phylloxanthin  (1st  Siippl.  443),  when  submitted  to 
insolation,  behaved  precisely  like  modified  chlorophyll. 

7.  Alcoholic  Solution  of  Filhol's  Green  (Ann.  Chim.  Phys.  [4]  xiv.)  became  com- 
pletely faded  by  long-continued  insolation,  showing  no  trace  of  absorption  or  fluores- 
cence. When  the  solution  is  evaporated,  it  leaves  a  colourless  waxy  substance  which 
froths  with  sulphuric  acid,  but  not  with  hydrochloric  acid  or  nitric  acid.  This  green 
behaves  in  the  same  manner  whether  prepared  from  dried  or  from  fresh  leaves. 

As  the  chlorophyll  in  plants  is  evolved  from  a  yellow  colouring  substance,  so  does 
it  again  become  yellow  on  fading,  and  therefore  it  is  possible  that  the  yellow  residue 
which  is  left  in  autumn  loaves,  may  be  faded  chlorophyll. 

;3. — Hitherto  no  distinction  has  been  made  between  modified  and  faded  chlorophyll, 
so  that  the  theories  respecting  its  fading  and  decolorisation  are  very  contradictory. 

Jodin  (Compt.  rend.  lix.  869)  found  that  an  alcoholic  solution  of  chlorophyll  exposed 
to  sunlight  absorbed  oxygen,  whilst  Timiriaseff  (Botan.  Zeit.,  xxvii.  886),  states  the 
fading  to  be  a  process  of  reduction.  The  latter  view  appears  to  be  borne  out  by  the 
observation  made  by  EauwenhofF  and  Gerland,  that  in  one  instiineo  there  was  an  odour 
of  aldehyde  in  the  alcoholic  solution  from  which  modified  chlorophyll  had  been  pre- 
cipitated. Gerland  has  since  frequently  repeated  this  experiment,  but  has  not  again 
been  able  to  detect  aldehyde,  and  has  therefore  endeavoured  to  settle,  this  point  by 
insolating  two  exactly  similar  test-tubes  of  chlorophyll  solution  through  one  of  which 
oxygen  or  ozonified  air  was  passed,  but  it  faded  with  nearly  equal  rapidity  in  both  cases. 
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As  noltlier  tlio  other  nor  the  alcohol  employed  as  solvent  undergoes  any  change  when 
the  clilorophyll  fades,  if  the  fading  is  due  to  oxidation,  the  oxygen  must  ho  taken  from 
tlie  air  or  from  that  dissolved  in  the  alcohol.  When  strongly  ozonified  air  was  passed 
into  a  boiled  alcoholic  solution  of  chlorophyll  standing  over  mercury,  a  small  quantity 
of  gas  was  at  first  absorbed,  and  the  solution  became  somewhat  darker,  but  after  that 
no  further  alisorption  took  place.  The  presence  of  oxygen  is  necessary,  however,  to 
start  the  action,  for  both  tlie  alcoholic  and  ethereal  solutions  which  had  been  sealed 
up  in  glass  tubes  from  which  the  air  had  been  expelled  b}'  boiling  the  liquid,  could  bo 
exposed  to  the  sun's  rays  -syithout  undergoing  any  change,  but  directly  the  air  was 
admitted  and  they  were  submitted  to  insolation,  the  colour  of  the  solutions  began  to 
fade.  It  would  seem,  therefore,  that  hoth  oxygen  and  light  are  necessary  to  produce 
chemical  change  in  chlorophyll,  so  that  when  the  solution  is  exposed  to  light  and  air, 
oxygen  first  combines  with  the  chlorophyll  which  begins  to  be  modified,  and  then,  if 
the  insolation  be  continued,  it  fades,  but  if  it  is  exposed  only  to  a  feeble  light,  the 
oxidation  at  first  set  up  continues  and  the  chlorophyll  becomes  modified. 

III. — As  the  dark  bands  disappear  when  chlorophyll  fades  and  In  comes  decolorised, 
it  seems  probable  that  the  rays  absorbed  by  the  solution  ar^' i  ini'Liyid  in  producing 
chemical  action.  To  test  the  accuracy  of  this  view,  a  cliloruiiliyll  mhition  was  first 
sulimitted  to  the  action  of  the  rays  of  different  parts  of  the  spectrum,  but  no  satisfac- 
tory result  was  obtained.  Sack  {Handbueh  Expcr.  Phijs.  I'flanz.)  had  observed  that 
when  a  chlorophyll  solution  is  exposed  to  light  v/hicli  has  previously  passed  through 
another  stratum  of  the  same  fluid,  it  does  not  begin  to  fade  until  the  other  is  much 
cha  nged.  Gerland,  on  repeating  the  experiment,  found  that  when  the  protected  or  test 
solution  began  to  fade,  the  band  I.  in  the  spectrum  of  the  protecting  solution  liad 
become  foggy  and  indistinct,  v/hilst  the  dark  bands  II.  and  III.  had  completely 
vanished.  As  therefore  light  of  a  refrangibility  corresponding  with  the  dark  bands  II., 
III.,  IV.  and  V.  had  produced  no  effect  upon  the  test-solution,  it  could  only  be  the  rays 
of  the  same  refrangibility  as  I.,  and  the  blue,  that  caused  the  solution  to  fade.  When 
the  protecting  solution  was  a  concentrated  ethereal  solution  of  modified  chlorophyll, 
no  change  took  place  in  the  test-solution  even  after  several  days'  insolation.  On 
examining  this  protecting  solution  spectroscopically,  the  band  I.  was  seen  to  be  quite 
black,  whilst  the  red  and  yellow  rays  on  each  .side  of  it  were  freely  transmitted.  From 
the  results  of  this  series  of  experiments,  it  seemed  that  the  obscure  heat-rays' took  no 
part  in  causing  the  chlorophyll  to  fade,  and  in  order  to  confirm  this,  a  solution  of 
chlorophyll  was  exposed  to  bright  sunshine  from  which  the  heat-rays  had  been 
excluded  by  passing  it  through  a  stratum  of  water  1.30  mm.  thick.  The  colour  of  the 
solution,  however,  feded  as  quickly  as  that  of  one  exposed  to  the  direct  rays  of  the  sun. 
In  order  to  ascertain  whether  it  was  the  red  rays  corresponding  with  the  band  I.  or  the 
blue  and  violet  from  G  to  H,  or  both  of  these,  which  caused  the  change,  solutions  of 
chlorophyll  were  exposed  behind  red  glasses  (coloured  with  copper  oxide),  and  an 
ammoniacal  solution  of  copper  sulphate  respectively.  The  colour  of  the  solution 
slowly  faded  in  both  eases ;  but  on  exposing  tho  (solution  to  tho  light  transmitted 
through  green  glasses  (consisting  of  the  green  and  a  few  yellow  and  blue  rays)  no 
change  took  place  :  hence  it  is  inferred  that  chlorophyll  fades  only  when  exposed  to 
light  of  the  same  refrangibility  as  that  which  it  absorbs. 

It  has  been  shown  by  Filhol  that  chlorophyll  is  composed  of  two  substances,  one 
green  the  other  yellow,  which  may  be  separated  from  one  another  by  filtration  through 
animal  charcoal  or  by  the  action  of  oxalic  or  tartaric  acid  {\st  Suppl.  444).  This 
result  has  been  confirmed  by  Gerland  a.  Rauwenhoff  {Pogg.  Ann.  cxliii.  231),  who 
find  however,  in  accordance  with  Sehonn  and  other  observers,  that  these  two  colouring 
matters  are  not  the  phylloxanthin  and  phyllocyanin  described  by  Fremy ;  the 
phylloxanthin  of  this  chemist  appears  indeed  to  be  nothing  but  modified  chlorophyll. 
Neither  are  the  substances  in  question  identical  with  the  yellow  and  green  colouring 
matters  which  Kromayer  obtained  by  treating  chlorophyll  with  alcoholic  potash 
{Jakresbcr.  1861,  738).  Neither  these  two  substances  nor  those  obtained  by  Fremy 
arc  capable  of  reproducing  chlorophyll  by  their  union. 

In  leaves  which  become  yellow,  the  chlorophyll  disappears  either  by  being  absorbed, 
or  by  being  converted  into  the  yellow  compound  (Gerland  a.  Rauwenhoff ). 

J.  Chautard  (  Cornpt.  rend.  Ixxv.  1836)  observes  that  tho  dark  band  in  the  red  of  the 
ehlyrophyll  spectrum  is  very  persistent  even  under  great  dilution.  The  spectrum  is 
considerably  altered  by  adding  hydrochloric  acid  to  the  solution,  but  the  band  in  the 
red  is  still  seen  even  after  great  dilution.  An  alcoholic  solution  prepared  from  dried 
leaves  gives  a  spectrum  like  that  of  the  acidified  solution  of  fresh  leaves.  The  solution 
of  fresh  chlorophyll  is  also  r;i|  iidlv  rliaiised  by  exposure  to  sunshine,  and  more  slowly 
by  diffused  light,  so  as  to  , .  -  i  -  .  i  nnn  like  that  of  acidified  chlorophyll.  Other 
colouring  matters  do  not  111  i     >  in'e  of  chlorophyll ;  and  metallic  salts  do  not 

affect  its  spectrum  before  p:  i >  u  lakes  place. 
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An  alcoholic  solution  of  cliloropliyll  mixed  -with  a  few  drops  of  solution  of  caustic 
potash  or  ammonia  is  very  little  changed.  But  by  boiling  -svith  solution  of  caustic 
potash,  the  characteristic  absorption-band  in  the  red  is  divided  into  two,  -whilst  the 
rest  of  the  chlorophyll  bands  disappear  almost  entirely.  These  two  bands  reunite  on 
acidifying  the  liquid  with  acetic  acid,  and  may  be  again  separated  by  adding  ammonia, 
(Chautard,  ibid.  Ixxvi.  670). 

According  to  F.  A.  Hartsenn  {Oltem.  Centr.  1872,  524),  chlorophyll  in  the  leaves  of 
plants  is  generally  accompanied  by  a  yellow  crystalline  body.  This  substance,  called 
chiysophi/ll,  and  perhaps  identical  with  Fr^my's  'phylloxanthin,  is  obtained,  (together 
witli  chlorophyll)  in  small  crystals,  having  a  gold-yellow  colour,  by  treating  the  leaves, 
previously  freed  from  water  by  means  of  alcohol,  with  ethereal  alcohol,  pouring  off 
the  liquid  after  24  hours'  standing,  and  allowing  it  to  evaporate  spontaneously.  The 
residue  while  still  moist  is  treated  with  petroleum  or  boiling  caustic  potash,  which 
dissolves  only  the  chlorophyll,  and  the  remaining  chrysophyll  is  recrystallleed  from 
ether. 

The  green  mass  obtained  by  evaporation  of  the  ethereal  extract  from  leaves,  yields, 
with  hydrochloric  acid,  a  greenish  solution,  from  which,  on  addition  of  water,  a  black 
substance  called  melanophyll  is  precipitated. 

Chlorophyll  is  carried  down  from  its  solution  together  witli  many  precipitates,  as 
barium  sulphate,  calcium  oxalate,  silver  chloride,  &c. 

CHXiOROPZCBXir,  C(NO=)CP.  TricMoronitromeihanc— This  substance  may 
be  prepared  by  direct  nitration  of  chloroform  with  strong  nitric  acid  (Mills,  p.  324), 
Cossa  (^Gazsctta  ehimica  italiana,  ii.  181)  follows  the  same  process,  with  addition  of 
oil  of  vitriol. 

In  preparing  chloropierin  by  the  action  of  calcium  hypochlorite  on  picric  acid 
(Stenhouse's  method,  i.  023),  Cossa  recommends  that  the  mixture  of  picric  acid  with 
perfectly  fresh  and  dry  calcium  hypochlorite,  be  passed  through  a  sieve  to  retain  any 
lumps,  which  often  cause  explosion.  The  best  temperature  for  the  reaction  is  45°. 
The  chloropierin  thus  obtained  bolls  at  112-8°,  at  743  mm.  pressure,  and  distils 
without  decomposition.  When  it  is  suddenly  heated  at  a  temperature  above  its 
boiling  point,  and  the  vapour  is  passed  through  a  red-hot  tube,  it  decomposes  without 
explosion,  as  is  also  the  case  when  sodium  or  potassium  is  fused  in  it.  Chloropierin 
readily  dissolves  iodine,  the  colour  of  the  solution  being  deeper  than  that  of  iodine  in 
chloroform.  It  also  dissolves  cinnamic  and  benzoic  acid,  resins,  and  most  substances 
rich  in  carbon,  including  that  modification  of  dinitronaphthalene  which  is  difficultly 
soluble  in  alcohol.  It  is  misclble  in  all  proportions  with  benzene,  amyl  alcohol, 
carbon  sulphide,  and  absolute  alcohol.  At  11°,  1  vol.  of  80'5p.  c.  alcohol  dissolves 
3-7  vols,,  and  1  vol.  78  p.  c.  alcohol  1-3  vol.  chloropierin ;  1  vol.  ether  dissolves  only 
0-3  vol. 

The  reaction  which  takes  place  when  ammonium  sulphide  is  added  to  chloropierin, 
or  when  hydrogen  sulphide  is  passed  into  a  solution  of  chloropierin  in  ammonlacal 
alcohol,  is  very  energetic,  and  affords  the  best  means  of  detecting  small  quantities  of 
chloropierin  in  very  dilute  alcoholic  solution.  The  liquid  becomes  liot,  a  deep  red 
colour  is  produced,  sulphur  is  set  free,  and  much  ammonium  chloride  formed. 

Chloropierin  has  a  more  violent  action  on  the  respiratory  mucous  membrane  than 
either  chlorine  or  nitrous  fumes,  causing  suiFocation  and  spitting  of  blood, 

CHOIiESTERXBT,  C-'^H^-'O.  This  substance  is  contained  in  the  grease  of  sheep's 
wool.  F.  Hartmann  {Inaug.  Diss.  Gottingen,  1868)  by  boiling  the  grease  with  alcoholic 
potash  and  crj'stallising  the  unsaponified  residiie  from  alcohol,  obtained  crystals 
which  exhibited  the  reactions  of  cholesterin,  but  differed  considerably  from  it  in 
appearance,  melting  point,  and  composition.  Hartmann  regarded  these  crystals  as  a 
mixture  of  cholesterin  with  unaltered  cholesteryllc  ethers.  By  heating  them  -n-ith 
potash-solution  in  a  sealed  tube,  he  obtained  crystals  which  appeared  to  be  purer 
cholesterin  and  melted  at  137°. 

These  results  have  been  fully  confirmed  by  E.  Seliulze  (ZeitscJir.  f.  Chem.  [2]  vi. 
453),  who  has  obtained  the  cholesterin  in  the  pure  state.  120  grams  of  the  wool-grease 
were  boiled  for  some  hours  with  potash-solution  in  a  porcelain  dish,  common  salt  then 
added,  and  the  boiling  continued  for  half-an-hour  longer.  After  cooling,  the  semifluid 
mass  of  soap  and  unsaponified  fat  was  separated  from  the  liquid,  and  freed  from 
unsaponified  fat  by  digestion  with  ether.  This  unsaponified  fat,  amounting  to  about 
70  p.  c.  of  the  original  grease,  was  heated  with  alcoholic  potash  for  20  hours  to  100° 
in  a  closed  stone-ware  bottle ;  the  contents  then  poured  out ;  the  alcohol  evaporated  ; 
the  greater  part  of  the  potash  dissolved  out  of  the  residue  by  water  ;  and  the  undissolved 
substance  stirred  up  with  water  and  agitated  in  a  glass  cylinder  -with  ether.  The 
ethereal  layer,  when  left  to  evaporate,  yield^H  a  faintly  yellow  fatty  substance,  a  very 
concentrated  solution  of  -which  in  hot  ether  solidified  on  cooling  to  a  mass  of  needle- 
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shaped  crystals,  and  a  solution  of  the  same  in  hot  alcohol  dopobited  on  cooling  a  con- 
siderable quantity  of  crystalline  laminse  and  white  flocks. 

The  substauce  thus  obtained  is  a  mixtm-e  of  cholesterin  with  one  or  two  substances 
containing  less  carbon  and  molting  at  lower  temporatiu-es  ;  by  fractional  crystallisation 
from  ether-alcohol  it  yields  pure  cholesterin  in  thin  shining  plates,  having  exactly 
the  appearance  and  composition  of  cholesterin  from  gall-stones,  exhibiting  similar 
reactions,  and  melting  at  144-5°.  On  tritui'ating  it  with  a  little  concentrated  sidplmric 
acid  and  then  adding  chloroform,  a  blood-red  solution  is  formed,  which,  on  addition  of 
strong  nitric  acid,  becomes  violet,  blue,  and  afterwards  colourless.  On  triturating  it 
with  a  drop  of  a  mixture  of  3  vol.  strong  hydrochloric  acid  and  1  vol.  solution  of 
ferric  chloride,  and  slowly  evaporating  to  dryness,  the  particles  which  have  remained 
undissolved  assume  a.  violet-red  colour,  changing-  to  blue.  A  small  portion  of  the 
cr.ystals  treated  with  a  drop  of  strong  nitric  acid  and  slowly  evaporated,  leaves  a 
yellow  spot  turned  red  by  ammonia  (compare  \st  Siqypl.  447). 

The  reaction  of  cholesterin  with  sulphuric  acid  is  best  exhibited  by  dissolving  a  few 
centigrams  of  cholesterin  in  about  2  c.  c.  of  chloroform,  and  then  shaking  it  with  its 
own  bulk  of  strong  sulphuric  acid.  The  choloroform  quickly  becomes  blood-red,  and 
then  cherry-red  or  purple,  a  colour  which  it  retains  for  several  days.  A  few  di'ops 
poured  into  a  basin  become  blue,  green,  and  then  yellow.  This  change  seems  to  be  due 
to  traces  of  moisture,  and  the  original  colour  mny  be  restored  by  sulphuric  acid.  The 
sulphuric  acid  under  the  chloroform  prcsonts  a  distim  t  (in-n\  nuonscenco.  When 
dropped  into  glacial  acetic  acid,  the  li-juiil.  in  .ilHiiit  lialf  .iii  limir,  l-ci-Mines  violet,  or, 
if  much  diluted,  rose-coloured,  with  a  L'n  '  n  tliioi-i  s.'i  n.  r,  and  cxliil nl ^  such  a  resem- 
blance to  the  liquid  obtained  by  diluting  I'ettenkolrr's  test  lui-  bilc-acids  with  glacial 
actio  acid,  that  it  is  often  impossible  to  distinguish  between  them.  The  spectra  they 
present  are  also  very  much  alike,  but  the  spectrum  of  each  is  somewhat  variable.  That 
of  the  ckolesterin  solution  incUcates  tliat  it  consists  of  two  substances,  wliose  propor- 
tions vary.  Water  takes  up  from  tlie  chloroform  solution  a  sulpho-acid,  which  forms 
crystallisable  salts  with  barium.  The  reaction  of  chlorestorin  witli  sidphuric  acid  is 
slightly  modified  when  only  traces  of  cliolesterin  are  present,  and  it  is  best  in  that 
case  to  dissolve  a  few  granules  in  1  c.  c.  of  chloroform,  and  warm  gently  with  an  equal 
volume  of  sulphuric  acid,  occasionally  shaking.  The  chloroform  quickly  acquires  a 
rose  or  violet  colour.  The  sulphuric  acid  becomes  lemon-yellow,  with  a  distinct  green 
reflection.  By  dilution  with  glacial  acetic  acid,  a  liquid  is  obtained  of  a  faint  red 
colour,  with  green  fluorescence  (E.  Salkowski,  Pflugcrs  An  hin  /;  l'l,  ';si,ilogie,  vi.  207). 

Cholesterin,  boiled  for  twelve  hours  witli  sidphuric  acid  miil  ju.tus.^iuni  dichro)nate, 
becomes  oxidised,  yielding  a  white  amor|ilinus  acid  pruibict  li  i\  in-  llir  im imposition  of 
oxycholic  acid  C'"H"0^  togethn-  ^\\\]^  -mall  .|nantilirs  nf  scvrral  of  thr  lower 
terms  of  the  fatty  acid  series,  probably  acci  ir,  j.ro|,li.nir,  ami  liniyric.  ( ixy.-liolic  acid 
is  not  affected  by  sodium-amalgam  in  alkaline  sDlutioii,  and  is  Iml  slowly  oxidised  by 
fusion  with  potassium  hydrate,  yielding  only  secondary  products  of  decomposition, 
viz.,  inflammable  gases,  a  brown  fatty  substauce,  and  some  of  tlio  lower  fatty  acids 
(L.  Henry,  Beut.  Chem.  Ges.  Ber.  v.  569). 

Cholcsteryl  acetate,  C^^H^'.C^H^O-,  is  produced  by  treating  cholesterin  with  acetyl 
chloride  ;  it  crystallises  in  small  colourless  needles,  melting  at  92°  (Henry) ;  compare 
l.si  Suppl.  448. 

Cholesterylamine,  C"H".NH". — The  chloride  obtained  by  the  action  of  phosphorus 
pontaehlorido  on  cholesterin  is  readily  converted  into  this  compound  by  digestion  with 
alcoholic  ammonia.    It  crystallises  in  small  plates  melting  at  104°  (Henry). 

The  following  cholesterin  derivatives  are  now  known  :— 

C"«H".OH     ....  Cholesterin. 
C-^H^.ONa    ....       Sodium  cholesterylate, 

C-^H".OC=H»0      .       .       .  ■  Acetyl-cholesteryl. 
C''°H".C1       ....       Cholesteryl  chloride. 
C^^H^.NH'-    ....  Cholesterylamine. 

Cholesterin  treated  with  'phosphorus  trichloride  yields  neutral  phosphoretted  bodies, 
which  are  diffieult  to  purify,  and  resemble  the  so-called  myelin  (Gorup-Besanez,  Ann. 
Ch.  Pharm.  clvii.  284). 

The  substance  above  mentioned  as  obtained  together  -with  cholesterin,  by  tlio 
saponification  of  wool-grease,  consists  chiefly  of  an  isomeride  of  cholesterin,  which 
separates  from  alcohol  in  white  flocks.  The  portion  of  wool-grease  which  does  not 
dissolve  in  alcohol  consists  of  ethers  of  cholesterin  and  isocliolesterin ;  the  portion 
soluble  in  alcohol  contains  free  cholesterin,  and  probably  free  isocliolesterin,  together 
with  fatty  ethers  of  both  these  alcohols  (Schulzo).    See  Isocuolesteein. 
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CIIOX.ZC  ACID,  C-'H^oQ^  (Baumstark,  Deut.  Chem.  Ges.  Bcr.  v.  1185,  1377).— 

This  acid  is  diatomic  and  monobasic,  two  of  its  hydrogen-atoms  being  replaceable  by 
alcoliol-radicles,  but  only  one  by  metals. 

Ethyl  cholate.  C"H^^(C-H*)OS  is  prepared  by  passing  hydrochloric  acid  gas  into  a 
solution  of  cholic  acid  in  ethyl  alcohol,  precipitating  -with  water,  heating  the  precipi- 
tate with  solution  of  sodium  carbonate,  and  dissolving  the  portion  not  thereby  taken 
up,  in  ether.  On  evaporating  tlie  ether,  ethyl  cholate  remains  as  a  soft  unctuous 
mass,  which,  when  placed  over  sulphuric  acid  and  frequently  stirred,  dries  up  to  a 
resin  resembling  colophony.  [Hoppe-Seyler  {J.  pi:  Chem.  Ixxxix.  272)  describes  both 
ethyl  and  methyl  cholate  as  well  crystallised  compounds.]  It  is  insoluble  in  water, 
very  soluble  in  alcohol  and  in  ether.  Caustic  alkalis  in  the  cold,  and  alkaline  car- 
bonates with  the  aid  of  heat,  do  not  extract  from  it  anything  precipitable  by  acids  ; 
but  when  boated  with  caustic  soda  to  120°  in  a  tube,  it  yields  sodium  cholate  and  ethyl 
alcohol. 

It  has  not  been  found  possible  to  prepare  a  diethylic  chelate  by  heating  the 
monethylie  ether,  or  the  acid  itself,  with  ethyl  chloride. 

Ethyl-Bcmoi/l  Cholate,  C-'H»''(C^ff  )(C'II'0)0^  is  produced  by  lioating  ethyl  cholate 
with  benzoyl  chloride  in  a  flask  with  reversed  condenser;  and  may  be  purified  in  the 
same  way  as  the  preceding  ether,  excepting  that  it  must  be  heated  for  some  time  to 
130°  to  remove  adhering  benzoic  acid.  It  is  a  resinous  mass,  insoluble  in  water,  easily 
soluble  in  alcohol  and  in  ether,  resolved  by  heating  with  alkalis  into  benzoic  acid 
and  ethyl  alcohol. 

Cholamide,  C-''H'''0  '.NII-,  is  formed  by  heating  ethyl  cholate  with  alcoholic  ammonia 
to  1 20°  (according  to  Hoppo-Seyler  the  product  consists  of  ammonium  cholate).  Prepared 
in  this  way,  or  by  heating  ammonium  cholate  in  an  oil-bath  as  long  as  water  continues 
to  escape,  it  is  a  yellowish  resinous  mass,  insoluble  in  water,  moderately  soluble  in 
acids,  easily  in  alcohol  and  ether,  decomposing  at  high  temperatures. 

Products  of  Decomposition  of  Cholic  Acid.— This  acid,  subjected  to  gradual  oxidation, 
yields  a  condensed  acid  which  appears  to  contain  not  less  than  96  atoms  of  carbon,  and 
is,  perhaps,  the  acid  which  has  been  described  as  cholo'idic  acid. 

By  dry  distillation  cholic  acid  yields  a  small  quantity  of  a  substance  exhibiting  the 
properties  of  phenol. 

Cholates  distilled  with  excess  of  alkali  yield  volatile  products  passing  over  from 
150°  to  280°,  and  all  exhibiting  Pettenkofer's  bile  reaction  with  sugar  and  sulphuric 
acid. 

According  to  Gorup-Besanez  (Ann.  Ch.  Pharm.  clvii.  282)  cholic  acid  melted  with 
potassium  hydrate,  yields  acetic  and  propionic  acids,  together  with  a  brown  insoluble 
substance  exhibiting  the  characters  of  dyslj'sin. 

Ecactions  with  Phosphorous  Chloride. — When  powdered  cholic  acid  is  dissolved  in 
phosphorous  chloride,  much  hydrochloric  acid  is  evolved,  and  a  thickish  liquid  is  obtained, 
from  which  water  precipitates  a  white  resinous  mass.  Wlien  heated  with  water  to 
boiling,  this  mass  melts  and  forms  on  cooling  an  easily  pulverisable  lump,  which  may 
be  purified  by  boiling  it  with  successive  portions  of  water  till  the  water  no  longer 
acquires  an  acid  reaction,  dissolving  it  in  warm  sodium  carbonate,  and  precipitating  it 
■with  hydrochloric  acid,  repeating  this  several  times,  and  finally  digesting  it  with  ether. 
The  product  is  a  peculiar  acid  containing  phosphorus ;  when  dry  it  presents  the  appear- 
ance of  a  fine  dusty  white  powder,  and,  on  microscopic  examination,  is  seen  to  consist 
of  highly  refracting  granules  without  any  trace  of  crystals.  It  has  a  slightly  bitter 
taste,  no  smell,  is  insoluble  in  water  either  cold  or  boiling,  soluble  in  alcohol  and  chlo- 
roform, sparingly  soluble  in  ether.  When  heated  on  platinum  foil,  it  melts,  becomes 
brown,  takes  fire  and  burns  with  a  greenish  flame  and  emission  of  thick  white  fumes, 
leaving  a  cinder  which  burns  with  difficulty  and  has  a  strong  acid  reaction  due  to  the 
presence  of  phosphoric  acid.  It  gives  Pettenkofer's  reaction  with  sugar  and  sulphuric 
acid. 

The  numbers  obtained  from  analyses  of  different  portions  of  the  acid  nearly  corre- 
spond with  the  empirical  formula  C'-II"*P-0'\  If  this  formula  were  correct  the  re- 
action might  be— 

3C2^H^«0=  +  2PCP  =  C"H>"P=0'5  +  6HCI. 

Tliere  is,  however,  no  guarantee  for  the  purity  of  the  acid,  as  neither  it  nor  its  salts 
can  be  obtained  in  the  crystalline  state.  The  probable  formation  of  this  body  by  the 
union  of  three  molecules  of  cholic  acid  is  extremely  interesting  when  considered  in 
connection  with  the  very  high  molecular  weight  by  which  all  the  components  of  brain 
and  nerve  at  present  known,  are  distinguished.  It  would  appear  that  with  the  entrance 
of  tri-  or  quinquivalent  phosphorus,  several  molecules  of  non-ijhorised  compounds  may 
unite  to  form  a  condensed  molecule  containing  phosphorus. 
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CHOaiBTB,  C^H'^NO-,  This  base  is  formed,  together  with  margaramide,  glycoro- 
phosphorii^  acid,  and  small  quautities  of  oleic  and  margaric  acids,  when  lecithine  is 
left  for  a  month  in  contact  with  an  equal  weight  of  ammonia  (Grobley,  Com;pt.  rend. 
Ixx.  1207). 

CHOlffDRlGEN",  nr  CHOM'SROCEST.  Tissues  yielding  chondrin  when  boiled 
with  water  have  brcn  found  in  I  ho  Bnu  hiniioda,  Holothuridce,  and  Tunicata.  The 
mantles  of  animals  of  the  last-named  class,  when  boiled  for  some  time  in  a  Papin's 
digester,  yield  an  opalescent  solution  which,  however,  does  jiot  gelatinise.  It  is 
precipitated  by  acetic  acid,  the  precipitate  being  insoluble  in  excess;  also  by  lead- 
acetato,  basic  and  neutral,  and  gives  a  bulky  precipitate  with  alum.  The  residue  left 
on  evaporating  the  aqueous  solution,  after  treatment  with  dilute  hydrochloric  acid 
nud  washing  with  alcohol  and  water,  gives  by  analysis  14'99  p.c.  nitrogen,  which  agrees 
nearly  with  the  qu;;ntity  found  in  choBtlrin  by  IMulder  and  Sclierer  (Seliiifer,  Ann, 
Ch.  Vhann.  els.  330), 

OHOIfDItOSXTS.    Sec  Hcmite. 

CRROIWE  ZX^OZir-ORZ:.  On  the  analysis  of  this  mineral,  see  Chcm.  News,  xxiii. 
281  ;  xxiv.  GUI ;  Chcm.  ,Suc.  J.  [2]  ix.  177j. 

CHROKSZUIMl.  In  the  preparation  of  this  metal  by  Wohler's  method  of  reducing 
chromic  chloride  with  zinc  {1st  Suppl.  910).  E.  Zettnow  {_Pogg.  Ann.  cxliii.  477)  uses 
as  a  flux,  instead  of  the  mixed  chlorides  of  potassium  and  sodium  recommended  by 
^Y6hler,  a  double  chloride  of  chromium  and  potassium.  He  forms  this  double  salt 
from  red  potassium  chromate,  by  reducing  it  with  hydrochloric  acid,  in  presence  of 
alcohol,  and  adding  chloride  of  potassium  to  the  boiling  liquid,  which  is  then  evapo- 
rated to  dryness.  The  residue,  after  being  carefully  dried,  is  mixed  with  finely  granu- 
lated zinc,  and  this  mixture  is  introduced  by  successive  portions  into  a  red-hot  Hessian 
crucible,  in  which,  after  the  last  portion  has  been  added,  it  is  heated  for  half  to  three- 
quarters  of  an  hour,  and  then  allowed  to  cool  slowly.  The  soluble  salts  are  dissolved 
out  by  water,  the  zinc  by  dilute  nitric  acid. 

Chromium  Trioxlde.  Cbromic  Anhydride,  CrO'. — For  the  preparation  of 
this  compound  in  the  pure  state,  the  following  process  is  recommended  by  Zettnow 
(,Pogg.  Ann.  cxliii.  474)  as  the  easiest  and  most  economical : — 

300  grams  of  pulverised  commercial  potassium  dichromate  are  warmed  with  600 
e.  c.  of  water  and  420  c.  e.  of  sulphuric  acid,  until  dissolved ;  and  the  solution  is  left 
at  rest  for  10-12  hoiu's,  in  which  time  the  acid  potassium  sulphate  crystallises  out. 
The  mother-liquor  is  decanted  and  allowed  to  drain  for  an  hour  or  two,  the  salt  being 
washed  with  10-12  c.  c.  of  water.  The  solution  is  heated  to  80°-90°,  mixed  with 
150  c.  c.  of  sulphuric  acid,  and  afterwards  gradually  with  the  same  quantity  of  water, 
until  the  precipitated  chromic  acid  is  re-dissolved.  The  solution  is  then  evaporated 
until  crystals  begin  to  appear.  After  standing  for  10  to  12  hours,  the  chromic  anhy- 
dride is  precipitated  in  small,  brownish-red  crystals.  The  mother-liquor  is  decanted 
from  the  crystals,  again  evaporated,  and  left  at  rest,  whereby  a  second  crop  is  obtained 
of  rather  larger  feathery  crystals,  and  in  a  similar  manner  a  third  crop  of  long  scarlet- 
red  needles.  These  crystals  are  freed  from  mother-liquor  by  draining  in  a  funnel,  in 
the  apex  of  which  is  placed  a  piece  of  thin  platinum-foil  pierced  with  very  small  holes, 
and  finally  dried  on  a  porous  tile. 

To  purify  the  crystallised  chromic  anhydride  thus  obtained,  it  is  introduced  into  a 
porcelain  crucible,  and  treated  gradually  with  50  e.  e.  of  pure  nitric  acid  of  sp.  gT. 
1-46  (weaker  acid  would  dissolve  the  chromic  acid),  the  mixture  being  thoroughly  stirred 
with  a  glass  rod;  it  is  then  placed  on  a  dry  tile.  If,  after  standing  thus  for  12 
hours,  the  chromic  anhydride  is  found  to  be  not  thoroughly  freed  from  potash  and 
sulphuric  acid,  it  is  sufficient  to  repeat  the  operation  with  25  c.  c.  of  the  nitric  acid  to 
remove  these  impurities.  The  nitric  acid  is  readily  expelled  from  tlie  crystals  by 
heating  on  a  sand-bath,  first  gently,  then  more  strongly,  until  no  more  acid  fumes  are 
evolved. 

By  this  method  Zettnow  obtained  an  average  of  84'8  p.  c.  of  the  theoretical  quantity 
of  pure  and  dry  chromic  anhydride.  By  using  the  green  mother-liquor  decanted  after 
the  third  crystallisation,  in  place  of  fresh  sulphuric  acid,  a  considerable  saving  is 
eflfected,  whilst  the  quantity  of  chromic  anhydride  thus  procured  is  about  90-3  p.c.  of  the 
theoretical  quantity,  instead  of  84'8  p.  c. 

Specific  gravity  of  Chromic  Anhydride  and  of  Chromic  acid  solutions  (Zettnow,  Pogg. 
Ann.  cxliii.  274). — The  specific  gravity  of  chromic  anhydride  was  determined  by  means 
of  commercial  benzene,  freed  from  water  by  digestion  with  calcium  chloride.  The 
dried  benzene,  whether  hot  or  co\'\  d"QS  not  dissolve  tho  sn\allest  quantity  of  chromic 
acid, 
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The  sp.  gr.  of  the  solid  chromic  anhyride,  as  determined  by  six  experiments  at  17'5°, 
was  2-775,  2777,  2787,  2785,  2-804,  and  2-800  respectively,  the  mean  being  2-788. 


S2iccific  gravity  of  Aqueous  Chromic  acid. 


Percentage  of  CrO' 

Specific  gravity  of 

Pereentage  of  CrO= 

Specific  gi-avity  of 

dissolved 

solution 

dissolved 

solution 

62-23  (saturated) 

1-7023  at  26° 

19-33 

1-1669  at  19° 

37-82 

1-34416  „  22"^ 

12-34 

1-0957  „  19-5° 

1-3448   „  19-2° 

8-79 

1-0694  „  14-2° 

32-59 

1-22384  „  9-7° 

1-0679  „  18° 

1'22100  „  15-2° 

8-25 

1-0606  „  16-2° 

1-21914  „  18-6° 

1-0600  „  17° 

1-20940  „  35° 

31-83 

1-20714  „  12° 
1-20264  „  20-1° 
1-20269  „  20-9° 

Action  of  Chromic  acid  on  Carbon  conpounds. — Chromic  acid  in  aqueous  solution  is 
recommended  by  Berthelot  (Ann.  Chem.  Phys.  [4]  xxiii.  212)  in  many  cases  for  the 
oxidation  of  organic  compounds,  instead  of  the  ordinary  mixture  of  potassium  di- 
cliromato  and  sulphuric  acid,  because  it  acts  less  violently;  in  fact,  when  this  mixture 
is  used,  the  chromic  anhydride  parts  with  half  its  oxygen,  producing  chrome-alum: 

K-0.2CrO»       4(H=0.S0')  =  K20.Cr=0'.4S03  +  4H-0  +  0^ 

whereas,  when  aqueous  chromic  acid  is  used,  only  one-fifth  of  the  oxygen  of  tlie  anhy- 
dride is  given  off,  witli  formation  of  a  ehromate  of  chromium  : 

5Cr03  =  Cr=0'.3CrO^  +  0\ 

By  the  use  of  the  dilute  aqueous  acid,  acetylene  is  oxidised  to  acetic  acid,  and  allylene 
to  propionic  acid.  If,  however,  only  a  small  quantity  of  water  is  present,  the  action 
on  acetylene  becomes  violent,  and  the  products  are  formic  and  carbonic  acids. 

Carhon  monoxide,  passed  through  a  series  of  U-tubes  filled  with  pumice-stone 
moistened  with  concentrated  chromic  acid  is  slowly  oxidised  to  dioxide.  Hydrocjcn  is 
also  slowly  converted  into  water,  when  a  gypsum-ball  steeped  in  tlie  concentrated  acid 
is  introduced  into  the  gas  standing  over  mercm-y.  Marsh-gas  withst<ands  the  action 
of  chromic  acid  even  in  the  concentrated  state.  Ethylene  at  ordinary  temperatures  is 
completely  oxidised  to  carbon  dioxide  and  water  by  concentrated  solution  of  chromic 
acid,  and  very  slowly  by  dilute  solutions  (E.  Ludwig,  Ann.  Ch.  Pharm.  clxii.  47). 

Cbromates.  Barium  chromates. — The  dichromate  BaCr-0'  =  Ba0.2CrO^ 
separates  as  a  yellowish  powder  from  a  solution  of  the  normal  ehromate  in  boiling 
aqueous  chromic  acid.  No  other  acid  ehromate  of  barium  appears  to  exist  (Zettnow, 
Pogg.  Ann.  cxlv.  167). 

Chromic  Chromatc,  Cr^O'.CrO^  or  Chromium  Dioxide  CtO-,  is  obtained  in  the 
hydrated  state  by  mixing  a  cold  solution  of  potassium  dichromate  with  sodium  thiosul- 
phato : 

2(K'-0.2Cr03)  +  Na-S=0'  =  Cr-O^CrO^  +  Iv=CrO»  -I-  K-SO'  +  1SVS0^ 

hyposulphuric  (dithionic)  acid  being  probably  formed  in  the  first  instance,  and  after- 
wards resolved  into  sulphurous  and  sulphuric  acids.  If  the  action  bo  completed  by 
aid  of  heat,  and  the  product  washed  till  the  wash-water  no  longer  appears  yellow,  the 
compound  2(Cr'^O^CrO^)  +  9  H-0  is  obtained.  AVhen  dried  at  a  gentle  heat,  it  is  a 
light,  bulky,  deep-browu  powder.  It  dissolves  easily,  especially  with  aid  of  heat,  in 
dilute  sulphuric  or  hydrochloric  acid,  forming  a  green  solution  ;  in  dilute  acetic  acid 
it  is  less  soluble.  Nitric  acid  dissolves  it  with  deep  brown  colour  ;  strong  hydrochloric 
acid  dissolves  it,  when  heated,  with  evolution  of  chlorine.  From  its  solutions  in  dilute 
sulphuric  and  hydrochloric  acids,  ammonia  throws  down  green  chromic  oxide,  while 
ammonium  ehromate  remains  in  solution,  generally  retaining  a  little  chromic  oxide. 
By  boiling  it  with  alkaline  carbonates,  green  chromic  oxide  is  separated  and  an  alkaline 
ehromate  is  dissolved.  The  compound,  when  slowly  heated,  first  gives  off  its  water  of 
hydration,  and  is  then  resolved,  with  vi\id  incandescence,  into  oxygen  and  chromic 
oxide  of  a  fine  green  colour  (0.  Popp,  Ami.  Ch.  Pharm.  clvi.  90). 

Mercury-salts. — Normal  mcrcuroxis  ehromate  (Hg')''CrO^  is  best  prepared  by 
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precipitating  merourous  nitrate  -with  potassiiim  dichromate  ;  the  precipitate  is  not 
decomposed  by  washing  with  water.  On  the  contrary,  the  precipitate  thrown  down 
by  potassium  dichromate  from  mercuric  nitrate  retains  the  composition  of  the  normal 
chromato  only  when  washed  with  dilute  nitric  acid ;  if  washed  with  water  it  loses 
chromic  acid.  The  only  basic  mercuric  chromate  that  seems  to  exist  is  the  tribasic 
salt  3HgO.CrO»  (Freese,  Zcitschr.  f.  Chcm.  [2]  vi.  30). 

Nickel-salts. — Freese  {loc.  cit.),  by  precipitating  a  boiling  solution'  of  nickel 
sulphate  with  neutral  potassium  chromato,  obtained  the  salt  3NiO.CrO'  +  6H-0. 
According  to  E.  A.  Schmidt  (Zeitsckr.  f.  Chcm.  [2]  vii.  31),  this  salt  is  formed  only 
when  the  precipitate  is  thrown  down  in  presence  of  excess  of  nickel-salt,  as  for  instance, 
on  mixing  boiling  solutions  of  2  mol.  nickel  sulphate  and  1  mol.  potassium  chro- 
mate. When,  on  the  other  hand,  the  chromate  is  in  excess,  precipitates  containing  less 
nickel  are  thrown  down  under  otherwise  similar  conditions ;  with  2  mol.  potassium 
chromate  and  1  mol.  nickel  sulphate,  Schmidt  obtained  the  salt  5Ni0.2CrO' -i-  12H-0, 
and  -with  4  mol.  of  the  chromate  to  1  mol.  of  nickel  sulphate,  the  salt,  2NiO.CrO^  -1- 
6H=0.  No  salt  containing  less  nickel  than  the  last  was  obtained ;  on  the  contrary, 
by  employing  10  or  12  mol.  potassium  chromate  to  1  mol.  nickel  sulphate,  precipitates 
were  thrown  down,  the  composition  of  which  lay  between  6Ni0.2CrO'  and  2NiO.CrO\ 
When  basic  nickel  chromate,  still  moist,  is  triturated  to  a  thin  pulp  with  ammonia, 
and  gaseous  ammonia  is  passed  in  till  the  brown  colour  completely  disappears,  ammonio- 
nickd  chromate  is  deposited  in  the  form  of  a  yellowish-green  crystalline  powder.  Further 
quantities  of  the  same  salt  are  obtained  by  placing  a  few  crystals  of  neutral  ammonium 
cliromate  in  the  mother-liquor.  Large  and  well-formed  prismatic  crystals  are  produced 
when  the  ammoniacal  solution  is  covered  with  a  layer  of  alcohol ;  they  are  yellowish- 
green,  dichroic  by  transmitted  light,  and  undergo  decomposition  in  the  air,  and  more 
rapidly  on  warming,  giving  ofi"  ammonia.  Malaguti  and  Sarzeau  assign  to  this  salt 
the  formula  NiO.CrO'.SNH^  +  4H*0  ;  but  Schmidt  found  it  to  be  anhydrous,  and  to 
have  the  composition  expressed  by  the  formula  NiO.CrO^SNH'. 

Potassium  salts. — The  dichromate  heated  with  2  pts.  of  strong  nitric  acid  forms 
a  liquid  which,  on  cooling,  deposits  splendid  crimson  tabular  crystals  containing  nitric 
acid,  and  yielding  by  analysis  36-4  p.c.  chromium,  whence  maybe  deduced  the  formula 

CrO^  NO'^  CrO',  which  requires  367  p.  c.  The  salt,  when  heated,  gives  oif  red  fumes 
and  melts  to  a  blackish-brown  liquid.  Its  aqueous  solution  yields,  on  evaporation, 
not  the  original  salt,  but  potassium  dichromate.    An  excess  of  nitric  acid  appears  to 

convert  the  salt  into  CrO=         2CrO^  (Darmstiidter,  Deiit.  Chem.  Gcs.  Ber.  iv.  167). 

The  dichromate,  heated  with  ^/;o.5/)A(»'ozw  chloride  to  166°  in  a  sealed  tube,  is  decom- 
posed, yielding  potassium  chlorochroma  te,  brown  oxide  of  chromium  (chromic  cliromate), 
and  other  products  (Michaelis,  Jenaische  Zcitschriff,  vii.  110)  : 

30(K-O.2CrO')  +  42PCP  =  ISCKCl.CrO^)  -I-  14(Cr-0\Cr03)  +  loKPO-^  + 
27KC1  +  27P0C1^ 

Potassium  Chlorochromate,  KCl.CrO',  may  be  obtained  in  long  needles  by 
dissolving  the  dichromate  in  three  or  four  parts  of  warmed  strong  hycbochloric  acid, 
and  recrystallising  the  product  from  hot  hydrochloric  acid  ;  it  is  partially  decomposed 
by  heat,  and  must  be  dried  in  vacuo.  Dry  pure  ammonia  gas  produces  with  the  dry 
compound,  ammonium  chloride  and  a  salt  crystallisable  from  hot  water,  and  having 
CrO^.OK 

the  formula  CrO-       ;  its  reactions  seem  to  be  identical  with  those  of  ordinary  chro- 
CrO^.OK 

mates. 

CrO^.ONH' 

The  corresponding  ammonium  salt  CrO-  is  produced  by  passing  ammonia  gas 

CrO'.ONH' 

into  a  solution  of  chromyl  dichloride,  CrO=Cl-,  in  chloroform.  It  is  a  brown  amor- 
phous powder,  difficultly  soluble  in  water,  insoluble  in  alcohol,  ether,  chloroform,  and 
glacial  acetic  acid,  but  readily  soluble  in  mineral  acids,  from  which  solutions  it  sepa- 
rates again  as  an  amorphous  powder. 

Ether  and  dry  ammonia  gas  tran.sform  potassium  chlorochromate  into  jwtassiiim 
amido-chromatc  CrO^j^jp,  crystallisable  from  water;  cold  caustic  soda-solution  docs 
not  decompose  this  body,  but  on  boiling  for  some  time,  ammonia  is  given  off  in  quantity  ; 
on  heating  it  with  water  to  100°  for  some  hours,  the  following  reaction  takes  place  :— 

2CrO'^|2lP      H"'*^  =  Cr^O'(OK)=  + 
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Similarly  nitrous  acid  gives  nitrogen,  water,  and  potassium  dichromate.  Neither 
platinum  cliloride,  mercury  chloride,  nor  silver  nitrate  combines  with  it. 

Together  with  the  amidochromate,  a  body  is  formed  giving  numbers  agreeing  not 
very  closely  with  the  formula  Cr^O'NH- ;  it  is  a  chocolate-coloured  powder  insoluble 
in  water,  alcohol,  other,  chloroform,  and  carbon  sulphide.  Acids  and  alkalis  dis- 
solve it  on  prolonged  heating,  tho  latter  with  evolution  of  ammonia.  The  amount  of 
this  body  formed  is  but  small,  but  is  increased  by  allowing  the  action  of  the  ethereal 
■ammonia  to  take  place  under  a  pressure  of  1-2  decimeters  of  mercury  J.  Heintze, 
J.  pr.  Chm.  [2]  iv.  58,  211). 

Po*-,assium  chlorochromate  and  'potassium  cyanide  yield  gaseous  cyanogen  chloride 
and  potassium  monoehromate ;  with  nitrogen  tetroccide,  the  chlorochromate  yields 
nitryl  chloride  NO-Cl.  The  corresponding  bromide  NO-Br  is  obtained  by  the  action 
of  nitrogen  tetroxide  on  potassium  hromochrmnate  formed  by  dissolving  potassium  di- 
chromato  in  bromine-water  (Heintze). 

Silver  Ghromates. — Two  only  of  these  salts  appear  to  exist.  The  normal 
cliromatc,  Agr-CrO'',  is  always  formed  when  solutions  of  potassium  monoehromate  and 
silver-nitrate  are  mixed,  though  the  appearance  of  the  precipitate  varies  considerably 
according  as  one  or  the  other  salt  is  added  in  excess.  In  like  manner  solutions  of 
potassium  dichromate  and  silver  nitrate  always  yield  the  pure  dichromatc  of  silver 
Ag^'Cr'O',  or  Ag^O.  2CrO',  whether  the  chromium  solution  is  added  in  excess  or  in  a 
mere  trace.  When  silver  oxide  is  he'ated  for  some  time  with  solution  of  normal 
potassium  cliromate,  the  greyish  black  product,  after  washing  with  hot  water,  consists 
wholly  of  silver  monoehromate.  Silver  oxide  treated  in  like  manner,  with  solution 
of  potassium  dichromate  yields  pure  silver  dichromate  (Freese). 

On  the  action  of  Chromatcs  on  Ammonia  salts.    See  Ammonia  (p.  CI). 

Chromium  Oxychlorides. — Chromyl  dichloride,  CrO^CP,  is  strongly  attacked  by 
phosphorous  chloride,  producing  a  hissing  noise  and  emission  of  light. 

The  reaction  is  : 

iCrO^CP  4-  6PC13  =  2Cr2Cl<'  +  PCP  +  3P0CP  +  P^O^ 

(Michaelis,  J"f«at?c/ic  Zeitschr{ft,\n.  WO). 

Chromyl  dichloride  dissolves  in  glacial  acetic  acid,  and  in  chloroform,  and  ammonia 

CrO=.ONH^ 

gas  passed  into  the  latter  solution  produces  the  ammonium  salt  CrO-        ,  already 

CrO'^ONH* 

mentioned,  (p.  333). 

The  chromium  chromatOcUoride,  or  trichnmyl  dichloride,  described  by  Thorpe, 
{1st  Supph  456)  may  be  regarded  as  the  chloride  analogous  to  this,  and  represented 
CrO^Cl 

by  the  formula  CrO-    (Heintze,  J.  pr.  Chcm.  [2]  iv.  211). 
CrO^Cl 

Zettnow  (Fogg.  Ann.  cxliii.  328),  by  Iieating  potassium  chlorochromate  with  sulphuric 
acid  has  obtained — together  with  chromyl  dichloride — a  brown  compound,  which 
after  distillation  and  drying  over  sulphuric  acid,  appears  to  be  identical  with  Thorpe's 
compound. 

Ammonlaoal  Chromium  Compounds.    P.  T.  Cleve  {Sill.  Am.  J.  [2]  xlix. 

2.51),  h;is  olitaiiicd  the  following  ammouio-chroniic  compounds,  in  addition  to  those 
previously  described  {1st  Suppl.  452) : 

Cr2C12Br'.8]SrH3.2H20  Tetramine-chromic  Chlorobromide. 

Cr-Br«.8NH^2H20  Tetramine-cliromic  Bromide. 

Cr=Br-Cl'.8NH^2H-0  Tetramine-chromic  Bromochloride. 

Cr-Gl=I<.8NH'.2H-0  Tetramine-chromic  Chloriodide. 

Cr=P.8NH3.2H'^0  Tetramine-chromic  Iodide. 

Cr=Br=0=.8NH'.2SO'.2H=0  Tetramine-chromic  Bromosulphate. 

Cr2Cl-02.8NH^2CrO\.rH-0  Tetramine-chromic  Chlorochromate. 

Cr=Cl=0=.8NH^2N«0».2H=0  Tetramine-chromic  Chloronitrato. 

Of  heptamine-dichromic  compounds,  only  the  two  following  double  salts  have  been 
obtained : 

2(Cr20l3N20').14NH»  +  (NH')^O.N=0''  +  9H=0 
2[Cr=0'.N20l(Cr=0»)==].UNH^  +  6H-0. 
Of  salts  of  tho  triamino  series,  two  also  have  been  obtained,  viz. 

Cr-0^3G^O'.6NH'.3H=0  Triamino  chromic  Oxalate. 

2(Cr''0-'.3C-0'.6NH')  +  (NH<)=0.2C=0^  +  4H=0  Triamine-chromic  Ammonium 

Oxalate. 
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The  salts  of  tho  hcptamine  and  triamine  series  closely  resemble  the  tetramiiio  salts. 
The  nitrate  of  the  heptamino  series  is  obtained  by  tho  action  of  silver  nitrate  on 
tetramine-chromic  chloride ;  the  oxalate  of  the  triamine  series  by  the  action  of  oxalic 
acid  on  the  same  chloride. 

Besides  these  three  series,  Clevc  describes  the  following  salts : 

Cr=O^N-05.4NH'  +  3H=0 
Cr-^0'.C'0^2NH'  +  8H-0 
2Cr-0'.SO».4Nn'  +  24H=0  ; 

I  nit  it  is  doubtful  whether  they  have  been  obtained  in  the  pure  state,  inasmuch  as  they 
cuuld  not  be  made  to  crystallise. 

CHROMO-WVAFEirXTES.    See  Wblfenites. 

CHavSAMMlC  ACID,  C'ff-N-0«,  or  C"H«N^O'=  =  Ci<H=(N02)<(HO)20% 

Tctranitro-dioxiianlhrdijuinom  {1st  Siqjpl.  457).  Tilden  (Pharm.  J.  Trans.  [3]  ii. 
845)  prepares  this  acid  by  the  action  of  cold  fuming  nitric  acid  on  barbalo'in,  the  alo'in 
obtained  from  Earbadocs  aloes,  (p.  62).  The  product  is  a  mixture  of  aloetie,  chrys- 
ammic,  oxalic  and  picric  acids,  the  two  latter  of  which  are  easily  dissolved  out  by  cold 
water,  the  aloetie  and  clirysammic  acids  remaining  undissolved.  Tho  aloetie  acid  is 
finally  converted  into  chrysammic  acid  by  prolonged  boiling  with  nitric  acid,  and  the 
crystalline  precipitate  of  chrysammic  acid,  after  purification  by  washing  witli  water, 
is  converted  into  the  potassium  salt,  which  is  further  purified  by  recrystalllsation. 
Barbalo'in  thus  treated  yields  more  than  one-third  of  its  weight  of  pure  potassium 
chrysammate. 

The  acid  is  obtained  by  dissolving  the  potassium  salt  in  boiling  water,  and  strongly 
acidifying  the  liquid  with  acetic  acid.  It  crystallises  in  thin,  yellow,  fern-shaped 
crj-stals,  somewhat  resembling  picric  acid,  but  more  lustrous. 

Tko  chrysomniatcs  of  lead  and  barium  have  been  described  by  Schunck  and  Mulder 
as  red  powders,  the  former  containing  variable  proportions  of  lead.  They  may,  how- 
ever, be  obtained  in  a  crystalline  and  perfectly  definite  state  by  mixing  a  solution  of 
the  potassium  salt  with  solution  of  lead  or  barium  acetate  acidified  with  acetic  acid. 
The  crystals  of  the  lead  salt  exhibit  a  magnificent  bronze  reflection  and  strongly 
polarize  transmitted  light.  The  analysis  of  these  salts  leads  to  the  formulae 
C»H2Pb(N0=)'0'      4H=0  and  C'^H=Ba(NO=)^0'  +  4H-0. 

If  chrysammic  .icid  has  the  constitution  of  tetranitro-dioxyanthraquinone,  the 
substance  hitherto  called  chri/samidc,  which  is  produced  by  the  action  of  ammonia 
on  chrysammic  acid  (i.  955),  may  be  regarded  as  the  ammonium  salt  of  a  monobasic 

acid  C"H'-'(N0=)X02)"  {q^'  ,  which  may  bo  called  chrysamidio  acid^  (tetranitramido- 

o.xyanthraquinone). 

The  so-called  chrysamide  is  formed  according  to  tho  equation  : 

Chrysammic  acid.  Ammonium  Chrysamidate. 

When  dry  ammonia  gas  is  passed  over  chrysammic  acid,  4-4  p.  e.  water  is  g^ven  ofl^, 
according  to  Mulder ;  the  equation  just  given  requires  4'3  p.  c.  Strong  acids  convert 
the  so-called  chrysamide  into  chrysammic  acid,  whereas  by  treating  it  with  dilute 
acids,  a  body  is  formed  containing  more  nitrogen  than  chrysammic  acid,  evidently  free 
chrysamidio  acid  (Graebe  a.  Liebermann,  Zcitsckr.  f.  Chcm.  [2]  vi.  262). 

Hydrochrysamidc  (iii.  191),  obtained  by  reduction  of  chrysammic  acid,  was 
regarded  by  Schunck  as  C'H'*N-0^  or  rather  C'*H'-'N'0'*.  But  from  his  analyses  and 
from  tho  reactions  of  this  body,  it  appears  rather  to  consist  of  C'*H"'N'0'*,  that  is  to 
say  of  iriamido-nitro<lioxyanthraqumone  C"ff(NH'-)'(NO-)(0'-)"(OH)^.  The  colourless 
body  formed  from  chrysamide  by  further  reduction  will  accordingly  be  triamido-nitro- 
tctraoxyanthraccm  C'-'H-(NH^}^"(NO=)(OH)' ;  it  is  reconverted  into  hydrochrysamide 
by  oxidation  in  the  air  (Graebe  a.  Liebermann). 

CHRYSAWISXC  ACTS,  C'XI'N^O".  Cahours,  who  first  obtained  this  body  bh 
treating  nitnuiisic  acid  t  with  fuming  nitric  acid,  and  exhausting  tlie  product  wity 
ammonia  in  order  to  separate  it  from  simultaneously  formed  di-  and  trinitroanitol, 

*  Not  the  same  as  Schuncke's  chrysamidio  acid  (i.  05.")). 

t  In  the  translation  of  Cahours'  paper  ia  Liehig's  AnnaUn  it  is  said  that  Cahours  used  'anisic 
acid,'  and  the  same  mistake  occurs  in  Gniolin's  Handbook,  and  in  the  first  volmnc  of  this  Dictionary 
(p.»57)  !  but  Salkowslci  finds  that  only  uitrauisic  acid  can  be  converted  into  chrysauisic  acid,  and 
that  anisic  acid  docs  not  yield  a  trace. 
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assigned  to  it  the  formula,  C'ffN^O',  and  regarded  it  as  methylated  picric  acid. 
Beilstein  and  Kellner  found  afterwards  that  the  true  formula  of  this  acid  is  C'H^N-O" 
{1st  Suppl.  458),  but  their  researches  do  not  give  any  clue  to  its  constitution. 

The  recent  researches  of  H.  Salkowski  {Ann.  Ch.  Pharm.  clxiii.  1)  have  shown, 
however,  that  it  has  the  constitution  of  dinitro-amido-benzoic  acid 
C''H2(N0=)-(NH2_).C00H:.    Tins  appears  from  the  following  reactions  :— 

(1)  .  By  reduction  with  tin  and  hydrochloric  acid  it  is  converted  into  triamido- 
benzoicacid,  C°H-(NH'')^CO=H,  which  by  the  action  of  heat  is  resolved  intocarbou 
dioxide  and  triamidobenzene,  C'ff(NH^)'. 

(2)  .  By  heating  chrysanisie  acid  with  fuming  hydrochloric  acid,  it  is  converted  into 
triehlorobenzoic  acid,  C"H=CP.CO-. 

(3)  .  By  the  action  of  nitrous  acid,  a  dinitro-oxybenzoic  acid,  C'*H-(NO-)- 
(OH)CO'-H,  is  obtained;  and  the  same  transformation  is  effected  by  the  action  of 
caustic  alkalis. 

Chrysanisie  acid  is  not  a  direct  product  of  the  action  of  nitric  acid  upon  nitrauisic 
acid  ;  it  is  formed  by  the  action  of  ammonia  on  the  crude  product  of  the  reaction  which 
contains  dinitranisic  acid,  as  maybe  shown  by  exhausting  this  crude  product  with 
solution  of  sodium  carbonate,  precipitating  with  hydrochloric  acid,  and  recrystallising 
from  alcohol,  whereby  dinitranisic  acid  is  obtained  in  pale  yellow  crystals  melting  at 
171°-173°.  This  acid  dissolves  without  decomposition  in  dilute  aqueous  ammonia,  but 
when  boiled  for  a  few  minutes  with  strong  ammonia,  it  is  completely  converted  into 
chrysanisie  acid : 


Chrysanisie  is  therefore  d-initro-para-amido-benzoic  acid,  inasmuch  as  anisic  acid 
is  methyl-para-oxybenzoic  acid. 

Pure  chrysanisie  acid,  prepared  according  to  Cahours'  method,  melts  at  259°,  and 
not,  as  Cahours  states,  at  a  gentle  heat.  It  crystallises  from  alcohol  in  small  shining 
rhombic  plates,  and  from  hot  water  in  hair-like  fasciculated  needles.  It  is  very 
slightly  soluble  in  cold  water,  but  insoluble  in  dilute  acids. 

.  By  adding  a  small  quantity  of  chrysanisie  acid,  or  of  one  of  its  salts,  to  an  alcoholic 
potash- solution,  an  almost  black  colour  is  produced,  which  disappears  on  standing 
and  quickly  on  addition  of  water.  This  reaction  may  be  used  for  the  detection  of  the 
acid  ;  the  dark  compound  formed  is  perhaps  C''H-(NO-)^NHIi.CO=K. 

Methyl  chrysanisate  is  obtained  by  heating  the  silver  salt  with  methyl  iodide ;  it 
crystallises  from  alcohol  in  small  plates,  melting  at  144°,  and  having  a  metallic- 
golden  lustre. 

Dinitro-amidosalylic ,  Diniiro-anthranilic ,  or  more  shortly  Chry- 
salylic  acid,  the  otho-isomeride  of  chrysanisie  acid,  is  produced  by  the  following 
series  of  reactions : — 

Gaultheria  oil  treated  with  a  mixture  of  nitric  and  sulphuric  acids  yields  methyl 
dinitrosalioylate  C^H^(NO^)-.OH.COOCH^ ;  the  ammonium  salt  of  this  compound 
mixed  with  silver  nitrate  yields  the  silver  salt  C''H2(N02)=.0Ag.C02CH^  and  by 
treating  this  salt  with  ethyl  iodide,  the  ether  C'H=(N02)=.0C''ff  .CO=CH^  is  obtained 
in  well-defined  monoclinic  crystals  melting  at  80°. 

This  ether  treated  with  hot  ammonia  forms  a  yellow-red  solution,  together  with  a 
solid  yellow  mass,  which,  when  reerystallised  from  boiling  alcohol,  is  converted  into 
yellow  laminae  melting  at  165°.  The  yellow-red  solution  contains  the  ammonium  salt 
of  dinitro-amido-salylic  acid  C'^H-(N0'^)2.Nff  .CO^H,  which  may  be  precipitated  from 
it  by  acids,  while  the  yellow  lamiuse  consist  of  its  methylic  ether,  C''H-(NO-)^.NH^ 
CO-CH' ;  the  latter  may  be  obtained  as  sole  product  of  the  reaction  by  using  alcoholic 
instead  of  aqueous  ammonia, 

Dinitroamidosalylic  acid  is  converted  into  dinitrosalicylic  acid,  with  evolution  of 
ammonia,  by  boiling  with  soda.  Its  ethylic  ether  melts  at  135°,  the  methydic  ether 
at  165°.  It  bears  a  great  resemblance  to  its  isomeride,  chrysanisie  acid,  and  has 
almost  the  same  melting  point  (256°),  but  the  methyl  and  ethyl  derivatives  melt  at 
about  21°  higher  than  the  corresponding  chrysanisie  derivatives  (114°  and  144°). 
Again,  the  ammonium  salt  contains  one  molecule  of  water,  driven  off  at  100°.  whereas 
that  of  chrysanisie  acid  is  anhydrous  (Salkowski,  Lent.  Chem.  Gcs.  Ber.  iv.  870). 

CHRTSElffE,  C'Hi^  (Liebermann,  Ann.  Chem.  Pharm.  clviii.  299).  This  hydro- 
carbon was  discovered  by  Laurent  in  crude  anthracene  (i.  958),  and  further  examined 
by  Berthelot,  who  has  produced  it  synthetically  from  benzene  {Ist  Suppl.  459).  It  may 
be  extracted  from  the  mixture  of  solid  hydrocarbons  which  have  a  higher  boiling 
point  than  anthracene,  and  form  the  latter  portion  of  the  distillate  from  coal-tar,  by 
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treating  this  mixtui-o  mtli  successive  quantities  of  cold  carbon  sulphide,  which  dis- 
solves the  pyrene  and  similar  h3'drocarbons,  leaving  18  to  19  per  cent,  of  a  yellow 
powder  melting  at  240°.  By  crystallising  this  powder  from  coal-oil  (boiling  at  150°) 
tho  chryseno  is  obtained  in  bright  yellow  glistening  scales,  from  which  the  colour 
cannot  be  completely  removed,  even  by  repeated  crystallisation  from  ether,  or  by  the 
insolation  of  its  solutions.  It  is  however  obtained  colourless  by  heating  the  yellow 
crystals  with  hydriodic  acid  and  amorphous  phosphorus  to  240°  ;  also  by  boiling  them 
with  alcohol  and  a  small  quantity  of  nitric  acid.  It  cannot  be  sublimed  without 
decomposition,  and  when  submitted  to  distillation  in  a  current  of  gas,  its  melting 
point  is  lowered  sometimes  as  much  as  10°. 

Chrysene  is  very  slightly  soluble  in  cold  alcohol,  ether,  benzene,  and  glacial 
acetic  acid,  but  somewhat  more  soluble  in  carbon  bisulphide.  It  is  moderately  soluble 
in  coal-oil  of  high  boiling  point  when  hot,  and  in  boiling  glacial  acetic  acid,  from  both 
of  wliich  it  separates  in  the  crystalline  state  on  cooling.  It  melts  at  248°-250°,  and 
its  boiling  point  lies  above  the  range  of  the  mercurial  thermometer.  The  yellow 
chryseno  dissolves  in  a  large  quantity  of  hot  sulphuric  acid,  with  a  dirty  violet  colour, 
forming  sulpho-acids,  whilst  colourless  chrysene  forms  a  pure  blue  solution.  Chlorine 
acts  upon  it  very  little  in  the  cold,  but  on  heating,  a  substance  is  formed  which 
sublimes  in  white  needles  with  partial  decomposition.  It  forms  a  jncrate,  C'H'-.C'H-' 
(NO-)^OII,  crystallising  in  orange  coloured  needles,  which  are  decomposed  by  the  action 
of  cold  alcohol,  being  converted  into  pseudomorphs  of  chrysene. 

By  oxidation  with  chromic  acid  it  is  converted  into  chrysoquinone  CH'^O-,  and  by 
prolonged  action  into  phthalic  acid. 

Bromochryscncs,  On  adding  bromine  to  chrysene  suspended  in  carbon  sul- 
phide, hydrobromic  acid  is  evolved,  and  a  substance  is  obtained  which  crystallises 
from  benzene  in  colourless  needles,  and  appears  by  analysis  to  be  a  mixture  of  di- 
and  tri-bromochrysene. 

Dccachlorochrysene,  C'^H-Cl'",  is  formed  by  heating  chrysoquinone  {infra)iov 
twelve  hours  with  a  large  excess  of  phosphorus  pentachloride ;  it  is  a  yellowish  un- 
crystallisable  substance  soluble  in  carbon  sulphicle. 

Nitrochrysenes. — Mononitrochrysene,  C'^H"NO-,  is  prodiTced  by  boiling  yellow 
chrysene  -with  alcohol  and  a  little  nitric  acid  of  sp.  gr.  1'4.  The  solution  slowly 
acqxiires  an  orange  colour  from  formation  of  nitrochrysene  ;  and  if,  after  24  hours' 
digestion,  it  be  separated  from  unaltered  chrysene,  concentrated  by  distillation,  and 
allowed  to  cool,  then  filtered  and  mixed  with  water,  an  orange-red  precipitate  of  nitro- 
chrysene is  formed,  which  may  be  purified  by  crystallisation  from  boiling  alcohol. 
The  chrysene  remaining  undissolved  in  the  above  operation  is  much  less  readily  acted 
upon  by  nitric  acid  than  before,  and  when  boiled  with  potash  and  recrystallised,  yields 
coloiirless  chrysene. 

Tetranitro-chryscne,  C''H^(N02)'. — On  dissolving  chrysene  in  fuming  nitric  acid  in 
the  cold,  and  adding  water  after  some  hours,  this  substance  is  precipitated  as  a  yellow, 
difficultly  soluble  powder.  By  treatment  with  chromic  acid  it  is  in  great  part  de- 
stroyed, and  wlicn  heated  to  170°  with  nitric  acid,  it  forms  a  volatile  acid  containing 
nitrogen. 

Chrysoquinone,  C"'I1'°(0-)".  On  oxidising  crystallised  chrysene  suspended  in 
glacial  acetic  by  th  careful  addition  of  one  and  a  half  times  its  weight  of  chromic 
acid,  and  finally  heating  to  boiling  to  complete  the  reaction,  a  solution  is  obtained 
from  wliich  the  quinone  may  be  precipitated  by  addition  of  water,  as  an  orange- 
red  powder  To  purify  this  substance,  it  is  dissolved  in  concentrated  sulphuric  acid, 
filtered  through  asbestos  to  separate  unaltered  chrysene,  and  precipitated  by  water ; 
repeated  crystallisation  from  benzene  renders  it  quite  pure.  It  is  moderately  soluble 
in  hot  alcohol,  lieuzene,  and  glacial  acetic  acid,  and  crystallises  from  the  former  in 
long  rhombic  plates.  It  is  but  slightly  soluble  in  ether  and  carbon  sulphide,  melts 
at  about  220°,  and  when  more  strongly  heated,  sublimes  with  partial  decomposition. 
It  dissolves  in  cold  concentrated  sulphuric  acid  with  a  fine  pure  blue  colour,  and  is 
precipitated  unchanged  by  the  addition  of  water.  The  production  of  this  blue  colour 
affords  a  very  characteristic  test  for  chrysene.  If  a  mixture  of  solid  hydrocarbons,  on 
oxidation  with  chromic  acid,  and  subsequent  treatment  with  sulphuric  acid,  gives  the 
blue  reaction,  the  presence  of  chrysene  maybe  safely  inferred.  The  quinone  of  idrialin 
treated  in  the  same  manner  gives  a  red-brown  colour.  Chrysoquinone  yields  phthalie 
acid  when  treated  with  potassium  permanganate,  or  subjected  to  the  prolonged  action 
of  chromic  acid.    When  it  is  heated  with  zinc-powder,  chrysene  is  regenerated. 

Dichlorochrysoq^iinonc,  C'*H'*Cl-0-. — When  1  mol.  of  chrj-sene  is  heated  for  a  short 
time  to  200°  -with  2  mols.  of  phosphoric  chloride  and  an  excess  of  phosphf>rus  oxy- 
cbloridc,  a  preen  umnystallisable  sulislanr'O  is  formed,  wliich  is  soluble  in  carbon 
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sulphide  and  phosphorus  oxychloride,  but  almost  insoluble  in  akohol,  etlicr,  and 
benzene.  The  contents  of  the  tubes,  when  gradually  added  to  alcohol,  give  a  bright 
yellow  floeculent  precipitate  of  dichlorochrysoquinone. 

Tetranitrochrysoquinone,  C'*H''(NO-)''0-. — Chrysoquinone  dissolves  in  cold  concen- 
trated nitric  acid,  and  after  it  has  been  allowed  to  stand  for  some  hours,  water  pre- 
cipitates tetranitrochrysoquinone  as  an  orange-yellow  powder,  which  is  but  little  soluble 
in  most  solvents.    It  deflagrates  slightly  when  heated. 

ChrysoJiydroqwinone,  C"'H"'(OH)". — Chrysoquinone  boiled  with  zinc-powder 
and  caustic  potash-solution,  dissolves  to  a  yellow  liquid,  from  which  acids  precipitate 
colourless  flocks  of  chrosohydroquinone,  which  can  be  easily  reoxidised  to  the  quinone. 
This  change  takes  place  when  the  hydroquinone  is  heated  to  200°  with  access  of  air, 
or  when  it  is  dissolved  in  concentrated  sulphuric  acid  and  agitated  with  air,  the  solu- 
tion then  acquiring  the  characteristic  blue  colour  of  chrysoquinone. 

Constitution  of  Chrysaic. — The  properties  of  the  derivatives  of  chrysene,  and  its 
conversion  into  phthalic  acid  by  oxidation,  clearly  show  that  it  is  a  member  of  the 
naphthalene-anthraeene  series  ;  and,  moreover,  the  absence  of  any  fatty  group  is  ren- 
dered manifest  by  the  formation  of  the  quinone  and  its  reconversion  into  chryseno. 
Strecker  (Lehrbuch  der  Organ.  Chcmie,  762)  has  pointed  out  that  its  constitution  is 
probably  analogous  to  that  of  naphthalene  and  anthracene,  and  if  the  substance  pre- 
j\-irod  synthetically  from  benzene  by  Berthelot  bo  identical  with  chrysene,  the  structiire 
of  this  hydrocarbon  maybe  represented  by  the  following  formula,  wHchindicates  tliat 
it  is  formed  by  the  union  of  three  benzene  molecules,  with  elimination  of  hydrogen: — 
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CRRYSOCOXiIiA.  Cupric  Sdicatc. — This  mineral  appears  to  occur  on  a  gneissoid 
gangue  in  South  Africa,  rich  in  Muscovite  and  quartz,  as  a  blue  layer  in  botryoi'dal 
forms,  and  carrying  here  and  there  a  green  incrustation.  The  blue  mineral  appears 
also  in  some  places  in  fibres,  apparently  crystals,  generally  mixed  with  smaller  blue 
crystals.    Its  analysis  gave  : 

SiO=(solu1jle)  As'-O"     P=0=      SO^      G0=      CuO     Fe'-'O"  AFC  Gangno  Water 

18-82       9-70    ll-7o    3-45    I'OO    32-15    4-36    2-27    10-92    5-41  =  9?-92. 

It  is  probably  chrysocoUa  mixed  with  two  minerals,  one  belonging  to  the  ttochantite 
group,  probably  langite,  the  other  a  cupric  arsenophosphate  (Maskelyne  a.  Flight, 
Chcm.  Soc.  J.  [2]  X.  1052). 

CHRYSOPHAmC  ACIS  imd  CHRYSOPKANXM-E.  These  compounds  are 
jontained,  according  to  Bourgoin.  iu  crude  cathartin  from  senna  (p.  270). 

Chrysophanie  acid  is  reduced  by  zinc-dust  to  anthracene.  Whether  its  formula  is 
C'*H'»0<  or  C"H«0<  is  not  yet  decided.  The  formula  C'^H"'0'  is  in  accordance  with 
the  analyses  both  old  and  new  of  chrysophanie  acid  itself ;  the  formula  C"H«0',  on 
the  other  hand,  is  supported  by  De  La  Eue  and  MiJller's  analyses  of  dibenzoyl-chi^so- 
phanic  acid  (1st  SuppL  460)  and  by  Palz's  analysis  of  diacetyl-ehrysophanic  acid.  If 
theformida  C"II'»0*  should  be  corroborated  by  further  investigations,  it  will,  perhaps, 
be  better  to  interpret  this  formxila  as  dioxyanthraquinone-dihydride  C'''H''(0-)" 
(OH)-.H=,  rather  than  as  tetraoxyanthracene  C>''II«(OH)':  first,  because  chrysophanie 
acid  contains  only  2  atoms  of  hydrogen  replaceable  by  acid  radicles  ;  secondly,  because 
it  is  an  acid  of  quinonic  character,  and  is  converted  by  reducing  agents — e.ff.  by  treating 
its  solution  in  alkalis  with  sodium-amalgnm — into  a  coloiirlcss  substance  whicli  again 
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becomes  oxidised  and  coloured  on  exposure  to  the  air  (Graebe  a.  Liobermann,  Zcitschr. 
f.  Chem.  [2]  vi.  261). 

CZMBEX.  The  larvae  of  Cimbex  variabilis  (living  on  the  leaves  of  Abuts  incaua) 
have  on  both  sides  of  their  bodies  a  series  of  orifices,  from  -which,  on  being  touched, 
they  squirt  a  green  fluid,  wliich  is  tasteless  and  inodorous,  has  an  alkaline  reaction, 
and  consists  of  a  moderately  concentrated  solution  of  a  protei'd  having  great  resem- 
blance to  albumin. 

The  nature  of  the  colouring  matter  (perhaps  chlorophyll)  has  not  been  ascertained ; 
alkalis  change  the  colour  into  a  yellowish  green.  The  fluid  from  the  larvae  of  two 
other  species  of  cimbex  feeding  on  birch  leaves,  gave  the  same  results  (A.  J.  von 
Kossum,  Zcitschr.  f.  Clicm.  [2]  vii.  423). 

CXnXICXFVGA.  The  active  principle  of  Black  Snake-root  ( Cimicifuga  racemosa) 
appears  to  bo  a  neutral,  crystallisable  body.  The  fresh  root  bruised  and  treated  with 
alcohol  produces  a  tincture  which,  after  the  separation  of  the  resin,  tannin,  &c.,  by 
acetate  of  lead,  loaves,  on  spontaneous  evaporation,  a  powder  which  may  be  purified 
from  fatty  matter  by  benzene.  The  powder  freed  from  the  odour  of  benzene,  washed 
with  water,  dried,  dissolved  in  alcohol,  mixed  with  pure  alumina,  and  evaporated 
spontaneously,  yields  a  light  dry  mass.  This  mass  exhausted  with  hot  alcohol  affords 
a  solution  which,  on  evaporation,  leaves  a  crystalline  substance  having  a  light  yellow 
colour,  and  presenting  under  the  microscope  an  .appearance  similar  to  that  of  rock- 
candy.  The  crystals  are  slightly  soluble  in  ether,  more  so  in  alcohol  and  chloroform, 
but  quite  insoluble  in  benzene,  tm-pentine-oil,  and  bisulphide  of  carbon.  This  substance 
does  not  possess  the  character  either  of  a  n  acid  or  an  alkaloid.  It  has  little  taste,  on 
account  of  its  extreme  insolubility  in  the  liquids  of  the  mouth,  but  its  solution  in 
alcohol  has  the  intensely  acrid  and  sharp  taste  which  characterises  recent  cimicifuga 
(T.  E.  Conard,  Pkarni.  J.  Trans.  [3]  i.  866). 

CIIO'CKOKrA.  BARKS  (0.  Hesse,  Z»c«<.  C'ke7H.  Gcs.Ber.  iv.818).— To  distinguish 
between  Liniiiiui'  •■mil  false  cinchona  barks,  Grahe  heats  a  small  piece  in  a  test-tube 
which  is  lu  ld  h(.i'jz(.mtally  ;  the  genuine  barks  yield  a  carmine-red  tar,  but  the  false 
barks  do  not(l.bi;  liuppl.  461).  Batka  has  shown  that  this  red  product  is  always  formed 
when  a  cinchona  base  is  heated  -ivith  cellulose,  and  this  test  is  therefore  very  well 
adapted  to  prove  the  existence  of  alkaloids  in  the  bark ;  but  it  cannot  bo  used  as  a 
means  of  distinguishing  between  genuine  and  false  barks,  because  thero.exist  genuine 
barks  containing  no  bases,  and  false  barks  in  which  alkaloids  are  present.  Thus  a 
genuine  bark  in  Hesse's  collection  (probably  from  Cinchona  pubesccns)  does  not  con- 
tain a  trace  of  any  alkaloid,  whilst  a  false  bark,  which  was  formerly  often  found 
amongst  the  'soft  bark'  {Cinchona  lanci/olia  var.  obovata),  and  is  now  found  in  larger 
quantities  in  the  market,  gives  the  above  reaction,  because  it  contains  cinchona  bases. 

This  bark,  which  Fliickiger  calls  China  cuprca,  has  a  fine  red  colour,  and  gives  with 
ammonia  a  purple  solution,  which  imparts  to  filter-paper  a  fine  pink  colour  after  ex- 
posure to  the  air.  Nitric  and  sulphuric  acids  produce  in  this  solution  an  amorphous 
reddish  brown  precipitate.  On  filtering,  a  yellow  solution  is  obtained,  which,  on  add- 
ing ammonia,  assumes  a  violet  colour,  and,  after  some  time,  purple  amorphous  flakes 
separate  out,  no  doubt  a  product  of  decomposition  of  the  tannic  acid  of  the  bark.  This 
tannic  acid  is  different  from  that  contained  in  genuine  barks  and  in  Chiiia  nova,  as  it 
gives  an  intense  green  coloration  with  ferric  chloride.  Milk  of  lime  gives,  with  the 
bark,  a  deep  yellowish  red  solution,  from  which,  on  exposure  to  the  air,  a  red  lime- 
compound  (cinchona-red  lime  ?)  separates.  On  adding  an  excess  of  acetic  acid  to  the 
filtrate,  a  gelatinous  precipitate  is  obtained,  which  cannot  be  distinguished  from  that 
which  the  genuine  barks  give  under  the  same  circumstances.  On  filtering  from  this 
precipitate  and  adding  basic  lead  acetate,  a  copious  precipitate  of  basic  lead  quinate  is 
formed.  The  following  percentages  of  bases  are  contained  in  this  bark : — 
1.  :;.  4. 

Quinine     .       .       .    1-33  ]-28  1-20  1-26 

Conchiuiuc  (?)  .       .     —  —  0-46  0'28 

Cinchonine        .       .     —  —  0-22  ()-24 

Amorphous  bases      .     —  —  0'37  0-37 

The  amorphous  bases  in  this  bark  gave  the  same  reactions  as  quinine ;  quinidine  and 
parisine  were  not  ff)und  in  it. 

Fliickiger  {Choi.  Coitr.  1872,  152) further  points  out  that  paytinc,  a  crystallisable 
alkaloid  diftrriiig  from  cinchonine  only  by  the  addition  of  one  atom  of  carbon,  is  obtained 
from  a  M.-ciilIrd  I'.ilse  bark,  Qtiiiia  blunca. 

Jiish-ihaloiii  of  Alkalvids  in  Cinchuna  Ijai-lcs, — An  examination  of  several  species  of 
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cinchona  ^ark  by  P.  Carles  (Tharm.  J.  Trans.  [3]  iv.  643)  lias  led  to  the  conclusion 
that  quinine  exists  in  all  parts  of  the  bark,  but  in  a  much  larger  proportion  in  the 
external  or  cortical  layers  than  in  the  internal  or  liber  layers :  in  the  intermediate 
layers  the  proportion  diminishes  pretty  regularly  from  the  exterior  to  the  interior. 
The  seat  of  the  ciiichonine  has  not  been  so  clearly  established  ;  it  appears,  hoAvever, 
in  most  species,  to  be  more  abundant  in  the  outer  than  in  the  inner  layers. 

CnrCROTrA  bases.  Separation  and  Estimation .  —  Z .  E.  de  Vrij 
(Pharm.  J.  Trans.  [3]  ii.  624)  has  given  a  process  for  this  purpose,  based  upon  the 
following  facts  : — 

1.  The  great  solubility  of  quinine  and  amorphous  alkaloid  in  ether,  and  the  relative 
insolubility  of  quiuidine,  cinclionine,  and  cinchonidine  in  this  liquid. 

2.  The  great  solubility  of  the  iodosulphate  of  amorphous  alkolo'id  in  alcohol,  aud 
the  very  slight  solubility  of  the  iodosulphate  of  quinine  (herapathite)  in  the  same. 

3.  The  difference  of  solubility  in  water  between  the  tartrate  of  cinchonidine  and  the 
tartrates  of  cinchonine  and  quinidine. 

4.  The  difference  in  solubility  between  the  hydriodide  of  quinidine  and  the  hydriodide 
of  cinchonine  in  water  and  alcohol. 

The  application  of  these  facts  to  the  determination  of  the  respective  cinchona  alka- 
loids is  conducted  in  the  following  manner  : — 

5  grams  at  least  of  the  pulverised  mixed  alkaloids  are  digested  witli  50  grams  of 
ether,  and  filtered,  whereby  the  alkaloids  are  separated  into  two  groups. 

A.  Fart  soluble  in  Ether. — The  ether  is  evaporated,  the  residue  dissolved  in  10  parts 
of  proof  spirit  acidulated  with  one-twentieth  of  sulphuric  acid,  and  alcoholic  iodine 
added  until  a  precipitate  is  no  longer  formed.  The  quinine  is  thus  precipitated  as 
herapathite.  One  part  of  herapathite  washed,  and  dried  at  100°,  represents  0-o6o 
parts  of  pm-e  quinine.  The  liquid  sejmrated  from  the  herapathite  is  mixed  with  an 
alcoholic  solution  of  sulphiu'ous  acid,  then  neutralised  with  caustic  soda,  heated  on  a 
water-bath  to  expel  alcohol,  and  mixed  with  an  excess  of  soda.  The  precipitate  con- 
sists of  amorphous  alkaloid,  with,  perhaps,  traces  of  quinidine  and  cinchonidine. 

B.  Part  insoluble  in  Ether. — The  insoluble  alkaloids  are  dissolved  in  40  parts  of 
hot  water  with  the  aid  of  a  little  dilute  sulphuric  acid,  the  acid  being  so  adj  usted  that  the 
solution  shall  preserve  a  faint  alkaline  reaction.  To  this  liquid  a  solution  of  Eochelle 
salt  is  added,  and  the  whole  allowed  to  remain  for  twelve  hours.  The  cinchonidine 
will  be  found  separated  as  tartrate,  which  may  be  collected  and  dried  at  100°.  One 
part  of  this  tartrate  represents  0'804  parts  of  cinchonidine.  The  filtrate  is  mixed  with 
a  solution  of  potassium  iodide,  which  precipitates  the  quinidine  as  a  sandy  crystalline 
powder,  provided  that  the  quinidine  bo  not  very  small  in  quantity  relatively  to  the 
cinchonine ;  otherwise  the  precipitate  is  often  resinous.  One  part  of  the  hydriodide 
dried  at  100°  represents  0'718  parts  of  anhydrous  quinidine. 

The  liquid  separated  from  the  quinidine  is  precipitated  by  caustic  soda,  whereby 
the  cinchonine  is  obtained ;  it  is  collected  and  dried  as  in  the  previous  instances. 

The  substance  designated  as  'amorphous  alkaloid'  is  the  dextrogyrate  base  soluble 
in  ether,  probably  identical  with  Pasteur's  quinicine. 

On  the  application  of  Molecular  Rotation  to  the  Estimation  of  Cinchona  bases,  see 
de  Vrij  {Pharm.  J.  Trans.  [3]  ii.  1 ;  Chem.  Soc.  J.  [2]  ix.  857). 

Periodides  of  tHe  Cincbona  Bases  (.Jorgensen,  J.  pr.  Chem.  [2]  iii.  146). 

The  tri-iodidc  of  meth/lqninine,  C-°H-^N-0-.CH^I^,  is  obtained  by  adding  a  solution 
of  2  atoms  of  iodine  in  alcohol  to  a  hot  alcoholic  solution  of  the  hydriodide  of  methyl- 
quinine.  By  slow  cooling  of  the  liquid  tlie  tri-iodide  is  formed  in  beautiful  black 
needles,  having  an  adamantine  lustre  and  melting  at  1 59-1 60°.  This  body  is  moderately 
soluble  in  alcohol ;  the  brown  solution  is  decolorised  by  sulphurous  acid,  sulphuretted 
liydrogen,  and  mercury.  Tlie  tri-iodide,  boiled  with  a  large  quantity  of  water,  gi-adually 
loses  the  2  atoms  of  iodine,  and  is  reduced  to  methylquinine  hydriodide.  It  does  not 
appear  to  be  decomposed  by  boiling  with  strong  aqueous  ammonia  or  by  cold  caustic 
soda-solution,  but  it  is  easily  aud  completely  decomposed  by  solution  of  silver  nitrate. 

The  following  periodides  are  prepared  by  con-esx^onding  processes  and  exhibit  similar 
properties : — 

Tri-iodide  of :  .  Melting  poiut. 

Ethyl-quinine  .  .  C-»H='N-0=.C=H=.r,  like  the  last  .  .  .  150-151° 
Cinchonine  .  .  C-"H-'N=O.H.I-'  +  aq.  browji  rhombic  tables  .  90-92° 
Methyl-cinchonine  .  C^off'N-O.CH^.P  brown  adamantine  lamina-  .  161-162° 
Ethyl-cinchonine  .  C2»H2'N20.C-HM3  dark  brown  prisms  .  .  141-142<^ 
Methyl-quinidine  .  C^°H-*N'-'0-.CH'.P  brown  adamantine  laminne  .  164-165° 
Mcthyl-einchouidiue  .    C-'H-'N-O.C-H'.r'  brown  hemispherical  groups 
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AMien  cinchonine  tri-iodide  is  decolorisod  by  gradual  addition  of  a  standard  solution 
of  sodium  tliiosulpliate  complete  decoloration  takes  place,  as  soon  as  a  quantity  of  the 
thiosulphate  equivalent  to  2  atoms  iodine  has  been  added,  the  salt  being  then  reduced 
to  the  hydriodide  C-^H-^N-O.HI.  Tliis  shows  that  two  of  the  iodine-atoms  are  iu  a 
closer  state  of  combination  than  the  third. 

Quinine  and  Cinctaonine.  Optical  properties.  The  specific  rotatory  power  of 
pure  quinine  in  alcoholic  solution  is  for  the  yellow  ray : 

a,.       -  lfi,5-70  at  \r:P 
=  -  162-46  at  26°. 

TIic  specific  rotatory  power  01  qiiininoin  its  salts  is  greater  than  that  of  free 
quinine,  the  rotation  increasing  -svith  the  proportion  of  acid  present,  and  with  the 
temperature. 

Thus  tlie  sulphate  gives  for  the  yellow  rny  the  values — 
Oj,  =  —  191*47  in  alcoholic  solution 

uj.  =  -  228-78  dissolved  iu  6  molecules  of  H'-SO'  diluted  till  SO^  ^  4  per  cent, 
of  the  volume ; 

whence  the  rotatory  powers  for  the  contained  quinine  are  found  to  be — 

Oj,  =  —  220-43  in  alcoholic  solution, 

Oy  =  —  264-66  iu  excess  of  sulphuric  acid. 

The  mono-acid  sulphate  gives  for  the  contained  quinine: — 
a-y  =  —  264-30  in  alcoholic  solution, 

or  sensibly  the  same  as  the  acid  solution  of  the  sulphate. 
With  excess  of  acid,  the  mono-acid  sulphate  gives  higher  values— 
AVitli  1  molecule  SO^  Oy  for  contained  quinine  =  —  277-23 
3       .,        .,      '  =  -  280-77 

The  diacid  sulpliate  gives — 

Oy  =  -  287-62, 

tlie  value  being  the  same  -whether  excess  of  acid  is  present  or  not. 

Similarly,  the  addition  of  excess  of  hydrochloric  acid  raises  the  rotatory  power  of 
tlio  hydrochloride. 

Crystallised  C-«H='N-0-.HCl  +  2H-0,  dissolved  in  alcohol  gavf- 
Oy  =  -  160-41, 

in  water  with  large  excess  of  acid  Oy  =  —  247-39. 
The  specific  rotatory  power  of  c  i  n  c  h  o  n  i  n  e  i  s : 


In  alcoholic  solution   Oy  =  +  226-48 

Neutral  sulphate  in  alcoholic  solution  ....  "        +  244-12 

„          .,       with  1  mol.  free  acid .       ...  +  201-49 

„           „         „    6           .,          .       .       .       .  +  255-86 

Hydrocliloride  in  alcoholic  solution     ....  +  203-58 

in  strong  acid  aqueous  solution     .       .  +  233-12 


(Hesse,  Ann.  Clt.  Pharm.  clxvi.  217). 

Beaciion  s. — The  green  coloration  produced  by  cldorine  and  animonia  in  quinine 
solutions,  is  capable  of  indicating  the  presence  of  1  part  of  quinine  in  4,000  to  5,000 
parts  of  liquid. 

Bromine  vapour,  with  subsequent  addition  of  ammonia,  also  produces  a  green 
coloiu-,  which  is  perceptible  when  the  solution  contains  only        of  quinine. 

Vogel's  red  reaction,  obtained  by  tlie  successive  addition  of  '  chlorine,  red,  or  j/cUow 
]missiate  of  potash,  and  ammonia,  is  less  delicate,  being  capable  of  indicating  only 
about  1  part  in  2,500. 

Pure  quinine  hydrochloride  dissolves  in  dilute  nitric  wiVZ  without  any  marked 
cliange  of  colour,  bxit  if  it  is  mixed  with  5  p.  c.  of  morphine  hydrochloride,  an  orange- 
rod  tint  is  produced ;  1  p.  c.  gives  a  dark  yellow  colour,  whilst  0-2  p.  c.  produces  a 
marked  change  in  the  tint  produced.  The  acid  should  contain  20  p.  c.  HNO^  by 
volume  (Hesse,  ^/i??.  Ch.  Pharm.  clxvi.  217). 

When  cinchonine  sulphate  is  heated  in  sealed  tubes  with  concentrated  hydro- 
chloric eicidioi-  some  hours  to  140°-150°,  the  contents  of  the  tubes  yield  crystals  not 
Unlike  those  of  cinchonine  sulphate,  but  differing  therefrom  essentially  in  their  insolu- 
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bility  in  acids.  After  one  recrystallisation  these  crystals  do  not  contain  a  trace  of  sul- 
phuric acid ;  tlieir  solution  is  strongly  acid,  but  is  no  longer  fluorescent.  They  are  anhy- 
drous, and  contain  3  atoms  of  chlorine,  two  of  which  are  readily  and  completely  removed 
by  silver  nitrate,  the  third  with  dif&culty.  The  mother-liquor  from  these  crystals 
yields,  on  further  evaporation,  a  second  crop  of  different  aspect,  but  also  free  from 
sulphuric  acid. 

Quinine  sulphate  similarly  treated  gives  crystals,  which  also  do  not  contain  any 
sulphuric  acid  ;  they  yield  a  strongly  acid  solution,  which  is  non-fluorescent,  and 
coloured  only  very  slightly  green  on  addition  of  chlorine  water  and  ammonia.  Potas- 
sium ferrooyauido  produces  a  yellow  precipitate,  insoluble  in  excess,  but  soluble  on 
boiling.  The  base  thus  formed  is  precipitated  by  ammonia,  and  is  readily  soluble 
in  ether,  also  in  excess  of  ammonia  and  in  boiling  water.  In  its  behaviour  with 
ammonia  and  chlorine-water,  and  with  ferrocyanide,  it  resembles  cinchonine;  like 
quinine,  it  is  readily  soluble  in  ether,  but  differs  from  both  by  its  solubility  in  am- 
monia and  in  boiling  water. 

Action  of  Quinine  in  arre&ting  Molemdar  Movements  and  Organic  Decomposition. — 
The  active  movements  in  water  of  fine  particles  of  Indian  ink,  piire  charcoal,  finely 
ground  cinnabar,  ground  parts  of  plants,  fine  earth,  or,  best  of  all.  of  the  pigment 
granules  of  the  choroid,  observed  to  go  on  for  days  together,  are  rapidly  arrested  by  a 
neutral  solution  of  quinine,  and  the  particles  are  thus  caused  to  subside.  A  neutral  or 
slightly  basic  solution  of  quinine,  even  in  very  small  quantities,  is  nearly  as  powerful 
in  causing  this  phenomenon  of  subsidence  as  alum,  more  powerful  than  alum  neutralised 
with  sodium  carbonate,  and  still  more  so  than  the  other  officinal  salts  of  the  alkaloids. 
Slight  alkalescence  retards  the  process.  It  has  but  little  influence  over  the  movements 
of  powdered  gamboge. 

Quinine  also  possesses  in  a  remarkable  degree  the  property  of  preventing  the  occur- 
rence of  certain  forms  of  decomposition.  It  materially  retards  the  conversion  of  cane- 
sugar  into  glucose,  and  checks  the  acid  fermentation  of  flour.  The  effect  of  quinine 
salts,  however,  in  checking  acid  fermentation  does  not  appear  to  be  due  to  any 
peculiar  property  of  the  quinine,  but  to  the  fact  that  its  neutral  salts  give  off  acid. 
Sulphate  of  quinine  checks  the  process,  but  not  to  a  materially  greater  extent  than 
the  corresponding  potassium  and  sodium  salts.  On  the  other  hand,  quinine  hj'dro- 
chloride,  like  potassium  or  sodium  chloride,  rather  hastens  the  process. 

Quinine  has  no  effect  upon  the  saccharifying  action  of  saliva ;  but  it  energetically 
checks  putrefaction,  alcoholic  fermentation,  and  the  formation  of  lactic  and  butyric 
acids  by  the  fermentation  of  sugar. 

According  to  von  Boeck,  the  lessened  rate  of  destruction  of  albumin  in  the  living 
body  caused  by  quinine  must  be  ascribed  to  its  direct  influence  upon  (vegetative)  cells. 
The  contents  of  the  red  blood-corpuscles  appear  to  be  influenced  by  quinine  in  a 
similar  manner.   Quinine  is  also  a  muscle-poison  (C.  Binz.  N.  Ecp.  Pharm.  xxi.  407). 

On  the  Influence  of  Quinine  on  Oxidation  in  the  Blood,  see  Blood  (p.  197). 

Oxidation  and  Denitrogenation. — Cinchonine  yields  by  oxidation  two  compounds 
containing  nitrogen,  one  of  which  is  an  acid,  crystallisable,  and  capable  of  forming 
beautifully  crystallised  salts.  This  acid  treated  with  nascent  hydrogen  gives  up  its 
nitrogen  and  becomes  changed  into  another  strong  tribasic  acid,  free  from  nitrogen, 
crystallisable,  and  very  like  certain  plant-acids  in  its  general  properties.  The  second 
compound  formed  by  the  oxidation  of  cinchonine  is  also  crystallisable,  but  it  has  not 
been  much  examined. 

These  compounds  are  different  from  all  the  oxidation-products  of  cinchonine  hitherto 
described.  From  their  composition  it  seems  to  follow  that  cinchonine  C-''H-*N^O,  is 
composed  of  two  atomic  groups,  one  containing  C"  the  other  ;  and  that  the  acid 
whose  nitrogen  is  removable  is  derived  from  the  C"  group,  the  other  from  the  C'-"  group, 
— whicli  also  contains  the  same  number  of  carbon-atoms  as  chinoline  (H.  Weidel,  Bent. 
Chem.  Ges.  Ber.  vi.  655). 

"When  q  u  i  n  i  n  6  is  distilled  with  zinc  and  zinc-sodium,  a  distillate  is  obtained  which 
is  free  from  nitrogen,  and  smells  like  cumin  oil,  while  sodium  cyanide  is  found  in  the 
residue.    Similar  results  are  obtained  with  cinchonine  (J.  Bocke,  ibid.  488). 

Hydrobromides  of  Quinine  and  Cinchonine.  Neutral  Quinine  Hydro- 
bromide,  C-'»H^'N-0-.2ilBr  +  3II-0,  is  obtained  by  mixing  10  parts  of  quinine 
sulphate  with  50  parts  alcohol  (85  p.  c),  adding  the  mixture,  after  warming,  to  a 
solution  of  8  parts  potassium  bromide,  20  parts  water,  and  10  parts  dilute  sulphuric 
acid  (1  mol:  100),  heating  the  whole  to  boiling,  filtering  after  a  few  minutes,  and 
then  evaporating  a  little.  Part  of  the  salt  then  crystallises  on  cooling  and  the  rest  may 
be  obtained  by  lea^ang  the  solution  to  evaporate.  It  forms  white,  opaque  or  translucent 
nacreous  crystals,  very  soluble  in  water,  and  in  alcohol,  and  having  an  acid  reaction. 
A  basic  salt  is  obtained  by  using  5  parts  potassium  bromide  and  5  parts  dilute 


CINCHONA  BASES. 


sulphuric  acid  (1  :  100)  to  10  parts  quinine  sulphate.  It  is  likewise  formed  from  the 
neutral  salt  hy  dissolving  1  part  of  the  latter  in  10  parts  of  dilute  alcohol  (equal 
volumes  of  alcohol  and  water),  mixing  the  warmed  solution  with  ammonia  to  slight 
alkaline  reaction,  and  then  with  a  solution  of  J  part  of  the  neutral  salt.  On  heating 
the  liquid  to  boiling  and  leaving  it  to  cool,  the  basic  salt  separates  in  radiate  groups 
of  crystals  having  the  lustre  of  asbestos.  It  is  very  soluble  in  alcohol,  less  soluble  in 
water  :  the  solution  is  alkaline. 

Neutral  Cinclwnine  Hydrohromide,  C-''II-'N-0.2HBr,  may  be  prepared  by  double 
decomposition,  better  however,  by  the  method  described  for  the  quinine  salt  (10  parts 
basic  cinchonino  sulphate,  50  parts  alcohol,  8  parts  potassium  bromide,  10  parts 
water,  and  20  parts  dilute  sulphiu:ic  acid);  a  small  quantity  of  basic  salt  which 
forms  at  the  same  time,  must  be  removed  by  filtration.  The  neutral  hydrobromide 
forms  rhombohedral  crystals,  very  soluble  in  water  and  in  alcohol,  but  less  so  tlian 
the  quinine  salt;  it  has  an  acid  reaction.  A  basic  cinclwnine  ht/drobromide'K  prejiarcd 
in  the  same  manner  as  the  corresponding  quinine  salt.  The  evaporated  alcoholic 
solution  is  mixed  with  a  little  water,  and  the  salt  which  separates  is  crystallised  from 
hot  water.  Or  f  of  a  solution  of  the  neutral  salt  is  neutralised  with  ammonia,  and 
the  remaining  third  then  added.  The  basic  hydrobromide  forms  long  shining  needles 
which  dissolve  easily  in  alcohol,  and  have  an  acid  reaction. 

SohihllUii  of  CincJwninc  in  Alcohol  and  Chloroform. — According  to  Oudomans 
{Zntxchr.  anal.  Chem.  xi.  287)  cinchonino  is  mueli  less  soluble  in  pure  alcohol  and 
pure  chloroform  than  in  mixtures  of  the  two.  At  17°  a  mixture  of  4  parts  alcohol 
and  1  part  chloroform  takes  up  a  maximum  quantity,  whicli  is  seven  times  as  large 
as  that  taken  up  by  absolute  alcohol,  and  twenty  times  as  large  as  that  dissolved  by 
pure  chloroform. 

Quinine  Sulphates.  Normal  quinine  sidphate  crystallises  from  water  with 
7^H=0  ;  probably,  however,  it  contains  8H-0,  but  is  very  efflorescent ;  from  alcohol  it 
crystallises  with  only  2H'-0. 

Mono-acid  quinine  sulphate  contains  C-"II-^N'-0-.H=SO'  +  7H-0.  Six-sevenths  of 
the  water  of  crystallisation  is  given  off  in  the  exsiccator;  the  last  seventh  at  100°- 
115°;  the  salt  dissolves  in  11  parts  of  water  at  13°,  and  is  less  soluble  in  alcohol. 
The  di-acid  sulphate  contains  C-'»H2'N''0-.2H2SO*  +  7H=0  (Hesse,  Ann.  Ch.  Pharm. 
elxvi.  217). 

Cincbonidine.  For  the  optical  rotatory  power  of  this  base,  Hesse  finds  the 
following  values  : 

Oy       —  112'49  for  the  base  dissolved  in  alcohol, 

—  178'47  for  that  contained  in  the  sulphate  dissolved  in  alcohol. 

The  presence  of  free  sulphuric  acid  slightly  diminishes  the  rotation. 
For  the  hydrochloride : 

=  —  162  in  alcoholic  solution, 
=  —  160-29  with  excess  of  acid. 

The  hydrochloride  crystallises  in  monochlinic  double  pyramids  containing  1  mol. 
water  ;  this  form  is  not  exhibited  by  the  hydrochloride  of  any  other  cinchona  alkaloid. 
Ijy  evaporation  of  the  solution  at  a  moderate  heat,  or  by  crystallisation  from  a  very 
concentrated  solution,  asbestos-like  crystals  of  adiliydrate,  C-"H-*N-0.HC1  +  2H''^0,  are 
obtained ;  but  these,  when  left  for  a  considerable  time  in  the  mother-liquor,  gradually 
disappear,  and  the  solution  afterwards  deposits  the  more  compact  crystals  of  the  mono- 
hydrate. 

Cinchonidine  sidphate  crystallised  from  alcohol  has  the  composition  2C'°H-'N=0. 

H=SO*  +  2n-o. 

Quinidine  or  Conchinine  (Hesse),  C-'H^'N-O^.  This  alkaloi'd  may  be  prep.ared 
from  quinoidiiie  by  a  method  depending  on  the  difficult  solubility  of  its  acid  tartrate, 
100  grams  of  quinoidine  are  dissolved  in  200  gi-ams  of  water  holding  in  solution  60 
grams  of  tartaric  acid,  and  the  liquid,  after  brisk  agitation  is  set  aside  for  several 
clays.  A  mass  of  crystals  then  forms  which  is  to  be  piressed  between  folds  of  linen, 
dissolved  in  14  times  its  weight  of  water,  and  the  solution  filtered  while  hot.  Acid 
tartrate  of  quinoidine  then  crystallises  out,  and  is  easily  jnirified  (Do  Vrij,  Chem, 
Cent.  1872,  152). 

According  to  Hesse  (.(///(.  Chan.  I'harm.  clxvi.  237)  the  product  thus  obtained  con- 
tains a  mixture  of  the  t;ii-lr;ili  s  nl  several  cinchona  alkaloids,  from  which  however  the 
quinidine  may  be  sepnr.itrd  !-y  icrrvstallising  the  crude  product  from  boiling  water, 
dissolving  the  resulting  crysl:ils  in  hot  water,  and  neutralising  with  ammonia.  The 
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solution  on  cooling  deposits  neutral  tartrate  of  cinclionidine,  sometimes  mixed  ■n'ith 
neutral  tartrate  of  quinine,  while  tlie  quinidine  remains  in  the  mothor-liqnor,  and 
may  be  precipitated  therefrom  by  heating  -with  potassium  iodide. 

For  the  optical  rotatory  power  of  quinidine  Pasteur  found  Oj.  =  +  250'75  at  13°, 
which  is  equivalent  to  c.y  =  H-  S27.    According  to  Hesse,  it  is  much  smaller,  viz. 
ay  =  +  260-65. 

The  sulphate  SC-'H^'N'-OvH^SO  +  2H-0,  gives  for  the  alkaloid  contained  in  it 
nearly  the  same  value,  viz.: 

ay  =  +26M8, 

but  in  presence  of  1  and  C  molecides  of  acid,  it  gives  the  values:  .. 

ay  =  +323-06 

and  Oj.  =  +324-54. 

The  hydrochloride  gives  for  the  rotatory  power  of  the  alkaloid  contained  in  it : 

In  alcoholic  solution  a,.  =  +  270  03 

In  aqueons  solution  with  excess  of  dilute  acid  .  Uy  =  +312-47 
Dissolved  in  fuming  acid  «y  ==  +257-52. 

Quinicine  and  Cinclioiiicine.  These  bases,  isomeric  with  quinine  and  ciucho- 
nine  respectively,  were  discovered  l)y  Pastern-,  who  obtained  them  by  heating  the 
sulphate  or  other  salt  of  quinine,  quinidine,  cinchonine  or  cinchonidine.  He  oli- 
served,  however,  that  to  make  the  transformation  complete,  and  prevent  decomposi- 
tion, the  heat  must  bo  moderate  and  the  salt  must  be  kept  for  some  time  in  a  viscous 
or  resinous  state,  and  that  the  change  is  best  effected  by  heating  the  sulphate  to  120°- 
130°  with  a  little  water  and  sulphuric  acid  (i.  971  ;  v.  13).  These  observations  have 
lately  been  confirmed  by  D.  Howard  (Che'/n.  Soc.  J.  [2]  x.  102),  who  finds  that  the 
action  of  heat  on  a  solution  of  a  salt  of  cinchona  alkaloid  in  \<'ater  in  sealed  tubes, 
even  when  exposed  to  a  higher  temperature  than  is  required  under  favourable  circum- 
stances to  convert  it  wholly  into  the  isomeric  modification,  is  very  slight  indeed  ;  if 
however,  a  considerable  excess  of  acid  be  present,  the  alkaloid  is,  under  the  same 
circumstances,  slowly  changed,  but  far  less  readily  than  when  Pasteur's  conditions  are 
observed.  On  the  other  hand,  a  mixture  of  glycerin  and  neutral  cinchonine  sulphate 
exposed  to  the  needful  heat,  is  converted  into  sulphate  of  cinchonicine  at  the  same  rate 
as  with  a  mixture  of  the  salt  with  acid.  Quinine  sulphate  when  heated  with  glycerin 
showed  no  signs  of  the  formation  of  quinicine,  owing  apparently  to  the  slight  solubility 
of  the  salt  in  that  medium. 

The  change  in  the  alkaloids  is  accompanied  in  all  cases  by  the  development  of  a 
yellow  colour,  which  seems  inherent  in  the  resulting  alkaloid  ;  if  more  heat  is  used 
than  is  absolutely  needed,  especially  when  atmospheric  air  is  present,  a  further  decom- 
position takes  place,  with  formation  of  a  darker  colour ;  this  may  be  in  great  part 
prevented  by  heating  in  an  atmosphere  of  carbonic  anhydride. 

Quinicine  is  contained  in  the  impure  quinine  salts  which  crystallise  from  the 
mother-liquors  of  the  manufacture  of  quinine  sulphate,  and  is  most  conveniently  pre- 
pared by  pm-ifying  the  alkaloids  contained  in  the  mother-liquor  from  the  recrystalli- 
sation  of  those  impui-e  products,  by  solution  in  ether,  then  evaporating  the  ether,  dis- 
solving the  residue,  together  with  oxalic  acid,  in  the  smallest  possible  quantity  of  water, 
and  leaving  the  solution  to  crystallise. 

The  base  separated  by  potash  or  soda  from  the  oxalate  thus  obtained  is  a  yellowish 
oil,  which  cannot  be  obtained  pure  in  the  solid  state,  for  it  will  not  bear  heat  -without 
decomposition,  and  holds  water  too  strongly  for  drying  in  a  vacuum.  It  has  a  peculiar 
bitter  taste,  much  less  intense  and  permanent  than  that  of  the  other  cinchona-alkaloids ; 
is  very  soluble  in  alcohol,  soluble  to  a  large  extent  in  ether,  from  which  it  separates 
as  an  oil  when  the  ether  is  allowed  to  evaporate.  It  is  a  strong  base  ;  the  salts  are 
neutral  to  test-paper ;  a  small  excess  of  the  base  strongly  restores  the  colour  of  red- 
dened litmus.  Ammonia  precipitates  its  solutions  but  imperfectly,  whence  it  would 
appear  to  be  even  a  stronger  base  than  quinine. 

Chlorine-water,  followed  by  ammonia,  produces  in  solutions  of  its  salts  the  green 
colour  and  precipitate  of  dalleiochin  which  distinguishes  quinine  and  quinidine.  Strong 
.acids,  even  in  the  cold,  produce  a  change  of  colour,  and  even  when  diluted  with  a  con- 
siderable quantity  of  water ;  heat  renders  the  action  much  more  rapid.  This  colora- 
.  tion  is  strongest  when  nitric  acid  is  used,  an  excess  of  which,  with  the  aid  of  heat, 
developes  a  strong  yellow-green  colour,  even  in  a  weak  solution.  In  this  reaction,  as 
well  as  in  the  persistent  colour  of  its  salts,  quinicine  shows  a  strong  resemblance  to 
aricine. 

Quinicine  salts  are  very  soluble  and  difficult  to  crystallise,  1  nit  the  platino-chloride, 
jDxalate,  and  acid  tartrate,  crystallise  with  comparative  facility  and  can  be  obtained 
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pure.  The  salts  of  quinicine  prepared  from  quinine  are  exactly  similar  in  their  pro- 
perties to  those  prepared  from  quinidine ;  in  fact,  there  is  but  one  quinicine,  from  whicli- 
ever  of  tlie  isomeric  bases  it  is  derived. 

The  iilaiino-chlondc,  C-''II-^N-0'-.2HCl.PtCl'',  precipitated  from  a  hot  solution,  forms 
a  crystalline  powder;  from  a  liot  acid  sohition  it  sejMrates,  on  coolinij,  in  definite 
crystals.  The  oxalate  2C-''H-'N-0-.C-H-0'  +  9H'-0  crystallises  easily,  bat  is  difficult 
to  purify  completely,  on  account  of  the  facility  with  which  it  changes  under  the  in- 
fluence of  air,  light,  or  heat.  It  is  extremely  soluble  in  water,  the  wet  crystals  melt- 
ing at  100°,  but  much  less  so  in  cold  water  ;  insoluble  in  other,  but  very  soluble  in 
alcohol,  and  to  a  less  degree  in  amylic  alcohol,  from  hot  concentrated  solutions  in 
either  of  which  solvents  it  crystallises  freely  on  cooling.  The  water  of  crystallisation 
is  partially  given  off  in  vacv.o,  and  entirely  at  100°  after  previous  drying;  if  the  salt 
is  at  once  heated  to  100°  without  previous  exsiccation,  it  is  apt  to  fuse. 

The  add  tartrate,  C="H=^N=02.C'II"0«  +  6H-0,  crystallises  freely  from  strong  solu- 
tions in  radiated  needles,  which  melt  easily  at  100°.  By  gradual  drying  at  about  50° 
it  loses  4  mols.  water,  and  at  140°  the  remaining  2  mols.  are  expelled,  with  fusion 
and  slight  discoloration. 

The  sidphate,  citrate,  hydrochloride,  jihospliate,  and  acetate  are  all  exceedingly  soluble 
in  water;  on  evaporation  iji  vacuo  they  form  semi-crystalline  masses.  The  hydro- 
hromide  and  fcrrccyaiddc  obtained  by  double  decomposition  form  oily  strata  at  tho 
Iwttom  of  the  solution,  soluble  in  an  additional  quantity  of  water,  but  show  no  sign  of 
crystallisation  even  on  long  standing.  Tlie  liydriodide  also  forms  an  oily  stratum  in 
strong  solutions,  but  on  standing  it  becomes  semi-solid  by  formation  of  crystals; 
weaker  solutions  also  deposit  a  small  quantity  of  flocculont  crystals,  but  in  neitber  case 
can  they  bo  separated  from  the  mother-liquor.  The  sidphocyanatc  also  forms  an  oil 
when  in  concentrated  solutions,  but  crystallises  from  a  somewhat  larger  quantity  of 
■water  in  long  silky  needles,  almost  white,  very  soluble,  and  readily  decomposed  by 
heat. 

The  leaves  of  Cinchona  succiruhra  have  been  found  by  J.  E.  Howard  to  contain 
minute  quantities  of  an  alkaloid  which  is  soluble  in  ether,  and  is  precipitated  in  tho 
crystalline  form  by  an  alcoholic  solution  of  oxalic  acid.  Whether  this  alkaloid  is 
identical  with  quinicine  must  be  decided  by  further  investigation. 

Cinehonicino  and  its  salts  are  very  similar  to  quinicine  and  its  salts;  the  base  is 
soluble  in  ether,  separating,  like  quinicine,  as  an  oily  layer  at  the  bottom  of  the  solu- 
tion as  tho  ether  evaporates.  Its  salts  are  somewhat  more  soluble  than  the  corres- 
ponding quinicine  salts.  The  same  similarity  is  observed  between  those  prepared  from 
cinchonine  and  those  from  cinchonidine  that  is  found  between  the  salts  of  quinicine 
prepared  from  quinine  and  from  quinidine. 

The  platinochloride  has  the  composition  C2»H-<N20.2HCl.PtCl'. 
The  oxalate,  2C=°H-^N-0.C-II-0^  +  7H-0,  differs  from  the  oxalate  of  quinicine  by 
containing  only  7  mols.  of  water  ;  it  very  readily  loses  a  portion  of  this  water,  and  is 
therefore  difficult  to  dry  for  analysis;  the  whole  is  given  oiF  at  100°.  No  definite 
jioint  of  hydration  is  reached  by  drying  in  a  vacuum.  It  is  somewhat  more  soluble 
than  tlie  quinicine  salts. 

The  acid  tartrate,  C-"H-^N-O.C'H'=0''  +  H-0,  crystallises  in  crusts  composed  of 
sliort  prisms,  which  lose  their  water  at  120°  without  fusion. 

The  action  of  these  alkaloids  on  polarised  light  also  shows  the  identity  of  the 
alkaloid  produced  by  the  action  of  heat  on  the  isomeric  alkaloids,  the  different 
action  on  the  polarised  ray  disappearing  with  the  other  characteristic  distinctions. 
Quinicine,  either  from  the  strongly  lovogyrate  quinine,  or  from  the  dextrogyrate  quini- 
dine, exhibits  a  comparatively  feeble  right-handed  rotation,  identical  within  the  limits 
of  errors  of  observation. 

The  observed  molecular  rotatory  powers  of  these  alkaloids  for  the  yellow  ray  are  as 
follows : — 

In  a  spirituous  solution  of  the  alkaloid — 

Quinicine  from  quinine  gives  .       .       .    Ky  =    +  39° 
Quinicine  from  quinidine        .       .       .    ctj.  =    +  39° 
Quinicine  from  quiuoidine      .       .       .    Cy  =    4- 39*3° 
Oxalate  of  quinicine  in  an  acid  solution — 

Prepared  from  quinine    .       .       .       .    ay  =  +13*4° 
Prepared  from  quinidine         .       .       .    a.y  =   +  14° 
Prepared  from  quinoidine       .       .       .    Oy  —    +  1 4° 
Cinchonicine  in  a  spirituous  solution — 

Prepared  from  cinchonine       .       .       .    a,.  =   +  4<S° 
Prepared  from  cinchonidine    .       .       .    Oy  =  4-  48-4° 
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Oxalate  of  ciuclionicine  in  an  acid  sohition— 

From  cinchonine  Oy  =  +  18' 

From  cinchonidiuo         .       ,       .       .    Oy  =  +17'9° 

The  rotatory  power  in  both  cases  is  much  less  in  an  acid  solution  than  in  a  spirituous 
solution  of  the  alkaloid. 

Amorphous  Alkalo'id  of  Cinchona  bark. — It  is  not  known  with  certainty 
whether  this  alkalo'id,  sometimes  called  quinoi'dine  (v.  26),  is  quinicine  or  another 
alkaloid  really  uncrystalHsable.  Hitherto  the  most  careful  purification  has  failed  to 
obtain  crystalline  salts  from  it  such  as  have  been  described.  When  quinicine  is  pre- 
sent, it  will,  as  has  been  stated,  crystallise  out  of  the  mixture,  but  the  bulk  of  the 
quinoidine,  however  carefully  purified,  refuses  to  crystallise,  even  after  many  months' 
standing.  It  seems  highly  improbable,  though  of  course  it  is  possible,  that  this  is 
owing  to  some  impurity  -which  hinders  the  crystallisation :  for  we  find  that  quinieino- 
salts  prepared  from  crystallisable  alkaloid  crystallise  entirely  with  comparative  free- 
dom, even  when  the  heat  used  in  its  formation  has  been  considerably  above  the  point 
needed,  and  sufficient  to  decompose  a  portion,  and  there  is  no  sign  of  any  amorphous 
modification  being  formed. 

Quinoidine  closely  resembles  quinicine  in  other  respects.  When  purified,  as  far  as 
possible,  by  fractional  precipitation  and  solution  in  ether,  it  forms  a  readily  fusible 
yellow  resin.  The  platinochloride  precipitates  as  an  amorphous  powder,  readily  fusible, 
slightly  soluble  in  hot  water,  and  much  more  so  in  hot  dilute  hydrochloric  acid,  from 
its  solution  in  which  it  is  deposited,  on  cooling,  as  an  amorphous  powder  which,  under 
the  microscope,  appears  to  consist  of  globules  without  any  sign  of  crystallisation. 

Tlie  salt  precipitated  from  a  cold  solution  contains  26'59  p.c.  of  platinum,  and  after 
solution  in  dilute  acid  26-28  p.c. ;  it  is,  therefore,  isomeric  with  quinine  and  quinicine. 

It  is  difficult  to  speak  with  certainty  of  the  optical  properties  of  this  .alkaloid,  on 
account  of  the  great  difficulty  of  insuring  absolute  purity  from  the  other  alkaloids  of 
higher  rotatory  power,  a  very  small  percentage  of  which  would  evidently  vitiate  the 
results.  The  specimen,  the  analysis  of  the  platinum  salt  of  which  is  given  above, 
showed  a  specific  rotatory  power  of  +  33°  ;  other  specimens  gave  higher  results,  but 
their  purity  was  more  doubtful  (Howard). 

See  further,  Hesse  {Ann.  Ch.  Pharm.  clxvi.  273). 

Quinamine,  C^'H-^N^O-.  (Hesse,  Beut.  Chem.  Ges.  Ber.  iv.  985).— This  alkaloid 
occurs,  together  with  paricine  and  several  others,  in  the  bark  of  Cinchona  succincira, 
now  extensively  cultivated  in  India.  The  quantity  of  it  contained  in  the  bark  is,  how- 
over,  extremely  small,  so  that  its  preparation  is  very  difficult. 

The  whole  of  the  alkaloids  contained  in  the  bark  are  first  extracted  by  the  ordinary 
methods,  then  dissolved  in  dilute  sulphuric  acid ;  the  warm  solution  is  neutralised  -with 
ammonia,  and  potassio-sodic  tartrate  is  added,  which  throws  down  cinchonidine  and 
quinine,  if  present,  in  the  form  of  neutral  tartrate.  The  filtered  solution  is  treated 
with  ammonia  to  liberate  the  bases,  and  then  shaken  -with  ether,  -which  takes  up  the 
quinamine,  together  with  the  amorphous  substances,  including  paricine,  but  leaves  the 
greater  part  of  the  cinchonine  undissolved.  The  separated  ethereal  solution  left  to 
evaporate  slowly  in  a  tall  glass  vessel,  first  deposits  short  prisms  of  cinchonine,  then 
very  long  delicate  prisms  of  quinamine,  and  finally  leaves  an  amorphous  mass  which 
must  be  removed  as  completely  as  possible  by  inverting  the  vessel  while  it  is  still  fluid, 
afterwards  breaking  off  the  neck,  and  removing  the  adhering  amorphous  particles  from 
the  sides  with  filter-paper. 

The  crystalline  mass  thus  obtained  is  rinsed  -with  dilute  alcohol,  the  residue  dis- 
solved in  dilute  hydrochloric  acid,  and  platinic  chloride  added  as  long  as  it  produces 
a  permanent  precipitate.  From  this  precipitate  the  quinamine  may  be  directly  sepa- 
rated by  ammonia ;  but  it  is  better  to  remove  the  platinum  by  hydrogen  sulphide,  and 
then,  after  expelling  the  excess  of  that  gas,  to  precipitate  the  quinamine  by  ammonia. 
It  is  finally  purified  by  recrystallisation  from  boiling  alcohol.  The  quantity  obtained 
is  for  the  most  part  very  small,  rarely  amounting  to  0-1  p.c.  of  the  bark  ;  in  one  case, 
0-3  p.c.  was  obtained. 

Quinamine  crystallises  in  delicate,  asbestiform,  anhydrous  prisms,  easily  soluble  in 
strong  alcohol,  ether,  and  light  petroleum  oil,  slightly  soluble  in  dilute  alcohol,  in- 
soluble in  water  and  in  alkaline  solutions.  „  Its  alcoholic  solution  is  alkaline  and 
neutralises  acids.  Quinamine  melts  at  172°  and  crystallises  again,  on  cooling,  in 
radiated  masses.  Continued  heating,  however,  renders  it  brovrn  and  amorphous.  Its 
optical  rotatory  power  is  Oy  =  +  106'8. 

Hydriodide  of  quinamine,  C=°H'"N=0-,  forms  colourless  anhydrous  prisms  easily 
soluble  in  boiling,  sparingly  in  cold  water  ;  the  neutral  sulphate  is  easily  soluble  in 
water  and  crystallises  with  difficulty  in  six-sided  prisms  and  short  lamins.  Tlie 
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hydrcchlorido,  acetate,  neutral  and  acid  tartrate,  merouro-chloride,  mercuro-iodido,  and 
auro-chloride,  are  amorphous ;  the  platino-chlorido  is  extremely  soluble  in  M-ater,  so 
that  it  is  only  in  very  highly  concentrated  solutions  of  the  liydroehlorido  that  a  pre- 
cipitate is  formed  by  pliitinic  chloride. 

Paricine  (Hesse,  Ann.  Ch.  Fliarm.  clxvi.  263).— This  alkaloid,  first  found  by 
Winkler  in  1845,  in  a  false  cinchona  bark  said  to  bo  imported  from  Peru,  afterwards 
in  the  bark  of  a  true  cinchona,  viz.  C.  hitea,  occurs  also  in  the  liark  of  C.  succirubra. 
When  the  alkalis  have  been  separated  from  this  bark  in  tlic  usu;il  \\:\y.  and  the  aqueous 
solution  of  the  mixed  sulphates  is  treated  with  strong  mu-'u-  a.-i.l.  jiaricine  nitrate  is 
thrown  down  inyellowish  flocks.  Toseparate  tho  base,  this  i.i'i  cipitatr,  which  becomes 
resinous,  is  kneaded  with  nitric  acid,  the  mass  drenched  v.  ith  alcohdl,  ammonia  added 
to  decompose  tho  nitrate,  and  the  solution  treated  witli  hot  petroleum  oil,  which 
abstracts  tho  alkaloid  from  the  alcoholic  solution.  Tho  petroleum  oil  is  then  evapor- 
ated off]  tho  residue  dissolved  in  dilute  hydrochloric  acid,  and  the  solution,  after  puri- 
fication with  animal  charcoal,  is  mixed  with  ammonia,  which  throws  down  a  yellowish- 
white  flocculent  precipitate  of  pure  paricine. 

Paricine  dissolves  easily  in  ether,  alcohol,  and  light  petroleum  oil,  but  is  nearly 
insoluble  in  water  and  ammonia.  It  cakes  together  at  100°,  and  melts  at  116°.  It 
dissolves  easily  in  strong  sulphuric  acid.  Strong  nitric  acid  converts  it  into  a  dark- 
green  re;;in,  which  dissolves  with  deep  yellow  colour  on  warming.  Its  solution  iu 
acetic  acid  gives,  with  nitric  acid  or  sodium  nitrate,  a  yellowish-white  precipitate  of 
paricine  nitrate.  Tho  same  solution  gives  precipitates  with  sodium  chloride  and 
potassium  iodide.  The  chlorides  of  gold,  mercury,  and  platinum  produce  flocculent 
precipitates  in  the  solution  of  paricine  in  hydrochloric  acid. 

Paricine  has  not  yet  been  obtained  in  sufficient  amount  for  quantitative  analysis. 

Arioine.  Tho  existence  of  this  alkaloid,  obtained,  according  to  Pelletier  a.  Corriol, 
from  a  white  cinchona  bark  from  Arica  (\st  Siqjpl.  357),  is  regarded  by  Ilesse  as  still 
doubtful  {Ann.  Ch.  Pharm.  clxxvi.  259). 

Paytine,  C-'H=«N20.  Hesse  {Ann.  Ch.  Pharm.  cliv.  287  ;  clxvi.  272).  This  is  an 
alkaloid  obtained  from  a  white  cinchona  bark  from  Payta  in  Peru.  It  is  prepared  by 
exhausting  the  bark  with  alcohol,  evaporating,  supersaturating  tho  residue  with  sodium 
carbonate,  and  then  agitating  it  with  ether.  The  ethereal  solution  is  treated  with 
dilute  sulphuric  acid  to  convert  tlie  base  into  a  sulphate,  and  tho  acid  solution,  after 
being  nearly  neutralised  with  ammonia,  is  mixed  with  potassium  iodide,  whereby  the 
base  is  precipitated  as  a  hydriodidc,  which  is  decomposed  by  sodium  carbonate  and 
agitated  with  ether.  On  leaving  the  ethereal  solution  to  evaporate,  the  base  remains 
in  beautiful  crystals  containing  C-'H"*N"O.H^O. 

Paytiue  has  a  bitter  taste;  it  is  not  poisonous;  its  optical  rotatory  power  is 
Oy  =  —  40'5.  It  dissolves  easily  in  ether,  benzene,  chloroform,  light  petroleum  oil, 
and  alcohol,  sparingly  in  water,  potash,  and  ammonia.  From  alcohol  it  crystallises  in 
lieautiful,  colourless  rhombic  crystals  exhibiting  tho  combinations  OP  .  ooP  .  coPoo , 
with  m  Voo  subordinate  ;  the  alcoholic  solution  reddens  blue  litmus-paper.  Paytine 
melts  at  156°  and  at  a  higher  temperature  gives  off  a  colourless  oil,  and  leaves  a 
carbonaceous  residue.  When  distilled  with  soda-lime,  it  gives  off  a  non-azotised  body, 
pay  tone,  which  sublimes  in  colourless  laminae  or  needles,  dissolves  easily  in  alcohol 
and  ether,  and  reacts  indifferently  with  dilute  sulphuric  or  nitric  acid,  potash-solution, 
and  alcohol. 

Paytine  forms  salts  with  dilute  acids.  The  hjdroMoride,  C-'H-^N^O.HCl,  forms 
colourless  prisms  soluble  in  16'6  parts  of  water  at  15°;  it  is  easily  soluble  also  in 
alcohol,  but  insoluble  in  ether. 

The  flathio-chloridc  is  a  dark  yellow  amorphous  precipitate  which  must  be  rapidly 
filtered  and  washed,  as  it  is  very  liable  to  decompose. 

The  mcrcuro-chloride  is  a  yellowish  amorphous  powder.  The  hydriodide  crj'stallises 
in  white  prisms  soluble  in  water  nearly  insoluble  in  alcohol.  The  nitrate  crystallises 
in  needles,  and  can  be  prepared  only  by  double  decomposition  -n-ith  the  hydrochloride 
and  silver  nitrate. 

Paytine  gives  various  coloured  reactions.  The  platinum  precipitate,  heated  with 
hydrochloric  acid,  dissolves  with  brown-red  colour,  quickly  changing  to  blue,  a  blue 
precipitate  being  formed  at  the  same  time  ;  auric  chloride  colours  the  solution  of  the 
hytlrochloride  purple-red  and  forms  a  precipitate  of  the  same  colour.  Solution  of 
bleaching  powder  produces  in  the  acid  solution,  first  a  dark  red,  then  a  blue  colour, 
which  quickly  disappears,  the  liquid  then  turning  pale  yellow  and  depositing  a  whitj 
amorphous  body. 

White  cinchona  bark  yields  also  an  amorphous  alkaloid  which  Hesse  regards  as 
amorphous  paytine. 


348 


CINNAMIC  ACID— CITRACOKEC  ACID. 


CXXTM'A.MXC  ACXB,  C^B?0-,  is  formed  by  heating  benzoic  aldehyde  with  acetic 
acid  and  a  small  quantity  of  gaseous  hydrogen  chloride,  or  with  zinc  chloride,  to  160°: 

C'ffO  +  C=H^O=  =  C'H'O^  +  H^O. 

The  quantity  of  cinnamic  acid  thus  obtained  is  but  small.  If  a  larger  quantity  of 
hydrochloric  acid  is  used,  or  greater  heat  applied,  a  certain  quantity  of  metacinna- 
mene  is  always  formed  by  the  action  of  the  hydrochloric  acid  on  the  cinnamic  acid 
(H.  Schiff,  Zeiischr.f.  Chan.  [2]  vi.  700). 

Crude  cinnamic  acid  prepared  from  storax  always  contains  a  resin,  sometimes  also 
benzoic  acid.  It  may  be  purified  by  adding  water  and  ammonium  carbonate,  stirring 
the  liquid,  leaving  it  to  stand  for  some  time,  then  precipitating  with  hydrochloric 
acid,  and  distilling  the  dried  precipitate.  Benzoic  acid  then  volatilises  first,  and  after- 
\Tards  (between  280°  and  290°)  cinnamic  acid,  which  may  be  freed  from  an  adhering 
oily  substance  by  pressure  between  filter-paper,  or  recrystallisable  from  alcohol 
(Beilstein  a.  Kuhlberg,  Zeiischr.f.  Chan.  [2]  vii.  489). 

Nitro-cinnariiic  acii^s.— Cinnamic  acid  yields  two  isomeric  nitro-acids  which 
may  be  obtained  from  it  by  the  action  of  fuming  nitric  acid.  The  para-acid  is  easily 
obtained  pure,  and  it  is  very  sparingly  soluble  in  alcohol.  It  forms  slender  needles 
melting  at  165°.  The  other  modification  is  much  more  soluble  in  alcohol,  and  was 
formerly  mistaken  for  a  mixture  of  benzoic  acid,  nitrobenzoic  acid,  and  other  oxida- 
tion-products of  cinnamic  acid. 

TDie  barium  salt  of  the  para-acid,  Ba[C''H'''(NO^)0^]-  -t-  3H-0,  crystallises  from  water 
in  microscopic  yellow  needles,  sparingly  soluble  in  cold  water,  and  giving  off  nearly 
all  their  water  over  oil  of  vitriol,  the  last  portion  (r^H-O)  at  150°.  The  calcium  salt 
Ca[C''H°(N02)02]2  +  2W0  forms  short  flat  shining  needles.  The  ethylie  ether 
C'ff(NO-)(C-II')0-  crystallises  from  alcohol  in  fine,  very  thin,  slightly  yellowish 
needles  :  it  melts  at  138-5°  (at  136°  according  to  Mitscherlich),  dissolves  very  slightly 
in  boiling  ether,  scarcely  at  all  in  cold  ether. 

By  dissolving  para-nitrocinnamic  acid  in  sodium  carbonate  and  passing  chlorine  into 
the  liquid,  /3  nitro-phenyl-chlorolactic  acid  C''II'*(N0=)C10^  is  formed  ;  this  acid  melts  at 
166°,  and  is  more  soluble  in  water  and  more  stable  than  chlorophenyl-lactic  acid 
(Beilstein  a.  Kuhlberg). 

Nitro-hydrocinnamic  acid,  which,  according  to  Glaser  and  Buchanan,  softens 
when  heated,  and  becomes  perfectly  liquid  at  153°,  is  a  nuxture  of  two  isomerides,  of 
which  the  para-acid  can  be  easily  obtained  pure  by  recrystallisation  from  water,  being 
less  soluble  than  the  other  nitro-acid.  It  forms  small  flat  needles  melting  at  163°- 
164:°.  The  barium  salt  of  the  crude  acid  forms  a  semi-fluid  mass,  whereas  that  of  the 
pure  para-acid  crystallises  in  microscopic  needles,  containing,  like  tlie  calcium  salt, 
2  molecules  of  water.  The  ethylio  ether  C^H^(NO-)(C=H^)0=  forms  long,  flat  crystals 
melting  at  33°-34°. 

Para-nitro-cinnamic  and  para-nitro-hydrocinnamic  acids  are  converted  by  oxidation 
with  chromic  acid  mixture  into  para-nitrobenzoic  acid  (Beilstein  a.  Kuhlberg). 

CETRACOIVXC  ACXS,  C^H'^0^  Barium  salt. — Wlien  neutral  ammonium  citra- 
conato  and  barium  acetate  are  mixed  together  in  tlie  cold,  an  amorphous  precipitate 
is  thrown  down,  which  becomes  crystalline  by  prolonged  heating.  The  same  salt  is 
obtained  by  heating  aqueous  citraconic  acid  with  barium  acetate.  In  the  crystalline 
state,  it  is  quite  insoluble  in  water,  and  has  the  composition  2C^II*BaO'. 511^0 
(Kammerer,  Ann.  Ck.  Pharm.  clxx.  191). 

Brominatcd  Derivatives . — Citraconic  anhydride  heated  to  140°  with  dry 
bromine,  is  converted  into  bromocitraconic  anhydride,  C^H'BrO^  The  same 
compound  is  produced,  together  with  bromoxaform  (p.  213),  by  the  action  of  bromine 
on  pyrotartaric  acid.  The  action  is  very  slow  at  ordinary  temperatures,  but  when 
10  parts  pyrotartaric  acid,  24  parts  bromine,  and  10  cub.  cent,  of  water  are  heated 
together  to  120°,  the  bromine  disappears  after  two  hours,  and  on  cooling,  there  is 
obtained  a  pale  yellow  liquid  and  usually  a  white  crystalline  mass  of  bromocitraconic 
anhydride.  On  mixing  the  liquid  with  4  or  5  times  its  volume  of  water,  crystals  of 
bromoxaform  separate  after  a  while,  and  the  liquid  filtered  therefrom  yields,  on 
agitation  with  ether,  an  additional  quantity  of  bromocitraconic  anhydride,  which  by 
recrystallisation  from  water,  pressure,  and  final  crystallisation  from  ether,  may  be 
obtained  in  the  form  of  white  crystals.  Its  formation  appears  to  be  due  to  the 
splitting  up  of  dibromopyrotartaric  acid  (the  formation  of  which  has  not,  however,  been 
actually  observed)  according  to  the  equation : 

C^H^Br^O*  =  C^H^BrO'  +  HBr  +  H=0. 
It  is  also  formed,  together  -svith  a  dark-coloured  unctuous  substance,  when  pr>Totar- 
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taric  acid  is  lieated  to  100"  with  dry  bromine  (Lagermarck,  Zeitschr.  f.  Chciu.  [2J  vi. 
299). 

Bromocitraconic  anhydride  melts  at  97°-98°,  begins  to  volatilise  a  little  above  its 
melting  point,  distils  -with  aqueous  vaxDour,  and  boils  without  decomposition  at  about 
200°  (Lagerniarc'k),  225°  (Kekule).  It  is  soluble  in  water,  hydrobromic  acid,  alcohol, 
ether,  carbon  sulphide,  and  chloroform,  and  crystallises  unaltered  from  hydrobromic 
acid,  ether,  or  carbon  sulphide,  in  large  six-sided  apparently  rhombic  plates  (Lagcr- 
marck).  It  dissolves  slowly  in  cold,  quickly  in  -vvarm  water,  with  formation  of  bromo- 
citraconic acid,  C^H^BrO' ;  but  from  boiling  water  it  separates  without  alteration  in 
shining  laminse ;  this  results  from  the  facility  with  which  bromocitraconic  acid  splits 
up  into  water  and  the  anhydride,  this  decomposition  taking  place  even  when  the  acid 
is  evaporated  over  oil  of  vitriol  (Kekule). 

When  bromocitraconic  anhydride  is  heated  with  water  and  sodium-amalgam,  the 
liquid  contains  pyrotartaric  acid,  together  with  the  unaltered  anhydride  (Lagermarck). 

Ammonium  Bromocitraconate,  C^H^Br(NH*)=0^  is  anhydrous,  easily  soluble  in  v.-atcr, 
insoluble  in  ether  and  in  absolute  alcohol.  The  potassium  salt  0*H^BrK-O',  is  a 
white  deliquescent  mass  insoluble  in  absolute  alcohol.  The  barium  salt  C^ffBrBaO' 
forms  tufts  of  microscopic  prisms ;  the  calcium  salt  C^H^BrCaO*  +  2H-0,  gives  oif 
part  of  its  water  at  140°,  the  rest  at  160°,  and  remains  undecomposed  at  180°.  The 
silver  salt  C^H'BrAg'O^  is  formed  as  a  white,  quickly  crystallising  precipitate,  when 
a  solution  of  bromocitraconic  anhydride,  neutralised  with  ammonia,  is  mixed  with 
silver  nitrate  (Kekule).  According  to  Lagermarck,  it  blackens  at  100°  and  turns 
dark  brown  when  boiled  with  water. 

By  the  action  of  bromine  and  water  on  pyrotartaric  acid,  Lagermarck  oljtainod, 
besides  bromoxaform  and  bromocitraconic  anhydride,  a  nearly  colourless  acid  which 
agreed  very  nearly  with  bromocitraconic  acid,  but  could  not  be  obtained  pure.  It 
melted  more  easily,  and  decomposed  at  the  boiling  point  of  the  anhydi-ide.  A  tarry 
substance  was  also  formed. 

CXTBZC  ACID,  C'^H'^O'.  This  acid  is  found  in  large  quantity  in  the  leaves  of 
the  wild  cherry,  Ccrasus  acida  (Eochleder,  Zeitschr.  f.  Chem.  [2]  vi.  176.) 

Citric  acid  crystallises  from  a  solution  which  has  not  been  heated  above  100°  witii 
one  molecule  of  water,  which  it  loses  in  the  air,  or  more  quickly  at  130°.  When  the 
substance  dried  at  130°  is  re-dissolved  in  water,  or  when  an  aqueous  concentrated 
solution  of  the  acid  is  boiled  for  some  time,  anhydrous  crystals  are  obtained,  which 
appear  to  be  an  isomeric  modification  of  common  citric  acid.  By  heating  ordinary 
ethyl  citrate,  C'*HXC-H^)^0',  with  alcoholic  ammonia  to  70°-110°  for  24  hours, 
citramethane,  C"n^(NH.-)-(C-'H*0)OS  is  formed  as  a  dark  green  amorphous  and 
hygroscopic  powder,  which  is  soluble  in  water  and  alcohol,  but  not  in  ether,  and  may 
be  used  as  a  colouring  matter  (Sarandinaki,  Deut.  Chem.  Ges.  Bcr.  vi.  496). 

Action  of  Hi/drohromic  acid  (Mercadante,  Gazzetta  cUmica  italiana,  i.  248). 
"When  pulverised  citric  acid  dried  at  100°  is  dissolved  in  three  times  its  weight  of 
hydrobromic  acid  boiling  at  126°,  and  heated  for  12  hours  in  a  Hask  with  reversed 
condenser,  a  crystalline  product  is  obtained,  free  from  bromine,  and  yielding,  when 
dissolved  in  alcohol  and  treated  with  gaseous  hydrochloric  acid,  a  product  wliich  is 
resolved  by  water  into  a  heavy  oil  and  an  aqueous  solution  of  citric  acid.  No 
brominatod  acid  is  obtained  by  this  reaction. 

The  oil  dried  with  calcium  chloride  and  distilled,  boils  almost  constantly  at  275°  ; 
it  is  slightly  yellow,  has  a  characteristic  aromatic  odour,  and  yields  by  analysis 
65'()9  p.  c.  C,  and  7'19  H.,  numbers  agreeing  nearly  with  the  formula  of  aconitic 
ether  C'-'H'^O",  which  requires  65'81  0.,  6-97  H.,  and  37"22  0.  Aconitic  ether  is  said, 
however,  by  Crasso  (i.  55)  to  boil  at  a  much  lower  temperature,  viz.,  at  236°.  But 
Mercadante,  on  preparing  aconitic  ether  by  saturating  a  solution  of  aconitic  acid 
in  absolute  alcohol  with  hydrochloric  acid  gas,  obtained  an  oily  liquid  which  began 
10  boil  at  255°,  and  passed  over  for  the  most  part  between  270°  and  275°,  this  latter 
portion  exhibiting  all  the  characters  of  the  product  obtained  as  above  by  the  action 
of  liydi-obromic  acid  on  citric  acid.  It  is  probable  that  the  aconitic  ether  examined 
by  Crasso  was  mixed  wth  itaconic  ether,  inasmuch  as,  in  preparing  aconitic  acid  by 
the  action  of  heat  on  citric  acid,  it  is  impossible  to  obtain  a  product  quite  free  from 
itaconic  acid. 

The  action  of  liydriodicacid  on  citric  acid  does  not  yield  definite  results.  Dessaignes 
has  shown  that  aconitic  acid  is  formed  by  boiling  citric  acid  for  a  long  time  with 
hydrochloric  acid. 

The  formation  of  aconitic  acid  by  the  action  of  Iiydracids  on  citric  acid  consists  in 
tht-  elimination  of  a  molecule  of  water,  antl  may  be  represented  by  the  following 
equations : — 
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CH^COOH 


CH^.COOH 


HO.C.COOH 


+  HBr  =  H=0  +  Br.C.COOH 


CH-.COOH. 
Citric  acid. 


CmCOOH. 
Bromotricarballylio 
acid. 


cmcooH 


CH.COOH 

II 

=  HBr  +  C.COOH 


Br.C.COOH 


Cff.COOH. 

Bromotricarballylio 
acitl. 


CH^COOH. 
Aconitic  acid. 


Action  of^  Perimnganates.—Qitvio.  treated  -witli  potassium  permanganate,  forms  a 
solution  -wliich  leaves  an  uncrystallisable  syrup  on  evaporation.  No  acetone  is  formed, 
as  is  the  case  when  citric  acid  is  decomposed  in  presence  of  free  acid  (A.  Fleischer, 
Bmt.  Cham.  Ges.  Ber.  v.  350). 

Distinction  of  Citric  acid  from  other  Fruit-acids.  Kiimmerer  {Zcitschr.  anal.  Chem. 
viii.  298)  detects  citric  acid  in  presence  of  tartaric  or  malic  acid,  by  means  of  the 
barium  salt  to  be  described  further  on.  The  solution  of  the  acids  is  mixed  -witli 
excess  of  barium  acetate,  and  the  amorphous  precipitate  is  heated  for  several  liours 
with  the  liquid  in  a  covered  vessel  on  the  water-bath.  The  precipitate,  whicli  is 
bulky  at  first,  usually  diminishes  greatly  in  volume  in  about  two  hours,  becoming 
heavy  and  granular,  and  being  completely  converted  into  the  microcrystalline  'salt, 
Ba'*(C''H*0')'  +  7H^0.  The  filtrate,  mixed  with  lead  acetate,  does  not  yield  any 
precipitate  of  lead  citrate.  Any  bases  that  may  be  present  in  the  liquid,  such  as  lime, 
iron  oxide,  &c.,  must  be  removed,  and  the  filtrate  ncTitralised,  before  adding  the  barium 
acetate.  Very  dilute  solutions  must  be  evaporated  to  a  small  bulk,  after  precipitation 
with  the  barium  salt ;  otherwise  the  needle-shaped  salt  Ba''(C''H*0')-  +  5H-0  will 
be  formed  instead  of  the  preceding.  50  grams  of  a  solution  of  1  gram  sodium  acetate, 
(2Na'C''ffO'  +  llH^O),  mixed  with  barium  acetate,  did  not  give  an  immediate 
precipitate ;  but  on  heating  the  liquid,  an  amorphous  precipitate  was  formed  which,  in 
a  short  time  became  aciculo-crystalline,  and  after  further  concentration  passed  into 
the  characteristic  monoclinic  form. 

Neiitral  ammonium  citrate  added  to  a  hot  solution  of  basic  ferric  chloride  throws 
down  a  light  yellow  precipitate  which  redissolves  completely  in  excess  of  the  citrate : 
hence  it  is  that  solutions  of  citrates  often  give  no  precipitate  with  ferric  chloride. 
Sodium  citrate  reacts  in  the  same  manner  as  the  ammonium  salt ;  the  yellow  iron- 
compound  is  often  formed  only  after  some  minutes,  and  still  increases  after  several 
hours.  Hence  it  follows  that  citric  acid  and  aconitic  acid  cannot  be  distinguished 
from  one  another  by  their  behaviour  with  ferric  chloride ;  still  less  can  they  be  sepa- 
rated by  this  re-agent,  since  the  ferric  citrate  precipitated  is  always  mixed  with 
aconitate  (Kiimmerer). 

Lead  citrate,  precipitated  from  the  sodium  salt  with  excess  of  lead  nitrate,  melts  in 
the  boiling  liquid  to  a  single  kneadable  lump,  which,  on  prolonged  heating  or  on 
cooling,  is  resolved  into  a  powder  of  Pb^(C''H^O')-  +  3H^0,  having  a  vitreous  lustre. 
Diammonic  tartrate  and  the  corresponding  sodium  salt  form,  with  lead  nitrate,  pre- 
cipitates which  behave  in  a  similar  manner  when  quickly  heated.  From  malate  of 
lead,  the  citrate  and  tartrate  differ  only  by  not  forming  a  clear  liquid.  If,  however, 
the  malic  acid  is  not  quite  pure,  its  lead  salt  exactly  resembles  the  citrate  or  tartrate 
(Kammerer). 

Examination  of  Citric  acid  for  Crystals  of  Tartaric  acid. — The  following  methods  for 
this  purpose  are  given  byHager  (Bingl.  ])olyt.  J.  ccii.  387): — 1.  A  solution  of  4  grams 
potassium  hydrate  in  60  c.c.  water  is  mixed  with  30  c.c.  of  90  p.c.  spirits  of  wine,  and 
poured  on  one  or  two  glass  plates,  so  that  the  liquid  stands  not  less  than  6  mm.  high. 
Small  and  largo  crystals  of  the  citric  acid  to  be  tested  are  now  placed  in  the  solution, 
about  3  to  5  centimeters  distant  from  one  another.  The  plates  arc  on  no  account  to 
be  disturbed.  In  two  or  three  hours  the  citric  acid  crystals  are  nearly,  if  not  quite 
dissolved,  and  in  each  of  their  places  is  left  a  small,  delicate,  white,  powdery  patch. 
The  tartaric  acid  crystals,  on  tlie  contrary,  appear  dissolved  to  a  small  extent  only, 
whitish  and  opaque,  and  with  either  an  enclosure  of  white  acicular  crystals,  or  sur- 
rounded by  an  aggregate  of  small  crystalline  groups  lying  one  upon  another.  The 
citric  acid  crystals,  after  being  subjected  for  several  minutes  to  the  action  of  the 
alkaline  solution,  appear  clearer  and  more  transparent,  the  tartaric  acid  cryst-als  nmddy 
and  whitish. 
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2.  Tho  crj'stals  are  placed,  with  the  same  precautions,  in  a  dilute,  transparent  solu- 
tion of  potassium  permanganate,  made  strongly  alkaline  by  addition  of  fused  potassium 
liydrate.  AStei-  one  or  two  hours,  tartaric  acid  crystals,  which  as  a  rule  are  not  quito 
dissolved,  will  bo  found  to  have  left  a  yellow  or  colourless  spot.  Citric  acid,  on  the 
contrary,  gives  a  green  colour,  with  a  tinge  of  blue;  the  crystals  are  usually  dissolved. 
The  first  plan  is  the  best  and  safest ;  in  either  case  tlie  mode  of  procedure  described 
must  be  strictly  adhered  to,  or  the  results  will  be  considerably  modified.  Perfectly 
pure  citric  acid  gives  no  whitish  spots,  but  the  commercial  acid  never  fails  to  do  so. 

Quantitative  estimation. — J.  Creuse  {Pl/arm.  J.  Trans.  [3]  ii.  547)  gives  a  process  for 
tho  estimation  of  citric  acid,  depending  upon  tho  precipitation  of  an  alkaline  citrate  by 
barium  acetate,  the  resulting  barium  citrate  being  perfectly  insoluble  in  alcohol  of 
sp.  gr.  'SOo,  while  the  alkaline  acetates  and  barium  acetate  are  freely  soluble  in  that 
liquid.  Tlie  presence  of  alkaline  acetates  does  not  in  any  way  interfere  with  tlio 
reaction.  If  the  citric  acid  is  already  in  combination  with  an  alkali,  one  or  two  grams 
of  the  salt  are  dissolved  in  20  c.  c.  of  water,  and  the  solution  exactly  neutralised  with 
ammonia  or  acetic  acid  as  may  be  required  ;  a  slight  excess  of  barium  acetate  is  then 
added,  and  afterwards  twice  its  volume  of  alcohol  of  95°.  The  whole  is  then  allowed 
to  remain  undisturbed  for  24  hours.  The  barium  citrate,  which  at  first  resembles  a 
thick  jelly,  has  by  that  time  become  denser  and  easier  to  wash.  The  precipitate  is 
then  thrown  on  a  filter,  washed  with  alcohol  of  63°,  and  dried  at  a  moderate  heat. 

To  obtain  accurate  results,  it  is  necessary  to  estimate  the  barium  in  the  precipitated 
citrate.  Tho  filter  is  therefore  burnt,  and  the  ashes,  together  with  the  precipitate, 
gently  ignited  with  a  few  drops  of  sulphuric  acid,  until  a  constant  weight  is  obtained. 
Every  tliree  molecules  of  barium  sulphate  obtained  represent  one  molecule  of  citric 
acid. 

When  it  is  required  to  estimate  the  citric  acid  of  a  non-alknline  citrate,  soluble  or 
otherwise,  a  certain  weight  of  the  salt  is  first  heated  carefully  with  a  solution  of 
caustic  potash,  the  heat  being  applied  long  enough  to  decompose  tlio  salt  thoroughly, 
but  not  to  such  an  extent  as  to  alter  the  citric  acid.  The  liquid  is  tlien  filtered, 
and  the  filtrate,  after  neutralisation  with  acetic  acid,  treated  as  a  solution  of  an 
alkaline  citrate. 

Creuse  likewise  describes  briefly  a  peculiar  class  of  citrates  in  which  an  alkaline 
citrate  plays  the  part  of  a  base,  a  certain  metallic  salt,  the  part  of  an  acid:  thus, 
phosphate  hypophosphito,  valerate  of  iron,  &c.,  were  found  to  dissolve  readily  in 
solutions  of  the  alkaline  citrates,  losing  thereby,  more  or  less  completely,  their  special 
characteristics  as  salts  of  iron. 

Metallic  Citrates  (Kammercr.  Ann.  Ch.  Phann.  cxlviii.  294  ;  elxx.  176).— Tlio 
trisvdic  salt  2Na'C"H^0' +  llH^O,  which  usually  crystallises  in  largo  rhombic  prisms, 
has  also  been  obtained  by  Kammerer  in  fine,  silky,  concentrically  grouped  needles.  All 
attempts  to  prepare  sodio-potassic  citrates  by  saturating  citric  acid  with  mixtures  of 
the  corresponding  carbonates  were  unsuccessful,  the  trisodic  salt  always  crystallising 
out,  wliile  the  deliquescent  tripotassic  salt  remained  in  solution. 

Barium  salts. — By  precipitating  sodium  citrate  with  calcium  chloride  or  by 
saturating  citric  acid  -srith  baryta  water,  an  amorphous  precipitate  is  formed  whicli 
has  the  composition  I)a'(C''H^O')-  +  711-0,  and  when  heated  in  the  water-bath  with 
a  large  quantity  of  water,  is  converted  into  tho  microcrystalline  salt  Ba'(C''II-'"'0')-  + 
6H-0,  consisting  of  uniformly  thin,  concentrically  grouped  needles.  The  same  salt  is 
gradually  deposited  in  microscopic,  short,  thick  prisms,  from  a  solution  of  2  mols. 
trisodic  citrate  and  3  mols.  barium  acetate  in  a  quantity  of  water  such  that  150  grams 
of  water  are  present  to  1  gram  of  the  barium  acetate.  By  heating  the  peutahydrated 
salt  with  water,  or  either  of  the  preceding  salts  with  aqueous  ammonia,  the  hcxbaric 
salt  Ba''(C''H''0')'  -t-is7Il'''0  is  obtained  in  well-defined  microscopic  monoclinic  prisms 
Tile  same  salt  is  ibrmed  as  an  amorphous  precipitate  on  mixing  free  citric  acid  with 
barium  acetate  in  a  solution  diluted  to  the  degree  above  mentioned. 

Strontium  salts. — When  2  grams  of  trisodic  citrate  and  8  grams  of  strontium 
acetate  aro  dissolved  in  500  grams  of  water  at  ordinar_y  temperatures,  a  precipitati' 
begins  to  form  after  24  hours,  goes  on  increasing  for  several  days,  and  settles  at  the 
bottom  of  the  vessel  in  loose  lumps  or  a  network  of  silky  microscopic  needles  having 
the  composition  Sr^(C''ffO')-  +  5H-0.  It  is  not  altered  by  digestion  with  aqueous 
ammonia. 

AVlien  citric  acid  is  heated  for  some  time  with  strontium  acetate  and  water,  tho 
precipitate,  which  is  at  first  amorphous,  becomes  crystalline,  and  appears  under  the 
microscope  to  consist  of  monoclinic  tablets.  The  salt  thus  obtained  has  the  composi- 
tion Sr'H-(C'^H*0')^  or  28r-(C«H'0-)..Sr'(CsH=>0')-  +  llH^O.  AVlien  this  salt  is  heated 
for  several  hours  with  strong  acetic  acid,  the  residue  contains  sliort  microscopic  prisms 
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liaving  the  samo  composition,  while  the  acetic  acid  sohition  deposits  tlie  salt  2Sr"H2 
(CH^O')*  +  oH-0,  apparently  in  the  amorphous  state. 

Calcium  salts. — By  precipitating  sodium  citrate -with  calcium  chloride,  or  satu- 
rating citric  acid  with  lime-water,  a  precipitate  of  the  salt  Ca'(C''ffO')=  +  4H'-0  is 
obtained  which  does  not  appear  distinctly  crystalline  under  the  microscope,  "but,  when 
heated  in  the  water-bath,  is  converted,  without  change  of  composition,  into  a  mass  of 
transparent  microscopic  needles.  The  same  change  takes  place  on  dissolving  the 
amorphous  precipitate  in  acetic  acid,  and  leaving  the  solution  to  evaporate.  This  salt 
dissolves  in  aqueous  ammonia  and  separates  from  the  solution  unaltered,  even  after 
jprolonged  digestion  in  the  water-bath. 

A  solution  of  1  part  calcium  acetate  in  300  parts  water,  mixed  with  half  the  quantity 
of  sodium  citrate  necessary  to  precipitate  the  whole  as  tricalcic  salt,  slowly  deposits 
the  salt  Ca''(C°H*0')-  +  ^i¥0  in  the  form  of  a  precipitate  having  an  almost  gummy 
aspect,  but  appearing  under  the  microscope  to  consist  of  short  prisms.  It  gives  oflF 
4  mols.  water  over  sulphuric  acid,  and  6  mols.  at  210°.  The  tetrahydrated  salt  above 
described  gives  off  the  whole  of  its  water  at  200°. 

Magnesium  salts.— 1\\q  salt  Mg^H=(C'^H<0')3  +  8H-0,  or  ]VIg^(C«H'0'). 
]VIg'(C''H'^0')^  +  8H-0,  is  obtained  by  digesting  a  boiling  solution  of  citric  acid  ■with 
excess  of  magnesium  carbonate.  By  mixing  the  solutions  of  magnesium  sulphate  and 
trisodic  citrate,  or  by  boiling  magnesium  acetate  and  citric  acid  together  in  alcoholic 
solution,  the  salt  ]VIg'(C^jE^O')-  -t-  9H-0  is  obtained  in  microscopic  six-sided  prisms, 
with  pyramidal  summits  ;  and  by  dissolving  this  salt  in  hot  water  and  evaporating, 
oblique  prisms  are  obtained  having  the  composition  2Mg'(C''H^0')-  +  IIH'O. 

By  mixing  magnesium  acetate  and  citric  acid  in  aqueous  solution  and  addingalcohol, 
tlio  salt  Mg''(C''H^O')-  -t-  14H-0  described  by  Ileldt  {1st  Suppl.  998)  is  obtained  as 
a  tenacious  precipitate,  which  gradually  solidifies  to  crystalline  crusts. 

Solutions  of  sodium  citrate  and  magnesium  acetate  mixed  and  evaporated,  yield  an 
acid  solution  and  a  tenacious  mass,  which  is  very  soluble  in  water  and  has  an  alkaline 
reaction.  This  solution,  heated  in  a  closed  vessel,  deposits  a  microcrystalline  precipi- 
tate containing  Mg»H2(C''H-iO')«  +  ISH'O  =  ■iMg2(C«H<0')".Mg^H-(C«H^0')'  + 
13H-0. 

Trimagnesic  citrate  dissolves  in  hot  aqueous  ammonia  and  separates  from  the  solu- 
tion on  evaporation  as  a  crystalline  precipitate  containing  Mg'(C'*H^O')-  +  9H-0, 
and  the  filtrate,  on  further  concentration,  yields  the  salt  Mg8H'(C<'H''0')'*  +  3H-0. 
or  2Mg3H=(C'*H<0')'.Mg=(C'=H^O')  +  3H-0. 

Zinc  salts.— IhQ  salt  Zn\C''WO'f  +  2W0,  described  by  Heldt  as  a  crystalline 
powder,  was  obtained  by  Kammerer  in  microscopic  monoclinic  prisms.  A  basic  salt 
Zn'HXC^H^O')^,  similar  to  the  last-mentioned  magnesium  salt,  was  obtained  by  dis- 
solving the  trimetallic  salt  in  aqueous  ammonia  and  evaporating.  By  prolonged  con- 
tact with  acetic  acid  it  is  gradually  converted  into  the  crystalline  trimetallic  salt. 
From  all  the  zinc  citrates  the  zinc  is  but  imperfectly  precipitated  by  sodium  carbon- 
ates, even  after  prolonged  heating. 

Cadmium  salts. — When  a  hot  solution  of  trisodic  citrate  is  poured  into  a  hot 
solution  of  cadmium  sulphate  till  a  permanent  precipitate  is  formed,  this  precipitate, 
which  is  at  first  amorphous,  melts  under  the  hot  liquid  to  a  soft  mass,  whicli,  after 
several  hours  heating  in  the  liqiiid,  is  converted  into  microscopic  prisms  of  the  salt 
2Cd3(C«H='0')2  -t-  H"0,  perfectly  insoluble  in  cold  water.  Cold  solutions  of  the  same 
two  salts  yield  an  amorplious  precipitate  which,  when  left  under  the  liquid,  changes 
into  microscopic  rhombic  prisms.  The  amorphous  salt  melts  when  heated  with  water ; 
the  crystalline  salt  does  not.  This  salt  has  the  composition  Cd'(C''H^O')-  ■¥  lOH-'O  ; 
at  150°  it  gives  off  the  greater  part  of  its  water,  and  is  converted  into  the  former 
hydi-ate  2Cd'(C''H^0')-  +  H=0 ;  at  200°  it  becomes  anhydrous.  By  concentrating 
the  filtrate,  crystalline  deposits  are  obtained  which,  under  the  microscope,  appear  to 
consist  partly  of  needle-shaped  prisms,  partly  of  monoclinic  prisms,  very  mucli  like 
the  two  forms  of  the  barium  salt  2Ba'(C^H^0')-  +  lW-0.  By  treatment  with  ammo- 
nia, the  tricadmic  citrate  is  converted  into  the  basic  salt  Cd"H'(C''H*0')^,  with  18  and 
27  mols.  of  water,  the  latter  crystallising  from  the  mother-liquor  of  the  former. 

Copper  salts. — The  solution  of  cupric  carbonate  in  citric  acid  deposits,  on  boil- 
ing, a  green  crystalline  precipitate  consisting  of  2Ca'XC«H-'0')  +  oE?0.  When  cupric 
carbonate  is  treated  with  cold  aqueous  citric  acid,  and  the  filtered  solution  is  mixed 
with  alcohol,  a  faintly  greenish-blue  bulky  precipitate  is  formed,  which,  after  di-ying 
between  filter-paper,  is  still  quite  soluble  in  water.  Its  formula  is  Cu^II-(C''H'0')'  + 
loH^O.  The  dry  salt  turns  gi-een  at  100°,  is  converted  into  aconitate  at  160°,  and 
decomposes  quickly  on  further  heating.  It  also  decomposes  gradually  if  kept  in  the 
alcoholic  liquid  in  which  it  has  been  formed.  On  heating  the  aqueous  solution,  tlio 
whole  of  the  copper  is  thrown  down  in  the  form  of  the  dicupric  salt  above  mentioned, 
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the  supernatant  liquid  becoming  quite  colourless,  and  exhibiting  a  strong  acid  reaction. 
The  pentacupric  salt  decomposes  gradually  also,  even  when  kept  in  the  dry  state  in 
perfectly  closed  vessels,  changing  its  colour  and  being  resolved  into  the  dicupric  salt, 
free  citric  acid,  and  water. 

When  1  mol.  citric  acid  is  hcati  il  w\th  2  mo\s.  cupric  sulphate  in  very  dilute  solu- 
tion, a  considerable  quantity  (.1  ih^'  .lirii|,ric  salt  is  precipitated;  and,  on  filtering, 
after  the  liquid  hasbegimto  bump  vi(jli  nl  ly.  and  heating  the  filtrate,  a  further  quantity 
of  the  salt  is  precipitated.  This  precipitation  may  be  repeated  several  times,  the  re- 
action taking  place  as  represented  by  the  equation  : 

H^(C"H^O')  +  2CuS0*  =  CuXC'H^O')  +  2H^S0'. 

Tlio  ammoniacal  solution  of  the  dicupric  salt  yields,  by  evaporation,  blue  easily 
soluble  crystalline  crusts,  the  aqueous  solution  of  which  quickly  gives  off  ammonia 
when  heated,  and  leaves  the  original  salt. 

Lead  salts.— The  salt  Pb'(CsiPO')=  +  SH^O  is  obtained  by  adding  sodium  citrate 
to  lead  acetate,  and  digesting  the  precipitate  with  water  or  acetic  acid,  or  more  quickly 
and  in  larger  cystals  having  a  vitreous  lustre,  liy  precipitating  sodium  citrate  with  a 
large  excess  of  lead  nitrate.  AVhen  the  procip)itate  formed  in  the  cold  is  heated  with 
tlie  supernatant  liquid,  it  melts  to  a  soft  coherent  mass,  like  malato  of  lead,  and,  after 
longer  heating,  is  resolved  into  a  mass  of  highly  lustrous  crystals  having  the  same 
composition.  The  triplumbic  salt,  heated  with  ammonia,  is  converted  into  the  amor- 
phous diplumbic  salt  Pb=(C«H'0')  +  2H'^0. 

Iron  salts. — A  ferrous  citrate  FeH-(C''H'0')  -I-  H^O  is  produced  by  boiling 
metallic  iron  with  citric  acid ;  it  forms  a  hea^-y  white  powder  consisting  of  microscopic 
rhombic  tablets.  By  mixing  an  aqueous  solution  of  ferric  acetate  with  citric  acid  and 
alcohol,  a  light  yellow  precipitate  of  ferric  citrate  is  obtained,  easily  soluble  in  water, 
but  not  deliquescent. 

Manganese  salts.— Tho  salt  MnH(C«ffO')  +  ffO,  described  byHeldt,  is  easily 
obtained  by  digesting  manganous  carbonate  with  a  slight  excess  of  citric  acid.  The 
trimanganous  salt  Mn'(C''H^O')-  +  9H-0  crystallises  in  distorted  rhombic  prisms  of 
a  light  rose  colour.  At  130°  it  gives  off  its  water,  and  is  immediately  converted  into 
aconitate.  If  it  be  then  heated  to  150°,  it  detonates,  whereas  in  its  original  state  it 
may  be  heated  to  210°  without  decomposition.  From  the  filtrate  of  citric  acid, 
saturated  in  the  cold  with  manganous  carbonate,  the  salts  Mn-^n-'(C''H^O')'  +  loH'-O, 
or  Mn'(C^ffO')-.Mn^(C'*H^O')  +  15H-'0,  crystallises  on  evaporation  in  microscopic 
monoclinic  tablets.  From  the  mother-liquors  of  trimanganous  citrate,  the  salt 
Mn'H-(C»H'0')'  +  18H'-0,  or  Mn3(C'ffO')-.2Mn2(C''H'0')  +  1811=0  may  be  pre- 
pared.   The  pure  dimanganous  salt  Mn-^C^ff  0')  appears  also  to  exist. 

The  composition  of  many  of  the  citrates  above  described,  aflFords  further  evidence  of 
the  tetrabasic  character  of  citric  acid  (see  \st  Suppl.  p.  473). 

CXTROXr  and  CXTROITEXiIiA  OXXgS.    See  Oils,  Volatile. 

CXTRirs  XXMOBTirnX.    See  Lemon. 

CXiABOirXC  A.CXS.  This  name  is  given  by  Stonlinuso  {Aiiv.  fh.  Pharm.  cIv. 
50)  to  tho  arid  clitaiiKMl  from  Clad.nia  ranqifcrina.  This  .icmI  ^v.is  [■.ni.rrlv  rrgnrdrd 
asideiitiral  wilh  usnic  arid  till  Hesse  {ibid,  cxvii.  340)  s]io\vd  llial  it  dilfrrs  tlirre- 
from  by  its  melting  pdiut,  whirh  is  175°.  Hesse  named  it  ,8-usnic  acid,  •'^tenhouso 
finds  that  it  yields,  by  dry  distillation,  /3-orcin,  wliich  is  not  obtained  from  usnic 
acid. 

C]^AzrBX:STXN'A.  The  flower-buds  of  Clamlc^fiiin  rniijh.ra—n.  pbmt  which 
flowers  in  early  spring  at  the  foot  of  the  Pyrenees  — yield  to  ellicr  two  crystalline 
substances,  one  yellow,  and  resembling  cholesterin  in  other  i-espeet-,  the  otlier  calli'd 
clandestinin,  white,  soluble  in  alcohol,  quite  insoluble  in  water  and  in  diluteacids 
(HartBon,  Chem.  Ccutr.  1872,  524). 

CXiiLV.  Estimation  of  the  Fire-resisting  qualities  of  Clays. — E.  Richters  {Dingl. 
iwhjt.  J.  cxci.  59,  150,  229  ;  Jahrcsh.  1869,  1074)  estimates  the  fire-rcsisting  qualities 
of  clays  by  determining  how  much  alumina  must  be  added  to  a  comparatively  fusible 
clay,  and  how  much  silica  to  a  refractory  clay,  so  that  at  certain  tem]ieratures  (as  high 
as  possible)  it  may  exhibit  the  properties  of  a  normal  claj-.  (The  criterion  adiipt(  d  is 
that  the  samples,  after  being  heated  for  two  hours  to  the  melting  point  of  wrou-hr, 
iron,  shall  appear  but  slightly  glazed).  The  degi'ec  of  fire-resist  in-  ]io\Mr  iIiuh 
determined  is  represented  by  the  quantity  of  quartz  or  of  alumina,  cxi'ressed  in  tentlif- 
of  the  weight  in  clay,  required  to. produce  the  result  above  mentioned,  the  addition  of 
alumina  being  denoted  by  the  sign  —  ,  and  that  of  quartz  by  +  . 
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The  following  are  the  results  of  experiments  made  by  this  method: — 

1.  In  white  clay  from  Saarau  (in  Middle  Silesia)  containing  on  the  average  53  p.  c. 
of  quartz-sand  removable  by  levigation,  the  fire-resisting  power  was  found  equal  to 
-  2  (this  clay  served  for  the  preparation  of  the  normal  clay,  by  adding  to  it  ^  of  its 
weight  of  pure  alumina  obtained  in  the  preparation  of  soda  from  cryolite). 

2.  The  same  clay  after  levigation  ;  +  2. 

3.  Blue  clay  from  Saarau  ;  +  2. 

4.  Another  blue  clay  from  the  same  locality  ;  +  to  —  1. 

5.  A  clay  from  Valendar  near  Coblentz  ;  -  1  ;  (the  last  three  on  account  of  their 
great  cohesion  could  not  be  levigated). 

6.  Clay  from  Mirow  (Poland)  witli  12-7  p.  c  sand;  -  3. 

7.  Clay  from  Grojece  (Poland)  with  8-2  p.  e.  sand  ;  —  3  to  4. 

8.  Clay  from  Poremba  (Poland)  with  29-03  p.  c.  sand ;  —  4. 

9.  Clay  from  Bielschowitz  (Upper  Silesia)  with  27'7  p.  c.  sand  ;  —  4. 

10.  Clay  from  Cziclze  with  15'94  p.  c.  sand  ;  —  5  to  6. 

11.  Clay  from  Tillendorf  (Silesia)  with  30-41  p.  c.  sand;  -  3. 

12.  Whitish-grey  clay  from  Comprachcziitz  v.-itli  35-91  p.  c.  sand;  —  4  Lo  5. 

13.  Blue  clay  from  the  same  locality  -with  31-24  p.  c.  sand  ;  —  6  ; 

14.  Blue  clay  from  Brieg,  with  26'15  p.  c.  sand;  —  6. 

15.  White-grey  clay  from  the  same  locality  -with  33-34  p.  c.  sand  ;  —  5. 

16.  Argillaceous  schist  from  Mettkau  (Silesia),  with  74-81  p.  c.  sand;  variotis  ac- 
cording to  the  fineness  of  the  powder. 

The  chemical  analysis  of  these  clays  gave  the  following  results,  the  fine  quartz- 
powder  removed,  together  -with  the  clay,  by  levigation,  being  reckoned  with  the  sand: — 
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16-96 

16-48 

7-33 

Fe=0^ 

2-98 

5-69 

1-35 

1-86 

3-60 

3-70 

2-58 

1-80 

CaO 

0-34 

034 

trace 

0-79 

0-98 

0-74 

0-07 

MgO 

0-61 

0-74 

0-15 

0-41 

1-08 

1-22 

0-08 

K^O 

1-20 

2-25 

0-32 

trace 

1-00 

1-89 

1-43 

1-14 

Na^O 

0-59 

0-52 

0-90 

1-28 

0-50 

0-40 

trace 

SiO-(combined). 

32-14 

32-68 

27-31 

23-05 

23-65 

21-14 

22-32 

10-84 

Sand 

35-68 

30-51 

42-20 

50-61 

45-10 

48-31 

60-16 

76-01 

Water  . 

6-06 

6-39 

6-08 

6-25 

6-08 

5-30 

4-91 

2-81 

100-00 

100-20 

98-90 

98-91 

99-63 

100-00 

100-00 

100-00 

C.  Bischof  gives  two  methods  of  estimating  the  fire-resisting  qualities  of  clays: 
1.  By  determining  the  quantity  of  a  normal  mixture  of  pure  silica  and  alumina  which 
must  be  added  to  the  clay,  to  render  it  infusible  at  a  certain  high  temperature  {Dinffl. 
2>oh/t.  J.  cxciv.  420;  cxcviii.  396). 

2.  By  Chemical  Analysis  {i/,id.  cc.  110  and  289). 

(1).  The  first  method  is  similar  in  principle  to  that  of  Richters,  but  is  regarded  by 
Bisehof  as  more  accurate.  Small  cj'linders  of  the  clay  to  be  examined,  are  twice 
heated  to  the  melting  point  of  platinum  ;  the  cylinder  is  then  weighed,  crushed,  and 
mixed  with  a  test-substance  consisting  of  2  parts  of  pure  alumina  and  1  part  of  pure 
silica.    This  test-substance  is  added  in  proportions  of  ^  of  the  weight  of  the  cylinder, 
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the  cyliiuliT  loiiig  lieaU-d  to  the  melting  point  of  platinum  after  each  addition.  This 
treatment  is  repeated  until  the  cylinder  remains  iiuglazed  and  the  structure  heconies 
granulated.  The  pyromotric  value  of  the  clay  is  estimated  by  the  quantity  of  the  test- 
material  required,  this  quantity  varying  from  ^  to     of  the  weight  of  the  cylinder. 

(2).  In  judging  of  the  firc-resisting  qualities  of  clays  from  their  chemical  composi- 
tion regard  must  bo  had:  1.  To  the  proportion  of  the  alumina  and  fluxes  {i.e.  the 
alkalis,  alkaline  earths,  and  ferrous  oxide) ;  2.  To  the  proportion  of  alumina  and 
silica— 

A  clay  is  more  refractory  the  greater  the  quantity  of  alumina  which  it  contains  in 
proportion  to  the  fluxes,  and  the  smaller  the  quantity  of  silica  in  proportion  to  the 
alumina.  A  simple  expression  for  the  relative  pyrometric  value  may  bo  obtained  by 
dividing  the  number  (A)  which  expresses  the  proportion  of  the  silica  aud  alumina 
taken  together — i.e.  of  the  ahiminium  silicate  or  true  clay — to  1  part  of  the  fluxes,  by 
tlie  number  (B)  which  expresses  the  proportion  of  siliwi  to  1  part  of  alumina. 

The  following  table  exhibits  the  composition  of  seven  kinds  of  fire-clay,  together 
with  their  relative  fire-resisting  powers,  as  directly  determined  by  the  first  method; 
and,  lastly,  the  quotients  calculated  from  the  chemical  composition  by  the  method  just 
explained : — 


Composition  and  Fire-Rcdstin<j  Power  of  Clajs. 


Foi 

mnia 

Firr- 
power 

Quotient 

A 
B 

Class  I. 

a.  Clay    from  Saarau, 
selected :  purest  and 
most  refractory  variety 

b.  Average    sample  of 

locality  

19-2.j(Al-0^  . 
16-59(A1-W  . 

l-38SiO-)  +  RO 
l-69SiO-)  +  RO 

100 
100 

19-2.3  _ 
1-38 

16-o9  _ 
1'69 

13'95 
9-70 

Class  11. 

IvOvigated  Ivaolm  Irom 
Zettlitz  in  Bohemia  . 

12-82(Al-03  . 

l-35SiO-)-l-EO 

70-00 

12'82  _ 
^F3o 

9-49 

Class  III. 

a.  Crude  Kaolin  from 
Saarau   

h.  Belgium  clay,  from 
iStrudmolsoreul,  near 
Ardennes  .... 

14-15(Ar'Oi  . 
6-86(Ar-02  . 

5-01SiO=)  +  RO 
l-63SiO-)  +  EO 

.■>o 

■50 

14-15  _ 

5-  Oi 

6-  86  _ 
1-63 

2-82 
4-21 

Class  IV. 

Clay    from  Miihlheim, 
near    Coblentu ;  best 
average  sample     .  . 

5-96(Al-'0=  . 

l'.51SiO-)  +  RO 

45 

5-96  _ 
iol 

3'D5 

Class  V. 

Clay  from  GriinsUidt,  in 
thePfalz      .    .    .  . 

3'65(Al-0^ 

l'olSiO'-)  +  EO 

30 

3"65  _ 
r54 

2-37 

Class  VI. 

Clay  from  Monchsberg, 
j     near  Cassel  .... 

4-il(Ar-0^' 

2'37Si02)-hRO 

20 

■i'41 

2-37 

1-85 

1          Class  VII. 

Clay  from  Niedcrplei,-. 
'     on  tlie  iSiog  .... 

3-89(.U-( 

2-37SiO')  +  KO 

1  1^ 

1  2-37 

I 

1-06 
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A  comparison  of  these  numbers  leads  to  the  following  results : — 1.  The  quotients 
in  the  fourth  column  decrease  in  tlie  same  order  as  the  numbers  in  the  third,  -B-hich 
express  the  fire-resisting  powers  directly  determined;  and  in  the  most  refractory  claj's 
the  differences  of  the  quotients  are  large  for  small  differences  in  the  fire-resisting 
powers. 

2.  The  crude  Kaolin  of  Saarau,  in  Class  III.,  forms  a  striking  exception  to  this  rule. 
Direct  experiments  showed,  however,  that  this  Saarau  clay,  when  ground  to  an  im- 
palpable powder,  is  more  fusible  than  the  Miihlheim  clay  in  Class  IV.,  and  appears 
more  refractory  in  its  crude  state  merely  because  it  contains  coarse  grains  of  quartz. 

3.  It  is  remarkable,  also,  that  the  average  sample  of  pSaarau  clay  (Class  I.)  and  the 
clay  from  Zettlitz  (Class  II.)  give  quotients  so  nearly  equal,  although  they  diflfer  con- 
siderably in  their  fire-resisting  power.  But  in  this  case,  also,  the  peculiarity  is  due  to 
the  state  of  aggregation,  the  Zettlitz  kaolin  being  in  the  state  of  an  extremely  soft 
powder,  which  yields  to  the  softening  influences  of  a  high  temperature  more  readily 
than  the  compact  stony  clay  of  Saarau. 

In  the  preceding  considerations  no  account  has  been  taken  of  the  proportions  between 
the  silica  and  the  fluxes ;  and,  indeed,  Bischof  shows  that  this  proportion  does  not 
afford  a  satisfactory  criterion  of  the  pyrometric  value  of  a  clay.  In  the  coal-formation 
of  Saarbriick  there  are  found,  in  the  Wellesweiler  and  Duttweiler  pits,  two  clays, 
belonging  unmistakeably  to  the  same  species,  and  having  the  character  of  slate-claj's, 
but  differing  considerably  in  their  degree  of  purity  :  the  Wellesweiler  clay  being  com- 
paratively pure,  whereas  that  from  Duttweiler  is  more  contaminated  with  sand,  and 
especially  with  iron-oxide  and  magnesia.  Their  composition  is  given  in  the  following 
table,  I.  denoting  the  clay  from  AVellesweiler,  II.  that  from  Duttweiler : — 


SiO'  and  Sand 

A  1=0' 

FeO 

CaO 

,.,0       Loss  on 
ignition 

I-  ^ 

II. 

■ 

35-10 
25-13 

-28 
1-95 

•45 

-50 

•31 

1-id 

M3  13-70 
1-70  j  10-90 

=  100-61 
=  100-27 

From  which  may  be  calculated  the  formulae — 

I.  10-78(APO».l-61SiO^)  +  EO, 
II.    2-67(AP0^2-67Si03)  +  EO, 


representing  the  following  proportions : — 


1. 

11. 

Alumina  to  fluxes  . 
Alumina  to  silica  . 

Quotient  .... 

Silica  to  fluxes 

10-78  :  1 
1  :  1-61 

J^=.6-70 
1-61 
17-36  :  1 

2-67  :  1 

1  :  2-67 
2-67 

2-67  ~  ^ 
7-13  :  1 

Here,  then,  we  see  that  although  the  ratio  of  silica  to  fluxes  is  much  greater  in  I. 

A  •  • 

than  in  II.,  the  quotient  -^is  also  greater:  hence  the  greater  fire-resisting  power  of 


tlie  first  variety. 

In  the  two  clays  from  Sajirau  (Class  I.)  the  ratio  o-f  fluxes  to  silica  is:  in  the 
refractory,  as  1  :  27'70  ;  in  the  more  refractory,  as  1  :  26-57.  Lastly,  in  two  clayg 
from  Namur,  having  respectively  the  formula  12-28(Al-Ol2-25Si02)  +  EO  and  7-18 

(Ar-0'.2-6lSiO-)  +  RO,  and  giving  for  the  first  the  quotient  ^  =5-46,  for  the  second 

2-86,  the  ratio  of  flaxes  to  silica  is,  in  the  first,  which  is  the  more  refractory,  1  :  27  63, 
in  the  second,  or  more  fusible,  1:18-02. 

Whereas,  then,  in  the  clays  from  Saarbriick  and  from  Nnmur.  the  ratio  of  silica  to 
fliuxos  increases  with  the  fire-resisting  power,  the  contrary  holds  '^nod  in  the  cliiy  from 
Saarau,  the  more  refractory  clay  from  this  locality  containing  less  silica  in  proportion 
to  the  fluxes  than  the  less  refractory. 

•Those  considerations  show  that  though  the  dt'termin;\tion  i  f  the  quantities  of  silica 
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and  fluxes  contained  in  a  clay  is  of  this  great  importance  for  the  detormiuation  of  its 
fire-rosistiug  power,  the  ratio  of  the  silica  to  the  fluxes  does  not  of  itself  afford  any 
safe  criterion  for  that  determination,  i'ire-clays,  in  fact,  are  double  compoiinds,  which 
cannot  be  correctly  compared  by  a  one-sided  consideration  of  the  ratio  of  silica  to 
fluxes  without  regard  to  the  alumina.  This,  indeed,  Bischof  has  clearly  shown  by 
experiments  on  the  fusibility  of  mixtures  containing  100  parts  of  silica  to  1,  2,  and  4 
parts  of  alumina,  and  100  parts  silica  to  1,  2,  and  4  parts  of  magnesia.  The  most 
liisiblo  of  tlicse. mixtures  is  that  which  contains  4  parts  alumina  to  100  silica.  In 
presence  of  so  large  a  proportion  of  silica,  alumina  is  a  better  flux  than  magnesia. 
Independently,  also,  of  the  uncertainty  attending  the  valuation  of  a  fire-clay  solely  by 
reference  to  the  ratio  of  silica  to  fluxes,  the  consideration  of  this  ratio  is,  iu  fact,  super- 
fluous, the  ratio  of  the  aluminium  silicate  to  the  fluxes  and  of  the  alumina  to  the 
silica  being  quite  sufficient  to  afford  a  trustworthy  estimate  of  the  pyrometric  value  of 
a  clay.  It  is,  of  course,  understood,  tha.t  the  analytical  determinations  must  bo  made 
with  all  attainable  exactness. 

The  following  analyses  of  fire-clays  are  also  by  Bischof  {Binc/l.  fohjt.  J.  clxxxiii.  29 ; 
clsxxv.  39;  Jahrcsb.  1867,  920):  a.  From  Ebernhahn  near  Vallendar,  on  the  Ehine, 
b.  From  Miihlheim  on  the  Ehine.  c.  From  Griinstadt  in  the  Bavarian  Palatinate. 
The  clays  were  analysed  after  drying  at  100°. 


6 

c 

37-95 

35-36 

35-05 

S5-35* 

39-32-* 

14-79 

12-41 

8-31 

0-95 

2-69t 

2'3() 

CaO  

004 

0-16 

0-16 

K^O  

3-00 

1-24 

3-18 

MgO  

0-11 

0-07 

1-11 

Loss  by  ignition  {     ,       .       .  . 

12-02 

11-72 

10-51 

101-04 

99-00 

99-64 

♦  With  traces  of  titanic  .icid.  t  Partly  as  FeO.  t  -Water  and  organic  matter.  Tlie  amount  of 
water  in  the  air-dried  state  is  in  a  Swj  p.c, ;  iu  6  13  p.c. ;  and  in  c  5-S  p.c. ;  b  contains  traces,  c  0'084 
p.c.  sulphur  (as  pyrites). 

Goppelsroder  {J.pr.  CJicm.  ci.  444  ;  Jahrcuh.  1867,  1030)  has  analysed  clays  used 
for  making  fire-bricks  found  at  Hofstetten  and  Witterschwiler  in  the  neighbourhood 
of  Basel ;  A  and  B  light  greyish-yellow  to  yellow,  white  in  parts,  with  veins  having 
the  colour  of  iron  rust ;  C  greyish-white  to  yellow  -mth.  the  same  veins. 


SiO= 

APO^ 

rc=o' 

CaO 

MgO 

and  Saud 

76-919 

11-358 

3-084 

1-793 

0-481 

78-911 

7-171 

3-031 

1-991 

0-272 

53-425 

92-730 

6-378 

4-990 

0-530 

1-413 
1-355 


0-620 
0-672 


4-117 

6-590 
9-920 


The  following  analyses  of  various  kinds  of  clay  are  by  K.  von  Hauer  (Ja/irb.  qcoloq. 
Bcichsanstalt,  xix.  428,  430,  432;  Jahresb.  1869,  1076):  1.  Kaolin  from  Budweis  ; 
2.  Fire-clay  from  Edv  in  Hungary ;  3.  Fire-clay  from  Oberfucha  in  Lower  Austria ; 
4.  Porcelain-clay  from  Mahrenberg  on  the  Drau : — 


SiO= 
Al'-O^ 
Fo-0^  \ 
MgO  ( 
CaO 
Water 


3. 

4, 

48-6 

00-3 

67-0 

Aluminium  silicate 

.  87-6 

43-0 

28-0 

20-6 

Soluble  alumina  . 

.  55 

trace 

5  Ferric  oxide 

.  trace 

0-5 

0-2 

Water 

.  4-G 

8-2 

10-5 

11-3 

99-8 

99-3 

99-1 

99^ 

COAJi,  Estimatiun  of  Sulp^iur  in  Coal  and  Coke. — The  method  usually  adopted 
for  the  estimation  of  sulphur  in  coal  and  coke,  consists  in  treating  a  known  weight  of 
tile  finely  powdered  material  with  nitromuriatic  acid,  and  after  digesting  it  st  a 
moderate  temperature  wntil  the  whole  of  the  eulpbur  is  supposed  to  be  converted  into 
sulphuric  acid,  determining  tha  latter  as  barium  sidphate. 
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In  operating  iu  this  mauuer  there  are  several  sources  of  error.  In  the  first  place, 
tho  figures  obtiiined  include  the  sulphur  or  sulphuric  acid  combined  with  calcium,  as 
well  as  that  existing  as  pyrites  in  the  coal ;  and  it  is  oljviously  most  important,  witli 
regard  tn  the  use  of  coal  in  iron-smelting,  that  these  iigures  should  be  returned  sepa- 
rately, since  t]io  sulphur,  combiiied  with,  the  c;dcium  as  sulphate  or  sulphide,  is  per- 
ffiCtU' harmless,  whili'  thi'  pyi'if  siTiously  .-iffect  the  quality  of  the  iron,  by  combining 
withit  as  ferrous  suliihid-  luinii-  ihe  process  of  smelting. 

Again,  in  carrying'  mit  tbi  .I'  nvc-mentionod  process,  unless  the  nitric  acid  be  care- 
full}'  and  entirely  r.  niovcil  |iy  t ,i poration,  grave  errors  in  the  -weight  of  barium  sul- 
phate will  ciisiH-,  .iihl  if  I  111-  cv^iiiiii-ation  of  the  nitromuriatic  acid  be  carried  too  far, 
a  basic  iron  sul  pli.it  i-  sunn  t  Im.  formed,  which  even  long  boiling  with  water  fails  to 
remove  from  ihi^  cari.im.iceons  mass,  so  that  a  deficiency  of  sulphur  is  entailed. 

To  remedy  these  defects,  Calvert  (Chcm.  News,  xxiv.  76)  operates  in  the  following 
manner  : — A  weighed  portion  of  the  finely  powdered  coal  is  boiled  in  water  with  an 
equal  weight  of  sodium  carbonate  for  twenty  hoiu's,  by  which  means  the  calcium  sul- 
phate is  decomposed,  while  the  iron  sulphide  remains  unattacked.  The  residue  is  then 
filtered,  and  rapidlj'  washed  with  boiling  water.  In  the  case  of  coke,  nitric  acid  in 
slight  excess  must  be  added  to  the  filtrate,  to  convert  the  sodium  sulphide  into  sulphate, 
and  the  sulphuric  acid  therein  determined  in  the  usual  manner.  The  sulphur  found 
in  the  residue  will  tlien  correctly  represent  the  amount  of  pyrites  present  iu  the  coal. 

In  estimating  tliis  latter,  Calvert  objects  to  the  dry  oxidising  process,  since  it  in- 
variably entails  a  slight  loss  of  sulphur.  A  more  exact  method  is  to  oxidise  with 
nitromuriatic  acid,  then  concentrate  the  liquid,  add  sodium  curbonate  in  excess,  and 
heat  the  whole  to  near  the  fusing  point,  by  winch  moans  the  iron,  silica,  and  alumina, 
are  rendered  insoluble.  The  mass  is  then  treated  witli  water,  well  waslied,  aud  the 
filtrate  acidified  with  acetic  acid  ;  barium  chloride  will  now  precipitate  tho  whole  of 
the  sulphuric  acid  from  this  solution. 

The  figures  in  the  subjoined  table  contrast  the  results  obtained  from  three  distinct 
samples,  when  analysed  by  the  old  and  by  the  improved  method  : 


Old  process 

New  process 

Iu  washings 

Sulphur 

P.O. 

Mean 

Sulphm' 
p.c. 

Me.in 

Sulphur 

Difference 

,. . .  { 
.  .■.{ 

3.  ..{ 

1-401 
1-59^ 
1-55) 
1-78) 
l-73i 

1-38 
1-57 
l'7o 

/0-601 
t0-.58/ 
(0-63) 
l0-67i 
jO-89) 
lO-85f 

0-59 
0-6o 
0-87 

70-791 

io78r 

iO-971 
10-95; 
(0-851 
"10-88/ 

■ 

0-79 
0-96 
0-87 

i 

0-79 
0-92 

0-S8  ; 

Tho  relative  proportions  of  iron  and  sulphur  in  the  pyrites  of  Iowa  coal  h.ave  been 
determined  by  E.  Emery  {Sill.  Am.  J.  [3]  iii.  34).  The  coal  was  first  treated  with 
very  dilute  hydrochloric  acid,  so  as  to  remove  everything  which  was  soluble  in  that 
menstruum.  Tho  residue  was  then  oxidised  with  hydrochloric  acid  and  potassium 
chlorate,  and  the  percentage  of  iron  and  sulphur  calculated  in  the  usual  manner. 

Ten  samples  were  examined.  In  four  samples  the  relative  proportions  of  iron  and 
isulphur  corresponded  very  closely  with  that  existing  in  FeS-,  viz.,  53-3  p.c.  of  sulphur. 
In  four  samples  there  was  a  decided  excess  of  sulphur,  tho  percentage  rising  in  two 
instances  to  63-0  p.c,  while  iu  two  samples  there  was  a  marked  deficiency  of  sulphur, 
45'0  and  50-0  p.c.  only  being  found. 

The  results  of  the  analyses  of  tho  coals  of  Ohio,  by  Prof.  Wormley,  "show  that  in 
every  instance  the  amount  of  sulphur  present  is  too  large  for  combination  with  tho 
iron  as  bisulphide. 

Gases  enclosed  in  Coal.  E.  v.  Meyer  has  examined  the  gases  enclosed  in  coal 
from  several  coal-fields  in  Germany  (J.  ^r.  C/iem.  [2]  v.  144,  416;  vi.  389),  and 
in  English  coal  from  the  Newcastle  and  Durham  districts  (ibid.  v.  407). 

The  gases  were  obtained  by  introducing  two  to  four  hundred  grams  of  the  coal 
into  a  flask,  which  was  immediately  filled  up  with  hot  do-aerated  water,  and  the 
water  was  boiled  so  as  to  expel  the  gases  from  the  coal,  and  drive  them  througli  a 
short  straight  tube  fitted  by  a  caoutchouc  plug  to  the  mouth  of  the  flask,  into  a 
number  of  tubes  inverted  in  a  basin  of  water  supported  on  the  end  of  the  tube  pro- 
ceeding from  the  flask.    The  gases  so  collected  were  analysed  by  Bunsen's  methods 
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funis  from  several  districts  wcro  fxamiiioJ,  bolh  wlii^ii  freshly  raisocl,  riiid  aftc- 
having  boon  exposed  to  tho  iiifliiciK^u  of  rho  wcntlier  for  times  v.irying  from  ono  in 
s;'veral  yenrs. 

Tl;o  majority  of  eoals  gave  by  this  trentrnent  gases  agreeing  in  composition  with 
tiinsc  known  to  occur  in  ordinary  mine  gas,  that  is,  carbon  dioxide,  oxygon,  nitrogen, 

The  qu-uitity  of  gas  contained  in  various  coals  frcsldy  raised  and  long  weathered,  is 
^Illl-^vn  l>y  the  foUo-ffing  table  (Mem.,  tlie  iudioalion  numbers  attached  to  the  name  of 
the  coal  will  be  retained  throughout  the  article  to  indicate  the  same  sample); — 


(1)  .  Zwickau  I 

(2)  . 

(3)  . 

{i).  Westphal 

(5)  . 

(6)  . 


Iron)  iisse 


50-6 
50-4 


{a)  18-0  c.( 

{a)  18  0  „ 

(a)  13  0  ., 

(a)  -13-2  ., 

(a)  „ 


The  composition  of  these  gases  presents  pecularities  in  two  cases  only,  viz.,  1  (</) 
and  3  (a),  which,  it  is  to  be  observed,  are  both  from  coals  altered  by  weathering. 
The  composition  of  the  gases  from  fresh  coal  is  shown  by  the  following  table  : 


CO' 

0 

N 

CU' 

2.01 

23-17 

71-9 

2 

.  4-02 

U-G2 

r)0-3G 

4.V()0 

2(a).  . 

0-7 

23-89 

73-1 « 

3 

0-6 

trace 

48-0 

61-4 

t 

.  7-6 

2-5a 

89-91 

5 

.  i-87 

2-GG 

70-82 

16-65 

0  {a)  .  . 

.  11-12 

2-88 

78-G 

7-4 

G 

.  1-30 

1-GO 

6G-8.-) 

30-2,5 

0  {a)  .  . 

.  -1-35 

3-35 

81-18 

11-12 

These  numbers  selected  from  those  given  show  that  exposure  to  the  weather  causes 
a  loss  of  a  great  part  of  the  marsh-gas,  as  -was  to  be  expected,  but  the  ratio  of  oxygen 
to  nitrogen  and  carbon  dioxide  also  serves  to  show  that  in  the  xu-ocess  of  the  passage 
of  vegetable  remains  into  coal,  the  oxygen  of  tlie  air  concerned  has  gone  mostly  to  the 
burning  of  the  hydrogen,  leaving  the  carbon  comparatively  intact. 

The  gas  obtained  from  1  (rt)  and  3  («)  was  quite  different  in  composition  from  that 
obtiiined  from  any  other  specimen 


1  (a)  .... 

l)itto,  collected  one) 
■week  later        .  / 

Ditto,  collected  two  | 
weeks  later  than  the  !• 
preceding .       .  j 

3  _(.0  .       .       .  . 

Ditto,  collected  one  / 
week  later       .  \ 

Ditto,  collected  two 
months  later  than 
the  preceding  . 


! 

C0=  1 

0 

N 

CO 

CH' 

1 

C-'H'- 

Absorbed  by 
finning  sul- 
pliuric  acid 

16-7  ! 

4-9 

55-15 

3-17 

18-61 

1-47 

11-4 

3-8 

60-98 

3-44 

18-88 

1-5 

12-10  j 

1-10 

65-16 

3-19 

16-85 

1-6 

2-44 

50-75 

15-88 

22-35 

0-96 

10-10 

2-6 

50-53 

1-82 

10-18 

23-32 

1-45 

11-18  j 

2-82 

67-99 

16-36 

1-65 

The  analytical  data  obtained  (oxygon  consumed,  contraction,  and  carbonic  acid 
formed)  seem  to  leave  no  doubt  that  ethane  was  really  a  constituent  of  the  gas 
obtained  from  these  coals. 

Three  specimens  of  grey  shaley  coal  containing  much  pyrites,  gave  gases  charac- 
terised by  the  absence  of  hydrocarbons,  and  the  preponderance  of  carbon  dioxide.  As 
it  is  well  known  that  coals  which  contain  much  pyrites,  oxidise  more  readily  than 
otlicrs,  the  formation  of  the  product  of  the  combustion  of  carbon  can  be  explained  in 
this  case  by  the  greater  energy  of  tlie  oxidising  action.  The  ga,ses  in  this  case  had 
the  following  composition  :-  — 
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CO  O  N 

7  .       .       .       48-7  1'8  -lO-a 

8  .       .       .       38-2  1'2  60-6 

9  .       .       .       54-9  1-2  43'9 

Further  experioients  were  made  to  deterniino  whether  exposure  of  a  coal  to  a  con- 
tinued temperatiu-o  of  50"  caused  au  alteration  resulting  in  further  production  of  gas, 
or  if  the  gases  contained  in  it  underwent  any  change  of  composition.  The  Zwickau 
coal,  1  (a),  after  the  last  of  the  analyses  above  quoted,  was  left  between  three  and  four 
months  in  a  cool  dry  place,  when  it  was  found  to  give  oif  gas  of  the  composition— 
C0=  =  12-91,  0  =  2-57,  N  =  o7-8,  C'-H»  =  22'62,  CH'  =  4  06  per  cent. 

At  the  time  that  this  examination  was  made,  another  portion  of  the  coal  was 
kept  for  two  days  at  45°,  and  then  immediately  treated  in  the  usual  manner,  when  it 
evolved  gas  as  rapidly  as  the  unwarmed  portion.  It  was  found  to  be  free  from  marsh- 
gas.    The  composition  of  the  gas  was  : — ■ 

CO-  =  10-65,  0  =  3-2,  N  =  74-72,  C-H''  =  9-8,  and  gas  absorbed  by  sulphuric 
acid,  1-63  per  cent. 

By  calculation  it  is  shown  that  the  heavy  hydrocarbon  is  probably  butylene. 

It  thus  appears  that  on  warming,  the  whole  of  the  marsh-gas  escapes  first,  by  reason 
of  its  greater  diffusibility. 

The  gases  from  another  coal  from  Zwickau  were  also  examined  both  before  and 
nfter  heating  the  coal  to  60°  for  twenty-four  hom-s.  Tho  hydrocarbons  present  were 
methane,  ethane,  and  butylene.  In  the  gas  from  the  heated  coal,  some  higher  terra  of 
the  paraffin  series,  probably  propane,  appeared  to  be  present.  The  analytical  numbers 
agree  well  with  those  required  by  : — 

C0=  =  15-6,  0  =  3-10,  N  =  73-33,  Cm^  =  4-39,  C-W  ==  2-OG,  C'ff  =  1-75. 

Coal  from  the  Saar  district  yielded  gases  containing,  besides  methane,  some  of  its 
homologues,  which  wore  calculated  as  C-H".  Ethene,  which  G.  Biscliof  found,  Meyer 
was  unable  to  detect.  The  coal  from  the  Gerhard  pit  is  as  hard  and  dense  as  Durham 
coal,  and  the  gases  contained  in  it  resemble  in  quality  and  quantity  those  enclosed  in 
the  latter.    The  following  table  contains  the  results  : — 


Locality  and  time  when  the  coal  was 
examined  ^ 

co= 

C'H' 

0 

N 

100  grams 
gave  CO. 
gas 

Kronpriiis  I'it. 

(A.)  Wahlshied  Scam. 

Glass   blown  out  of  a  fissure"! 

23-06 

60-85 

(mixed  with  air)  .       .  .1 

0 

23-57 

16-09 

60-34 

Air  from  the  pit  (where  coal  had| 

1-25 

2-39 

17-77 

78-50 

just  been  removed)       .       .  j 

4-05 

2-65 

13-17 

7813 

2  weeks  

8-51 

63-86 

3-88 

0-25- 

23-60 

33-66 

24-08 

4-72 

0-81 

36-73 

42-0 

4-85 

72-88 

0-0 

22-27 

(B.)  ScJnvalbach  Seam. 

51-84 

0-26 

37-41 

5 — 6  weeks  .... 

49-95 

15 

04 

1-39 

33-62 

320 

3 — 4  weeks  .... 

30-05 

15  06 

13-36 

1-16 

32-40 

19-0 

29-50 

12-44 

9-48 

3-09 

45-49 

25-0 

15-22 

52-12 

0-56 

32-10 

22-5 

Geidautern  Pit. 

No.  4  seara,  6  weeks  . 

19-19 

37-94 

3-22 

0-97 

38-68 

260 

No.  5  seam,  8  weeks  . 

35-66 

9-46 

3-61 

2-63 

48-64 

21-2 

No,  6  seam,  6  weeks  . 

26-12 

55-65 

1-20 

17-03 

530 

Gerliard  Pit. 

Fire-damp  .... 

0-62 

22-52 

14-01 

62-85 

Anna  seam  |          (        .  . 

trace 

91-76 

8-24 

188-0 

Sophie  seam  j-  4 — 5  - 

1-83 

90-79 

7-38 

158-0 

Max  seam    j          (        .  . 

2-90 

89-93 

7-27 

180-0 
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tlio  pises  olitaiucil  from  tiglit  samples  of  cual  fruiii  llio  Xcweastlo  and  Dui'liam 


No.  1.  Low  Main  scam,  from  Bewicke  Main  Colliery  (Newcastle  district). 
No.  2.  Maudlin  seam,  from  Bewicke  Main  Colliery  (Newcastle  district). 
No.  3,  Main  coal  seam,  Urpeth  Colliery,  Newcastle  (Durham  district). 
No.  4.  5-seam,  Urpeth  Colliery,  30  fathoms  from  surface. 

No.  ,).  5-Keam,  Wingate  Grange  Colliery,  Durham  district,  li  fathoms  from  surface. 

No.  6.  Low  main  seam,  Wingate  Grange  Colliery,  108  fathoms  from  surface. 

No.  7.  Harvey  seam,  Wingate  Grange  Colliery,  148  fithoms  from  surface. 

No.  8.  Harvey  seam,  Emily  Yil.,  Woodhouse  Close  Colliery,  25  fathoms  from  sur- 
face ;  district  not  given. 

From  the  following  table  it  will  be  seen  that  no  other  hydrocarbon  than  marsh-gas 
•was  found  in  any  case  : — 


N...  of 

District 

C0= 

CII' 

„ 

N 

100  grm.  r-?five  —  c.  c. 

gas 

1 
2 

3  . 

4 

fi 
7 

8 

Newcastle 

Newcastle —  / 
Durham .  \ 

Durham  . 
LTnknown  . 

.5'. 5 ,5 
8-.J4 

20-86 

16-r)l 

0-  34 

1-  lo 
0'23 
0-31 

6-52 
26-54 

trace 

85-8 

84-04 

89-61 

50-01 

2-95 

4-  83 

5-  65 
trace 

0-19 
0-55 
0-63 

85-65 
61-97 
74-31 

77-84 

13-  86 

14-  62 
901 

44-05 

30-7 
27-4 

24-4 
91-2 
238.0 
211-2 
84-0 

Taking  the  specific  gravity  of  coal  as  1-3,  it  will  be  seen  that  Nos.  6  and  7  contain 
nearly  three  Vimes  their  volumes  of  gases  measured  at  ordinary  pressures,  and  that 
therefore,  as  the  coal  is  very  hard  and  dense,  the  condensation  of  that  gas  must  bo 
very  great. 

Gases  enclosed  in  certain  Lignites. — (Kolbe  a.  Zitowitseh,  J".  |j>-.  Chcin.  [2]  vi.  79). 
The  gas  which  accumulates  in  lignite  mines  has  long  been  recognised  and  dreaded  as 
consisting  mainly  of  carbon  dioxide,  whereas  marsh-gas  has  never  been  detected  in  it. 
The  great  oxidability  of  lignite  lias  been  demonstrated  by  the  experiments  of 
Varrentrapp  {Chem.  Ccntr.,  1865,  p,  953). 

The  gases  enclosed  in  Bohemian  patent  lignite,  and  in  an  earthy  lignite  of  inferior 
quality,  have  been  examined  by  Zitowitsch.  The  mode  of  collection  -was  the  same 
as  that  adopted  by  v.  Meyer  with  pit-coal.  The  quantity  obtained  from  both  varieties 
was  small,  and  was  not  determined.  The  gases  were  found  to  consist  of  carbonic 
anhycbide,  carbon  monoxide,  nitrogen  and  oxygen,  in  the  following  proportions  : — 


Gas  from 

CO' 

CO 

N 

0 

1-  Bohemian  lignite 
III.     Earthy  lignite  . 

j  89-66 
/  82-40 
83-99 

1-80 
3-00 
1-04 

8-03 
14-15 
14-91 

0-51 
0-45 
0-65 

Coal  Tar  and  Pltcb.  The  composition  of  coal-tar  varies  considerably  with  the 
teniper.-iture  at  which  coal  is  distilled  ;  the  higher  the  temperature  the  larger  is  the  yield 
of  solid  bodies.  Tar  produced  in  gas-retorts  contains  more  benzene  and  toluene,  but 
also  more  naphthalene  and  other  solid  hydrocarbons  than  that  obtained  by  distilling 
coal  in  coke-furnaces  in  which  the  distillation  takes  place  at  a  lower  temperature ;  the 
latter  tar  contains  chiefly  liquid  hydrocarbons  and  acoiisid(  rahlc  qii  aid  it  i/  af  compounds 
solidjle  in  alkalis,  hut  only  a  vert/  small  quantity  of  carhnlie  ((rid.  \\'\\rn  heavy  coal- 
tar  oil  is  allowed  to  run  into  a  furnace  he.-ited  to  a  briLrhf-nd  he.it,  it  yii  Ids,  besides 
naphthalene,  2  per  cent,  of  benzene  and  toluene  and  a  little,  xylene,  Imt  only  traces  of 
higher  homologues.  At  a  lower  tcmperatiu'e  the  decomposition  of  the  oil  is  less  com- 
plete, and  at  a  higher  temperature,  the  benzene  is  converted  into  naphthalene.  In  the 
furnace  there  remains  a  kind  of  graphite,  which  is  a  very  valuable  fuel  for  producing 
high  temperatures. 
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Jho  pitch  whieli  iS  loft  btliinj  in  the  distillation  of  tar  is  partially  sul\il.k-  in  iienzene 
and  carbon  sulphide  ;  the  residue  consists  of  a  black  powder  having;  the  composition 
of  Welsh  anthracite.  AVlien  pitch  is  passed  through  a  red-hot  tube,  il  virKis  al- 'v.t 
250  vol.  of  a  gas  consisting  almost  entirely  of  liydrogon  ;  but  on  distilling  it  from  a 
retort,  it  yields  about  2.J-.3U  per  cent,  of  an  oil  containing  pyrene,  chrysene,  and  antlira- 
cene.  Tlio  other  products  consist  of  0-2  per  cent,  of  light  oils  and  gases  contain- 
ing ammonia  and  hydrogen,  and  48-52  per  cent,  of  coko  is  left  behind.  In  some 
•works  the  pitch  is  distilled  with  over-heated  steam  in  order  to  obtain  anthracei.e:  in 
this  caso  the  residue  is  a  very  brittle  pitcli,  Avhicli  is  mixed  with  naphthalene,  and  then 
used  like  the  undistillod  pitch,  as  asphalt,  or  as  fuel,  by  mixing  it  witli  coal-dust  and 
fbrr^iingtLe  mass  into  bricks,  and  for  other  purposes  (Behrens,  </.  pr.  Ckcm.  [2]  vi.  277). 

COBaX.T.  Co.— Aiomio  Weight.— R.  H.  Leo  {Sill.  Amei:  J.  [3]  ii.  44)  has  deter- 
mined the  atomic  weight  of  this  metal  by  the  analysis  of  crystalline  cobalticyanides 
of  alkaloids  having  high  atomic  weight. 

Commercial  cobaltic  oxide  was  first  converted  into  an  impure  sulphate,  and  tlie 
solution  of  the  salt  treated  with  a  current  of  hydrogen  sulphide  to  remove  all  metals 
precipi table  by  that  gas.  The  iron  in  the  filtrate  was  peroxidised  with  chlorine,  and 
afterwards  removed,  together  with  manganese,  by  the  addition  of  barium  carbonate. 
The  solution  was  then  treated  with  a  large  excess  of  barium  carbonate,  and  gaseous 
hydrogen  cyanide  passed  into  the  liquid,  until  the  whole  of  the  cobalt  was  converted 
into  cobalticyanide  of  barium.  The  nickel,  as  well  as  traces  of  iron  and  manganese, 
still  present  in  the  solution,  were  removed  by  boiling  with  mercuric  oxide,  and  the 
mercury  having  been  removed  from  the  filtrate  by  hydrogen  sulphide,  the  solution  of 
barium  cobalticyanide  was  regarded  as  chemically  pure. 

The  brucine  and  strychnine  salts  were  prepared  by  decomposing  the  sulphates  of 
these  bases  with  the  above  solution  of  cobalticyanide,  and  repeatedly  crystallising  the 
salts  formed.  The  crystals  of  the  two  alkaloids  closely  resemble  each  other  ;  they  are 
but  slightly  soluble  in  water,  crystallising  almost  completely  from  their  solutions  on 
cooling.  The  water  of  crystallisation  having  been  directly  determined,  the  quantity 
of  cobalt  was  found  by  carefully  burning  the  salt  in  a  platinum  crucible,  first  in  air, 
then  in  oxygen,  and  finally  reducing  the  oxide  to  the  metallic  state  by  a  current  of 
pure  hydrogen. 

The  atomic  weight  of  the  metal,  calculated  from  the  mean  results  of  six  analyses  of 
the  strychnine  salt,  was  fixed  at  59-05,  and  from  a  similar  number  of  analyses  of  the 
brucine  salt,  at  69"lo.  As  a  check  upon  the  foregoing  numbers,  another  series  of 
experiments  was  made  by  igniting  the  chloride  of  purpureocobalt  in  a  current  of 
hydrogen.  The  atomic  weight  calculated  from  the  per-centage  of  metal  obtained  was 
found  to  be  69-09. 

The  mean  of  all  these  determinations,  eighteen  in  number,  is  59"10  :  a  result  higher 
than  those  obtained  by  all  other  experimenters,  except  Schneider  (60)  and  Sommaruga 
(59'93) ;  almost  identical  with  that  of  Dumas  (59'08) ;  differing  somewhat  more  from 
that  of  Eotlioff,  and  from  the  higher  number  given  by  Marignac  (59-02),  still  more 
from  Marignac's  lower  number  (58-64),  and  from  those  of  Winkler  (58-92)  andEusscU 
(58-74). 

Physical  Properties . — According  to  Valenciennes  {Convpt.  rend.  Ixx.  607) 
cobalt,  after  fusion  and  rolling,  has  the  aspect  of  polished  iron  :  it  is  liarder,  but  may 
be  rolled  into  spiral  bands  like  good  iron. 

Eospecting  alloys  of  cobalt  and  copper,  see  Copper. 

On  the  coating  of  metals  with  Cobalt  and  Nickel,  see  Stolba  {Diiigl.  pol.  J.  cci. 
145). 

Detection,  and  Distinction  from  Nickel,  Manganese,  and  Zinc, 
a.  By  Sodium  Sulphocyanate. — On  adding  a  drop  of  a  concentrated  solution  of  cobalt 
to  strong  solution  of  sodium  sulphocyanate,  a  blue  coloration  is  produced,  owing  to  the 
formation  of  a  compound  which  crystiiUisas,  either  at  once  or  after  spontaneous  evapora- 
tion, in  long  blue  needles  insoluble  in  carbon  bisulphide.  When  the  cobalt  solution  is 
dilute,  the  colour  appears  only  on  warming.  It  is  advisable  to  evaporate  the  cobalt 
solution  nearly  to  dryness,  add  the  sulphocyanate,  and  warm.  In  this  way  cobalt  may 
be  detected  in  one  drop  of  a  solution  containing  0-0005  grni.  iu  1  e.c.  Iron,  nickel, 
zinc,  and  manganese  do  not  interfere  with  the  reaction,  provided  the  solutions  are 
neutral  (Schonn,  Zeitschr.  anal.  Chcm.  1870,  209). 

(8.  By  Potassium,  Firricyanide. — When  a  solution  of  a  cobalt  salt  is  mixed  with  sal- 
ammoniac,  aniniouia,  and  excess  of  potassium  ferricyanide,  tlie  ll(|iiid  iuinicdiately 
assumes  a  deep  blood-red  coloration,  similar  in  appearance  to  thr  i-mriion  brtwrcn 
potassium  sulphocyanate  and  a  ferric  salt :  the  solution  remains  pcifLvtly  clear,  even 
on  heating,  and  no  precipitation  whatever  of  the  cobalt  takes  place. 
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When  a  wilt  of  uickcJ  is  similarly  tivatcil,  and  the  solution  gently  boiled,  tho 
liquid  tW'st,  liiH-oiiies  tui'biJ,  and  in  a  short  time  dcposiis  tlie  whole  of  tlie  nickel  as  :i 
eop]iri'-i''  d  I  in  el  pi  fate,  which  has  a  great  teudency  inadbiTe  lo  thf  .-ides  of  l  he  v.-sil. 
The  imsf  iier  eobalt  in  no  "WMy  interferes  with  tjic  }ireei|iiln,n.'ii  <>f  dir.  niekel,  m  ilher 
does  this  lafti'i-  iietal  obscure  tlio  coloration  produced  by  the  eubalt  ;  tlie  foregiyn.-i;- 
test  atibrds  therefore  a  ready  luoaus  of  detecting-  these  two  metals  when  they  occur 
together  in  the  samo  solutiou. 

AVhen  a  solution  of  niauganous  sulphate  is  treated  witli  anunoriium  chloride 
and  ammonia,  and  potassium  ferricyanido  gradually  added,  a  -whitish  precipitate  is 
formed,  which  changes,  -with  the  addition  of  more  ferricyanide,  to  a  dark  brown 
colour.  As  this  reaction  takes  phice  immediately  in  the  cold,  it  may  servo  to  distin- 
guish manganese  from  cobalt  and  nickel ;  the  manganese,  however,  interferes  with  the 
subsequent  tests  for  cobalt  and  nickel,  when  all  three  metals  are  present  in  the  same 
solution. 

An  ammoniacal  solution  of  zinc  sulphate,  in  presence  of  ammonium  chloride,  is 
not  precipitated,  either  in  the  cold  or  on  boiling,  by  the  addition  of  potassium  ferri- 
cyanide ;  but  potassium  ferroeyanide  instantly  tiirows  down  the  zinc  as  a  white 
precipitate. 

Since  the  four  metals,  nickel,  cobalt,  manganese,  aud  zinc,  frequently  occur  in 
analysis  in  presence  of  ammoniacal  salts,  the  above  method  may  l)e  useful  as  an 
additional  mode  of  distinguishing  between  them.    The  characteristic  reactions  are : 

1.  A  brown  precipitate  indicjites  manganese. 

2.  A  deep  red  solution  indicates  cobalt. 

3.  No  change  in  the  cold,  but  a  copper-red  precipitate  on  boiling  indicates  nickel, 
•i.  No  change  in  either  hot  Or  cold  liquid  :  a  white  precipitate  on  addition  of  potas- 
sium ferroeyanide  indicates  zinc  (Allen,  C/te7n.  News,  xxiii.  290). 

Bromide,  CoBr=.  When  metallic  cobalt  is  left  for  about  a  week  in  contact  with 
bromine  and  a  little  water,  and  the  filtered  purple  solutionis  then  evaporated,  it 
assumes  a  splendid  blue  colour,  and  on  evaporation  over  sulphuric  acid,  deposits 
purple-red  prismatic  crystals  of  the  hexhydrate  CoBr-  +  6H-0.  This  hydrate  is 
both  deliquescent  and  efflorescent ;  when  lieatod  to  100°  it  melts  and  gives  oiF  two- 
thirds  of  its  water,  leaving  the  di  hydrate  CoBr-  +  2H-0,  which,  on  cooling,  forms 
a  mass  of  pmplish-blue  crystals  covered  with  a  blue  oj)aque  crust.  This  hydrate, 
which  is  deliquescent,  gives  off  the  whole  of  its  water  at  130°,  leaving  the  anhydrous 
bromide  in  the  form  of  a  vivid  green,  deliquescent,  amorphous  mass  (W.  N.  Hartley, 
Paper  read  before  the  Chemical  Societi/,  April  2,  1874). 

Iodide,  Col'-'.  Cobalt,  treated  with  iodine  and  water,  yields  a  red  liquid  which, 
when  evaporated  down  till  it  turns  green,  aud  then  placed  over  sulphuric  acid,  assumes 
a  lirown  colour  on  cooling  down  to  16°,  and  after  a  day  or  two  deposits  the  hexhy- 
drate Col-  +  6li-0  in  large  deliquescent  hexagonal  prisms  having  the  colour  of 
dark  smoky  quartz.  When  the  red  solution  is  evaporated  down  till  a  scum  forms  on 
the  surface,  and  then  left  over  sulphuric  acid,  it  yields  a  compact  mass  of  gToen  deli- 
quescent crystals  consisting  of  the  dihydrate  CoP  +  2H-U.  This  hydrate,  on 
exposure  to  the  air,  deliquesces  first  to  a  green,  then  to  a  brown,  and  finally  to  a  red 
solution.  By  heating  either  of  these  hydrates  to  130°,  the  anhydrous  iodide  is  ob- 
tained as  a  black  mass,  having  a  graphitic  lustre  (Hartley), 

COBA£.T~BASSS,  ABSBeOBTIilCAE.  (i.  1051  ;  1st  Siqypl  477). 

Dinitro-octam  moiuocohaltic  or  Croccocohaltic  salts,  8NH^Co=(NO=)'X- 
(Gibbs,  Sill.  Am.  J.  [3]  vi.  116). — These  salts  are  formed,  like  the  xauthocobaltic 
salts,  by  the  action  of  alkaline  nitrites  on  ammoniacal  solutions  of  cobalt,  the  pro- 
duction of  a  salt  of  one  or  the  other  series  depending  upon  the  conditions  of  the  ex- 
periment. 

The  croceocobaltic  salts  resemble  those  of  xanthocobalt ;  they  have  a  fine  sherry- 
wine  colour,  and  are  but  sparingly  soluble  even  in  boiling  water.  They  nevertheless 
crystallise  well.  The  solutions  are  decomposed  by  boiling,  with  evolution  of  ammonia, 
but  the  addition  of  a  small  quantity  of  acetic  acid  prevents  or  retards  the  decomposi- 
tion. 

The  nitrate  8NH'.Co-(NO-)-(NO^)^  is  prepared  by  mixiag  a  solution  of  cobaltous 
chloride  with  ammonium  nitrate,  and  then  with  ammonium  nitrate  containing  much 
free  ammonia ;  the  solution  absorbs  oxygen,  acquires  a  deep  orange  colour,  and  after 
some  time  deposits  the  nitrate  abundantly  in  orange-brown  crystals.    The  reaction 


2CoCl=  +  2(Nff.N0^)  -1-  8NH»  +  -HNH^.NO-)  +  0  =  4NH'C1  i-  2Nff 
+  H-0  +  8NmCoXNO-)'(NO^)=. 
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If  putassium  nitrite  and  eobaltous  nitrate  are  used  in  this  reaction  instead  of  ammo- 
niuni  nitrite  and  cobaltoiis  chloride,  a^iimilar  orange-yellow  crystallisation  is  obtained, 
which,  however,  on  reerystallisation,  separates  into  prismatic  crystals  of  croceocobaltio 
nitrate  and  octahedral  crystals  of  xanthocobaltic  nitrate. 

■  Croceocobaltic  nitrate  is  most  easily  obtained  in  the  pure  state  by  boiling  the  sul- 
phate with  barium  chloride  and  a  little  acetic  acid.  It  crystallises  in  orange-yellow 
needles  or  prisms,  slightly  soluble  in  cold  water,  more  soluble  in  boiling  water  and  in 
dilute  acid.  It  explodes  when  heated,  though  not  violently.  It  is  distinguished  from 
xanthocobaltic  nitrate  by  its  crystalline  form,  and  by  yielding  a  splendid  cinnabar- 
red  precipitate  with  a  solution  of  iodine  in  potassium  iodide,  and  a  precipitate  of 
orange-yellow  needles  with  potassium  diehromate. 

The  sulphate  8NH^.Co-(NO-)''SO-'  is  obtained  by  treating  a  solution  of  eobaltous 
sulphate  with  ammonia  and  potassium  nitrite.  The  solution,  on  exposiu-e  to  the  air, 
gradually  deposits  orange-yellow  crystals  and  a  green  flaky  substance.  On  filtering, 
a  bright  green  mass  of  cobaltic  hydrate,  mixed  with  orauge-yellow  crystals,  remains 
in  the  filter,  and  the  solution  of  this  mass  in  boiling  in  very  dilute  sulphuric  acid 
deposits  the  sulphate  in  crystals  on  cooling.  From  hot  concentrated  solutions  the 
Bulphate  is  deposited  in  small  very  brilliant  yellow  scales  which,  under  the  microscope, 
appear  to  belong  to  the  quadratic  system.  In  larger  crystals  it  has  a  dark  wine-red 
colour  like  that  of  xanthocobaltic  salts.  It  is  but  slightly  soluble  in  water,  even  at 
the  boiling  heat,  more  soluble  in  hot  dilute  sidphuric  acid. 

The  cUoride  SNH'.Co-(NO-)*CL-  is  best  prepared  by  boiling  the  crude  sulphate 
■with  barium  chloride,  and  a  little  hycbochloric  acid.  It  forms  beautiful  iridescent 
crystals  of  the  characteristic  sherry -wine  colour,  which  are  rather  more  soluble  than 
those  of  the  sulphate.  It  combines  with  various  metallic  chlorides,  forming  double 
salts.  The  aurochloride,  8NH;^Co2(NO-)^CP.2AuC1',  forms  an  indistinctly  crystalline 
precipitate  of  a  fine  canary-yellow  colour.  platino-cMoride,  8NII^.Co-(NO-)^Cl''. 
j?tCl\  separates  in  fine  orange-brown  prismatic  crystals  on  adding  a  solution  of  sodio- 
platinic  chloride  to  croceocobaltic  nitrate. 

The  chromate,  8NH^Co'-(NO^yCrOS  and  diehromate,  8NH^.Co=(NO=)^Cr=0',  are 
obtained  by  precipitating  a  solution  of  the  nitrate  with  potassium  monochromate  or 
diehromate ;  the  first  forms  brilliant  lemon-yellow  scales,  the  second  orange-yellow 
needles. 

The  pcriodide,  8NH^Co-(NO^)^P,  is  obtained  as  a  crystalline  precipitate  of  a  mag- 
nificent cinnabar-rod  coloiu-  on  adding  a  solution  of  iodine  in  potassium  iodide  to  a 
solution  of  the  nitrate.  Heated  with  a  solution  of  sodium  sulphite  it  is  immediately 
converted  into  the  yellow  di-iodide. 

The  chloride  sulphate  and  periodide  of  this  series  may  be  represented  by  the  follow- 
ing constitutional  formulae,  4  of  the  iodine-atoms  in  the  last  being  regarded  as  triva- 
lent:— 

rNH^— I— N02 

Nff— N0=  NH»— N02  NH^— I— NO- 

)nH'— NH»— CI  NH'— NH»\,e,.,  NH^— NH^-I 

^o"  ->  NH^— NH^— CI  i  NH'— NH^/--  \  NH»— NH^— I 

NH'— N02  NH^— N02  NH'— I— NO'^ 

InH'— N03  InH^— N03  I 

(^NH'— I— 

Cbloride.  Sulpliate.  Periodide. 

Erdmann's  salt. — When  potassium  nitrite  is  added  to  a  solution  of  eobaltous 
chloride  containing  excess  of  ammonium  chloride,  oblique  rhombic  crystals  are  depo- 
sited, to  which  Erdmann  assigned  the  formula  Co'-(NH')^(NO-)*K2  (1st  Suppl.  870). 
This  salt  exhibits  a  curious  relation  to  the  croceocobaltic  salts,  the  number  of  atoms 
of  NO-  in  either  of  the  two  being  the  same  as  that  of  the  atoms  of  NH-  in  the  other. 
Further,  on  adding  a  solution  of  Erdmann's  salt  to  a  solution  of  croceocobaltic  nitrate, 
potassium  nitrate  is  formed,  and  a  double  nitrite,  Co=(NH^)^_(N02)si.Co2(NH«)«(N02)', 
is  precipitated,  which  gives  the  reactions  of  the  croceocobaltic  salts. 

A  few  other  octammoniated  cobaltic  salts  have  been  described  by  various  chemists. 
Gibbs  and  Genth,  in  1856,  obtained,  in  more  than  one  reaction,  small  quantities  of  a 
leek-green  crystalline  precipitate, the  base  of  which  they  termed  provisionally  praseo- 
cobal  t.  This  body  was  afterwards  described  by  F.  Eose,  according  to  whoso  analyses 
its  composition  is  Co-(NH')''Cl'^.  Kiinzel  {J.  pr.  Chem.  Ixxii.  218)  obtained  a  hypo- 
sulphate  whicli  appeared  to  have  the  composition  Co=(NH')*S-'0"'. 

Flavneohaltic  salts  (Gibljs,  Deut.  Chem.  Ges.  Bcr.m.  42).— These  decammo- 
niatcd  compounds  are  closely  related  to  the  xanthocobaltic  salts  ;  e.g. : — 
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Xanthocobaltic  chloride  .  .  .  10NIIlCo=(NO-)-X<. 
Flavocobaltic  chloride    .       .       .  10NHlCo-(NO=)'Cl-. 

Ftavocohaltic  chloride  is  obtained  by  adding  a  hot  solution  of  piu-pureocobaltic 
I'hlorido  to  a  solution  of  sodium  nitrite  mixed  with  a  few  drops  of  acetic  acid ;  tlio 
liquid  then  acquires  a  deep  orange  colour,  and,  on  cooling,  deposits  crystals  of  ilavo- 
cobaltic  chloride  : 

10NH^Co=Cl«  +  4NaN0'-'  =  4NaCl  +  lONIP.Co'CNO^yCl-. 

Flavoeobaltic  chloride  is  very  much  like  xanthocobaltic  chloride,  and  forms  well- 
crystallised  double  salts  with  the  chlorides  of  gold,  platinum,  tin,  mcrcurj',  and  other 
metals.  Treated  with  an  acid  solution  of  silver  nitrate,  it  yields  xanthocohaUic 
nitrate,  together  with  silver  cldoride  and  nitrite,  according  to  the  equation  : 

10NH^Co=(NO=)'CP  +  4AgN0'  =  2AgCl  +  2AgN0=  +  10NH'.Co=(NO=)-.(XO')^ 
AVith  ammonium  oxalate  it  yields  xantliocohaltic  oxalate,  together  with  ammonium 
chloride  and  nitrite.    With  potassium  ferrocyaiiide,  it  yields  xanthoccbaltic  fvrro- 
cyanide : 

10NH'.Co=(NO^-)'Cr-  +  K'PeCy"  =  2KC1  +  2KN0^  +  10NH'.Co=(NO=')=FcCy''. 

Flavocobaltic  stdpliafc  has  the  composition  10NH''.Co-(NO-)-.SO' ;  the  ontratc  is 
anhydrous  and  contains  10NH^.Co-(NO-)'(NO^)'.  Tho  chloride,  sulphate  and  nitrate, 
are  crystalline,  liave  a  deep  orange-red  colour,  and  are  easily  soluble  in  hot  -water  ; 
they  give  flocculent  precipitates  with  cyanides  of  alkali-metal,  and  with  tlie  nitrates  of 
platinum,  cobalt,  nickel  and  cadmium ;  xanthocobaltic  nitrate  does  not  form  a  pre- 
cipitate with  either  of  these  reagents. 

Purpurcocohaltic  chloride  forms,  with  silver  nitrate,  a  brown-orange-colourod  solu- 
tion which,  after  evaporation,  deposits  octahedral  crystals  of  the  salt  lONH^.Co-(NO-)''. 
\Vc  have,  then,  the  following  series  of  salts  : — • 
10NHlCo-Cl« 
10NH^Co-(,NO2)=Cl^ 

ioNmco=(No=)'cr- 

10NH^Co-(NO=)« 

Some  roscocohaltic  and  2>ii>'pnrcocobaltic  salts  are  capaljlo  of  taking  up  bromiiio  ;iliil 
iodino  by  direct  addition,  forming  crystalline,  but  very  unstable,  compounds.  Ltitco- 
cobaltic  salts  also  unite  with  halogens  (Gibbs). 

Luteocobaltic  chloride,  12NH'.Co-CP.  — Dana  described  the  crystals  of 
this  salt  as  trimetric  (i.  lOoo) ;  but,  according  to  recent  measurements  by  C. 
Klein  {Ann.  Ch.  I'harm.  clxvi.  188)  they  are  monoclinic,  liaving  the  axes  a  :b  :  c  = 
1-7115941  :  1  ;  1-1128766.  Anglo  of  inclined  axes:  c  =  ,57°  31'  9".  Principal 
angles:  OP  :  -l- Poo  =  113°  12' ;  +P  :  h- Poo  =  151°  45' ;  coP  :  ooP=127°  30'. 

Observed  forms  (fig.  8) : 


-r2Pa 


(2Pco),  (xPcc), 


oP,  (3--P3); 


-fac 


Fio.  8. 


+  iP,  cr.  Poo  ,  and 

The  crystals  are  sometimes  tabular  a:cording  to  OP,  sometimes  prismatic  according  to 
'1',  in  the  latter  case  with  felspathic  development.  They  seldom  occur  as  simple 
individuals,  but  frequently  as  aggregates,  some  of 
which  may  be  referred  to  regiilar  twin-combina- 
tions, in  which  either:  (1)  the  twin-axis  is  tho 
pvineiiial  axis,  and  the  combination  face  is 
00  Poo  ;  or  (2)  tho  twin-axis  is  tho  normal  to 
4-iPoo;  twin  and  combination  face  +iP!».  The 
cnniliinations  formed  according  to  the  first  law 
are  coiitnet-twins,  always  implanted  by  the  end 
which  cxlii! ills  there-entering  dome-angles;  those 
fornu'd  according  to  the  second  law  arc  eitlicr 
contnct  (.r  inl  ei-secl  ins  twins.  Pesides  tiles,'  rcgu- 
l;ii-  rnnil.inalinns,  ,,llirrs  fivnucnllv  ,»-nir  wl.i-h 


the  following  law:— Twin-a; 
base;  angle  of  rotation  180° 


;  conibinatioi^-  and  t^rin-ply 
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The  plane  of  the  optic  axes  is  perpendiwilar  to  the  plane  of  symmetry,  And  the  first 
positive  median  line  is  nearly  at  right  angles  to  CP,  -while  tlie  second  coincides  ^^•ith 
the  orthodiagonal. 

Double  salts  of  Lutcocobaltic  sidphatc. — When  a  solution  of  this  salt  is  mixed  with 
a  very  acid  solution  of  cerous  sulphate,  a  very  beautiful  light  yellow  crystalline  pre- 
cipitate is  formed,  having  the  composition  12NH^.Co'(.SO')^  +  Cc-(SO')^  +  H-0,  and 
capable  of  bearing  a  heat  of  1 50°  without  decomposition.  When  a  neutral  solution  of 
cerous  sulpliate  is  mixed  with  luteocobaltic  sulphate,  a  cerous  double  sulphate  is 
formed,  having  the  composition  12Nff'.Co-(SO')^  +  3CeS0'  +  WO.  This  salt  forms 
small  crystals  undistinguishable  under  the  microscope  from  those  of  the  eerie  double 
salt,  and  apparently  isomorphous  with  them.  Exactly  similar  cerous  and  eerie  salts 
are  formed  with  roseocobaltic  sulphate.  These,  likewise,  appear  to  be  isomorphous, 
but  they  do  not  form  measurable  crystals  (C.  H.  Wing,  I)eut.  Chcm.  Gcs.  Bcr.  vi. 
608). 

COBA3jT>YEIi£OW.  The  yellow  precipitate  formed  by  the  action  of  potassium 
nitrite  on  cobaltous  salts  was  regarded  by  Stromeycr  as  a  basic  potassio-cobaltic 

nitrite,  3K20.Co=0'.5N=03  or  K6(Co=)^i  I  (i.    1058).     Erdmann,  however, 

afterwards  showed  (•/.  pr.  Chc'in.  xcvii.  385;  Jahresb.  1866,  248)  that  the  com- 
position of  the  precipitate  thus  formed  varies  accordingly  as  the  solution  is  acid  or 
neutral :  a  neutral  solution  of  cobaltous  chloride  yielding  with  excess  of  potassium 
nitrite  a  yellow  crystalline  precipitate  of  pofassio-cohcdtoiis  niiritc  3CoK^(NO-)^  +  H''0, 
or  3(CoO.N20'  +  K-O.N-0')  +  H-0,  its  composition  being  the  same  whether  the 
precipitation  takes  place  in  contact  with  the  air  or  in  an  atmosphere  of  carbonic  anhy- 
dride, whereas  a  solution  mixed  with  excess  of  acetic  acid  yields  salts  of  more  complex 
and  somewhat  uncertain  composition,  containing,  according  to  circimistances,  eitlier 
cobaltoTis  or  cobaltic  oxide.  These  observations  have  been  confirmed  by  Sadtler  {Sill. 
Am.  J.  [2]  xlix.  189),  who  finds  that  when  a  solution  of  cobaltous  chloride  strongly 
acidulated  with  acetic  acid  is  mixed  with  a  concentrated  solution  of  potassium  nitrite, 
a  salt  is  formed  which,  after  washing,  first  with  potassium  acetate  and  then  witli 
alcohol,  has  the  composition  of  iripotassio-cobaltic  nitrite  Co^0^.3N-0'  +  3(K-O.N-0^) 
or  Co-K^CNO^)"*.  According  to  the  concentration  of  the  solution  employed,  it  sepa- 
rates in  combination  -nith  4,  3,  2,  1  mol.  water,  or  in  the  anhydrous  state,  the  colour 
varying  accordingly  from  light  yellow  to  dark  greenish-j'ellow.  It  is  easy  to  see, 
therefore,  that  mixtiu'es  of  these  several  hydrates  will  frequently  separate  out,  and  it 
is  difficult  to  give  an  exact  process  for  obtaining  either  of  them  in  a  definite  state. 

A  solution  of  cobaltous  chloride  kept  constantly  acidulated  with  acetic  acid  yields, 
on  addition  of  sodium  nitrite,  first  a  brown  precipitate  of  tctrasodio-cobaltic  nitrite 
Co-(NO-')''  +  4NaN0-  +  H-O,  and.  on  further  addition  of  sodium  nitrite,  irisodio: 
cobaltic  nitrite  Co-(NO-)'*  +  6NaN0-  +  H=0.  The  solution  of  the  latter  salt  mixed 
with  luteocobaltic  chloride  yields  a  yellow  crystalline  salt  insoluble  in  water,,  in 
which  the  sodium  is  replaced  by  luteo-cobalt,  its  formula  being  Co-(NO-)''  -t- 
Co'(NH.')'^(NO-)''  +  H-0.  In  like  manner  are  obtained  the  corresponding  rosea- 
cobcdtic  salt  Co-(NO'-)^  +  Co-(NH'')"'(NO=)",  and  a  xanthocohaltic  salt  which,  however, 
has  not  been  analysed.  The  corresponding  ammonium  salts,  viz.,  tctrammonio-cobaltic 
nitrite  Co-(NO=)«  +  4(NH'')N0-  +  2H-0,  and  hcxammoniocobaltie  nitrite  Co-(NO-)''  + 
6(Nir)N0'-  +  2H-0,  have  also  been  obtained ;  but  the  conditions  of  their  formation 
have  not  been  ascertained  further  than  that  the  liexammonio-compound  is  formed  when 
strong  solutions  of  ammonium  nitrite  and  cobaltous  chloride  are  employed.  No  sub- 
stituted compounds  have  been  obtained  from  these  ammonio-salts. 

A  warm  neutral  solution  of  cobaltous  chloride  yields,  on  addition  of  a  dilute  solution 
of  potassium  nitrite,  first  a  black  or  green  crystalline  precipitate  of  potassio-dicohaltous 
nitrite  2Co(NO-)^  +  2KN0-  +  H-'O,  aftenrards  a  yellow,  slightly  crj'stalline  or 
amorphous  precipitate  of  potassio-monocobaltous  nitrite  Co(NO-)-  +  2KN0-  +  H'-'O, 
tlio  latter  agreeing  in  composition  with  the  salt  which  Erdmaun  obtained  under 
similar  circumstanct's,  except  in  the  amount  of  water  (Sadtler). 

COBAXTXCTAXTZSES.    See  Cyanides. 

COCCOGXrZM-.  C="H--0\  A  colouvless  crystalline  substinrc  containtd  in  the 
.vecds  of  Baphnc  Mc^emim.  It  is  .spiiriiitily  soluble  in  water,  easily  in  alcohol  and 
etlicr,  sublir.ics  wlicn  lu  a!;  .!.  (  luilliru:  an  clour  like  that  of  coumariu  :  it  differs  from 
daphnin  by  not  yicMi  ;  a-  \\\.  '\\  1  .  i!'  1  witli  dilute  su'.pliuric  acid  (Casselraani:, 
Zdtiohr.  f.  Chcm.  [2]  vi.  (-Si  ).    Svc  lUrnNE. 

COCHINBAai.    The  following  dutcnui nations  of  the  composition  of  cochineal 
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and  carmine,  from  various  sources,  havo  beeu  made  by  C.  Meue  (^Cohipt.  rend.  Ixviii 


I  Water  and  loss  i 
i  Stearin  .    .    .  j 
I  Margarin    .    .  I 
1  Insol.  matter  .  i 
Nitrogenous  1 
matter     .  1 
Substances  1 
soluble      in  c 
water  .    .  j 
Colouring  Y 
matter  .    .  ) 
Ash  .    .  . 


dead 

Java 

So-called 
Chei-e 
Vert 

Frnm 
Provence 

From 
Spain 

]'r::m 
Tolaiul 

!  4-700 

6-060 

4-1  So 

8-033 

7-214 

6-435 

6-855 

6-217 

1  8-100 

10-131 

3-090 

4-255 

3-108 

2-925 

2-935 

3-120 

1  8-451 

8-293 

3-007 

3-108 

1-435 

1-409 

1-517 

2-006 

1  6-172 

6-004 

12-712 

14-169 

12-735 

1 1-728 

11-892 

14-445 

7-11.3 

7-1  o2 

15-14,3 

12-182 

1.5-355 

14-915 

14-925 

13-277 

13-208 

10-031 

30-674 

17-617 

25-965 

30-248 

33-841 

37-755 

'  48-823 

49-007 

26-172 

33  795 

20-955 

24-190 

20-975 

15- 100 

j  3-376 

3  322 

5-065 

6-210 

6-233 

8-150 

7-060 

8-080 

100-000 

100-000 

100-000  99-359 

99-000 

100-000 

100-000  100  000 

Colouring  matter  of  Cocbineal:  Carmine  or  CarmiDic  Acid. — The  salts 
of  carminie  acid  are  generally  violet.  Pure  calcium  earminate,  liowerer,  is  a  black 
precipitate  which  appears  greenish  -when  in  tliin  layers.  It  is  formed  by  treating  car- 
minie acid  or  a  decoction  of  codiineal  vrith  calcium  liicarbonate.  The  precipitate  pro- 
duced is  insoluble  in  -water  and  in  alcoliol,  but  dissolves  in  concentrated  acetic  acid. 
In  contact  with  an  excess  of  lime-water  the  black  earminate  becomes  deep  violet,  the 
solution  also  assuming  the  same  colour.  The  lime  employed  in  these  experiments 
contained  no  traces  of  iron  (Guignet,  Bull.  Soc.  Chim.  [2]  xviii.  162). 

Testing.— :S.  M.  Merrick  {Pharm.  J.  Trans.  [3]  i.  906 ;  Chcm.  Soc.  J.  [2]  ix.  oOl) 
compares  the  colouring  power  of  different  samples  of  cochineal  by  boiling  equal  weights 
of  the  samples  with  water  for  the  same  time  (2  grams  with  750  c.c.  water  for  half  an 
hour),  and  adding  a  weak  solution  of  potassium  permanganate  to  equal  volumes  of 
these  decoctions  till  the  original  deep  red  colour  changes  to  a  very  pale  pink,  alm.ost 
yellow.  The  quantities  of  colouring  matter  in  the  samples  tlius  treated  are  directly 
proportional  to  the  quantity  of  permanganate  required  to  produce  this  change  of 
coloru. 

Spectroscopic  cJiaraciers.  —  An  amrnoniacal  solution  of  carmine,  examined  by  the 
spectroscope,  exhibits  two  dark  absorption-hands  between  the  Fraunhofer  lines  D  and 
E,  like  those  of  blood,  one  situated  at  8°,  the  other  at  9°-10°  of  a  spectroscope  having 
a  scale  of  20°,  in  wliieh  the  sodium  line  falls  at  7-7°.  With  such  a  spectroscope,  there- 
fore, it  would  be  impossible  to  distinguish  an  ammoniacal  solution  of  carminefrom  that 
of  blood. 

The  aqueous  solution  of  cochineal  does  not  exhibit  any  dark  bands,  but  on  adding 
ammonia  in  quantity  sufficient  to  give  the  solution  a  red  colour  inclining  to  violet,  tlie 
two  dark  bands  of  the  ammoniacal  carmine  solution  make  their  appearance  (Campani, 
Ga:zctta  cidmica  italiana,  i.  471). 

Nitrococctisic  acid,  C^HXN0=)30=.— This  acid,  which  De  La  Euo  obtained 
by  the  action  of  nitric  acid  on  carminie  acid  (i.  804),  may  also  be  prepared  liy 
gradually  adding  finely  powdered  carmine  to  boiling  nitric  acid  (sp.  gr.  1-37)  as 
long  as  the  violent  evolution  of  red  vapours  lasts.  On  cooling,  the  liquid  solidifies 
to  a  mass  of  crystals  of  oxalic  acid  and  nitrococcusic  acid,  which  arc  separ:itcd  liy  ro- 
r  rystnilisation  from  very  dilute  nitric  acid.  The  nitrococcusic  acid  is  thus  obtaiia-d 
in'  large  silvery  plates.  ^  On  heating  it  with  water  '1.  In-.d  in  ics  to  180°,  it  splits  iin 
iiilii  carbon  dio.xido  and  trinitrocrcfol.  C'n'(N«'  i''!'.  with  that  which 

Duckis  obtained  from  coal-tar  cresol.    This  reacli'iK   i    .1  nitrococcusic  acid  is 

one  of  the  isomeric  triuitrocresotic  acids,  and  tliat  ihc  CMinuriug  matter  of  cocluiieal 
contains  methylated  benzene-residues  (Liebermann  a.  van  Dorp,  DctU.  Chcm.  Gcs.  Bcr. 
iv.  655). 

Euficoccin,  C'E'^O". — On  heating  a  solution  of  carmino  in  concentrated  suli>hurie 
.ncid,  the  yellowish-red  colour  of  the  solution  clianges  at  120°  into  violet,  cirbon 
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dioxide  and  sulphur  dioxide  being  evolved  at  the  same  time  ;  and  if,  after  the  tempera- 
turo  has  Leen  kept  for  some  time  at  140°-lo0°,  the  liquid  be  poured  into  cold  water, 
ruficoccin  is  oljtaincd  as  a  brown  precipitate,  which  may  be  purified  by  washing,  dry- 
ing, exhausting  with  boiling  alcohol,  and  evaporating  the  solution. 

It  is  very  sparingly  soluble  in  cold  water;  dissolves  in  alcohol  with  a  fine  yellow 
fluorescence.  When  heated  it  gives  off  red  vapours  which  condense  to  j'ellowisli-red 
needles.    It  yields  a  calcium-compound  having  the  composition  C'^H^CaO". 

By  heating  rxificoccin  -with  zinc-dust,  a  solid  crystalline  hydrocarbon,  C'"!!'-,  is 
obtained,  which  sublimes  in  white  islates,  melting  between  183°  and  188°.  It  yields 
by  oxidation  a  quinono  resembling  anthraqiiinone,  but  melting  at  250°  (anthra  qui  none 
melts  at  275°). 

Another  body  formed  at  the  same  time  as  ruficoccin,  by  the  action  of  sulphuric  acid 
on  carmine,  appears  to  have  the  formula  C^-II-"0";  and  inasmuch  as  it  yields,  after 
heating  with  baryta-water,  the  same  hydrocarbon  as  ruficoccin,  it  appears  to  contain 
the  same  carbon-nucleus  (Liobermann  a.  van  Dorp,  ibid.  iv.  656;  Ann.  Ch.  Phann. 
clxiii.  97). 

R'uficarmin,  C^H'-O",  another  condensation-product  of  carmine-red,  is  formed  by 
heating  carmine  with  water.  A  dark  resinous  body  is  then  deposited,  from  which 
ruficarmine  may  be  extracted  by  ether.  It  is  a  carmine-coloured  powder,  differing 
from  carmine-red  by  its  total  insolubility  in  water,  and  from  ruficoccin  by  its  extreme 
solubility  in  alcohol. 

Euficoccin  and  ruficarmin  are  intimately  related  to  coccinin,  th-e  substance  v/nich 
Hlasi-wetz  a.  Grabowski  obtained  by  fusing  carmine-red  witli  potash  (1.?!'  Suppl.  Hi). 
These  chemists  assigned  to  it  the  formula  C'E'-O^,  but  their  analytical  numbers 
agree  equally  well  with  the  formula  C"H"''0^ ;  in  fact,  coccinin  gives  by  analysis  very 
nearly  the  same  per-centage  of  carbon  as  ruficoccin,  and  a  larger  proportion  of  hydrogen, 
as  appears  from  the  following  comparison  : — 

Euficoccin,  accordiDir  to  Coccinin,  according  to 

Liebermaun  a.  van  Dorp  Hlasiwetz  a.  Gi-abowdu 


C  64-10  63-58  63-78  63-03  64-47  64  8  643  64-5  65-0 
H         4-51      4-05      3-66      3-76      3-67         4-8      4-3      4-3  4-7 

It  has  not,  liowever,  been  found  possible  to  obtain  coccinin  from  ruficoccin  or  rufi- 
carmin by  the  action  of  sodium-amalgam  or  by  fusion  with  alkali  (Liebermann  a.  van 
Dorp). 

COCXCHAFXSB.  Melohntha  vulgaris. — These  insects  contain,  together  with 
leucine  and  other  substances,  a  colourless  crystalline  substance  called  mclolon  thine 
(?.  v.). 

COCOA-lffVTS.  The  fatty  matter  extracted  from  these  nuts  is  used  almost  ex- 
clusively for  the  manufacture  of  toilet  soap.  The  cake  left  after  the  extraction  of  the 
fat  is  used  in  England  as  fodder  for  cattle,  in  Italy  as  manure. 

The  oil-cake  of  the  cocoa-nut  was  examined  some  years  ago  by  Grouveu  (Wochen- 
hlatt  der  Annden  der  Lmidwirthschaft,  1866,  p.  463),  who  found: — 
In  100  parts  of  the  air-dried  oil-cake — 

Proteids  Oil  Cellulose  Water 

21-20  8-60  7-70  9-36; 

and  in  100  parts  of  the  ash  (C0=  deducted)— 

K'O       Na"-0      CaO       MgO      Fe'O^      P-0=        SO^       SiO=  01 
40-57      2-30     4-71      2-95      3-54      26-98      3-78      3-38  13-42 

As,  however,  the  cocoa-nuts  now  sent  to  Europe  are  of  selected  quality,  and  more 
carefully  freed  from  the  other  parts  of  the  fruit  than  formerly,  and  as,  moreover,  many 
improvemements  have  been  made  in  tlie  extraction  of  the  fat,  it  has  been  thought 
worth  while  to  make  a  fresh  examination  of  the  cocoa-nut  and  of  the  oil-cake,  such  as 
is  obtained  for  the  soap-works  of  Cav.  Mazzuchetti,  in  Turin,  and  sent  in  large  quan- 
tities to  England  as  fodder  for  cattle : 

Cocoa-nuts  in  the     Oil-cake  from  Mazzuchotti-s 
natural  state  Soap-works 

Water  6-80  11-89 

Eat  (extracted  by  CS=)  .       .       67'85  12  34 

Cellulose       „  .       .       24-80  69-66 

Mineral  sulistances        .       .         I'oo  6' 11 

100-00  100-00 
100  parts  of  the  fresh  oil-cake  contain  2-75  p.c.  nitrogen,  and  100  parts  of  the  ash 
contain  24-35  p.c.  phosphoric  anhydride  (Nallino,  Ga::c(ta  chimica.  italiana,  ii.  257). 
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CODAnXXSrx:.  Hesse,  in  his  latest  communication  on  the  opium-ljases  (A>i». 
Ch.  riiiir,,!..  Siippi.  viii.  261),  assigns  to  this  compound  the  formula  C-'"H-^NO' 
instead  ..t  I  li-  •ni-iii.-i-  one  C'"ff-^NO^  {\st  SiippL  480).  He  finds  that  it  molts  at  120=' 
■n'hcn  crvslMlliNi  i!  fnmi  benzene,  and  at  121°  -when  crystallised  from  alcohol  or  ether; 
with  firric  rhiorido  it  forms  a  dark  gi-cen  liquid,  -with  separation  of  ferric  oxide.  It 
appears  to  form  compounds  with  caustic  alkalis. 

.  CODSms,  C''^■-'NO^  or  C»«H^']S'-0^  Action  of  Hi/drobromic  acid  (Wright, 
Pwc.  lio!/.  Soc.  xix.  371,  504).— It  has  been  shown  by  Ma'tthiessen  and  Wright  {\st. 
Suppl.  480)  that  when  codeine  is  lieated  ■with  a  large  excess  of  strong  hydrochloric 
acid,  the  following  reactions  successively  take  place  : — 

C^^H^-N-O"  +  21101  =  2H'-0  +  C'H^CPN^O' 

Codeine  Cliloroccdide 

C^»H"CPN-0"  =  2GH'CI  +  C^<H'<N=0* 
Chlorocoiiide  Apomorphine 

When  codeine  is  gently  heated  with  hydrobromic  acid,  the  first  stage  of  the  reaction 
appears  to  be  similar  to  that  of  hydrochloric  acid,  yielding  bromocodide,  C^'^H^'Br'-'N-O ', 
analogous  to  clilorocodide  ;  but  this  base  appears  to  be  further  acted  on  with  great 
ease,  giving  rise  to  two  others,  viz.,  deox ycod ei n e,  C^''H'''^N-'0*,  soluble  in  ether, 
and  bromo-tetracodoine,  C'"H""*Br-N'*0-^,  insoluble  in  ether.  These  reactions 
may  be  represented  as  follows  :— 

C'«H"Er--N-0<  +  4C^''U^2N20'=  =  C-"'H''-X-0<  +  C'"H"''^Br-N«02' 
Bromocodide  Codciue  Ueoxycodcine  Bromo-tetracodfine 

Moreover,  the  formation  of  bromocodide  is  preceded  by  that  of  a  brominated  liaso 
having  the  composition  C^''H''^BrN-0",  the  action  in  this  respect  also  being  analogous 
to  that  of  hydrochloric  acid. 

Bromocodide  is  not  easily  obtained  pure  on  account  of  the  facility  with  which  it  is 
altered  ;  but  by  digesting  1  part  of  codeine  at  100°  for  an  hour  or  two  with  3  parts  of 
acid  solution  (containing  48  p.c.  HBr);  precipitating  with  excess  of  sodium  carbonate  ; 
filtering  to  remove  excess  of  codeine,  which  remains  dissolved ;  exhausting  the  pre- 
cipitate with  ether;  and  agitating  the  ethereal  solution  with  liydrobromic  acid,  crude 
hydrobromide  of  bromocodide  is  jiroduced ;  and  by  repeating  the  process  and  precipi- 
tating fractionally  to  remove  colouring  matters,  the  purified  hydrobromide  is  obtained, 
yielding  by  analysis  numbers  agreeing  nearly  with  the  formula  C^'*H'"'Br'^N-0*.2HBr. 

Crude  hydrobromide  of  bromocodide,  obtained  by  digesting  codeine  for  five  or  six 
hours  with  from  three  to  five  times  its  weight  of  acid  containing  48  p.c.  HBr,  deposits, 
on  standing  for  some  days,  crystals  not  readily  soluble  in  cold  water  ;  these  rocrystal- 
lised  several  times  from  boiling  water,  produce  minute  snow-wliite  crystals  which 
slightly  darken  in  colour  on  drying  over  oil  of  vitriol,  and  on  analysis  give  numbers 
agreeing  with  the  formula  of  deoxycodeine  hydrobromide,  C'"'H'''N-0'.2HBr. 

Bromoteiracodcinc  is  conveniently  obtained  as  liydrobromide  Ijy  treating  codeine  with 
three  times  its  weight  of  hydrobromic  acid  containing  48  p.c.  HBr  for  two  hours  on 
the  water-bath,  precipitating  the  product  (diluted  with  water)  with  excess  of  sodium 
carbonate,  exhausting  the  well-drained  precipitate  with  ether,  dissolving  the  residue 
in  the  smallest  pos-sible  quantity  of  weak  hydrobromic  acid,  and  fractionally  precipi- 
tating by  cautious  addition  of  stronger  acid.  The  second  precipitate  is  dissolved  in 
water,  in  which  it  is  readily  soluble,  and  a  few  drops  of  solution  of  sodium  carbonate 
are  added.  The  filtrate  from  this  yields,  with  strong  hydrobromic  acid,  nearly  white 
flakes,  which  are  wholly  devoid  of  crystalline  character  under  the  microscope.  These 
remain  solid  at  100°,  if  previously  completely  dried  over  oil  of  vitriol,  but,  if  warmed 
while  moist,  are  converted  into  a  more  or  less  coloured  tar.  Dried  at  100°,  they  give 
numbers  agreeing  with  the  formula,  C"H*'BrN''0'-.4HBr. 

Sodiiun  carbonate  throws  down  from  the  hj'drobromide  a  nearly  white  precipitate, 
which  rapidly  darkens,  and  finally  becomes  deep  green  or  nearly  black,  owing  to  rapid 
absorption  of  oxygen ;  an  analysis  of  the  altered  product  gave  the  formula  for  liromo- 
tetracodeine  plus  0  atoms  of  oxygen;  the  salts,  however,  when  dry,  may  be  kept  with- 
out alteration,  and  slowly  darken  by  exposure  to  air  only  when  moist. 

The  qualitative  reactions  of  bromotetracodeine  appiear  to  be  identical  with  those  f)f 
bromo-  and  chloro-codide.  The  liase  itself,  when  freshly  precipitated,  is  slowly  soluble 
in  water,  being  thrown  dowu  again  by  the  addition  of  strong  brine  ;  in  ether  and 
benzene  it  is  almost  insoluble,  and  in  alcohol  but  sparinglj-  soluble. 

When  crude  bromotetracodeine  is  dissolved  in  wink  hydroi'liloric  nciil.  and  precipi- 
tated twice  or  thrice  by  excess  of  stronger  aciil.  iie,ii-ly  «liite  tIaK.  s  aie  ultimately 
c.lftained,  which,  when  dried  over  oil  of  vitriol  and  (inallv  al  loii  ',  have  ilie  i-.inipn^itiou 
of  the  hydrochloride  of  chlorotctracodei  n  e.  C" MI""C1=.NN        K 'I. 

Chhrotctriic.odcinc,  in  all  its  physical  and  chemical  properties,  closely  i-eseiiildes 
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bromotetracodeino  ;  the  qualitative  reactions  of  the  two  Lases  are  identical,  they  have 
an  intensely  bitter  taste,  and  apparently  but  slight  physiological  action,  at  any  rate  in 
small  doses. 

When  hydrobromido  of  bromotetracodeiue  is  heated  with  hydrobromic  acid,  the 
homologous  base  bromotetramorphine  is  produced,  with  elimination  of  hydrogen 
bromide : — 

Ci4<Hi««Br-K»0=<  +  snr.r  =  SCH'Br  +  Ci-''=H>=°Br»N'0'^ 
Bromotetracotleine.  Bromotetramorphine. 

By  the  action  of  liydrochloric  acid  m  the  cold  on  bromotetramorphine,  the  corre- 
sponding chlorinated  base,  chlorotetramorphine.  is  formed;  and  by  interrupting 
the  action  of  hydrobromic  acid  on  codeine  at  a  certain  point,  a  base  intermediate 
between  bromotetramorphine  and  bromotetracodeiue  appears  to  be  foi-med  ;  and  this, 
by  the  action  of  hydrochloric  acid,  is  converted  into  the  corresponding  chlorinated  base 
c'hloro-dicodei'ne-dimorphinc,  C'^»H'^»C1-NW. 

By  the  action  of  hydrobromic  acid  on  bromocodide,  methyl  bromide  is  formed,  and 
simultaneously  bromotetramorphine,  and  apparently  a  base,  deoxymorphine, 
C'*H^*N-0*,  homologous  with  deoxycodeine ;  this  latter,  like  its  homologue,  much 
resembles  apomorphinc  in  chemical  characters,  but  produces  no  vomiting ;  it  is  doubt- 
ful whether  deoxymorphine  has  been  obtained  perfectly  free  from  deoxycodeine.  From 
these  results,  taken  in  conjunction  with  former  ones,  the  following  formulae  are  as- 
cribed to  the  corresponding  bases  : — 

C^^mWO^  {ggg,^,       C-W^K^O^-  ^^y,       C3.H3.N^O=  {fJcH3)=- 
Codeine.  Bromocodide.  Deoxycodeiue, 

Deoxymorphine. 

Deoxymorphine  does  not  seem  to  be  produced  by  the  action  of  hydrobromic  acid  on 
deoxycodeine,  the  only  product  being  a  black  substance  unfit  for  analysis,  along  with 
a  little  methyl  bromide. 

Dr.  Michael  Foster  has  examined  the  physiological  action  of  the  foregoing  derivatives, 
and  finds  that  the  chloro-  and  bromotetracodeiue  and  tetramorphine  salts  produce  in 
adult  cats  a  condition  of  great  excitement,  almost  amounting  to  delirium  in  younger 
animals ;  a  want  of  co-ordination  of  muscular  movements  follows,  terminating  in  sleepi- 
ness, stupor,  and  death.  Paralysis  of  the  inhibitory  fibres  of  the  pneumogastric  appears 
to  be  produced  in  cats  and  dogs ;  with  rabbits  all  these  salts  appear  to  be  almost 
inert. 

Deoxycodeine  and  deoxymorphine  salts  are  absolutely  destitute  of  emetic  properties ; 
in  adult  cats  they  produce  convulsions  of  an  epileptic  character,  followed  by  the 
symptoms  observed  in  the  case  of  the  tetra-bascs.  No  marked  difference  could  bo 
detected  between  the  hydrobromides  and  hydrochlorides  of  either  base  ;  whereas  with 
the  tetra-bases,  the  morphine-compounds  appeared  to  be  rather  more  potent  than  their 
higher  homologues. 

Action  of  Hydrochloric  Acid. — By  acting  for  1\  hours  on  codeine  with  6  to  8  parts 
of  strong  hydrochloric  acid  a  viscid  uncrystallisable  product  is  obtained,  which  is 
inferred  from  its  analysis  to  be  a  mixture  of  the  hydro-chlorides  of  two  chlorinated 
bases,  viz.: 

4OT-I"C1N=0''.2HC1  and  oC3»H"CPN=0<.2HCl, 
or  (C  +  HC1).2HC1  and  (0  +  2HC1  -  2H-0).2HC1 

whero  C  =  codeine  C^''H^'''N-'0'^. 

From  these  mixed  hydrochlorides  sodium  carbonate  throws  down  a  mixture  of  the 
bases  0  +  HCl  and  0  +  2HC1  —  2H^0,  both  of  which  are  soluble  in  ether,  and  form 
iion-ciystalline  salts  ;  the  second  is  identical  with  chlorocodide  derived  from  codeine 
by  substitution  of  CP  for  2H0. 

It  thus  appears  that  the  formation  of  chlorocodide  is  preceded  by  that  of  a  base 
containing  only  1  atom  of  chlorine  to  36  atoms  of  carbon,  and  consequently  chlorocodide 
must  be  represented  by  a  formula  containing  C"  at  least ;  but  as  ordinary  codeine  is 
formed  from  chlorocodide  by  the  action  of  water  {\st  Suppl.  480),  chlorocodide  must 
be  a  derivative  of  ordinary  codeine,  and  not  of  any  of  its  higher  polymerides,  and 
consequently  the  molecule  of  codeine  must  also  contain  36  atoms  carbon. 

By  the  long-continued  action  of  hydrochloric  acid  on  the  mixture  of  bases  produced 
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as  above,  different  results  are  obtained  according  to  the  circumstances  of  the  expcri 
ment.  Matthicssen  a.  AVright  showed  {1st  Siipj]!.  839),  that  liy  acting  on  codeine  in 
sealed  tubes  at  140°-150°  with  strong  hydrochloric  acid,  methyl  chloride  is  formed,  and 
apomorphino  results,  identical  with  that  obtained  from  morphine.  When,  however, 
the  action  is  allowed  to  take  place  at  100°,  different  bodies  result ;  methyl  chloride  is 
eliminated,  but  the  elements  of  water  are  not  removed  to  such  an  extent  as  to  produce 
apomorphine,  two  isomeric  bases  being  then  formed,  intermediate  in  composition  be- 
tween morphine  and  apomorphine.  One  of  these  bases  yields  crystalline  salts,  and  is 
readily  soluble  in  ether ;  the  other  is  insoluble  in  that  liquid,  and  gives  amorphous 
salts,  and  evidently  belongs  to  the  '  tetra  '  series.  The  two  bodies  are,  therefore,  con- 
sidered to  have  respectively  the  formulse  : 


and  are  respectively  termed  diapo-dimorphine  and  tetrapo-tcf.ramorphine.  In  physio- 
logical effects,  diapo-dimorphine  does  not  resemble  tetrapo-dimorphine  (apomorphine), 
the  experiments  of  Dr.  J.  G.  Blacklcy  indicating  that  doses  of  O'l  gram  given  subcu- 
taneously  to  cats  do  not  produce  vomiting  but  only  profuse  salivation.  The  removal 
of  the  elements  of  water  from  (hypothetical)  dimorphine  and  from  tetramorphinc  gives 
rise  to  a  different  kind  of  alteration  in  the  physiological  effect  (on  cats)  of  the  result- 
ing product,  the  emetic  action  being  less  in  the  first  case  the  more  of  the  elements  of 
water  are  removed,  and  more  so  in  the  second  case. 

Action  of  Hydriodic  Acid  on  Codeine  in  presence  of  Phosphorus  (Wright,  Proc.  Hoy. 
Soc.  XX.  8).    The  first  action  appears  to  be  in  accordance  with  the  equation  : 


the  quantity  of  methyl  iodide  evolved  being  close  upon  that  required  by  theory;  this 
evolution  of  methyl  iodide  does  not  take  place  however  in  the  absence  of  phosphorus, 
much  iodine  being  set  free  in  that  case. 

According  as  the  action  of  hydriodic  acid  (3  to  5  parts  of  50  per  cent,  acid)  and  phos- 
phorus (-j'jj  part)  upon  codeine  ( 1  part)  takes  place  at  1 00°  or  at  higher  temperatures,  dif- 
jferent  products  are  obtained,  all  of  which  may  be  considered  as  derived  from  morphine 
jhydriodide  by  quadrupli cation  of  the  molecule,  addition  of  hydrogen  and  hydriodic 
iaeid  to  the  product,  and  further  alteration  of  the  resulting  compound  by  successive 
subtraction  of  the  elements  of  water  and  of  oxygen.  Thus,  if  the  reaction  take  place 
at  100°,  the  product  may  be  \'iewed  as  formed  liy  tlic  equation : 

(tC^'^H'-N'0«.2HI)  +  28HI  =  8CWI  +  81-  +  C"<^W'-VS^O-Kmi. 

If  the  mixture  be  gently  boiled  so  that  the  boiling  point  rises  to  11 0°- 11 6°,  by  the 
time  that  methyl  iodide  ceases  to  be  evolved,  the  product  obtained  contains  4H-0  less 
than  this  formula. ;  whilst,  if  the  boiling  be  performed  rapidly,  so  that  the  boiling 
point  rises  to  lS0°-13o°,  the  end-product  contains  0"  less  than  this  latter  body: 
thus — 

C"«H"-I'N«02*.8Hr  =  4H^0  +  C'MH'<"rNW".8HI. 
Ci36Hi6'PN''0"'.8HI  +  SHI  =  4H20  +  4P  +  C"^H'"IiN«0'^8HI. 

These  throe  substances  much  resemble  each  other  ;  they  form  colourless  tarry  masses, 
wliicli  rapidly  become  yellow  by  exposure  to  air  ;  when  quite  dry  they  do  not  soften 
lit  100°  ;  water  dissolves  them  with  decomposition  ;  from  the  solution  bases  derived 
from  the  original  compounds  by  subtraction  of  the  elements  of  HI  may  be  obtained. 
Their  qualitative  reactions  are  identical  with  those  of  their  derivatives,  but  utterly 
different  from  those  of  the  codeine  derivatives  previously  examined. 

Denoting  a  hypothetical  base,  by  the  symbol  X,  and  another, 

C'^H'-N-'O'*,  by  the  symbol  Y,  these  three  bodies  and  their  derivatives  may  be  all 
included  in  one  or  other  of  the  two  general  formulpc  : 


By  dissolving  the  product  obtained  at  100°  (4X  +  12HI)  in  boiling  water  and 
boiling  for  some  time,  flakes  of  a  peculiar  microscopical  structure  are  obtained  on 
cooling  the  liquid ;  the  same  product  is  also  formed  from  the  substance  obtained  at 
110°-115°  by  similar  treatment,  and  is  produced  by  the  reactions  : 


C"H'2N^0'» .  .  .  =  (M=  -  2F^0), 
.  .  .  =  (M4  _  4H-0), 


4X  +  «HI  +  p  WO 


4Y  +  nlll  ±  plV-0. 


(4X  +  6HI)  =  HI  +  2H-0  +  (4X  +  5HI  -  2H-(  )) 
(4X  +  6HI  -  2H-0)  -  HI  =  (4X  +  5HI  -  2H-0). 
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On  similarly  treating  the  substance  thus  obtained,  a  further  reaction  takes  place, 
indicated  by  the  equation  : 

(4X  +  lOHI  -  4ffO)  =  2HI  +  (4X  +  SHI  -  4H-0). 

If  the  original  product  formed  at  130°-135°  be  treated  in  like  manner,  it  linally 
yields  an  analogous  substance  formed  by  the  reaction  : 

(4y  +  12ni  -  4H--0)  +  8K-0  =  4HI  +  (4Y  +  SHI  +  iWO), 

the  elements  of  8  molecules  of  water  being  thus  taken  up. 

On  treating  the  original  codeine-products  with  alkalis,  the  same  reactions  appear  to 
ensue  :  yielding  the  free  bases  (4X  +  2HI  -  4H=0),  (4X  +  4HI)and  (4X  -  4H-0). 
Of  these  the  one  containing  no  iodine  is  least  soluble  in  ether,  and  the  one  containing 
most  iodine  is  the  most  soluble  ;  they  readily  absorb  oxygen  from  the  air. 

On  again  subjecting  these  derivatives  formed  by  water  or  alkalis  to  the  action  of 
hydriodic  acid,  bodies  are  produced,  not  identical  with  those  first  obtained  from 
codeine,  but  still  belonging  to  the  same  family,  and  denoted  by  the  same  general 
formulfe.  The  reactions  represented  by  the  following  equations  have  been  verilied 
quantitatively : 

(4X  +  lOHI  -  4H'0)  +  4HI  +  24H=0  (4X  +  14HI  +  20H=O) 
(4X  +  SHI  -  4H-0)  +  GHI  +  24H-0  =  (4X  +  14HI  +  20WO} 
(4X  +  12HI)+  ISHI  +  SH-O  =  8P  +  (4Y  +  14HI  +  16H=0) 
(4Y  +    SHI  -  4H-0)   +  2HI    =  (4Y     +  lOHI  -  4H^0). 

Polymcrisaiioii  of  Codeine  by  the  action  of  Phosphoric  Acid. — AVhen  codeine  is  poly- 
merised by  the  action  of  hydrobromic  or  hydriodic  acid,  as  in  the  reactions  previously 
described,  part  of  the  hydrogen  in  the  polymeride  is  always  replaced  by  bromine  or 
iodine,  forming  such  products  as  broniotetracodeine,  di-iodotetracodeine,  &c.  By  the 
action  of  phosphoric  acid,  however,  polymerides  are  formed  without  the  occurrence  of 
tiiese  substitutions.  When  1  part  of  codeine,  3  of  glacial  phosphoric  acid,  and  5  of 
water,  are  very  gently  boiled  in  an  open  vessel  until  the  temperature  rises  to  nearly 
200°,  a  considerable  quantity  of  the  codeine  becomes  polymerised,  forming  simul- 
taneously dicodcine  C'-H^'N'O'-,  and  ictracodeinc  C'''*H'^*N^0''*,  which  are  sharply 
distinguished  from  codeine  and  from  eacli  other  by  their  physical  properties  and 
chemical  reactions.  The  first  of  these  bases  forms  a  crystalline  hydrochloride,  whose 
water  of  crystallisation  is  lost  at  100°,  the  base  itself  being  amorphous  and  imme- 
diately precipitated  from  its  salts  by  sodium  carbonate ;  whereas  codeine  is  crystalline, 
and  not  immediately  precipitated  by  sodium  carbonate,  and  its  hydrochloride,  as  shown 
by  Matthiessen  and  Wright  {Proc.  Roy.  8oc.  xviii.  87),  loses  none  of  its  water  of 
crystallisation  on  drying  over  the  water-bath  at  a  temperature  probably  a  little  below 
100°.  Tetracodeine  is  amorphous,  forms  amorphous  salts,  and  differs  from  codeine 
and  dicodeine  by  being  insoluble  in  ether. 

These  polymerides,  obtained  by  the  action  of  phosphoric  acid,  appear  to  be  identical 
with  the  products  formed  by  treating  codeine  with  dilute  sulphuric  acid,  viz.,  dicodeine 
with  the  amorphous  isomeride  of  codeine  which  Armstrong  obtained  by  lieating  codeine 
with  dilute  sulphuric  acid  for  a  short  time  only  (Ckem.  Soc.  J.  [2]  ix.  56),  and  tetra- 
codeine with  the  amorphous  codeine  which  Andersen  obtained  by  the  prolonged  action 
of  the  same  reagent  {Ed.  Phil.  Trans,  xx.  [1]  57).  On  repeating  the  processes  of 
these  chemists,  Wright  obtained  products  apparently  identical  with  those  of  the  action 
of  phosphoric  acid,  -with  this  difierence  only,  that  Armstrong's  process  appears  to  give 
rise  to  a  small  quantity  of  another  polymeride  (in  addition  to  dicodeine),  which  is 
non-crystalline  and  soluble  in  ether.  Its  hydrochloride  utterly  refuses  to  crystallise, 
and  its  reactions  are  different  from  those  of  either  of  the  other  polj'merides.  The 
dicodeine  is  separable  from  this  by  repeated  crystallisation  of  its  hydrochloride  until 
the  salt  ceases  to  give  a  blood-rcd  coloration  on  addition  of  nitric  acid,  the  tint  pro- 
duced by  pure  dicodeine  being  a  yellow  orange,  not  intense.  From  the  circumstance 
that  in  many  instances  this  polymeride  exhibits  similarity  to  dicodeine,  but  in  others 
to  tetracodeine,  Wright  regards  it  as  probably  intermediate,  i.e.  as  tricodcine, 

C108H1^6N«O'*. 

Hydrochloric  acid  acts  on  these  polymerides  very  differently.  On  tetracodeine  it 
has  no  action  whatever  after  six  hours'  ebullition;  -nith  tricodeine  at  100°  for  1|  hour 
it  produces  the  following  reaction  ; — 

C'»«H'=oN"0'^6HCl  =  CH=0  -i-  C>°'H'"X''0".6HC1 ; 

and  witli  dicodeine  the  following: — ■ 

(:^-H8i\iOi-'.iITCl  +  H(l  =  H-0  +  C--'IPK'1N'0".4HC1. 
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AVith  codeine,  as  already  obsorved,  the  first  artion  appears  to  lie  to  form  an 
addition -product,  thus  : — 

C"ff-N-0^2HC1  +  HCl  =  C5'^H'-C1N-^0'=.2HC1, 

from  -which  'water  is  suLsequently  eliminated. 

The  composition  of  these  chlorinated  derivatives  affords  further  proof  that  the  lowest 
admissible  formula  of  codeine  is  C'"H*-N-0",  and  that  of  dicodeine  C'=H'"N'0'%  Tlie 
relictions  of  tetraeodeine,  as  shown  below,  lead  to  C'"H""*N''0-^  as  its  lowest  formula. 
The  product  C"''H"^N"0'-  from  tricodeino  much  resembles  in  its  properties  the  apoco- 
deinu  of  Matthiessen  and  Burnsida  {1st  Suppl.  481),  produced  by  the  action  of  zinc 
chloride  ou  codeine  ;  probably,  therefore,  this  action  gives  rise  to  a  mixture  of  '  apo  ' 
derivatives  of  tlie  general  formula  (C'*H"NO-)".JiHCl,  in  which  the  derivative  n  =  G 
prnliiTiiinates. 

llydriiidic  acid,  in  conjunction  with  phosphorus,  acts  differently  on  dicodeine  and 
tetraeodeine.  Tetraeodeine  hydriodide  boiled  with  hydriodic  acid  till  the  boiling  point 
rises  to  130°  is  decomposed  as  shown  by  the  equation  : 

C'<'H>«»N»0-<.8HI  +  lOHI  =  8CH»I  +  2R''0  +  C'^»H"*''FN«0^-.8ni, 

the  product  being  the  hydriodide  of  a  tetra-base  insoluble  (or  nearly  so)  in  ether. 

Dicodeine  becomes  polymerised  to  a  tetra-baso  nearly  insoluble  in  ether,  but  in 
addition  to  methyl-elimination,  liydrogon-addition  takes  place — 

2(C-=H«'N<0'^4ni)  +  17HI  =  I»  4-  iWO  +  8CH»I  +  C'^'-Hi^IN'O^^.sm, 

the  formula  of  the  product  proving  that  the  minimum  formula  of  tetraeodeine  must 
contain  and  not  C-  only.  The  hydrogen-addition,  however,  does  not  go  so  far  as 
it  does  when  ordinary  codeine  is  employed;  thus: — 


Codeine   at     100°  produces 
110°-ll.j°  „ 
up  to  130° 
Dicodeine   „  120° 
Tetraeodeine  „  130°  „ 


.  8(C"H'»N0^  +  IP)  +  12111 

.  8(C"H'^N0'  +  W)  +  12HI- 411-0 

.  8(C"H'"N0'  +  H'-  -  0)  +  12HI-4H-0 

.  8(C"H'='N0^  +  II)  -H    9HI  -  4H-0 

.  8(C"H'^N0^)  -I-  lOHI  -  m~0. 


Hence  dicodeine  is  in  this  respect  strictly  intermediate  between  codeine  and  tetra- 
eodeine. 

Tlie  following  table  exhibits  the  principal  diiferences  between  codeine  and  its  poly- 

mei-ides,  above  described :— 


llcagcnt,  &c. 

Codeine 

Dicodeine 

TricoJeine 

Tetraeodeine 

Alcohol. 

Soluble. 

Soluble, 

Soluble. 

Soluble. 

Ether. 

Soluble. 

Soluble. 

Soluble. 

Insoluble. 

Character  of 

Crystalline; 

Amorphous ; 

Amorphous ; 

Amorphous ; 

base. 

stable  in  the 

stable  in  the 

very  slowly 

very  slowly 

air. 

air. 

oxidises  while 
moist. 

oxidises  while 
moist. 

Cliaracter  of 

Crystallises 

Crystallises -with 

Non-crystalline: 

Non-crystalline; 

hydrochloride. 

with  2H-0  for 

.3'H-O  for  C"*; 
lost  at  100°, 
and  partially 
at  lower  tem- 
peratures. 

extremely  deli- 

deliquescent. 

C"* ;  not  lost 
at  100°. 

quescent. 

Ferric  chloride. 

Nil. 

Nil,  when  pure. 

No  colour  at 
first;  reddish- 

Eeddisli-purple 
colour  imme- 

purple on 

diately. 

standing. 

Nitric  acid. 

Liglit  orange. 

Light  orange. 

Blood-rod. 

P)lood-rod. 

Potassium  di- 

Nil. 

Nil. 

Evanescent  red. 

Evanescent  red. 

ehromate  and 

sulphuric  acid. 

Sodium  carbon- 

No immediate 

Instantaneous 

Same  as  dico- 

Same .-s  dico- 

ate and  solu- 

pi-ecipitnto ; 

amorphous 

deine. 

deine. 

tion  of  hydro- 

crystals  on 

precipitate,  bul 

chloride. 

standing. 

little  soluble  in 
excess. 
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Caustic  potash 
and  solution 
of  hydrochlo- 


Action  of  hy- 
drochloric acid 
not  pushed  to 
extreme. 


Action  of  hy- 
driodic  acid  in 
conjunction 
with  phospho- 


Action  of  sul- 
phuric acid 
not  pushed  to 
extreme. 

Formula  infer- 
redfrom  above 
properties  and 
reactions. 

Physiological 
action  of  O'l 
gram  of  anhy- 
drous hydro- 
chloride, suh- 
cutaneously 
injected  into 
adult  cats. 


Oily  precipitate 
if  concentra- 
ted, becoming 
crystalline  on 
standing;  not 
markedly  so- 
luble in  excess. 


Product  con- 
tains CI  for 
C" ;  after  fur- 
ther action  it 
contains  Cl- 
for  C^". 

Polymerises  to 
tetra  series, 
forming  bases 
derived  from 
(C"ff'NO^)^ 

or(C"ff'NO-)'; 

being  added 
on  for  C"  in 
product,  and 
CH'  evolved 
for  in  ori- 
ginal. 

Polymerises, 
forming  suc- 
cessively di-, 
tri-,  andtetra- 
codeine. 

C^-^PI^N'O". 


Extreme  hj'per- 
sensitiveness 
and  cerebral 
congestion  ; 
dilation  of 
pupils  ;  no 


vomiting  IE 
any  instance. 


Oily  precipitate 
if  concentra- 
ted, not  becom- 
ing crystalline, 
more  dilute 
solutions  give 
a  white  amor- 
phous precipi- 
tate, soluble  in 
large  excess. 
Product  con- 
tains CI  for 
C". 


Polymerises  to 
tetra  series, 
forming  bases 
derived  from 
(Ci7H=»NO^)8, 
H  being  added 
on  for  C"  in 
product,  and 
CH^  evolved 
for  C'^  in  ori- 
ginal. 

Polymerises, 
forming  tetra - 
codeine. 


No  hypers  en- 
sitiveness  or 
cerebral  con- 
gestion ;  dila- 
tation of  pu- 
pils ;  vomit- 
ing in  every 
instance. 

With  a  dog,  pro- 
fuse diarrhoea, 
without  vomit- 
ing. 


Same  as  dico- 
deine. 


H-'O  removed 
for  C";  pro- 
duet  contains 
no  basic  CI. 


HyiJersensitive- 
ness  scarcely 
marked ;  vo- 
miting in  some 
instances,  in 
others  saliva- 
tion and  defse- 
cation. 


The  following  table,  in  which  C  stands  for  codeine,  and  M  for  morphine,  exhibits 
the  composition  of  the  derivatives  and  polymerides  of  codeine  above  described,  together 
with  their  origin  and  their  relations  to  oodeine  :— 


Name. 
Codeine    .  . 

Chlorocodide  , 

Broieocodide  , 


Derivatives  containinr  xC^"  (Codeine  Seeies), 
Mono  Series. 
Origin. 


Formula. 
C^^H^CIN^O". 
C36H43BrN-0<'-. 


Codeine  and  HCl. 
Do.  do. 
Do.  and  HBr. 
Do.  do. 


Relation  to  Codeine. 

c 

C  +  HCl. 

C  +  2HC1-2H=0. 
C  +  HBr. 

C  +  2HBr-2H=0. 
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Name.  Pormuuu 
Dioodeinc  .    .  C"H^'N^O'-. 


D  EI!  I  vATivES — continued. 
Di  Series. 
Origin.  Relation  to  CoJeine. 


(Codeine  and  H^PO' 
/    Do.  and  H-SO', 


C-. 


C^ff^ClN^O".      Dicodeine  and  HCl.        C- +  HCl -  H-'O. 


Ti'icodoine     ,    C^'H'^^N^O's.       Codeine  and  H-SO^. 

_  c'^^H'^N^O'-.       Tricodeine  and  nCl.  C'-GU-O. 


Tetracodeine  .  C'^H'^N'O- 


Tctra  Series. 
f  Codeine  and  H'PO'. 
Do.  and  H-SO<. 

I  Dieodeiiieand  H-SO^ 


Dkeiyatives  FBOjr  Bases  more  IIvdeogexisei)  tu.\n  CoDEI^^^. 
(C  +  K*y-  Scrif.s. 

Deoxycodeino.    C'-H^'N'O'.  Codeine  and  HBr.  (C  +  n')=-*H=0. 


Dehitatives  feom  Bases  less  IIvdbooexised  than  Codeine. 
(0-H)<  Series. 

Bromotetra-  I    QuiHie^Br^N'O-'.  Codeine  and  HBr.  (C-H)'  +  2HBi-. 

codeine  .J  ^  ' 

Chlorotetra-  f    qi  Mjj_iiicQi2\8Q'.M     ^  Bromototracodeino 


codeine  .  i 


I    and  HCl. 


(C-n)H2HCl. 


DERirATiTES  co:<TAiNi>-G  xC^*  (MoRPHijn?  Series  of  Bases  deeiyed  from  Codeinb 
.\s  Starting-point). 


Apomoi-  ] 

(Tetrapodi- 

morpliine)./ 
Diapodimoi-  j  c^'lI^N'O'". 
phino     .  ) 


Bi  Series. 
C  Codeine  and  HCl 
J     at  150°. 
1  Clilorocodide  and 
I  do. 

\  Codeine  and  HCl  j* 
I    at  100°.  i 


3P-4H-0. 
M--H»0. 


Tetrapo-  ) 
tetramor-  j-  C"«H"»N''0-». 
phine  .  j 


Teirei  Series. 

|(  Codeine  and  HCl  } 
l    at  100°.  \ 


M'-4H-0. 


Derivatives  feosi  Bases  more  Hydrogenised  than  Morphine. 
(M:  +  H')=  Scries. 
I  Codeine  and  HBr.  ) 

■^Bromocodide  and  -    (M  +  H')--4H-0. 


Deoxymor-  }  c«sh:«N'0«, 
pmno  ,  ) 


HBr. 


(M  +  Wy  Series. 

Ci36jiis3jN«0-».     Dicodeine,  HI,  and  P.    (M  +  H^)«  +  HI  -  Hr-0. 


(M  +  H^)^  Series. 

JCodeine.HI.andPj     ^^  +  2^)4  +  431. 

j°    (M  +  H'y  +  4HI-lH-'0 


—  C''«H'-1'N«0'-^ 

—  C'^'-H'^DN^O-". 


i  at  100°. 
Do.  do, 
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UcaivATivKS — continued. 
(]!?£  + !!')■' &)7'es — contimud. 
Name.  Formula.  Orisin.  Eolation  to  Cotleise. 

Deoxjmorpliine.  C'^«II'"rN«0=°.    j  \  (M  +  H^)'  +  2HI-  4IP0. 

_  C"«H'«'IN«0=".       Do.     do.  "  (]VI  +  ff)<  +  HI-4H--0. 

C"=«I1"'"N»0-''.        Do.     do.  (M  +  H'j^-4H-0. 

( Jl  +  Wy  Series. 

_  C"'^H''»N^O-''.        Preceding  and  TOter.  (M  +  IP}' -4H-0. 

—         C'^sH'-»r-N»0-i.       Do.  and  HI.  (.Jl  + K»)' +  2UI-4H-Q. 


Dr,RiYATnT;s  fuo.m  Bases  less  HrDiiOGKxi.sED  than  Morphine. 
(M-H)^  Series.- 
p       .  .      .  (Codeine  and  liBr. ) 

bromotetra-      c'»--iI'^°Bi-N»0-'.     Bromocodido    aud      (M-H)' +  2HBj-. 

Chlorotetra- )    c'^^«H>^oCl-^.\»0=^.    | Bromotetramm-     (    (iri-H)^+ 2HC1. 
morphine.  J  I    pnme  aud  HCl.  \    ^  ' 

COEaiTIiICN'OWE,  C'^H'^O"  or  C^'-H**0''-  (Liebermann,  Bcvt.  Cliem.  Gcs.  Ber.  v. 
74G  ;  vi.  381).  A  bluu  substance  obtained  as  a  bye-product  in  the  manufacture  of 
wood-vinegar. 

The  crude  calcium  acetate  obtained  by  neutralising  Anth  lime  the  acid  liquor  pro- 
duced by  the  distillation  of  -n'ood,  is  in  practice  decomposed  by  distillation  -with  the 
requisite  quantity  of  hydrochloric  acid,  the  crude  acetic  acid  thus  obtained  being 
purified  by  the  addition  of  potassium  bichromate.  Under  these  circumstances  the 
crude  acetic  acid  deposits  blue  films,  -which  sink  to  tlie  bottom  as  a  violet  sediment. 
'The  substance  thus  deposited  is  purified  first  by  elutriation,  and  afterwards  by  disso- 
lution in  cold  phenol,  from  whicli  it  is  precipitated  by  alcohol  or  etiicr.  The  precipi- 
tate thus  obtained  consists  of  pure  coorulignone. 

Coerulignono  crystallises  in  small  dark  steel-blue  needles.  It  is  insoluble  in  all 
the  ordinary  solvents,  and  neither  distils  nor  sublimes  without  change.  It  dissolves 
■with  blue  colour  in  concentrated  sulphuric  acid,  but  has  not  been  separated  from  the 
solution  in  its  original  state.  It  neither  dyes  with  nor  without  a  mordant.  With 
acetic  anhj'dride  it  yields  a  crystalline  product,  and  wlien  treated  witii  nitric  acid  it 
is  oxidised  to  oxalic  acid.  Heated  with  potash-solution  it  gives  a  green  liquid, 
which  quickly  becomes  yellow.  If  the  solution  be  concentrated  till  the  potash  begins 
to  fuse,  a  point  is  reached  at  winch  the  mass  dissolves  in  water  with  an  intense  but 
fugitive  violet  colour.  The  action  of  hydriodic  acid  and  phosphorus  at  160°  gives 
rise  to  the  same  colouring  substance  as  that  which  is  produced  \^y  the  action  of 
potash.  This  product,  wlion  dissolved  in  ether,  yields  an  almost  colourless  solution, 
and  is  deposited  in  the  amorphous  state  when  the  solution  is  evaporated  in  a  vacuum  : 
to  an  alkaline  solution  it  communicates  an  intense  but  evanescent  violet  coloration. 

The  formation  of  coerulignone  was  observed  on  the  addition  of  potassium  bichro- 
mate to  a  variety  of  samples  of  crude  acetic  acid,  but  it  has  not  yet  been  ascertained 
whether  the  acetic  acid  obtained  from  all  kinds  of  wood  yields  this  substance  :  it  has, 
however,  been  obtained  from  the  acid  restdting  from  the  distillation  of  both  birch  and 
beech  wood. 

Hi/drococrrilig  none,  C'*H'^0^  is  obtained  by  the  action  of  tin  and  hydrochloric 
acid,  potassium  hydrate,  ammonium  sulphide,  sulphurous  acid,  or  sodium-amalgam  ou 
coerulignone.  It  crystallises  well,  is  soluble  in  alcohol  and  acetic  acid,  and  less  so  in 
water.  It  melts  at  190°,  and  may  be  distilled  almost  without  change  if  carefully 
heated.  Tlie  distillate  solidifies  to  long  colourless  crystals.  It  is  also  volatile  to  a 
cert-aiu  extent  with  the  vapour  of  acetic  acid.  It  is  converted  into  coerulignone  by 
oxidising  agents,  and  forms  compounds  with  acetic  anhydride  and  benzoyl  chlcride. 
Concentrated  sulphuric  acid  dissolves  it,  producing  an  orange  colour,  which  is  clianged 
by  heating  into  fuchsine  red. 

Hydrocoerulignone  contains  two  replaceable  hydrogen-atoms.  The  addition  of 
potassium  etfiylate  to  its  alcoholic  solution  producing  an  egg-yellow  precipitate 
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C  «II"K-0'',  and  .Mxliiim  eiliylatc  forms  a  similar  pi'coii.itaco  C'^H'^Na-O^  Bcizoi/I- 
kydrococrulig,tonc  C'"n'"(C'ii''U)-0'',  obtained  either  by  tJie  action  of  benzoic  ehlorido 
on  hydroeoerulignone,  or  by  lic.'iling  that  compound  with  benzoic  anhydride  to  loO°- 
100°  in  an  open  flask  by  moans  of  an  oil-bath,  crystallises  in  prisms  resembling 
t-ublimod  benzoic  acid,  sparingly  solublo  in  alcohol,  melting  at  241°.  The  acetyl- 
derivative  C"'Il"'(C-H^O)-0'*  fonns  white  crystals  slightly  solublo  in  alcohol,  melting 
at  216°. 

When  hydroeoerulignone  is  heated  with  hydrochloric  acid  in  sealed  tubes,  methyl 
chloride  is  formed,  together  with  hoxoxydiphenyl,  C''^II"'0''. 

Ilexosydiphenyl  forms  magnilicent,  glistening,  colourless  crystals,  grouped  in 
riisottes.  It  is  soluble  in  most  solvents.  Its  solutions  in  alkalis  liave  a  splendid 
I'Ui'pli!  colour,  which  however  appears  to  be  the  result  of  oxidation.  With  metallic 
;u-i  rates  it  yields  violet  to  blue  unstable  precipitates,  that  produced  by  cadmium 
HCL'tato  being  the  most  finely  coloured. 

A  crystalline  hexwH ij^-ttt rivatirr  C'-H'.(C-1I^0)''0°,  and  the  corresponding  pro- 
pionyl-derivaiivc  aro  obLiim  d  by  (n  atiiig  the  compound  with  the  chlorides  of  acetyl 
and  p>roprionyl.  The  bcu-aj/l  ::nd  isohutynjl  derivatives  have  not  been  oljtained  pure. 
Hoxoxydiphenyl  is  decomposed  when  passed  over  heated  zinc-dust,  yielding  diphenyl. 

Liebermann  regards  hexoxydiphenyl  as  a  dipyrogallol,  and  hydroeoerulignone  as  its 
tetramethyl-dorivative : 

(CH^COH)^  fC°n-(OH)fOCH3)3 
(C"H-(OH)'  ,  ■lC»HX0II)(0Cff)2 

Hexoxydiphenyl.  HydrococruUgnono. 
AVliether  coerulignono  is  the  quinono  C'"II"'0",  or  the  quinhydrone  C'-H^'O'-,  cf 
hydroeoerulignone  is  not  yet  determined. 

Coerulignono  or  hydrocoorulignono  treated  with  strong  sulphuric  acid,  yields  two 
compounds,  C'^H'^O",  and  C'll'-D",  inhTincdiiite  l-etwicH  ccerulignone  and  hexoxy- 
diphenyl. The  first  forms  yellow  ui  iill.  s  ;  tli  ■  srcond.  wliich  results  from  prolonged 
action  of  the  acid,  is  an  amorphous  (uviii-c-ciiIiiui'imI  powder.  These  compounds  may 
be  regarded  as  coerulignone  in  which  one  and  two  atoms  of  methyl  aro  replaced  by 
hydrogen. 

To  ascertain  from  which  constituent  of  wood  coerulignone  is  produced,  pure  cellulose 
(Swedish  filter-paper  or  unbleached  calico),  oak-bark  and  beech-wood  were  severally 
subjected  to  dry  distillation.  Pure  cellulose  yielded  no  coerulignone  ;  2  lbs.  (  f 
oak-bark  yielded  only  doubtful  traces  ;  but  from  2  Ib'j.  of  beech-wood  no  less  than 
half  a  gram  of  pure  coerulignone  was  isolated,  thus  showing  that  it  is  derived  from 
some  ]ii!culiar  constituent  of  beech-wood. 

COFPES.  The  ash  of  the  undermentioned  jiarts  of  the  coffee-tree  grown  in 
Erazil  has  boon  analysed  by  H.  Ludwig  (Arch.  Pharm.  [3]  i.  482),  with  the  following 
results  : — 


11. 

III. 

- 

TI. 

VII. 

K-0    .    .  . 

lG-24 

3-99 

11-90 

1.5-.-)6 

1.5-87 

14-13 

44:03 

Na-0  .    .  . 

2-18 

C-6G 

1-13 

trace 

.5-10 

5-84 

6  85 

CaO    .    .  . 

27-0 1 

38-04 

20-82 

16-83 

21-92 

8-64 

4-89 

MgO  .    .  . 

0-39 

7-96 

.563 

4-62 

8-14 

8-01 

.    .  . 

:i-39 

O-03 

3-.58 

11-38 

7-12 

10-64 

1-96 

Mn'O'     .  . 

0--l.i 

trace 

0-40 

trace 

trace 

trace 

Al-0''  .    .  . 

7-8,3 

l-o9 

9-11 

trace 

4-19 

2-78 

trace 

SiO-  .    .  . 

G-16 

1-23 

9-60 

1.5-16 

9-25 

r65 

0-37 

CO-    .    .  . 

''7 -.').) 

2.5-16 

21-03 

20-13 

13-28 

8-34 

21-24 

P"0'  .    .  . 

'2-28 

11-30 

6-23 

9-90 

16-70 

1S-G5 

10-54 

SO^'    .    .  . 

2-20 

1-38 

3-99 

3-94 

1-95 

15-28 

1-G4 

CI  ...  . 

1-0.5 

0-2.5 

1-.5G 

1-34 

trace 

trace 

0  98 

I  .  .  .  . 

0-88 

- 

100-59 

100-02 

100-30 

100-84 

100-00 

99-99 

99-51 

I.  Koot  of  a  young  tree  in  bearing.  II.  Eoot  of  an  old  tree.  III.  Leaves. 
IV.  Pulp  of  the  pericarp.  V.  Parchment  like  coating  of  colfeo-beans.  VI.  Coffee- 
beans  grown  on  gneiss  soil.    VII.  Coffee-beans  grown  on  limestone  soil. 

The  amount  of  pliosphoric  acid  in  young  trees  increases  from  the  root  to  the  fruit 
and  its  separate  p;irts.  The  increased  proportion  of  this  acid  in  the  roots  of  old  trees 
is  remarkable. 
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From  analyses  of  the  asli  of  coffee-beans  of  vanoiis  gro-wtlis  made  by  Graham, 
Stenlionse,  and  Campbell  (i.  1071)  these  chemists  inferred  that  sodium-componnds 
and  silica  are  entirely  wanting  in  that  part  of  the  tree.  The  inference  is  not  borne 
out  by  the  present  analyses,  which  show  the  presence  of  considerable  quantities  of 
sodium.  The  silica  found  by  Ludwig  in  the  ash  of  the  beans  may,  he  thinks,  be  de- 
rived from  small  quantities  of  adhering  earth  ;  but  that  silica  is  an  essential  constituent 
of  other  parts  of  the  tree  is  clearly  shown  by  the  fact  that  it  increases  in  amount  from 
the  root  to  the  leaves  and  pulp,  decreases  in  the  parchment-like  coating  of  the  beans, 
and  suddenly  disappears  in  the  beans  themselves. 

The  influence  of  the  soil  upon  the  ash-constituents  is  shown  in  a  marked  manner  in 
the  amount  of  potash,  iron,  &c.,  in  columns  VI.  and  VII. 

COIiIiIDIWE,  C*H"N,  is  formed  bj- the  action  of  chlorethylidene  on  ammonia. 
When  chlorethylidene,  prepared  either  from  aldehyde  and  pentachloride  of  phosphorus 
or  from  ethyl  chloride  and  chlorine,  is  heated  to  160°  in  a  sealed  tube  with  alcoholic 
ammonia,  the  tuba  becomes  filled  in  the  coiu:se  of  twelve  hours  with  crystals  of  sal- 
ammoniac  ;  and  the  alcohol  holds  in  solution  an  oily  base  which,  if  aqueous  instead  of 
alcoholic  ammonia  be  used,  separates  at  once  as  a  layer  above  the  sal-ammoniac. 
When  dried  over  potash  and  rectified,  it  boils  at  180-182°,  and  in  odour  and  in  the 
characters  of  its  laeautifully  crystallised  platinum  salt,  it  exhibits  entirely  the  cha- 
racters of  coUidine.  This  base  and  sal-ammoniac  appear  to  bo  only  products  of  tho 
reaction  (Kramer,  Zeitsckr.f  Chem.  [2]  vi.  568). 

CoUidine  is  also  found  among  the  products  of  the  decomposition  of  aldehyde- 
ammonia  by  acids  (Kramer  a.  Pimner,  ibid.  470). 

COIiIiOBXON'.  A  very  tenacious  collodion  may  be  prepared  by  dissolving  collo- 
dion-pyroxylin in  a  mixture  of  etlier  and  absolute  alcohol,  and  adding  a  small  quantity 
of  copaiba  balsam  (Bottger,  Chem.  Centr.  1872,  745).  On  the  preparation  of  collodion 
for  photography,  see  also  Chem.  8oc.  J.  [2]  x.  272,  533.— On  the  preparation  of  collo- 
dion-paper, ibid.  337. 

E.  Zettnow  (Chem.  Centr.  1872,  361)  has  made  a  number  of  experiments  on  the 
sensibility  of  collodion  as  affected  by  the  varying  proportions  of  pyroxylin  and  iodising 
salts,  from  which  it  appears  that,  with  the  same  amount  of  pyroxylin,  a  certain  addition 
of  iodising  salts  increases  the  sensibility  of  the  collodion,  but  beyond  this  it  rather 
diminishes  this  sensibility.  The  limit  is  1^  per  cent,  of  a  solution  containing  20  per 
cent,  iodine  and  bromine,  in  the  proportion  of  3  parts  iodine  to  1  part  bromine,  added 
to  collodion  containing  J,  -J,  or  f  per  cent,  pyroxylin. 

The  collodion  should  not  contain  less  than  about  J  per  cent,  of  pyroxylin,  nor 
should  less  than  1-1  jj-  per  cent,  iodine-solution,  nor  more  than  about  2  per  cent,  be 
added.  The  raw  collodion  should  be  made  as  thick  as  possible,  and  iodised  so  that 
the  i^roduct  may  contain  from  I'o  to  1-75  per  cent,  of  iodine  and  bromine. 

COIiOPIIEirE.    See  Oils,  Volatile. 

COZiOPHOTrV.  This  resin,  usually  regarded  as  a  mixture  of  pinic,  sylvic,  and 
colopliolic  or  pimaric  acid,  consists,  according  to  Maly  (Aim.  Ch.  Pharm.  cxxix.  94  j 
cxxxii.  249;  and  Gmelin's  Handbook,  xviii.  2),  chiefly  of  able  tic  anhydride 
C"II"-0*,  together  with  a  volatile  oil.  Wlien  the  resin  collected  from  pines  or  larches 
is  freed  from  volatile  oil  by  heating  over  the  water-bath,  there  remains  an  amorphous 
yellow  mass,  which  softens  between  90°  and  100°,  is  of  a  syrupy  consistence  at  100°, 
and  dissolves  easily  in  alcohol,  ether,  and  chloroform  ;  this  body  has  the  composition 
of  abietio  anhydride. 

Abiotic  acid,  C"II^'0^  is  formed  by  the  combination  of  the  anhydride  with 
water,  and  may  be  prepared  by  digesting  powdered  colophony  for  a  week  with  alcohol 
of  70  p.  c.  whereby  it  is  converted  into  a  granular  mass.  By  redissolving  this  mass 
in  alcohol  of  90  to  92  p.  c,  precipitating  with  hot  water,  and  leaving  the  resinous 
precipitate  to  itself  for  one  to  three  weeks,  a  crystalline  mass  is  obtained  mixed  witli 
a  soft  brown  resin  which  may  be  removed  by  cold  alcohol ;  and  by  pressing  the  re- 
maining crystalline  mass  and  recrystallising  from  hot  alcohol,  abietie  acid  is  obtained 
in  irregular,  transparent,  pointed  crystals  belonging  to  the  triclinic  system.  It  has  an 
acid  reaction,  begins  to  melt  at  129°,  melts  completely  at  144°,  dissolves  in  carbon  bisul- 
phide, wood-spirit,  chloroform,  alcohol,  ether,  and  benzene.  It  is  bi  basic,  forming  mostly 
neutral  salts  ;  those  of  the  alkali-metals  are  -soluble  in  water  and  alcohol,  and  uncrys- 
tallisable.  The  neutral  barium,  calcium,  and  magnesium  salts  C^*H"-M'0^,  are  amor- 
phoiis  precipitates,  slightly  soluble  in  water,  easily  in  alcohol.  An  acid  magnesium  salt 
^Q4ijj;63Q5^2]y[g  jg  obtained  as  a  light  white  mass  resembling  magnesia,  by  boiling 
abietie  acid  with  magnesium  carbonate  and  pouring  the  filtered  liquid  into  a  largo 
quantity  of  water.  The  silver  salt,  C'^H^-Ag-O*,  is  a  white  pulverulent  precipitate, 
slightly  soluble  in  alcohol,  easily  in  aqueous  ammonia  and  in  ether.    Elhylic  Abietate 
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C"H''-(C-H^)-0',  oblaiiicil  by  decomposing  the  silver  salt  with  ethyl  iuJiJe,  is  a  clear 
yellowish  rather  soft  nrnss,  becoming  syrupy  at  100°,  decomposod  by  distillation,  with 
olimiuation  of  water,  insoluble  iii  watCT,  slightly  soluble  in  alcohol,  easily  in  ether 
and  ether-alcohol.  A  mixture  of  concentrated  alcoholic  abietie  acid  and  glycerin  de- 
posits, after  standing  for  a  fortnight,  small  white  crystals  of  abieti  n,  melting  at  125°, 
and  having,  according  to  Maly,  the  composition  C«H«iO^  =  8C^H«03  + C^'H«'0»-6H-0. 

Abietie  acid  in  alcoholic  solution  is  decomposed  by  hjdrocMork  acid  gas,  producing 
sy Ivic  and  Bylvinolio  acids : 

Abietie.  Syhlc.  Sylvinolic. 

Sylvie  acid  is  also  produced  wlien  a  hot  alcoholic  solution  of  abietie  acid  is  mixed  with 
sulplmric  acid.  Abietie  acid  tntmsAeA  vi'illx  2)hos])horiis  ]ientaMoride  yields  on  dis- 
tillation, a  volatile  oil  C"H™  called  by  Maly,  abietone,  besides  hydi-ochloric  acid  and 
phosphorus  oxychloride.  Fused  with  potanh  it  yields  propionic,  but  no  pyrocatechuic 
acid.  Sodium-amalgam  added  to  a  warm  alcoholic  solution  of  abietie  acid  converts  it 
into  the  sodium  salt  of  hydrabietic  acid  C^■'H'^«0^  This  acid  forms  white  fatty 
laminae,  melting  completely  at  160°  :  it  is  bibasic,  forming  neutral  salts  C^'H^^M-O^ 
(Maly). 

Streelier  {Ann.  CJi.  Pliarm.  cl.  131  ;  Zdtschr.  f.  Chem.  [2]  vi.  381)  denies  theexist- 
once  of  Maly's  abietie  acid,  and  regards  the  formula  C"H"'0^  as  founded  on  incorrect 
analyses.  He  points  out  that  the  so-called  abietie  acid  is  prepared  from  the  same 
material,  and  in  the  same  manner,  as  the  sylvie  acid  of  Unvcrdorben,  TrommsdoriF, 
iSiewert,  and  others  (v.  611),  'rroiniiisdorlf,  and  Siewert  in  particular,  not  havingused 
sulphuric  acid  in  the  prcpar;!!  inn,  liy  w  liieh,  according  to  Maly,  abietie  acid  undergoes 
transformation  ;  moreover,  th.it  th(,'  pnijiurties  of  abietie  acid,  as  described  by  Maly,  ex- 
hibit a  general  agreement  with  tliuse  of  sylvie  acid,  excepting  in  the  melting  point, 
which  lias  been  stated  by  various  authors  at  temperatures  ranging  between  1 29°  and  162°. 
Duvernoy  found  129°;  Maly's  own  statements,  made  at  different  times,  vary  between 
129°  and  165°.  For  these  reasons,  Strecker  regards  abietie  acid  as  identical  with  sylvie 
acid,  and  as  having  the  composition  C-''H^''0-.  The  same  view  is  held  by  Duvernoy  {Ann. 
Ch.  Pharm.  cxlviu.  143  :  Zeitschr.  f.  Chem.  [2]  v.  503).  See,  on  the  contrary,  Maly  {Ann. 
Ch.  Pharm. cxlix.  2U  ;  Zeitschr.  f.' Chem..  [2]  v.  304;  further ^m«.  CA. P/eam.  clxi.  1151). 

In  the  last  of  these  papers,  Maly  points  out  that  Strecker's  view  of  the  identity  of 
abietie  and  sylvie  acids  is  founded  chiefly  on  the  experiments  of  Duvernoy,  wlio 
obtained  an  acid  having  the  composition  C-"!!^"©-,  not  from  ordinary  colopliony,  but 
from  French  galipot,  which  is  a  very  different  material. 

To  throw  further  light  on  the  question,  Maly  has  repeated  the  preparation  of  tlie 
resin-acid  from  colophony  in  the  following  manner  : — Coarsely  pounded  colophony  is 
digested  for  two  days  with  weak  spirit,  the  liquid  then  poured  off  from  the  crystalline 
and  nearly  white  pulp,  and  the  latter  squeezed  in  a  press :  if  the  residue  is  not  quite 
white,  it  may  be  rendered  so  by  renewed  stirring  with  alcohol,  and  pressure.  A  con- 
siderable quantity  of  the  press-cake  is  dissolved  in  hot  stronger  alcohol,  and  the 
solution  is  left  to  itself  either  at  ordinary  temperatures,  or  in  a  cellar,  whereby  a  white 
crystalline  crust  (1)  is  obtained,  which  slowly  increases,  and  the  mother-liquor  when 
cooled  by  ice,  usually  solidities  to  a  pulp  of  loose  white  laminae  (2)  which  constitutes 
the  gi-eater  portion  of  the  product.  The  former,  especially  when  its  quantity  is  small, 
gives  by  analysis  numbers  approximating  to  the  formula  of  sj'lvic  acid  C-'°H^"0^,  but 
the  latter  is  found,  both  by  combustion  and  by  the  analysis  of  its  salts,  to  have  the 
composition  of  abietieacid  C^''H''''0*.  Great  care  is  required  in  the  analyses  on  account 
of  the  tendency  both  of  the  crystallised  acids  and  of  their  salts  to  absorb  oxygen 
from  the  air. 

The  abiotates  of  the  alkali-metals  were  found,  as  in  the  former  investigation,  to  be 
uncrystallisable.  The  most  definite  is  the  sodium  salt,  which  is  obtained  as  a  snow- 
white  flocculent  precipitate  floating  on  the  liquid,  either  by  decomposing  the  potassium- 
salt  with  sodium  nitrate,  or  by  dissolving  the  acid  in  caustic  soda  and  salting  out  with 
sodium  nitrate.  From  this  sodium  salt  the  following  salts  were  obtained,  by  double 
decomposition.  The  silvci-  salt  gave,  as  the  mean  of  eleven  determinations,  24*42  p.c. 
silver,  the  formula  of  the  abietate,  C"H''■-Ag=0^  requiring  24-37,  whereas  that  of  the 
sylvate,  C-'H-^AgO^,  requires  26'40.  The  barium  salt  gave  somewhat  variable  results, 
ranging  in  fifteen  determinations  from  16"05  to  17"65  p.c.  Ba  ;  the  .abietate  requires 
16-98,  the  sylvate  18-54  p.c*  The  zinc  salt  gave  11-02  p.c.  zinc  oxide,  whieli  agrees 
exactly  with  the  formula  C^'H^-ZnO^  whereas  (C-"H-"0-)-Zn  requires  12-14  p.c. 

*  It  is  somewhat  remarkable  that  some  of  the  silver  and  barium  salts  analysed  were  prepared  with 
a -id  of  the  first  crystallisation,  others  with  acid  of  the  second  crystallisation,  and  that  nevertheless 
all  appear  to  have  given  analytical  numbers  agreeing  most  nearly  with  the  formula  C"H"'0'.  ' 
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These  results  are  regarded  by  Maly  as  confirming  his  former  conclusion  that  the 
principal  constituent  of  colophony  is  ii  resin-acid  having  the  composition  C"H'*^0^:  it 
appears,  however,  to  be  mixed  with  a  small  quantity  of  another  acid  of  different  con- 
stitution, probably  C'"H^''0'. 

Colophony  oxidised  with  nitric  acid  yields  chiefly  isophthalic  acid,  together  with 
trimellitic  acid  and  a  resinous  acid  (J.  Schredor,  Deut.  Chem.  Gcs.  Ber.  vi.  413). 

COZiVIMCBXTES.    Syn.  with  Niobite  ;  see  Tantalates. 

CON-GHTTIOT.  This  name  is  applied  by  Eitthausen  to  the  legumin  of  almonds 
ami  of  lupines.    (See  Legumin). 

^  COITXNE.  C^H'^N.  Artificial  Formation  (Hugo  Schiff,  Ann.  Ch.  Pharm.  clvii. 
3,52.  Dent.  Chem.  Gcs.  Ber.  v.  42).  When  butyric  aldehyde  is  acted  upon  by  alcoholic 
ammonia  at  temperatures  not  above  100°,  two  bases,  dibutyraldine,  C^H"NO,  and 
tetra-butyraldine,  C'H-NO,  are  produced;  the  former  by  condensation  of  two,  the 
latter  by  condensation  of  four  molecules  of  butyraldehyde,  with  assumption  of  the 
elements  of  ammonia  and  elimination  of  water  : 

2C^H«0  +  Nff  -  H-0    =  C^Hi'NO 

Dibatyraldine. 

4Cm«0  +  NH'  -  SH^O  =  C>«H=^NO ; 

Tetrabutjraldiue. 

The  former  of  these  bases,  when  subjected  to  dry  distillation,  yields,  among  other  pro- 
ducts, a  volatile,  oily  base,  having  the  composition  and  many  of  the  properties  of 
Conine  from  hemlock: 

C«H'-NO  -  H=0  =  CH'^N. 

Preparation.  1.  Butyric  aldehyde  heated  for  two  months  with  alcoholic  ammonia 
at  about  30°,  then  for  one  day  at  100°,  afterwards  neutralised  with  hydrochloric  acid, 
and  fractionally  precipitated  with  platinic  chloride,  yielded  a  yellow  flocculeut  pre- 
cipitate of  tetra-butyraldine  platinochloride2{C^^W^^O.'&Oi).'PtCl*  forming  the  greater 
part  of  the  product ;  and  the  mother-liquor  gave  by  further  treatment  a  small  quantity 
of  a  yellow  crystalline  powder  consisting  of  dibutyraldine  platijxochloride,  2(C'*H"N0. 
HCl).PtCl'. 

This  last  compound,  decomposed  with  hydrogen  sulphide  and  treated  with  concen- 
trated potash-ley,  yielded  free  dibutyraldine.  On  distilling  this  base  with  sand  in 
an  oil-bath,  water  and  oily  products  passed  over ;  and  the  distillate,  freed  from  am- 
monia by  gentle  heating,  neutralised  with  hycbochloric  acid  to  separate  tarry  sub- 
stances, concentrated,  and  mixed  -with  platinic  chloride,  yielded  a  precipitate  -which  by 
recrystallisation  from  alcohol,  was  obtained  as  an  orange-coloured  crystalline  powder, 
having  the  composition  of  conine  platinochloride  2(C''H'^N.HCl).PtCK  From 
this  salt  the  base  C'H'^N  was  separated  by  means  of  potash  and  ether. 

2.  About  half  a  kilogram  of  butyric  aldehyde  was  mixed  with  an  alcoholic  solution 
of  ammonia  and  placed  in  sunshine  during  the  summer  months;  but,  instead  of 
neutralising  with  hydrochloric  acid,  and  treating  the  solution  with  platinic  chloride  as 
above,  the  alcohol,  ammonia,  and  unaltered  butyric  aldehyde  were  separated  by  distil- 
lation, the  brown  syrupy  residue  was  heated  for  a  day  to  130°-150°,  and  the  volatile 
portion  distilled  ofi'  in  a  current  of  steam.  The  tarry  residue  was  then  heated  in  sealed 
tubes  to  200°,  and  again  distilled  with  steam.  On  removing  the  basic  portion  of  the 
oily  distillate  with  hydrochloric  acid,  decomposing  the  resulting  hydrochloride  with 
potash,  and  repeatedly  distilling  the  basic  oil  thereby  separated  in  a  stream  of  hydrogen, 
a  portion  boiling  at  166°-170°  was  gradually  ©bfciined,  then  a  second  portion  between 
175°  and  195°,  and  a  tliird  between  205°  and  215°.  The  greater  portion  of  the  first 
fraction  boiled  at  168°  and  had  the  composition  of  conine. 

The  base  C^H'^N  obtained  by  either  of  these  processes  exhibits  in  the  highest  degree 
the  odour  of  natural  conine,  and  exerts  a  similar  and  equally  violent  poisonous  action 
on  the  animal  organism.  It  is  very  slightly  soluble  in  water,  the  solution  becoming 
milky  when  heated  and  clear  again  on  cooling.  Its  solution,  containing  free  hydro- 
chloric acid,  becomes  light  red  when  evaporated,  afterwards  violet,  or,  in  presence  of  a 
strong  hydrochloric  acid,  blue-green.  When  it  is  left  to  evaporate  under  a  bell-jar 
over  strong  sulphuric  acid,  the  acid  acquires  a  deep  red  colour.  Chlorine-water  produces 
in  the  aqueous  solution  a  white  precipitate  soluble  in  hydrochloric  acid.  lodated 
potassium  iodide  produces  a  brown  precipitate  soluble  in  excess  of  potassium  iodide. 
The  base  precipitates  cuprie  hydrate  fromcupric  sulphate,  and  silver  oxide  from  the 
nitrate  of  silver.  With  mercuric  chloride  a  thick  yellow  precipitate  is  formed,  which 
unites  into  a  viscid  mass.  A  small  quantity  of  the  base  introduced  into  a  drop  of 
auric  chloride  forms  a  viscid  yellow  precipitate  which,  in  a  few  hours,  becomes  deep 
violet,  yielding  reduced  gold. 
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All  these  roactions  are  exactly  like  those  of  natural  conino ;  in  the  followiua;  re- 
actions, however,  differences  are  observed.  Natural  conino,  evaporated  with  strong 
hydrochloric  acid,  acquires  a  deep  indigo-bluo  colour  ;  whereas  the  artificial  base 
becomes  only  greenish-blue.  The  precipitation  of  silver  oxide  by  natural  conine  at 
ordinary  temperatures  takes  place  immediately ;  artificial  conine  produces  the  same 
effect  after  some  time  only  :  immediately,  however,  at  slightly  higher  temperatures 
(about  -10°).  The  above-mentioned  violet  reaction  -with  auric  chloride  takes  place 
much  more  quickly  with  natural  than  with  artificial  conine.  The  platinochloride  of 
the  artificial  base  is  less  soluble  in  "watcf  than  that  of  natural  conino.  The  artificial 
base  differs  also  from  natural  conine  in  having  a  greater  coefficient  of  expansion,  in 
being  less  soluble  in  water,  and  in  having  no  action  on  polarised  light.  The  artificial 
variety  is  distinguished  as  paraconine. 

To  determine  the  constitution  of  conine  and  paraconine,  the  follo-wing  considerations 
are  adduced: — DibutjTaldino,  0*H"lSrO,  is  susceptible  of  two  isomeric  modifications,  ac- 
cordingly as  the  two  aldehyde-residues  which  it  contains  are  linked  tugether  liy  a 
nitrogen-atom  or  by  carbou-atoms,  viz. : 

.-•OH 

CII^-CH-— CH-— CH\  CH -CIP— Cir-- OIP 

I.  >N  II.    II  -OH 

cip- cn-— CH-— CH*^  cn— cip— cn--cii 

and  these,  by  elimination  of  H'O,  give  three  isomeric  conines,  the  first  derived  from 
butyKildino  I.,  the  second  and  third  h'om  butyraldiue  II. 

CH'-CH-— Cn=:CH\ 
I.  /N 
CIP-CH^-  -CH— CH  / 

r'll— CII--CU-— ClI— CIP-CIP— CH' 
II.    II  III. 

OH— CH=— CH— CH- XIP  CH-OH-— Off— CHrrNII. 

Natural  conine,  -which  contains  one  atom  of  replaceable  hydrogen  (ii.  .5").  and  in 
wliichthe  group  0*H'*(conylene)  is  bivalent  (ii.  064)  is  represented  by  the  third  Ibrmuhi. 
y\rti(ieial  conine  contains  no  replaceable  hydrogen,  inasmuch  as  no  separation  of 
watrroi'curs  on  heating  it  with  osnanthol;  and  when  treated  with  ethyl  iodide,  it  yiehls 
tho  iodide  of  an  ammonium  base,  the  oxide  of  which  is  a  bitter,  alkaline,  easily  decum- 
po.siblc  syrupy  liquid  ;  its  constitution  may  therefore  be  represented  by  the  formula  I. 

Otlier  isomerides  of  conine  may  perhaps  be  formed  from  isobutyric  aldehyde,  or 
from  a  mixture  of  this  with  normal  butyric  aldehyde. 

The  portion  of  the  oily  distillate  obtained  in  the  second  mode  of  preparing  para- 
conine (p.  380)  which  boils  above  200°,  contains  the  base  C'"H-'N,  derived  from  tetra- 
but^Taldine.  This  base  is  formed  also  in  small  quantity  by  the  distillation  of  para- 
conine: thus — 

2CSH"N  =  NH'  +  C"^H-'N. 

It  boila  at  210°,  and  has  a  specific  gi-avity  of  0-915  at  1.5°. 

Tho  base  C"'H''-'N  obtained  by  Ljubaven  from  valurahkhyde  is  doubtless  the  10- 
carbon  paraconine.    Its  constitutional  formula  is — 

OT.  CIP 

>CH— Cn=CH— N=CII-CH— CII 
CIP-^  -CJP 

0),lio;iHy  active  valeraldehyde  w-ould  probably  yield  the  corresponding  lioniologue  of 
naturil  coniue  (tiehitf ). 

COKia-SSCTIVE  TISSUE.    It  is  not  yet  drMiiItcly  nsr.Tf;iiiie<l  in  how  far  the 

eonnectivc  li-  ui'  of  tlir  i  nvri  I  rl  ,rata  agrees  w-ith  tli:it  of  "the  vrrli'lir.il;i,  or  in  how  far 

it  is  to  ]<r  cniivi,!,.,-!'.!  :!s  1 1'  'iiibryonal  tissue.  5Iiri-oM-o|.iciil  i iiv.^t ' ion  has  sho-wn 

tliat  till' ri,nii.'riivn  llsMir  ,:|'  iiivertebrata,  mostly  corre,spond;s  in  .-ipi.eanMice  with  the 
coiiiM'i'tivr  t  i>siir  of  tlir  vn-i -1, rates.  Only  in  some  groups  is  mucous  tissue  found 
{Or/r„/,'nif,i,  r,r,j,r.-^.  H,,'r,o/,n,/i,),  while  the  fibriUar  ti.'^sue  is  found  only  in  tlio 
('rjj/i,i/ojH  i/if,  , ■:]]■]]]:, 'jr  only  in  llie  Ccphalojioda  and  in  t.lie  lingual  cartilage  of  tho 
Giixti-ropoJii,  whilr  lionr  (!o,  s  not  exist  in  tho  invcrtebrata  at  all.  Tho  question  to 
determine  \yas  -wbrlhcr  all  llii  so  tissues  reiilly  agree  with  their  liomologues  in  tho 
vertelirata,  in  clieiiiicil  eonip  -sition,  and  whether  gelatin  might  lie  obtained  from  them. 

A  imiiilier  of  vineyiird  snails  were  boiled  for  some  time.  Thr  decoction  did  not 
gelatinise.    It  was  conipletely  preeipita.tcd  liyaeetie  arid,  nnd  Wwv  uiu.st  lie  regarded 
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as  chondrin,  or  some  similar  substance.  It  could  be  converted  into  chondro-glucose 
by  boiling  with  hydrochloric  acid.  A  similar  result  was  obtained  with  fresh  specimens 
of  Anodonta  and  Unio. 

The  Gasteropoda  and  LamelUhrancJdata  therefore  possess  a  connective  tissue  nearly 
allied  to  the  connective  tissue  of  vertebrates.  They  differ,  however,  from  the  CcpJia- 
lopoda,  for  Hoppe-Seyler  obtained  from  these,  specimens  of  pure  gelatin  free  from 
chondrin. 

To  determine  whether  the  pen  of  the  Sepidm  and  Loligidce  contained  a  substratum 
of  connective  tissue,  the  salts  were  dissolved  out  by  hydrochloric  acid,  and  the 
framework  boiled  in  closed  tubes  for  twenty  hours.  The  decoction  did  not  gelatinise, 
but  became  turbid  when  cold.  This  substance  was  insoluble  in  alcohol,  but  soluble 
in  acetic  acid  and  sodium  acetate.  Ferro-cyanide  of  potassium  caused  no  precipitate. 
The  other  characters  show  that  the  stroma  of  the  sepia-pen  is  not  conchiolin,  as  might 
have  been  supposed  from  its  homology  with  the  shells  of  molluscs.  It  would  appear 
that  in  the  cophalopods  the  chitin  of  the  arthropods  and  the  connective  tissue  of  the 
vertebrata  are  combined.  No  gelatin  or  similar  substance  could  be  obtained  from 
cockch.'ifers,  which  were  under  analysis  for  chitin  (Froricp,  Tfluger's  Archiv.  f, 
Phijsiologic,  1872,  320). 

COPPER.  A  specimen  of  supposed  native  copper  found  in  a  cargo  of  copper  pyrites 
from  the  Tharsis  mines  in  Spain  is  described  by  H.Bowman  {Chem.  News,  xxiii.  19). 
It  weighs  2^  lbs.,  has  a  specific  gravity  of  8'4,  and  varies  in  colour  in  different 
parts  from  copper-red  to  almost  white,  with  a  hackly  fractm-e.  The  interior  is  full 
of  cavities  above  shot  size.    Its  composition  is  : 

Cu         Fo  Zu  Ni  Co         Sb.  As.         S.  0. 

84-80     5-5  i     trace       0  78      0-14      0-50        7-10      073    0-41  =  99-50 

On  the  oeciu-rence  of  copper  in  Cajuput  oil,  see  page  231. 

Sclcniimi  in  Copper,  According  to  Violette  (Compt.  rend.  Ixx.  729),  commercial 
copper  sometimes  contains  selenium.  To  separate  this  element,  the  metal  is  first 
oxidised  in  a  mufifle-farnace,  and  the  oxide  thus  formed  is  heated  to  redness  for  several 
hours  in  a  stream  of  pure  dry  air.  If  the  copper  contains  selenium,  there  is  found 
after  some  time  at  the  end  of  the  tube,  a  white  volatile  crystalline  ring  which  exhibits 
all  the  reactions  of  solenious  acid.  In  this  manner  the  selenium  may  be  not  only  de- 
tected, but  estimated. 

Alloy  s  of  Copper  vnth  C  oh  alt  and  Manganese.  With  cobalt,  copper  forms 
ductile  and  malleable  alloys  which  fuse  at  about  the  melting  point  of  copper.  Man- 
ganese has  a  great  affinity  for  copper.  Alloys  containing  3,  5,  8,  12,  15,  and  20  p.c. 
manganese  have  been  prepared ;  they  all  greatly  resemble  the  alloys  of  copper  and 
tin,  are  very  hard  and  sonorous,  and  fuse  readily.  The  alloy  containing  1 5  p.c.  man- 
ganese is  grey,  very  hard  and  brittle,  melts  like  bronze,  may  be  readily  cast,  and 
does  not  appear  to  alter  by  keeping.  The  12  p.c.  alloy  is  still  brittle ;  it  is  grey  after 
rolling,  but  soon  acquires  a  brass-yellow  colour.  The  alloys  containing  less  manganese 
are  ductile,  and  may  be  hammered  out  into  plates  as  thin  as  brass-foil  (Valenciennes, 
Compt.  rend.  Ixx.  319). 

Elcctrodeposition  of  Copper  and  Brass.  A  solution  containing  one  pound  of 
cuprio  sulphate  and  one  pound  of  sulphuric  acid  to  the  gallon  of  water,  deposits  the 
metal  in  a  solid  compact  mass,  with  a  somewhat  botryoidal  surface.  The  addition  of 
one  ounce  of  zinc  sulphate  (as  recommended  by  Napier)  annuls  this  botryoidal  form, 
and  renders  the  deposit  tough,  compact,  and  even.  Prom  a  solution  containing  a 
greater  proportion  of  zinc  sulphate  the  metal  is  deposited  in  tufts  of  needles  standing 
at  right  angles  to  the  surface  of  the  metal.  Ordinary  electro-brassing  solutions  show 
the  same  peculiarity  in  even  a  more  marked  degree,  and  this  makes  it  impossible  to 
produce  a  good  deposit  of  more  than  O'Ol  to  0'03  inch  in  thickness.  This  form  of 
deposit  is  owing  chiefly  to  a  copious  evolution  of  hydrogen  taking  place  during  its 
formation.  But,  by  employing  a  solution  containing  both  the  oxides  and  the 
cyanides  of  the  coiistitTient  metals,  together  with  some  neutral  ammonium  tartrate, 
tills  evolution  of  hydrogen  may  usually  bo  avoided,  or,  should  it,  nevertheless, 
take  place  to  a  slight  extent,  it  may  be  entirely  stopped  by  the  addition  of  cupric 
ammonldc.  Such  a  solution  yields  brass  of  a  uniform  character,  and  the  deposit, 
which  may  be  obtained  of  any  desired  thickness,  is  tough,  and  has  a  compact,  even 
texture.  As  there  is  no  evolution  of  hydrogen,  no  electric  force  is  wasted,  and  perfect 
results  may  be  obtained  with  a  single  Wollaston's  or  Smeo's  cell  (W.  H.  Waleim, 
Phil.  Mag.'[4]  xli.  41). 
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Absorption  of  Gases  b^/  Electro-deposited  Copper  {U.  'Lmz,  J.  pr.  Chun. 
cviii.  438). — Copper  precipitated  by  electrolysis  from  a  solution  of  cupric  sulphate 
contains  a  certain  quantity  of  gaaes  wliich  escape  on  ignition.  Taking  the  volume  of 
the  copper  =  1,  the  composition  of  the  gaseous  mixture  in  volumes  per  cent,  is  found  to 
bo  77'3  hydrogen,  8-4  carbon  oxide,  11 -1  carbon  dioxide,  and  3-2  water-vapour. 

Re  actions  of  Copper  -  compounds.    Cuprous  oxide  dissolves  in  a  strong  solu- 
tion of  magnesium  chloride  even  in  the  cold,  more  easily,  however,  at  tne  boiling  heat, 
with  separation  of  magnesium  hydrato  and  formation  of  cuprous  chloride.  Cuprous 
and  ferrous  oxide  and  chloride  in  the  manner  as  shown  by  the  equations  : 
Cu-0  +  PeCr-  =  Cu'CP  +  FcO 
Cu=Cr-  +  FeO    =  Cu=      +  FeCl-  +  Fe^O». 
The  final  result  of  tlio  action  of  cuprous  oxide  on  ferrous  chloride  may  be  represented 
by  the  equation : 

3Cu=0  +  2FcCP  =  2CuX'r-  +  Cu=  +  Fe=0^. 
The  reaction  between  cupric  chloride  and  ferrous  oxide  is  represented  by  the 
equations : 

2CuCP     +      3FeO     =.     Ctt-CP     +     FeCl-     +  Fo-O' 
and  2CuCl=     +       6FeO     =     2Fe'-0-'     +    2FeCl-    +  Cu-. 

Cupric  oxide  is  decomposed  by  ferrous  chloride  in  the  following  m;inucr  : 

3CuO  +  2FoCP  =  Cu-Cr-  +  GuCl-  +  Fe-0^ 

The  insolubility  of  the  cuprous  chloride  renders  the  action  very  slow ;  but  if  common 
salt  be  added,  and  the  liquid  heated  so  as  to  increase  the  solubility  of  the  ciiprous 
chloride,  the  transformation  is  rapid  and  complete  (T.  Sterry-Hunt,  Compt.  rend. 
Ixix.  1357). 

Aluminium  immersed  in  a  solution  of  cupric  sulphate  or  nitrate  does  not  act  upon 
it  at  first,  but  after  two  days,  the  foil  becomes  covered  with  crystals  consisting  partly 
<jf  dendrites,  but  for  the  most  part  of  well-defined  octoliedrons.  A  solution  of  the 
nitrate  yields,  together  with  metallic  copper,  a  green  insoluble  powder  consisting  of  a 
liasic  salt.  Copper  is  immediately  precipitated  by  aluminium  from  a  solution  of 
cupric  chloride,  and  likewise,  though  more  slowly,  from  the  acetate.  The  reduction 
also  fcikes  place  immediately  when  to  the  solution  of  the  sulphate  or  nitrate  there  is 
added  a  small  quantity  of  a  very  dilute  solution  of  an  alkaline  chloride,  the  precipita- 
tion being  complete  if  a  sufficient  quantity  of  aluminium  is  present  (Cossa,  11  iniovo 
Cimento  [2]  iii.  75). 

Detection  of  Copper.  According  to  F.  Bellamy  {Zciisch:  anal.  Chcm.  ix.  382), 
a  five-millionth  part  of  copper  or  iron  may  be  detected  in  water  by  the  blue  colour 
produced  by  addition  of  an  alcoholic  extract  of  logwood,  whereas  the  bicarbonatcs  of 
the  alkalis  or  alkaline  earths  merely  chajigc  the  yellow  colour  of  the  tincture  to  a 
light  reddish  violet.  An  excess  of  hoemotoxylin  gives  rise  to  the  formation  of  blue 
flocks,  which  may  be  further  examined  for  copper  or  iron. 

Schonbein  observed  {ihid.  viii.  67),  that  nearly  all  copper  salts,  in  presence  of  hyilro- 
cyanic  acid,  impart  to  solutions  of  guaiacum,  and  to  starch-paste  containing  potassium 
iodide,  a  deep  blue  colour.  Brown  cupric  cyanide  and  green  cuproso-cupric  cyanide 
produce  this  reaction  even  in  very  dilute  solutions.  Further,  it  is  found  by  E.  Schar 
{ibid.  ix.  93  and  109),  that  cupric  cyanate,  sulphocyanate,  and  ferricyanide  also  possess 
this  property,  whereas  cupric  ferrocyanide  acts  only  on  guaiacum,  not  on  potassium 
iodide.  All  soluble  cyanides,  ferrocyanides,  ferricyanides,  suli^hoeyanates,  and  nitro- 
prussides  are  capable  of  indicating  the  presence  of  traces  of  cupric  salts  by  the  blueing 
of  guaiacum.  A  solution  containing  only  j-^jj  p.e.  of  cupric  sulphate  is  still  colouretl 
very  distinctly  blue  by  the  addition  of  a  little  prussic  acid  and  tincture  of  guaiacum.  In 
carrying  out  this  mode  of  detection,  A.  Ae  {ibid.  ix.  901)  recommends  the  addition 
of  a  few  drops  of  chloroform  to  tlio  mixture,  which  is  to  be  gently  agitated  anrl  left 
to  stand.  The  chloroform  then  acquires  a  deep  blue  colour,  even  if  the  dilution  is  so 
great  that  no  change  of  colour  is  perceptible  in  the  aqueous  liquid. 

Quantitative  Estimation.  At  the  Mansfcld  (■(,]i]>('t  works,  the  quantity  of 
copper  in  poor  ores  and  schists  was  formerly  estirimi I -y  Hose  's  method,  as  cuprous 
sulphide  {\st  8upp)l.  492),  and  in  the  richer  reguli  (  luihslcine  and  Spursteine),  hy  the 
Swedish  method  of  precipitation  with  metallic  iron.  Both  those  methods,  however, 
require  too  much  time  to  be  available  for  the  metnllurgio  assaying.  Tlio  directors, 
therefore,  in  1867,  offered  a  prize  for  the  discovery  of  a  process  which  could  be  com- 
pleted in  five  or  six  hours,  and  should  yield  results  lying  between  fixed  limits  of 
error.    Out  of  sisteon  essayr^,  the  prize  was  adjudged  to  only  one,  namely  that  of 
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Steinbeck,  as  fulfilling  all  tho  roquirod  conditions ;  but  liouourable  mention  was 
also  made  of  a  second,  by  0.  L  u  c  k  o  w,  for  its  simplicity,'  cheapness  and  elegance. 

1.  Steinbeck  digests  5  grams  of  the  finely  pulverised  schist  with  40  to  50  c.  c. 
of  common  hydrochloric  acid  of  sp.  gr.  1'16  ;  allows  the  carbonic  anhydride  to  escape  ; 
and  adds  to  all  bituminous  ores,  6  c.  c.  of  a  mixture  of  equal  volumes  of  water  and 
pure  nitric  acid  of  sp.  gr.  1'2,  to  non-bituminous  or  previously  roasted  ores,  only 
1  c.  c.  After  half  an  hour's  digestion,  the  liquid  is  boiled  briskly  for  ten  to  fifteen 
minutes,  whereby  the  whole  of  the  copper  is  dissolved,  together  with  the  other  metals 
present  (the  residue  being  found  to  contain  not  more  than  O'OS  p.c.  copper),  and  all 
the  nitric  acid  together  with  lower  oxides  of  nitrogen  is  driven  oif.  Tlie  solution  is 
filtered  into  a  beaker-glass,  in  wliich  is  placed,  upon  a  strip  of  platinum  foil,  a  bar  of 
zinc  as  free  as  possible  from  lead,  weighing  about  8  grams.  In  half  or  three-quavters 
of  an  hour  the  whole  of  the  copper  is  precipitated ;  the  excess  of  zinc  is  then  removed, 
and  the  spongy  metallic  precipitate  is  washed  by  decantation  with  spring  water.  This 
precipitate  is  treated  with  8  to  16  c.  c,  according  to  its  quantity,  of  the  above-mentioned 
nitric  acid  mixture,  and  dissolved  at  a  gentle  heat ;  the  solution,  after  cooling,  is  mixed 
with  10  c.  c.  of  a  mixture  of  2  vols,  water  and  1  vol.  ammonia  of  sp.  gr.  0-93  (if  16  c.c. 
of  nitric  acid  have  been  used,  tho  liquid  must  be  previously  diluted  to  100  c.  and 
halved  with  a  pipette).  The  next  step  is  the  titration  of  the'  copper  with  solution  of 
potassium  cyanide  (ii.  58),  1  c.  c.  of  which  indicates  O'OOo  gram  of  copper,  so  that  as 
5  grams  of  substance  were  taken  for  the  assay,  1  c.  c.  indicates  O'l  p.c.  copper.  The 
termination  of  the  experiment  is  indicated  by  the  complete  disappearance  of  the  blue 
colour.  With  constant  use  the  change  in  the  strength  of  the  standard  solution  is 
inconsiderable;  indeed,  it  need  not  be  redetermined  more  than  once  a  week,  as  tho 
alteration  is  barely  perceptible  even  in  a  fortnight.  By  the  preceding  process  six 
samples  of  ore  may  easily  be  assayed  in  four  hours. 

When  the  directions  above  given  are  closely  oliserved,  tho  variations  in  tho  amount 
of  ammonium  nitrate,  free  ammonia,  lead,  and  zinc  in  tho  liquid  to  be  assayed,  do  not 
affect  the  final  result  by  more  than  O'Oo  p.c.  Greater  variations  may  arise  from  per- 
forming tho  titration  at  a  higher  temperature,  on  which  account  the  ammoniacal 
copper  solution  must  be  previously  cooled. 

2.  L  u  c  k  0  w  precipitates  the  copper  electrolytically.  He  finds  that  oven  proportion- 
ately weak  voltaic  currents  are  capable  of  precipitating  copper  in  beautiful  regulino 
form  from  solutions  not  containing  more  than  O'l  gram  nitric  acid  in  the  cubic  centi- 
meter (nitric  acid  of  sp.  gr.  1-2  contains  0-32  gram  in  the  cubic  centimeter).  'From 
the  acid  solution  the  following  metals  are  not  precipitated  by  the  cttrrent :  zinc,  iron, 
nickel,  cobalt,  chromium,  tho  earth-metals,  alkaline  earth-metals  and  alkali-metals. 
On  the  other  hand,  lead  and  manganese  are  completely  precipitated  at  the  positive 
pole  as  peroxides,  silver  only  partially ;  easily  oxidisable  sttbstances,  organic  or  inor- 
ganic, ferrous  oxide,  for  example,  retard  the  precipitation  at  the  negative  pole, 
mercury,  silver,  copper  and  bismuth  are  deposited  in  regulino  form,  the  mercury  first, 
which  afterwards  forms  an  amalgam  with  the  copper.  From  arsenic  and  antimonic 
acids,  arsenic  and  antimony  are  separated  some  time  after  the  precipitation  of  the 
copper. 

In  the  application  of  this  method  for  assaying  purposes,  the  copper  schist  (2  grams) 
is  first  roasted,  with  stirring,  for  six  or  seven  minutes  on  an  iron  crucible  cover  or  in 
small  porcelain  crucibles.  Tho  roasted  product  in  introduced  by  means  of  a  bent 
card  into  a  small  beaker  glass,  washed  off  the  sides  of  tho  glass  with  2  or  3  c.  c.  of 
nitric  acid,  sp.  gr.  1'2,  and  mixed  with  10  to  15  drops  of  strong  sulphuric  acid.  The 
whole  is  then  gradually  heated  on  a  sand-bath,  and  at  last  strongly  enotigh  to  drive 
off  all  the  sulphuric  acid.  To  prevent  spirting,  tho  liquid  is  covered  with  a  perforated 
watch-glass  (or  a  wide-necked  funnel).  The  evaporation  may  be  accelerated  by 
additiou  of  10  to  20  drops  of  hydrochloric  acid,  but  even  then  it  takes  from  an  hour  to 
an  hour  and  a  half.  When  the  liquid  has  cooled,  the  watch-glass  (or  funnel)  is  rinsed 
with  nitric  acid  of  sp.  gT.  1-2  diluted  with  6  vol.  water,  the  beaker  is  filled  to  one- 
half  with  the  same  liquid,  and  a  few  drops  of  tartaric  acid  are  added.  For  the  pro- 
clpitatioa  of  tho  copper,  a  platintim  wire  half  a  line  thick,  7|  inches  long  and 
rolled  up  for  f  of  its  length  into  a  flat  spiral  like  a  watch-spring  is  used  as  the 
positive  pole.  If  tho  liquid  above  tho  evaporation-residue  is  very  turbid,  1  or  2 
c.  c.  of  a  strong  solution  of  barium  nitrate  is  added,  and  mixed  witli  the  liquid  by 
moving  the  spiral  up  and  down.  Tho  acid  liqtiid,  after  standing  for  a.  while,  remains 
only  slightly  turljid.  The  negative  pole  is  formed  of  a  cylinder  of  platinum  foil  2^ 
inches  long,  1|  inch  broad,  and  immersed  in  the  liquid  to  three-fourths  of  its  length, 
so  that  it  remains  separated  from  the  spiral  by  about  l.\  line.  The  circuit  having 
been  closed,  tho  termination  of  the  copper  precipitation  is  easily  ascertained  by  im- 
mersing the  platinum  cylinder  deeper  in  the  liquid,  after  addition  of  dilute  nitric  acid, 
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and  oLserviiig  -whether  any  fiii-tlier  deposition  of  copper  takes  place  on  the  clean  part ; 
if  the  battt'ry  is  sufficiently  strong,  the  precipitation  is  usually  completed  in  about 
eiglit  hours.  The  iiicrease  of  weight  of  the  platinum  foil,  after  washing  with  water, 
rinsing  with  alcohol  and  drying,  gives  the  quantity  of  copper  present.  For  the  assay- 
ing of  poor  ores,  the  current  should  be  capable  of  evolving  from  16  to  25  c.  c.  of 
detonating  gas  in  half  an  liour ;  for  richer  ores  and  reguli  (containing  more  than  60  p.c. 
copper)  a  current  is  required  capable  of  evolving  from  60  to  75  c.  c.  of  detonating  gas 
in  the  same  time.  Silver  must  bo  removed  with  very  dilute  hydrochloric  acid,  the 
liquid  made  up  to  200  c.  c,  and  the  washing  of  the  copper  in  the  beaker  effected  by 
displacing  the  mother-liquor  with  a  stream  of  water. 

Further  details  of  this  methotl,  especially  with  reference  to  the  assaying  of  rich  ores 
and  reguli,  and  such  as  contain  consideraljlo  quantities  of  iron  are  given  in  the 
Zcltschrift  fiir  Analj/tischo  Ckcmie  xi.  Jahrgang,  1-16.  In  ores  containing  from 
17  to  2-1  p.c.  iron  difficidties  arise  from  the  action  of  nitrogen  dioxide  or  ferrous  oxide, 
which  takes  place  simidtaneously  witli  the  reduction  of  the  copper  at  the  negative 
polo,  the  metallic  solution  acquiring  a  brown-black  colour,  which  increases  as  the 
precipitation  of  the  copper  goes  on,  especially  outside  the  platinum  cylinder,  where 
the  action  of  oxygen  is  but  slight,  whereas  within  the  cylinder,  where  oxygen  is 
evolved  in  excess,  no  such  coloration  takes  place.  This  coloration  is  avoided  by  using 
for  tho  negative  electrode,  instead  of  the  cyliiuli  r,  n  liollow  cone  of  platinum  having 
several  slits  in  its  side.  A  negative  electrm I. ■  iliis  toi-ui,  not  only  prevents  loss  by 
the  spirting  of  the  oxygen-bubbles,  but  likuuisc  allows  the  oxygen  evolved  at  tho 
inner  surftico  of  the  cone  to  escape  through  the  .-^lits  to  tho  outer  side,  whereby  the 
partial  reduction  of  the  ferric  to  ferrous  oxide,  and  of  the  free  nitric  acid  to  nitrogen 
dioxide,  and  consequently  the  black-brown  coloration  of  the  liquid,  is  prevented.  For 
highly  ferruginous  samples,  the  current  must  be  strong  enough  to  yield  from  100  to 
120  c.  c.  of  detonating  gas  in  half  an  hour. 

The  copper  precipitated  as  above  described  is  often  covered  with  a  brown  or  black 
film  of  some  foreign  substance,  which,  when  tho  quantity  of  copper  is  small,  may 
render  the  result  of  the  analysis  inexact.  Tho  quantity  of  this  M.ick  d(  ]"i^ii.  is  too 
small  to  allow  of  the  determination  of  its  nature  by  analysis  ;  but  s\  ni  In  i  ie:il  experi- 
ments have  shown  that  arsenic  and  selenium  are  separated  by  the  eleeli-ie  current, 
but  later  than  the  copper,  which  tlierd'ui-e  lie,>omes  coated  with  those  substances. 
Antimony  and  bismuth  have  not  1m  i  n  di  t,  I'le.l  in  the  schists  and  furnace-products  of 
Mansfeld.  It  has  lately  been  found  that  .-selenium  may  bo  completely  precipitated  by 
tho  electric  current  from  nitric  acid  solutions.  In  many  cases,  however,  the  grey- 
black  colorations  of  the  copper  appear  to  owe  their  origin  to  traces  of  hydrochloric 
acid  in  the  solution :  indeed  they  aro  produced  by  the  addition  of  extremely  small 
quantities  of  this  acid. 

The  whole  of  the  lead  contained  in  the  solution  mostly  separates  as  peroxide  on  the 
spiral  which  forms  the  positive  pole,  and  must  be  estimated  gravimetrically.if  its  quantity 
is  not  great.  'Wlien  larger  quantities  are  present,  piirt  attaches  itself  to  the  pilatinuni 
wire  and  the  rest  separates  in  the  form  of  loose  thin  laminae.  Experiments  are  still 
in  progress,  for  the  purpose  of  discovering  an  exact  method  of  estimating  the  lead. 

To  render  the  electrolytic  determination  of  copper  generally  ayiplicalslo,  it  is  very 
de.sirable  to  get  rid  of  the  black  deposits  above  ment  i^.ned.  As  ihey  make  their 
appearance  only  after  the  pirecipitation  of  tho  eii|'|H  p,  tins  end  miLdit  perhaps  be 
attained  by  stopping  the  process  as  soon  as  the  bl;iek  depn^ils  l)e;_;in  to  show  them- 
selves ;  but  it  woidd  bo  difficult  to  ensure  that  the  whole  of  the  copper  had  been 
precipitated.  By  tho  following  method,  however,  the  desired  cert^iinty  may  bo 
attained.  As  soon  as  the  precipitation  is  completed,  tho  hollow  platinum  cone, 
together  witli  tho  black  copper  deposit,  is  removed  in  the  ordinary  way  from  tho 
glass,  then  rinsed,  dried,  and  gently  ignited  for  a  short  time  in  a  gas  or  spirit  flame 
or  in  a  red-hot  muffle.  Tho  dark  sulistance  then  volatilises,  and  the  metallic  copper 
is  converted  into  cuprous  or  cupric  oxitle  without  perceptible  loss.  The  cylinder  or 
cone  thus  treated  is  placed  in  a  small  beaker  glass,  and  connected  with  the  conducting 
wire  proceeding  from  the  positive  pole  of  a  small  battery  ;  and  a  some^-hat  larger, 
previously  weighed  platimiin  cylinder  attnchod  to  the  wire  proceeding  from  the  nega- 
tive pole  of  the  battery,  is  sus|iriid(  d  nvi  r  it.  On  pouring  into  the  glass  a  sufficient 
quantity  of  dilute  nitric  :ieid  (1  .e  id  In  6  water)  or  an  equivalent  quantity  of  1:8 
dilute  snlphuric  acid,  tho  elcetrolyt  ie  .letion  begins.  The  oxidised  copper  attached  to 
tlie  eyliniler  which  serves  as  ]">silive  pole,  dissolves,  and  is  deposited  with  bright 
inelallie  lustre  on  the  cylinder  which  serves  as  negative  pole.  The  entire  manipula- 
tion t;d<es  a  few  hours  longer  than  the  preceding  process,  but  it  yields  good  results. 

Tiiis  |irnei-^  is  .•i].|.li,',ible,  hinvever,  oidy  when  tho  quantity  of  antimony,  arsenic  or 
sell  niuni  pr. -  nil  is  \,  vx  snmll ;  ii\  that  case  the  platinum  is  not  attacked,  because  the 
Idnrk  drpi,-       iMnneti  o!i  the  vopper  alone.    Hut  when  larger  quantities  of  those 
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sutstances  are  present,  tlie  only  tiling  to  be  done  is  to  watcli  for  the  moment  when 
the  precipitation  of  the  copper  is  completed,  and  it  begins  to  blacken.    The  current  ji 
must  then  be  interrupted,  and  the  platinum  cone  taken  out  of  the' solution  and  treated  {( 
as  above.  _  _      _  |j 

In  the  assay  of  highly  ferruginous  copper  ores,  &e.,  the  addition  of  oxalic  acid  to  || 
the  liquid  is  recommended  in.stead  of  tartaric  acid.  ij 

As  already  observed,  the  strength  of  the  current  must  be  varied  according  to  the  J 
quantity  of  copper  present  in  the  assay,  large  or  small  batteries  being  nsed  accord-  | 
iugly.    The  paper  above  cited  in  the  eleventh  volume  of  tlie  Analytische  Zeitschrift  ' 
gives  a  full  description  of  the  forms  of  battery  -which  have  Ijeen  found  best  adapted 
for  the  purpose.    With  the  apparatus  there  described,  it  is  said  that  two  persons  can 
make  10,800  copper  determinations  in  a  year. 

On  the  electrolytic  precipitation  of  copper  see  also  Merrick  (C^emicrtZ  iVww,  xxvi. 
155,  and  Lecoq  de  Boisbaiidran,  Bull.  Soc.  Chim.  [2]  vii.  468;  xi.  35;  Jahrcsb.,  1867, 
850  ;  1869,  901). 

Estimation  hy  PrccipitaUon  as  Std2}hide,  Iodide,  and  Sidplwcyanatc  {1st  Stip2)l.  492). 
According  to  Ulrici  {J.  p>\  Clicm.  cvii.  110)  the  "weight  of  copper  sulphide  precipitated 
by  hydrogen  sulphide  and  ignited,  boars  a  constant  ratio  to  that  of  the  copper  con- 
tained in  it.  Tlie  residue  left  on  ignition  is  always  a  mixture  of  cuprous  sulphide 
and  cuprio  oxide,  though  its  weight  corresponds  almost  exactly  -with  the  formula  Cu^S. 
By  ignition  in  an  open  crucible  more  oxide  is  formed  and  less  sulphide,  whereas  in  a 
covered  crucible,  which,  however,  must  be  removed  from  the  flame  from  time  to  time 
and  opened  for  a  few  seconds,  a  residue  is  obtained,  represented  in  composition  by  the 
formula  Cu-S.CuO.  As,  however,  the  percentage  of  copper  in  the  sulphide  Cu-S  is 
the  same  as  that  in  the  oxide  CuO,  it  matters  not,  so  far  as  the  calculation  of  the 


An  excess  of  sulphur  precipitated  together  with  the  copper  sulphide,  has  of  coiu'se  no 
influence  on  the  result.  By  a  series  of  seventeen  experiments  in  -which  copper  was 
dissolved  in  nitric  acid,  and  precipitated,  after  dilution,  -with  hydrogen  sulphide,  it 
-was  found  that,  on  igniting  the  strongly  dried  precipitate  in  an  open  crucible,  residues 
wore  obtained  which  gave  by  calculation  from  100'9  to  102-6  p.c.  copper,  -whereas 
experiments  in  a  covered  crucible  gave  from  99-8  to  lOO'S  p.c.  As  the  differences 
are  perhaps  attributable  to  the  ashes  of  the  filters,  and  the  results  of  half  the  experi- 
ments did  not  differ  from  the  calculated  quantity  bj'  more  than  0'2  p.c,  this  simplified 
process  appears  to  be  capable  of  yielding  good  results. 

According  to  E.  Fleischer  {Chem.  News,  xix.  206)  the  precipitation  of  copper  as 
sulphide  by  heating  a  solution  of  cuprio  chloride  -with  sodium  thiosulphate  is  -well 
adapted  for  the  separation  of  copper  from  metals  whose  sulphides  are  soluble  in  dilute 
hydrochloric  acid.  The  precipitate  contains  excess  of  sulphur,  and  cannot,  therefore, 
be  directly  dried  and  -weighed.  It  might,  however,  be  treated  by  Ulrici's  method  just 
described. 

According  to  Duclaux  {Btd/.  Soc.  Chim.  [2]  xviii. ;  Cham.  A^cws.  xxv.  166),  very 
small  quantities  of  copper  may  be  estimated  by  precipitation  with  hydrogen  sulphide, 
redissolving  the  sulphide  in  a  platinum  crucible,  reducing  the  copper  with  zinc  in 
contact  -with  the  platinum,  then  washing  out  the  crucible  -with  alcohol,  drying,  and 
igniting  it  together  -with  the  copper  deposit.  In  this  manner,  Duclaux  states  that  he 
has  found  in  1000  parts  of  the  ash  of  cacao-beans,  from  0  009  to  0  040  part  of  cop)per  ; 
in  1000  parts  of  tlie  outer  shell,  from  0-035  to  0-225  of  copper,  and  in  chocolate  from 
various  makers  from  0-005  to  0-125  part. 

For  the  transformation  of  cupric  salts  into  cuprous  iodide,  the  only  advan- 
tageous reducing  agent  is  according  to  Fleischer,  stannous  chloride,  since  both  sul- 
phurous acid  and  ferrous  chloride  dissolve  considerable  quantities  of  cuprous  iodide. 
Addition  of  sal-ammoniac  facilitates  the  precipitation,  which,  if  the  liquid  be  kept 
cool,  is  so  complete  that  no  copper  can  be  detected  in  the  filtrate  by  potassium  ferro-  i 
cyanide,  or  by  introducing  a  platinum  -wire  -wetted  with  it  into  a  colourless  flame.  il 
The  cuprous  iodide  after  washing  w^itli  solution  of  sal-ammoniac  (if  washed  with  pure 
water  it  passes  through  the  filter)  is  warmed  with  a  solution  of  ferric  sulphate,  where-  '. 
upon  the  following  reaction  takes  place  : 


The  separated  iodine  may  be  completely  expelled  by  boiling  for  ten  minutes,  and  tlie  i 

ferrous  oxide  estimated  by  permanganate,  every  2  molecules  of  it  corresponding  to  2  I 

atoms  of  copper.  This  method  may  also  be  used  for  the  estimation  of  iodine  in  presence  i 

of  chlorine  and  bromine.  i 

The  preci  pi tation  of  copper  a  s  c  u  p  r  o  u  s  s  u  1  p  li  o  c  y  a  n  a  t  e,  Cu-(_CNS)^,  recommended 
by  Eivot  is  performed  liy  Fleif-chcr  a^  follows:  The  cupric  chlot'idc  or  sulphate,  after 


amount  of  copper  is  concerned,  in  wh; 


these  two  compounds  are  mixed. 


2Fe-XS0i)»  +  Cu=I-  =  1-  +  4FeS0^  +  2CuS0^ 
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addition  of  potassium  or  sodium  clilniidp,  is  reduced,  if  frre  fi-nm  iiMii.  -nitli  sodium 
sulpliite,  in  tho  contriiry  case,  witli  si.iniiMU^  i-lili.rldr.  .iliri-  wliioh  ii'it.i>-;iiiii  snlplio- 
cj-auate  and  sal-ammoniac  are  addeil.  Tiir  \Misli.  d  prrri pi: ,it  r  is  I i. .i I,  .!  «  il  li  caustic 
pot.isli  or  soda,  aud  the  cuprous  oxide  Ihereliy  produced  is  quickly  separatcii  liy  tiltra- 
tion  anil  litrati  d  as  above  ^rith  ferric  sidpliate. 

7?//  Tilndin.t  inth  Potassium  Fcrrocyanide. — Galetti  {Bull.  Soc.  Cliim.  [2]  ii.  83  ; 
Zciisclir.  (iniil.  Chun.  viii.  135  ;  Jahrcsh.  1864,  710  ;  1869,  901),  uses  for  tliis  purpose 
a  solution  containing  32'4:85  grams  of  ferrocyanide  in  the  litre,  so  that  100  c.  c.  cor- 
respond with  1  gram  of  copper,  according  to  the  equation  K^FeCy"  +  2CuCr- =  4KC1 -H 
Cu-FeCy".  To  apply  this  method  to  tlie  analysis  of  copper  pyrites,  the  mineral  is 
first  oxidised  with  strong  nitrii;  :triil,  hydrochloric  acid  is  then  addrd.  He  solution 
evaporated  to  half  its  bulk,  lie  u  ililulr.l  .md  mi  \cd  with  ammonia  in  iju.nii  iiy  i-.itlier 
more  than  sufficient  to  priTipii;it-  llio  wholo  of  the  iron.  It  is  then  boiled  with  a, 
quantity  of  acetic  acid  siiflicicnl  to  -iv.'  ii  ;in  (■iiior:dd-i:rri'n  rolour  ;  ammonia  is  again 
added  in  excess,  aud  (he  li(juid  is  .icidu >'d  ^^■it  h  voi'\  .li ! ul :h'olicacid.  As  soon  as 
the  basic  ferric  acct;ito  li.is  sctllivl  ilowu,  Ihe  copper  is  procipitated  by  potassium 
ferrocyanide.  d'hc  lii|nid  may  also  be  hltereil  after  tlie  second  addition  of  ammonia., 
and  the  precipd.ifi'  \\;islir,l  with  a  lioiling  dilute  solution  of  acid  ammonium  acetate 
(20  grams  of  an  iic  acid  saturated  with  ammonia  and  then  mixed  with  1,5  grams  of 
acetic  acid  and  .38-5  of  water).  If  zinc,  nickel,  or  cobalt  is  present,  tho  copper  must 
first  be  precipitated  as  sulphide  or  in  tho  metallic  state,  then  redissolved  and  treated 
as  above. 

Btj  Titration  with  Potassium  Cyanide— In  applying  tliis  method,  described  in  vol. 
ii.  p.  58,  to  the  estimation  of  copper  in  compounds  containing  zinc,  some  modification 
is  required  to  counteract  the  distiirbing  influence  of  tho  zinc.  Yyon  {Coiiqit.  rend. 
Ixxiv.  1252)  proceeds  as  follows:  Solutions  of  zinc  and  copper  nitrates,  wdth  excess 
of  ammonia,  containing  1  gram  of  metal  per  litre,  arc  first  prepared.  The  amount  of 
cyanide  required  to  decolorise  50  c.  e.  of  pure  copper  solution  is  noted,  and  then  the 
amounts  after  aildition  of  5,  10,  15,  20,  &c.,  e.  c.  of  zinc  solution.  From  those  results 
tho  amounts  corresponding  with  1  c.  c.  of  cyanide  arc  deduced. 

The  alloy  to  be  analysed,  siudi  as  brass,  is  dissolved  in  nitric  acid,  ammonia  added, 
and  the  wdiolo  made  up  to  a  litre.  After  titrating  50  c.c.  with  cyanide,  another  60  c.c. 
is  acidified  stronglj',  boiled  with  sodium  thiosul|ihnte,  and  the  cupric  sulphide  dissolved 
in  nitric  acid  and  ammonia,  and  again  tilr.iti  d.    The  diiference  represents  tlie  zinc. 

On  tho  determination  of  copper  in  briss  by  titration,  see  also  Kirpitschou  (ZcitscJir, 
f.  Chcm.  [2]  vii,  207  ;  Chrm.  Soc.  J.  [2]  ix.  755). 

%  Titration  n  'uh  si^nuiovs  Chloride.— F.  AVeil  {Ann.  Ch.Phys.  [4]  xxv.  109) describes 
this  method  ns  based  on  the  two  facts,  (1.)  That  in  a  hot  solution  containing  excess  of 
hydrochloric  acid,  the  least  trace  of  cupric  chloride  gives  a  greenish  colour,  the  tint 
being  deeper  as  the  qiumtity  of  acid  is  larger.  (2.)  Stannous  chloride  instantly 
reduces  green  cupric  chloride  to  colourless  cuprous  chloride. 

A  solution  of  stannous  chloride  containing  6  grams  of  tin  per  litre  is  titrated  with 
a  solution  of  cupric  sulphate  containing  4  grams  of  copper  per  litre  ;  25  c.c.  of  this 
solution  are  treated  with  10  c.c.  of  concentrated  hydrochloric  acid,  and  heated  to 
boiHug,  and  the  tin  .solution  is  rapidly  added  till  the  liquid  becomes  colourless;  10 
c.c.  more  acid  are  now  added,  and  if  tho  liquid  acquires  therebj'  a  greenish  tint,  tin- 
solution  is  slowly  dropped  in  till  no  colour  remains.  To  make  quite  sure  that  tlietin- 
sulution  is  in  slight  excess,  1  c.  e.  of  the  cooled  liquor  is  treated  witli  .'i  drop  eif  satu- 
rated solution  of  mevcurie  elilovidr  ;  ll-Doc..'.  of  tll.>  1  i 1 1 obit  ion  in  .".0  c.  c.  of  lii|uid 
causes  a  distinct  tnrbidily  of  .-if-MK  I  wlim  liins  tri;ilr,|.  This  volume  is  therefoi-o 
deducted  from  the  total  vohune  of  tin-solution  used,  and  the  strength  calculated  from 
the  remainder. 

Estimation  of  the  Copper. — ] .  When  Iron  and  Nickel  are  ahfcnt. — The  suljstance  is 
heated  with  strong  nitric  acid  ;  the  nitric  acid  is  expelled  by  suljihuric,  or  in  the  case  of 
silver,  by  hydrochloric  arid  ;  tlio  volume  of  the  solution  is  bi'ouiilit  to  250  c.  e.  or  500 
c.c;  25  c.c.  :ire  tlim  liv.i(,d  ^\illi  (lir  t  in-stjlul  ion  i'\,u-lly  ;is  afove  described  in  tho 
case  of  the  slandiird  eopi.,'r-s.)lut  ion,  and  Ihe  (piantily  of  coiqier  present  is  calculated 
from  the  volume  of  liipiid  mqiloyed. 

2.  When  Iron  is  jirrsoil .  - -1',->h; A.  25  c.  c.  of  the  solution  to  be  tested  are  re- 
duced as  just  descrilMMl.  .\  irr^li  quantity  of  tlio  same  volume  is  then  heated  with 
water,  metallic  zinc,  and  pl;il i nniu-foil  till  .all  the  iron  is  reduced.  The  copper, 
together  with  anyleail,  tin,  or  ;ii-s.  nic  lliat  m.iy  be  pri'seut  is  thus  precipitated  as 
metal.  The  iron  is  tin  n  rslinmti  d  in  the  diranted  liipnd  with  permanganate.  Tho 
Strength  of  the  tin-solution  having  liec  n  calculatcil  for  iron  from  the  numl)er  for 
copper,  tho  proper  deduction  is  made  from  tho  total  quantity  used.  Process  B.  Tlie 
metallic  copper  precipitated  as  described  under  A  may  be  dissolved  and  directly 
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estimated  witli  tin-solution  without  estimating  tlio  iron.  Process  C.  The  sohition 
containing  ferrous  salt,  described  in  A,  may  be  treated  with  permanganate  till  the 
latter  is  in  distinct  excess,  then  boiled  till  no  red  colour  remains  but  that  due  to  iron. 
Tin-solution  is  now  added  till  the  iron  is  reduced,  and  tlie  quantity  thus  used  is  sub- 
tracted from  the  total  quantity  employed  for  copper  and  iron  together. 

3.  When  McJccl  or  Cobalt  is  present. — Process  A.  The  solution  of  the  substance  in 
nitric  acid  or  aqua  regia  is  nearly  neutralised  with  sodium  carbonate  and  then  agitated 
with  barium  carbonate  till  all  the  copper  and  iron  are  precipitated.  The  precipitate  is 
dissolved  in  acid,  and  tlic  copper  in  it  is  estimated  by  tin-solution.  Process  B.  See 
above,  2nd  Application,  B. 

Arsenic  does  not  interfere  with  tliis  metliod,  since  arsenic  acid  is  not  reduced  by 
stannous  or  cuprous  chloride.  The  results  obtained  vary  only  a  few  tentlis  of  a  per 
cent,  from  tliose  obtained  in  the  gravimetric  way. 

Separation  of  Copper  from  Bismuth. — The  separation  of  these  metals  when 
they  are  alloyed  together  may  be  effected  by  treating  the  alloy  at  a  low  rod  heat  with  potas- 
sium sulphocyanate.  One  part  of  a  mixture  of  8  parts  potassium  cyanide  and  3  parts 
of  sulphur  is  tlirown  upon  16  parts  of  the  alloy  melted  at  a  low  temperature.  As  soon 
as  the  reaction  takes  place,  the  crucible  is  covered,  and  when  all  deflagration  has 
ceased,  the  metal  is  well  stirred  with  a  clay  rod,  the  flux  allowed  to  set,  and  the  fluid 
metal  poured  out.  The  bismuth  thus  obtained  is  quite  free  from  copper  (H.  Tamm. 
Chem.  News,  xxv.  85). 

Separation  from  Silver. — A  quick  raetliod  of  separating  these  metals  is  based  on  the 
fact  that  silver  nitrate  is  insoluble  in  strong  nitric  acid,  whereas  cupric  nitrate 
is  soluble.  The  nitric  acid  solution  of  the  metals  is  evaporated  to  the  consistence  of  a 
thick  oil,  and  then  mixed  with  strong  nitric  acid  free  from  hydrochloric  acid, 
wlioreby  all  the  silver  salt  is  precipitated  in  the  crystalline  state,  the  copper  salt 
remaining  in  solution.  The  precipitate,  which  is  coloured  blue  from  adhering  copper 
salt,  is  obtained  quite  white  and  free  from  copper  by  two  or  three  washings  with 
strong  nitric  acid.  The  adhering  acid  evaporates  on  drying  the  precipitate.  Care 
must  be  taken  not  to  evaporate  tlie  mixed  nitrate  solution  to  dryness,  as  it  is  then 
very  difficult  to  wash  out  the  copper  from  the  precipitated  silver  nitrate.  The  more 
concentrated  tlie  nitric  acid,  the  more  fully  is  the  silver  salt  thrown  down.  An  acid 
ofsp.gr.  1'25  gives  good  results.  For  every  part  of  concentrated  metallic  solution, 
three  to  fom-  parts  of  acid  are  requisite  for  separation.  E.  Palm  {Dingl.  poh/t  J. 
ceiv.  75). 

According  to  Hahn  {Chem.  Centr.  1870,  240  ;  Zcitschr.f.  Chem.  vi.  352)  the  separa- 
tion of  copper  from  silver  cannot  be  effected  by  dissolving  the  two  metals  in  excess  of 
potassium  cyanide  and  treating  the  solution  with  hydrogen  sulphide  or  the  sulphide  of 
an  alkali-metal — whereby,  according  to  Eose  and  Fresenius,  the  silver  is  precipitated 
as  sidphide,  while  the  copper  remains  dissolved — inasmuch  as  the  sulphides  of  both 
these  metals  are  soluble  in  potassium  cyanide,  and  only  mercury,  if  present,  is  thrown 
down  as  sulphide. 

Compounds  of  Copper. 
Arsenide. — Frenzel  {Jahrhuch  f.  Mincralogie,  1873,  26),  has  examined  three 
varieties  of  this  compound,  regarded  by  mineral  dealers  as  distinct  species,  and 
named  accordingly.  I.  Domeykite  from  the  San  Antonio  mine  near  Copiapo,  Chile. 
II.  Algodonite  from  Lake  Superior.  III.  Whitneyite  from  Cerro  las  Paracutas, 
Cigazuala,  Mexico.  Analysis  showed  that  all  three  are  varieties  of  one  species,  Do- 
meykite, viz. : — 

Sp.  gr.  (at  22°)  . 

Copper  .... 
Arsenic  .... 
Iron  .       .       .      '.  .1 
Manganese        .       .  ./ 
Sulphur    .  . 
Eosidue  .... 


The  formula  of  Domeykite,  Cu'As,  requires  71'72  p.c.  copper  and  28'28  arsenic.  Tl 
2y'88  p.c.  of  arsenic  found  in  I.  would  require,  according  to  this  formula,  65"66  p.c.  !||' 
copper.  The  copper  arsenide  in  it  is  probably  mixed  with  native  copper,  iron  arsenide, 
and  a  sulphur  compound.    The  third  variety  also  probably  contains  native  copper. 
-Vll  three  varieties  exhibit,  on  newly  fractured  surfaces,  a  tin-white  to  silver-white 


I. 

II. 

III. 

6-700 

7-207 

7-547 

70-16 

72-02 

72-99 

25-89 

28-29 

27-10 

3-50 

0-49 

0-45 

100-49 

10031 

100-09 
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colour.  The  briglit  nietnllioally  lustrous  po-nder  of  II.  (tlie  purest  variety)  is  light 
grey:  that  of  III.  dark  grey  ;  of  I.  greyish  black.  In  the  course  of  24  hours  they  all 
acquire  a  yellow  tarnish. 

Accompanying  these  minerals  were  found  native  copper,  red  copper  ore,  malachite, 
quartz,  and  small  quantities  of  a  radio-fibrous  mineral,  probably  ■wavellito. 

Weisbach  (;V;/(/.  Ci)  describe.s  a  variety  of  Domeyldte  found  imbedded  in  the 
argillaceous  porphjTy  {Thonsteiniwrphjr)  on  the  right  bank  of  the  Mulde,  near 
Zwickau.  It  occurs  in  masses  having  a  dense  or  very  fine-grained  fracture,  with  a 
decided  tendency  to  cleavage,  and  therefore  to  crystalline  structure.  Colour  and 
streak  blackish  grey.  Lustre  metallic,  brighter  on  the  streak.  Hardness  .5  (equal  to 
that  of  apatite).  Sp.  gr.,  6-84.  Brittle,  with  decided  inclination  to  softness.  It 
diifers  from  the  Chilian  mineral  chiefly  in  colour  and  hardness,  the  latter  being  tin- 
white,  and  intermediate  in  hardness  between  calcspar  and  fluor-spar.  This  /wickau 
mineral  affords  the  first  instance  of  the  occurrence  of  Domeykitc  on  the  continent  of 
Euri  ipe. 

Cblorides, — According  toMaumone  {C'kcm.  News,  xxv.  156),  when  cuprous  chloride 
is  formed  by  the  gradual  combinaiion  of  copper  with  chlorine,  an  external  layer  of 
cupric  chloride  is  produced  at  the  same  time,  and  these  two  chlorides  unite  together 
forming  the  compound  Cu'Cl'"  =  3CuCP  +  2Cu'Cl-, 

loiideS'—Ciqjrous  iodide,  Cu-I-,  is  formed  by  the  action  of  copper  on  hydriodic  acid. 
When  strips  nf  copper  or  pieces  of  cupiHi'-wii-i'  :iiv  iiiiiiirrscil  in  this  acid,  no  formation 
of  ioilidr  l.'ikrs  jilace  as  long  as  the  liijnid  l■l'lll;lin^  .■nlimrlrvs  ;  Imt  as  soon  as  iodine 
begins  to  separate,  pulverulent  cu)irniis  iiniidi'  .iImi  |in  ,-i|.il;ite<l.  and  the  reaction 
once  commenced  goes  on  cpickly.  lly  rcliirdinu  llm  M  p;ir,ilion  of  iixlidc  which  may 
be  effected  by  the  introduqtion  of  trace  s  ni  !i_vili  n;;i n  siilpliidc,  tin-  cupKius  iodide  may 
be  obtained  iu  tetrahedral  crystals.  I.:ir-cr  and  bel  tur  tievt  loped  ti  trahcdrons,  some- 
times with  combination-faces,  are  produced  by  the  action  of  hydriodic  acid  on  cuprous 
sulphides,  as,  for  example,  on  the  slightly  oxidised  copper-glance  of  Sangerhauscn. 
The  crystals  have  a  greenisli  yellow  colour,  becoming  darker  on  exposure  to  light 
(E.  Meusel,  Deut.  CJiem.  Gcs.  Ber.  iii.  602). 

Cuprous  iodide  is  also  formed,  together  with  allyl  bromide,  by  the  action  of  allyl 
iodide  on  an  alcoholic  solution  by  cupric  bromide  (Oppenheim,  ibid.  412). 

2CuBr=  +  2C^Hq  =  2C'H'i;r  -i-  Br^  +  Cu=r. 

Cuproso-mercuric  Iodide. — Cu^Hgl'.  When  cupric  sulphate  is  added  to  a  boiling 
solution  of  potassio-mereuric  iodide,  a  large  quantity  of  iodine  is  set  free,  and  cuproso- 
mercuric  iodide  is  precipitated  as  a  dark  brown  powder  changing  on  cooling  to  a  fine 
red.  "When  heated  either  alone  or  with  water,  it  bcfunies  dark-coloured,  but  recovers 
its  red  colour  on  cooling.  According  to  Meusel  [Bc-li MunutsheriMe,  1870,  123), 
this  precipitate  is  a  mixture  of  cuprous  and  mercuric  iodi'lc^  ;  bui  AVillm  and  Caventou 
{Bull.  Soc.  Chim.  [2]  siii.  220)  regard  it  as  a  definilc  coimihiuii.I.  because  when  cold  it 
lias  a  deeper  red  colour  than  mercuric  iodide,  ami  it  i-;  Iml  very  slowly  ilccoiuposed  in 
the  cold  by  potassium  iodide,  whereas  mercm  ic  i'Mli.lc,  as  sv(  11  kiio\\ai,  is  quickly 
dissolved  by  that  reagent.  On  heating  the  )irccipiiale  with  potassium  ioilide,  mercuric 
iodide  is  dissolved  and  cuprous  iodide  remains.  With  ammonia,  the  double  iodide 
yields  two  kinds  of  crystals,  both  containing  mercury  and  copper.  Boiled  with  am- 
monia, it  yields  a  blue  solution,  and  a  very  heavy  brown  liquid  which  solidifies  at  a 
slightly  lower  temperature.  The  filtered  blue  solution  deposits  on  cooling  blue 
needles  consisting  of  an  ammouiacal  iodide  of  copper  and  mercury  containing  the 
copper  in  the  form  of  cupric  iodide  Cul  '.  The  formation  of  this  O'  ^mpound  is  due  to 
the  mercury  which  is  set  free  and  remains  mixed  with  the  precipitate.  When  the 
fused  mass  is  redissolved  in  boiling  slightly  ammoniacal  water,  green  crystals  are 
formed  which  likewise  contain  mercury  and  copper,  the  latter,  however,  in  the  form  of 
cuprous  iodide  Cu'I- ;  they  appear  to  Ije  formed  by  simple  addition  of  ammonia  to 
tlio  original  compound,  into  which,  indeed,  they  are  reconverted  on  exposure  to  the 
air,  or  treatment  with  an  acid.  The  blue  crystals,  on  the  other  hand,  which,  when 
dried  by  heat,  are  likewise  converted  into  a  double  iodide,  give  up  iodine  at  the 
same  time,  even  before  they  have  parted  with  all  their  ammonia. 

Cuprous  oxide. — This  oxide  has  been  found  in  crystals  (cuprite)  in  an  ancient 
Russian  tomb,  at  Diniitrow,  in  the  Telsch  district  of  the  Kowno  Dominion.  At  a 
depth  of  120  cm.  below  the  surface,  in  a  bed  of  loose  yellow  .sand  overlying  compact 
red  boulilcr-clay,  wore  found  a  number  of  objects,  many  of  them  of  metal.  Sand  being 
a  material  in  whicli  the  corrosion  of  metallic  bodies  goes  on  more  rapidlythan  in  peat, 
or  marsh,  or  water,  the  bronze  was  covered  with  a  thick  crust  of  malachite.  On 
opening  the  grave,a  lump  of  red  ferruginous  sand  was  found  containing  a  necklace  of  wire 
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thread  covered  over  with  fragments  of  skull.  In  some  little  eavities  in  the  crust  of 
iron  rust  that  covered  the  wire,  small  ruby-red  crystals  of  cujjrite  (csoOao.  O.  O  oo  ) 
were  seen.  The  cuprite  evidently  arose  from  the  reduction  by  water  containing  ferrous 
carbonate,  of  the  ammoniacal  solution  of  copper  oxide  produced  by  the  reaction  of  the 
decomposing  human  remains  on  the  bronze  (Grewingk.  Jahrbuch  f.  Mineralogie, 
1871,  76). 

Oxyctaloride. — Crystals  of  atacamite  from  Walleroo  in  Australia,  carefully 
selected  and  free  from  foreign  admixtures,  were  found  by  H.  Ludwig  {Beut.  Chem.  Ges. 
Ber.  vi.  553)  to  have  the  composition  Cu-CIH^O^  or  CuCl'-.SCuH-'O-,  agreeing  with  the 
older  analyses  by  Klaproth,  J.  Davy  and  others  (i.  428). 

Atacamite  is  clecomposed  by  heat ;  whefi  it  is  gradually  heated,  water-vapour  escapes 
and  there  remains  a  mixture  of  cupric  oxide  and  cupric  chloride  from  which  the  latter 
may  be  extracted  by  water.  This  decomposition,  however,  begins  only  at  220°  and 
goes  on  but  slowly  at  250°,  not  being  completed  for  several  days.  When  the  tempe- 
ratiu'e  rises  above  250°,  hydrochloric  acid  escapes  with  the  water-vapour,  and  the 
residue,  when  treated  with  water,  no  longer  yields  the  original  compound.  Water  does 
not  act  perceptibly  on  atacamite,  even  when  heated  with  it  to  200°  for  several  hours  in 
sealed  tubes. 

From  these  results  Ludwig  infers  that  atacamite  is  not,  as  generally  supposed,  a 
molecular  compound  of  cupric  chloride  with  cupric  hydroxide  {yid.  sup.)  or  of  cupric 
oxychlorido  with  water,  Cu'CFO^  +  3H-0,  but  an  atomic  compound,  Cu^ClO'H^  or 
Cu^Cl-0"IP,  containing  quadi-ivalent  copper,  and  represented  by  the  structural  formula 
Cu(OH)Cl  Cl-Cu— Cu(0H)2 

II  or  I  I 

Cu(OH)-  (OH'^)Cu— Cu(OH)-. 

In  like  manner  brochantite,  Cu^SO^H",  which  is  decomposed  only  at  temperatures 
above  300°,  giving  off  water  and  leaving-a  mixture  of  cupric  oxide  and  cupric  sulphate, 
maybe  regarded,  not  as  a  molecular  compound,  Cu"S0^.3Cu"H-0-,  containing  bivalent 
copper,  but  as  an  atomic  compound  of  quadrivalent  copper,  represented  by  the 
formula 

SO'Cu— Cu(OH)=  (OH)-Cu=Cu-S0'-Cu=Cu(On)'= 
I       I  or  I  I 

(On)-Cu    Cu(OH)=  (OH)  (Oil). 

The  constitution  of  malachite,  azurite  and  the  so-called  basic  copper  salts  prepared 
artificially,  may  also,  according  to  Ludwig,  be  more  appropriately  represented  by 
atomic  formulae  containing  quadrivalent  copper,  than  by  the  usual  molecular  formula. 

Sulpbides. — Native  copper-glance  (Cu"S)  from  Catamarca,  of  sp.  gr.  47  and  having 
distinct  crystals  of  iron  pyrites  and  quartz  imbedded  in  it,  gave  by  analysis  : 
Cu  S  Fe         As  Zn       SiO-(matrix)  Bi,Sb 

48-82     26-71       6-64       9-16        074  7-52  trace  =  OO'oO 

L.  Schinnerer  {Jahrhuchf.  Mineralogie,  1872,  977). 

Cuprous  sulphide  is  formed  in  crystals,  with  evolution  of  hydrogen,  when  copper 
turnings  are  digested  in  colourless  solution  of  amuionium  sulphide  free  from  sulphy- 
drate.  The  crystals  consist  of  very  slender  needles  having  a  grey  colour  and  metallic 
lustre  :  they  change  by  oxidation  on  exposure  to  the  air.  On  adding  water  or  hydrochloric 
acid  to  the  liquid  from  which  they  have  separated,  a  precipitate  containing  copper  is 
thrown  down.  Now,  as  the  solution  is  colourless,  the  copper  contained  in  it  could  not 
have  been  in  the  form  of  the  red  copper-ammonium  sulphide  described  below,  tliough 
perhaps  a  similar  compound  may  exist  containing  a  smaller  proportion  of  sulphur 
(K.  Heuniann,  Beut.  Chem.  Ges.  Ber.  vi.  748). 

Cupric  oxide  treated  with  ammonium  monosulpliide  yields  a  black  precipitate  con- 
sisting chiefly  of  Cu-S,  but  containing  a  considerable  quantity  of  CuS.  The  supernatant 
liquid  treated  with  hydrochloric  acid  yields  a  precipitate  of  sulphur  (Heumann). 

A  copper-ammonium-sulpMde  having  the  composition  (NH'')-S.2CuS',  is  deposited  in 
cinnabar-red  needles  from  a  hot  solution  of  cupric  sulphide  in  ammonium  sulphide 
left  to  cool  in  a  closed  vessel  (Bloxam,  Chem.  Soc.  J.  [2]  iii.  94).  It  is  also  formed 
when  an  ammoniacal  solution  of  the  complex  thiosulphate  (Cu-)"Cu"Na^S'0'-.2NH^  . 
described  by  Peltzer  (v.  633),  or  of  the  yellow  salt  obtained  from  it,  or  a  dilute 
ammoniacal  solution  of  cupric  sulphate,  is  added  by  drops  to  a  solution  of  ammonium 
polysulphide  till  a  permanent  precipitate  is  formed,  and  the  solution  is  filtered  into  a 
flask  which  must  be  quite  filled  with  it  and  closed  air-tight.  After  a  day  or  two  the 
double  sulphide  separates  in  small  garnet-red  concentrically  grouped  needles,  or  as  an 
amorphous  powder  if  the  liquid  is  shaken. 

This  sulphur  salt  dissolves  with  yellow  colour  in  water  and  ammonia,  and  sparingly 
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in  alkaline  carlionates.  According  to  Bloxam,  it  is  not  decomposed  by  cold  hydrochloric 
or  nitric  acid ;  according  to  Peltzer,  on  the  other  hand,  it  is  decomposed  by  dilute 
acids,  with  evolution  of  hydrogen  sulphide  and  separation  of  reil-bro-ivn  or  black-brown 
copper  sulphide,  but  -without  separation  of  sulp)liur.  When  heated  with  potash  it 
appears  to  be  at  first  converted,  with  evolution  of  ammonia,  into  the  corresponding 
potassium-compoiuid,  but  afterwards  black  copper  sulphide  is  precipitated.  Heated  in 
a  glass  tube  it  gives  off  sulphur  and  ammonium  sulphide  (Poltzer). 

CORAIiliZir.  The  names  Bi'd  Corallin  and  Pcponin  (iv.  32-t),  have  been  given  to 
the  red  colouring  matter  which  Kolbc  a.  Schmitt  olitained  by  treating  phenol  with  sul- 
phuric and  oxalic  acids.  This  body  has  been  further  examined  by  H.  Fresenius 
(.7.  pr.  Chcm.  [2]  v.  184  ;  Chcm.  Sar.  J.  [2]  x.  705),  who  purifies  it  hy  combining  it 
with  magnesia,  and  afterwards  dcciiHijHi'^iiiu'  I  lie  compound  with  sal-ammoniac.  Crys- 
tallised from  alcohol  it  forms  fil.iiiirni  i  ais.  iiil  c  rlncing,  scarlet,  lustrous  crystals;  crys- 
tallised from  glacial  acetic  aciil.  il  f(jri]is  magnificent  rhombic  crystals  which  are 
combinations  of  the  prism  ooP  -with  a  second  prism  not  determined,  the  brachy- 
pinacoid,  oof  <x> ,  and  sometimes  the  brachydome  f  oo  .  Eatio  of  axes  a:h  :  c-— 
0-541  :  1  :  0-354;  angle  ocP  :  coP=123°3';  a>P  :  ooPoo  =118°  25';  foo  :  foo  = 
141°5';Pco  :  ooPoo  =  109°  29'.    Cleavage  distinct  parallel  to  OP. 

The  crystals  are  red  by  transmitted,  dark  green  by  reflected  light,  moderately  soluble 
in  phenol,  slightly  in  boiling  chloroform  and  boiling  benzene,  insoluble  in  carbon 
bisulphide  ;  become  strongly  electric  when  rubbed.  They  melt  at  156°.  Kolbo  a. 
Schmitt  found  the  melting  point  to  be  80°,  probably  because  their  product  still  re- 
tained considerable  quantities  of  phenol. 

Corallin  gives  by  analysis  (mean)  69-07  p.c  carbon,  and  5-38  hydrogen,  agreeing 
with  the  formula  C'"'ff*'0"  which  requires  69-18  carbon  and  5-47  hydrogen.  Eegarding 
aurin  as  C'S'^O^  (p.  118),  the  relation  between  these  two  compounds  may  bo  expressed 
by  the  equation  2C-''H"03  +  5H-0  =  C-ff^O". 

The  mode  of  formation  of  corallin,  however,  suggests  a  simpler  formula :  for  the 
gas  which  escapes  during  its  preparation  by  oxalic  acid  is  chiefly  carbon  dioxide : 
hence  it  is  inferred  that  the,  substance  which  is  most  active  in  its  formation  is  carbon 
monoxide  derived  from  the  oxalic  acid :  and  this  conclusion  is  corroborated  by  the 
fact  tliat  formic  acid  may  be  used  in  preparing  corallin,  in  place  of  oxalic  acid. 
Hence  Kolbe,  in  a  note  to  Frcseni as' paper,  suggests  that  corallin  is  formylated 
phenol  C'ffO-  =  C'H'(COH)OH,  its  formation  being  represented  by  the  equation 

C^ffOH  +  CO  =  C«H^(COH)OH. 

The  formula  C-H^O^  requires  68-85  p.c.  r.n-]«m  .-nid  4-iiO  hydrogen. 

Corallin  is  likewise  obtained  when  pliencl'il  or  .-in isol  is  .substituted  for  phenol  in 
its  preparation  ;  also  when  meta-  or  para-pln  iiylsulphonic  acid  is  acted  upon  by  o.xalic 
acid. 

Caro  a.  Wanklyn's  rosolic  acid,  obtained  by  the  action  of  nitrous  acid  on  rosanilino 
is  diflTerent  from  corallin  ;  its  composition  being,  according  to  analyses  by  Presenius, 
Q.'6jj;sQio  (Caro  a.  Wanklyn  gave  the  formula  C-°H'"0'),  it  melts  at  about  158°,  and 
its  alcoholic  solution  is  not  decolorised,  like  that  of  corallin,  by  concentrated  solution 
of  acid  sodium  sulphite.    Fresenius  proposes  to  call  this  hoAy  ■j)seudocorallin. 

Frinting  with  Corallin. — Corallin  is  much  used  for  dyeing  on  wool,  and  may  also  be 
employed'for  printing  on  wool,  provided  some  means  be  adopted  for  neutralising  the 
acids  with  which  it  is  sure  to  come  in  contact  in  the  course  of  treatment  to  which  it  is 
subjected.  The  effect  of  the  acids,  which  is  to  cause  the  red  colour  to  fade  into  yellow, 
may  bo  prevented  by  the  use  of  calcined  magnesia,  the  corallin  being  dissolved  in 
water  or  in  alcohol.  The  resulting  colour  is  a  rich  Turkey-red,  which  maintains  its 
intensity  and  brilliancy  for  years.  This  red  is  about  30  p.c.  cheaper  than  cochineal 
red,  and  has  this  advantage  over  the  latter,  that  it  is  not  turned  blue  by  washing  in 
water  containing  calcium  carbonate,  the  only  disadvantage  being  that  of  its  fading  in 
contact  with  strongly  acid  colours,  if  the  acid  be  more  than  sufficient  to  neutralise  the 
magnesia.    The  following  mixture  is  recommended  for  printing  : — 80  grams  corallin, 

litre  glycerin,  -}  litre  water,  140  grams  magnesia,  well  stirred  up  with  |  litre  of 
water.  The  whole  is  thickened  with  ^  litre  of  gum-water  (500  grams  to  the  litre), 
and  printed,  steamed,  and  washed  in  the  usual  way. 

Corallin  inay  also  be  printed  on  cottun,  I  In-  ciiluur  being  thickened  with  starch 
and  egg-alljumin  in  addition  to  niagncsi,! .  Tlils  mixlure  must  be  used  fresh,  as  in 
time  an  insohdjle  compound  is  formed  bot^i  eeii  the  magnesia  and  the  albumin  {Dingl. 
liohjf.  J.  cciv.  338). 

COKXAXtXA.  Tlie  po'sonous  principle  of  the  Tutu  plant  [Coriariii  ruscifolia) 
of  New  Zealand  does  not  appear  to  be  of  the  nature  of  an  alkaloVd.  The  ground 
seeds  repeatedly  treated  witli  aleoliol  yield  a  greenish-red  substance,  which,  when 
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acted  upon  bycthor  separates  into  two  parts,  one,  a  green  oil  soluble  therein,  the  other 
a  resinous  substance  quite  insoluble  in  that  liquid.  The  oil  given  to  a  cat,  after  a  12 
hours'  fast,  in  a  dose  of  about  5  minims,  produced  vomiting  and  convulsions,  froni 
wliich,  however,  the  animal  gradually  recovered.  As  t.lie  symptoms  agreed  generally 
with  those  exhibited  by  cattle  and  sheep  when  poisoned  by  the  Tutu  j)lant,  it  is  in- 
ferred that  this  oil  constitutes,  or  at  least  contains,  the  poisonous  principle  of  the  plant. 
The  oil  appears  to  be  a  non-drying  fixed  oil,  and  to  contain  an  acid  peculiar  to  itself 
and  quite  distinct  from  the  ordinary  fatty  acids  ;  to  this  acid  may  perhaps  be  attri- 
buted the  poisonous  effects  of  the  oil  (AV."Skey,  Pharm.  J.  Trans.  [3],  i.  568). 

COUVNUW/t.  On  the  Corundum  region  of  North  Carolina  and  Georgia,  with  a 
description  of  two  gigantic  crystiils  of  this  mineral,  one  weighing  11 1  the  other  312  lbs., 
see  C.  U.  Shepard  (Sill.  Am.  J.  [3]  iv.  109,  175).  Ou  Corundum,  its  transformations, 
and  the  minerals  which  accompany  it,  see  F.  A.  Genth  (.7.       Chem.  [2]  ix.  49-113). 

COVIWAIUM'.  Three  constitutional  formulas  have  been  proposed  for  this  body, 
viz. :  1.  by  Perlvin,  II.  by  Strecker,  III.  by  Baseeke: 


Schiff  (Bcut.  Chcm.  Ges.  Ber.  v.  665)  regards  the  second  of  these  formulae  as  quite  in 
accordance  with  the  known  reactions  of  coumarin,  and  cites  the  following  facts,  which 
cannot  easily  be  reconciled  with  the  first  or  third  formula. 

Lieben  has  shown  that  a  large  number  of  bodies  in  which  the  group  CH' — CO — C... 
is  contained,  yield  iodoform  when  treated  with  iodine  and  potassium  hydrate  :  cou- 
marin, however,  does  not  yield  a  trace  of  that  body:  this  appears  to  be  inconsistent 
with  formula  I. 

According  to  formula  III.,  which  represents  coumarin  as  a  complex  phenol,  it  should 
give  the  characteristic  phenol  coloration  with  ferric  chloride,  which  it  does  not.  This, 
however,  cannot  be  considered  as  decisive  of  the  point,  since  coumaric  acid,  to  which 
the  formula  COOH — CH=CII — CH-'.OH  is  universally  assigned,  does  not,  any  more 
tlian  coumarin,  give  the  phenol  reaction  with  ferric  chloride. 

Biit  if  coumarin  were  constituted  according  to  formula  III.,  it  should  yield  an 
acetyl  derivative.  It  dissolves  indeed,  in  acetic  anhydride  and  in  acetyl  chloride,  and 
deliquesces  in  the  vapour  ©f  the  latter;  but  ou  boiling  either  of  these  solutions  in  an 
apparatus  with  reversed  condenser,  then  distilling  off  the  solvent,  and  decomposing  tlio 
residue  with  water,  nothing  but  coumarin  is  obtained. 

The  coumarin  of  Mclilotus  officinalis  {\st  Supp!.  499),  which  is  a  compound  of 
ordinary  coumarin  witli  melilotic  acid,  may  be  represented  as  an  ethereal  anhydride : 


A  similar  constitution  may  be  assigned  to  Zwenger's  coumarate  of  coumarin. 

CKEASOTX:.  The  following  method  of  distinguishing  between  creasote  an  d 
phenol  is  given  by  Fluckiger  {Pkann.  J.  Trans.  [3]  ii.  1008). 

Take  a.  Solution  of  ferric  chloride  about  1-34  sp.  gr.  .       .       1  part 

„    />.  Creasote  0  parts 

„    c.  Alcohol  containing  about  85  p.c.  of  absolute  alcohol       5  ., 

„    fZ.  Water  GO  „ 

Now,  a  +  b  mixed,  assume  no  peculiar  colour. 
a  +  b  +  c  furnish  a  green  solution. 

a  +  b  +  c  +  fZ  form  a  turhid  mixture  of  a  dingy -brownish  colour,  drops  of 
creasote  being  separated.  t 

By  substituting  phenol  for  creasote, — 
a  +  b  will  show  a  yellowish  hue. 
a  +  b  +  c  yield  a  clear  brown  liquid. 

a  -i-  b  +  c  +  d  display  a  beautiful  permanently  blue  solution,  without  sepajation  of 
phenol,  or  the  few  drops  sinking  down  may  be  redissolved  by  shaking. 

The  blue  coloration  given  by  phenol  renders  it  imjwssible  to  detect  that  substance 
in  the  presence  of  creasote. 

Creasote  from  beech-wood  tar  is  almost  insoluble  in  cjlycerin  ;  plienol  dissolves  in 
that  liquid  in  all  proportions.  If  a  large  quantity  of  phenol  be  mixtd  with  tlie 
creasote,  the  latter  will  dissolve  in  glycerin  together  with  tlio  phenol  {Dinyl.  jjoI.  J. 
cev,  404). 


I.  COrziCff-CO— CH^ 
II.  C^H^-CH^CH-CO 


III.  COzuCzrCH-CH'OH. 


•C«H'— CH=CH— COOH 


,C0— CH=CH— C«ff.OH. 


CREATINE— CRESOL. 


CRSA.TIHT2,  CH-'N^O-'.  A  compound  isomeric  with  cruntiiie,  ealletl  isocrea- 
tiuf.  or  alaorea  tine,  is  formed  liy  direct  combination  of  alaniuci  with  cj'anamide : 
O^H'NO-  +  CH-N-  =  C^H'-'N^O^  When  a  concentrated  a.|n.  1  ,1,,  ^olulim,  of  the  t^vo 
substances  mixed  with  a  little  ammonia  is  left  to  stand  for  si.ni",  liim-,  dieyanamido 
crystallises  out  first,  and  then  alacreatino,  the  yield  of  -svliich  may  be  increased  by 
employing  an  excess  of  alanine,  Init  never  reaches  the  theoretical  limit. 

Ahicreatine  forms  anhydrous  prismatic  crj-stids  resembling  creatine.  It  is  almost 
insoluble  in  cold  ulcohol,  and  very  sparingly  solubh^  in  hot  alcohol,  but  dissolves  freely 
in  water,  namely,  in  12  parts  at  1.3'^.  whereas  creatine,  according  to  Liebig,  recpiires 
7i  parts  at  18°.  AVhen  heated  to  170^-180°,  or  treated  with  dilute  sulphuric  acid  ,it 
loses  waterand  is  converted  into  al acroati u i n 0,  C^Il'iS-'O,  which  dissolves  in  water 
and  in  alcohol  more  freely  than  ahicreatine,  crystallises  from  water  in  long  needles 
resembling  urea,  and  from  alcohol  in  small  rliombohedral  anhydrous  crystals  (E. 
Baumann,         Ch.  rimrm.  elxvii.  77). 

CKEATimNE.  C'lPNO. — Preparation  from  Urine. — A  few  litres  of  human 
urine  are  evajiorated  to  about  one-third  of  the  original  volume,  and  the  liquid,  after 
beiii-  dcvaiiti'd  from  the  salts  whicli  crystallise  nut;  is  prcei i.itated  vith  lea.d  acetate. 

The  lilti'af  Is  IV.-rd  tVnn,  had  bv.-n,!!,,,  irlH.nal^'        hi! ] h n ivt trd  livdrngen,  neu- 

trailsi'd.  wilh  arrli.^  acid  or  s.J.iuin  .-m  rl -..iial  r.  and  |  .ivri  1  lit  1  i  ed  with  mer- 

curic ehliiride.  'i'he  preeipital e.  a  n aiil liiiat ii la  <i\  crca t i ni ii'-'  «itli  llir  niriTiiry  salt,  is 
decomposed  under  water  with  sulpliui-elti'd  liydrni'vii,  ami  tlic  li.|nid,  aflrr  treat- 
ment with  animal  cliarcoal,  is  evapdratcd.  Oa  fcciTsialli^iiiL^'  i1h'  (•l•y^l  allino 
residue  once  or  twice  from  alcohol,  pure  cnatiiiiiie  hydroddni  ide  is  oljtaiiied  in  white 
crusts  or  hard  shining  prisms.  The  same  results  were  obtained  with  horses'  urine 
(Maly,  Ann.  Ch.  Pharm.  clix.  279). 

Alacreatinine,  obtained,  as  above  described,  by  delij'dration  of  alacreatine, 
dissolves  in  alcohol  and  water  more  freely  than  the  latter,  crystallises  from  water  in 
long  needles  resembling  urea,  and  ivom  alcohol  in  small  anhydrous  rhombohedral 
crystals,  which,  on  exposure  to  the  air,  absorb  water  and  change  into  needles.  Ala- 
creatinine is  a  liasc  resembling  creatinine,  and  forming  double  salts  with  zinc  chlorido 
and  Hilar  i  lilMi'idcs.  It  also  reduces  mercuric  oxide,  yielding,  together  with  other 
prodiu  ls,  an  alkaline  base,  but  no  oxalic  acid  (Baumann,  loc.  cit.) 

CXtEi:D7IC  ACXD.  According  to  Bontigny  (Compt.  rend.  Iviii.  2i7),  the  medicinal 
waters  i  f  l''ori:is-les-Eaux  contain  ferrous  salts  of  cronic  and  apocrenic  acids.  On 
exposure  to  air  the  waters  deposit  an  insoluble  ferric  compound,  from  which  crenic 
acid  can  be  extracted  by  boiling  with  caustic  potash  and  precipitating  the  solution 
with  hydrochloric  acid.  The  purified  crenic  acid  is  capalde  of  dissolving  ferrous  car- 
bonate. The  source  of  the  waters  is  a  peaty  stratum,  overlying  a  vein  of  iron 
pyrites. 

CHESOI..     C-ff  0  =  C«n^  I™'.    11.  L.  Buff  {Dad.  Chcm.  Gcs.  Bcr.  iv.  .'378) 

has  obtained  a  solid  and  a  liquid  cresol  by  siibii  cl  in^:'  >  nal-tar  creasote  to  fractional 
solution  in  soda-ley,  and  fractional  precipitat  i^n  with  liydrochloric  acid  ;  treating  the 
fraction  boiling  at  20'1°-205°  with  benzoyl  cldnridi-,  \i  In  iTljy  a  solid  and  a  liquid  cresyl 
benzoate  were  produced;  and  decomposing  these  <-ihi  with  alcoholic  potash.  The 
solid  body  was  obtained  in  large,  white,  hard  crystals,  w  liirh  im  Iicd  at  7O°-70'5°,  and 
solidified  at  52-6°.  Its  properties  agree  with  thosecit  p.im  rrv\  |  l,enzoate.  whiehmelts 
at  70°.  The  cresol  obtained  from  it  is  a  colourless  l-ndy,  haviiig  a  sharp  urinou.s 
smell.  It  solidifies  in  a  mixture  of  ammonium  sxdphuryanal  '  and  water,  melts  at  34", 
and  boils  at  205°.    Its  properties  arc  those  of  paracrrsul  (Is/  Suppl.  606). 

The  liquid  ether  boils  above  360°,  and  does  not  soliilify  in  a  mixture  of  ammonium 
sulphoeyanate  and  water.  The  cresol  separated  from  it  by  alcoholic  potash  cannot  be 
made  to  solidify ;  after  fusitn  with  potash,  it  gives,  with  ferric  chloride,  the  reaction 
of  salicylic  acid. 

(  QTT3 

Chlorocresol,C"H'Cl|Qjj,  maybe  prepared  by  heating  cresol-vapour  with  chlo- 
rine, removing  the  resulting  hydrocldoric  acid  by  a  stream  of  carlionic  anhydride, 
subjecting  the  piroduet  Id  Iraelidiial  distillation,  and  sej.aratiiig  the  I'ort iem  which 
distils  between  235°  and  •![:<  '.  Tins  rh|nid.  wlieii  eonled  li\-a  five/.inu-  mixture, depi. sits 
crystals  of  chloro-cn-s.>I,  e;i-ily  snUii-le  iti  alenlml,  ei  h,  r  J u  nzene,  .md  iietmlenm  oil, 
melting  at  56°,  boiling  at  about 'JtU'^.  This  compound  does  not  yield  any  detiiiite  proihu-ts 
with  ammonia,  aniline,  potassium  cyanide  or  silver  cyanide;  neitle  i-  enn  ornn  be 
produced  from  it  by  heating  with  alcoholic  potash  or  fusion  with  pof  issinni  liyorate. 
Hence  it  may  bo  inferred  that  the  chlorine-atom  is  contained,  not  in  the  lateral  chain 
CH-'— as  might  perhaps  have  been  expected  from  the  formation  of  the  compound  tit  a 
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high  temperature — but  in  tho  benzene  nucleus,  as  indicated  bv  the  formula  above 
given  (E.  Biedermann,  Beut.  Chem.  Ges.  Bcr.  vi.  325). 

(  CH^ 

Cresol-sulphonic  acid,  C'ffSO*  =  C^Hm  SO^H,  -(Fas  prepared  by  heating 

[oh 

sulphuric  acid  and  the  above-mentioned  eresol  to  60°.  The  barium  salt  and  calcium 
salt  are  very  soluble,  crystallise  badly,  and  have  a  tendency  to  form  basic  salts.  The 
potassium  salt  forms  star-shaped  groups  containing  two  molecules  of  water.  The 
salts  of  this  acid  appear  to  correspond  with  those  of  the  7-cresol-sulphuric  acid  of 
Engelhardt  and  Latschinoff  (Ist  Suppl.  607).  On  fusing  the  potassium  salt  with 
potash  and  treating  the  product  in  the  usual  way,  pyrocatechin  was  obtained,  but  no 
orcin  (Biedermann). 

With  the  view  of  obtaining  orcin,  cresol  was  treated  with  an  alkaline  solution  of 
iodic  acid  and  iodine,  according  to  the  method  of  Korner,  whereby  an  iodised  cresol 
was  obtained  in  the  form  of  an  oil  which  decomposed  below  its  boiling  point,  and  this 
oil  heated  to  2.50°-300°  with  alcoholic  potash,  was  decomposed,  yielding  a  brown  amor- 
phous mass.  This  substance  was  several  times  dissolved  in  an  alkali  and  precipitated 
by  an  acid,  and  was  afterwards  purified  by  various  solvents.  It  becomes  red  on  treat- 
ment with  ammonia,  dissolves  in  alkalis  with  a  dark  red  colour,  softens  at  50°,  melts 
at  100°,  and  is  free  from  iodine.    By  analysis  it  gave  numbers  agreeing  with  the 

formula  C"II"0^  or       j  C'H'— 0— C^H^Iq^'  (Biedermann). 

CRESOTIC  ACID,  C^H^O'  =  CH'-^OH    .  Biedermann  a.  Pike  (iJewi!. 

Gcs.  Bcr.  vi.  323)  have  prepared  this  acid  from  coal-tar  cresol  obtained  from  Calvert's 
manufactory.  This  liquid  did  not  yield  to  fractional  distillation  any  product  of  con- 
stant boiling  point,  but  the  portion  boiling  at  203°  was  regarded  as  pure  cresol. 

Cresotic  acid  was  prepared,  according  to  Kolbe's  method  {1st  Suppl.  608),  by  dis- 
solving sodium  in  the  cresol,  and  passing  carbonic  anhydride  into  the  solution ;  the 
sodium  cresotate  was  then  precipitated  from  the  liquid  by  a  concentrated  solution  of 
ammonium  carbonate,  and  pure  cresotic  acid  was  separated  from  the  aqueous  solution 
of  the  precipitate  by  hydrochloric  acid.  It  was  found,  however,  that  only  a  small  portion 
of  the  cresol  is  converted  by  this  treatment  into  cresotic  acid,  probably  because  one  of 
the  modifications  of  cresol  in  the  mixture  is  more  easily  acted  on  than  the  other  two. 

Cresotic  acid  thus  prepared  melts  at  174°.  According  to  Kolbe,  the  melting  point 
is  153°.  Engelhardt  a.  LatschinoiF,  on  the  other  hand,  found  that  the  cresotic  acid 
which  tliey  prepared  from  7-eresol  or  meta-cresol  by  tho  action  of  phosphoric  anhy- 
dride on  thymol  {\st  Suppl.  607),  melted  at  16S°-173°,  whereas  the  melting  points  of 
their  a  and  ;8  cresotic  acids  (prepared  by  fusing  a-  and  /3-toluenesulphonate  of  potas- 
sium with  potash)  were  much  lower,  viz.,  114°  and  147°-150°  respectively.  It  would 
appear,  then,  that  the  cresotic  acid  prepared  as  above  is  7-cresotic  or  meta-cresotic 
acid. 

This  cresotic  acid  crystallises  from  water  in  beautiful  shining  needles  resembling 
salicylic  acid,  and  strikes  a  deep  violet  colour  with  ferric  chloride.  The  calcium  salt 
and  barium  salt  are  very  soluble  in  water,  crystallise  badly,  and  retain  no  water  of 
crystallisation.  The  silver  salt  forms  a  white  powder  soluble  in  hot  water,  and  yields 
methyl  cresotate  when  it  is  heated  with  methyl  iodide.  This  ether  boils  at  236°-237°, 
and  smells  like  gaultheria  oil.  Alkalis  act  on  it,  forming  an  alkaline  methyl-cresotate, 
which  by  further  treatment  with  alkali  splits  up  into  methylic  alcohol  and  cresotic 
acid.  Ammonia  converts  it  into  methyl  alcohol  and  cresotamide,  a  solid  slightly 
soluble  mass,  which  has  not  yet  been  investigated. 

An  attempt  to  prepare  tlie  aldehyde  of  cresotic  acid  by  the  distillation  of  calcium 
cresotate  and  calcium  formate  was  unsuccessful,  cresol  and  other  products  not  yet 
investigated  being  formed.  Nothing  giving  a  crystalline  product  with  sodium  bisul- 
phite was  obtained. 

CROKTSTESTITE.  This  mineral,  found  only  at  Przibram  in  Bohenoia,  and 
in  Cornwall,  was  first  analysed  by  von  Kobell,  who  assigned  to  it  the  formula 
3(FeO.SiO-).  t(Fe-'03.3H-0),  or  3Fe"^SiO*.4(Fe"-)"H''08  (ii.  112),  This  formula  has 
recently  been  confirmed  by  Maskelyne  a.  Flight  {Chem.  Soc.  J.  [2]  ix.  9),  who  found 
in  a  well  selected  Corni.sh  specimen,  41-27  p.c.  ferrous  oxide,  the  formula  requiring 
41 '54.  Many  specimens,  however,  exhibit  a  smaller  percentage  of  ferrous  oxide,  and 
an  excess  of  ferric  oxide,  probably  from  association  with  a  ferric  silicate,  like  hisingerite, 
with  which,  indeed,  cronstedtite  has  been  shown  to  be  associated. 

The  crystals  of  cronstedtite  belong  to  the  hexagonal  system  and  are  hemimorphous. 
The  specimens  formerly  examined  from  Przibram  and  from  Wheal  Maudlin  in  Cornwall 
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did  not  yield  measurable  crystals  ;  but  amongst  thoso  from  other  Cornish  localities 
examined  by  Maskelyne  and  Flight,  wore  a  few  on  which  the  diverging  groups  of  the 
cryst;ils  of  cronstedtite  pesented  hero  and  there  a  crystal,  or  more  generally  a  small 
group  of  crystals,  with  more  definite  features.  In  sonic  cases  tin;  crystals  were  mutually 
iutorpenotrating.the  brillianl  cb  i  vaL:r-|.|:i  nf  i  he  diii;  ri-iil  crystals  projecting  through 
one  another,  andpresenting  rr-inl  ni  n-  aiinlr^  which  mdicMl  eil  the  probability  of  their 
being  twinned.  In  most  cases,  a^aiii,  a  i-an  tul  scrutiny  nt'  the  bright  summit  plana 
showed  that  it  was  tesselated,  and  that  tlie  crystal  was  in  fact  composite,  the  dif- 
ferent individuals  comprising  it  being  generally  in  parallel  juxtaposition  (fig.  9),  but 
sometimes  (fig.  10)  twinned  round  the  normal  to  that  plane  (the  morphological  axis  of 
the  cry.stal) ;  but  never  so  as  to  mask  the  truly  hemlniurphnus  characterof  the  crystal. 
The  symmetry  round  the  axis  of  each  crystal  is  trlLioiial,  thr  lurm  of  I  lie  n-y^l.il  being 
that  resulting  from  the  combination  of  two  rhoniljuhedrnns.  uf  uniy  ihe  planes 

on  one  side  of  the  unique  plane  of  symmetry  (that  parallel  to  the  summit  plane)  aro 
extant.  The  crystal  thus  presents  the  aspect  of  a  combination  of  two  trigonal 
pyramids,  of  -which  one  is  more  acute  than  the  other  (fig,  11).  For  angular  measure- 
ments see  the  original  paper. 

Fic.  0,  Fif;,  10.  Fig.  11. 

CROTOir  Olli,  ACIDS  OBTAXXTES  FROM.  It  h.is  hitherto  been  ad- 
mitted, on  the  autliority  of  Schlipiie,  lhal  croton  oil  yields  by  saponification  crotonic 
acid  C^H'^O-  and  angelic  acid  C'llMJ-  (ii.  112).  lJut  from' recent  experiments  by 
Gouthor  and  I'lMhlicli  [Zeitsrlr.  f.  Chan.  [2]  vi,  2G,  049),  it  appears  that  this  oil  does 
not  yield  .any  li(iaid  ariil  li.i\  ing  the  composition  C''II"0-,  and  that  the  solid  acid, 
Cill^O-,  wlii'ch  it  yields,  is  not  angelic  acid. 

Croton  oil  (2  kilo.)  is  saponitied  with  sIivhil!-  soda-Icy;  the  brown  soap  removed; 
the  black  undor-liquor  supersaturat I'd  wiih  sal|i|iuric  acid  and  distilled  ;  the  distillate 
(on  which  oil-drops  float)  is  neutralised  .--ndium  carbonate,  then  evaporated  to  a 
small  bulk  and  supersaturated  w-itli  suliiliuric  .ai-id  ;  tin;  .aia'ds  wliicli  separate  in  oily 
form  are  removed  from  the  watery  liquid  ;  tlie  l.-itler  is^rvcivd  innr*  exIiauHtrd  Avith 
ether  free  from  alchol  ;  tlie  ether  added  to  the  oily  ari.K  ;  ilir  nhoival  li.juid  dehy- 
drated with  calcium  cliloi-ide  ;  and  the  (ther  distilled  <jil'.  Dy  tliis  process,  a.  brown 
oil  is  obtained  as  residue  I  4  t  annus)  vliich  by  repeated  fractional  diBtillation  may  bo 
separated  into  iour  poriion^.  tie-  tii->t  l.oiling  at  ]1.5°-ieO°,  the  second  at  160°-190°, 
the  third  at  190°-20.y-',  and  the  fourth  at  20o°-270°, 

Tlie  first  fraction  contains  butyric  and  acetic  acids  (no  propionic  acid  was  observed) ; 
the  second,  butyric  and  valeric  acids.  The  third  contains  a  crystallised  acid,  con- 
stituting nearlv'the  whole,  which  has  the  constitution  of  angelic  acid,  Imt  is  not  iden- 
tical therewith.  ^Vllen  five,!  trom  adlaaaUL;  oily  .-leid  by  rep-ated  eryM .i I lisat  i, .n  from 
water,  this  acid  f.riii^  t  ra ':,~l>ar.iil ,  eol,  m  I'le.v,  l-hniubie' j  lit  r>  and 'ji'i.-;!!.-,  uliich  at 
Gl°  begin  to  melt  , at  the  ed-rs.  .and  .at  (W'lnelt  eomplel  el v  I o  a  limpid  oil,  -nidually 
.solidifying  again  between  (iO'^  and  oS°.  It  boils  wit  liont  d'eoniposil  ioiL  at  201-1° 
(coriM  ta.sfe-;  very  sour,  and  when  pure  has  a  pleasant  .a I'oiiiat  i,'  odoiir.  Gcuther  a. 
I'rrildieh  <lesiL;iiali;  this  acid  provisionally  as  tiglie  arid,  and  jioini  out  tliat  it  is, 
pei-liaps.  ideiitieal  with  Frankland  a.  Diipp.a's  m,-t li yl-rrot o„ie  aeul  \  \si  Snji/il.  828). 
Its  /•/*////.•  r///,r  «.'»1I'0»('-H'  l-.iN  at  f  (10  '  (  con-. ).  li'as  a  ^|..v)fi.-  LTayity  of  0-926,  is 
colourless,  transparent,  and  in-oluMe  in  water,  ami  lias  a  ]iiculi:ir  arouiatie  o  lour,  not 
at  all  like  the  disagreeable  odour  ascribed  by  Frankland  a.  Uuppa.  to  niethyl-erotouic 
ether. 

Barium  iifjiaie,  (C^H'O-)-Ba  +  lOH-0,  separates  from  its  aqueous  solution  on 
evaporation,  as  a  dense  crystalline  mass  made  up  of  sm.ill  needles  ;  it  is  very  soluble 
in  Avatia-,  lait  by  no  mi'ans  diflieult  to  crystallise,  .as  the  mcthyl-crotouate  is  said  to  be. 
It  gives  up  its '^y.at,  I- of  eryMairisati..n  (iyer  (al  of  vitriol.  Silver  tiqJate  C^IV AgO-  is 
a  white  erysi  illiiie  powder,  neai-ly  iieoliible  in  water,  and  but  little' altered  by  light. 

The  fourth  fraction  (20.V^-270'-' )  of  the  original  mixture  of  acids  appears  to  contain 
caproic,  or  cenanthylic,  or  pyroterebic  acid,  together  with  higher  members  of  the 
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acrylie  series  or  of  the  next  lower  isologous  series  C"H-'"-'0-:  the  quuutity  of  tliis 
Iraetion  is,  however,  very  small. 

CltOTOSrZC  ACXD.  C'WO-  (Kekule,  Deut.  Chem.  Ges.  Bcr.  iii.  604  ;  Zeitschr. 
f.  Chan.  [2]  vi.  70.5).  Solid  crotonic  acid  (hitherto  distinguished  as  a-crotonic  acid) 
is  produced  l)y  the  action  of  oxygen  or  atmospheric  air  on  crotonie  aldehyde  (formed 
li}- condensation  of  acetic  aldehyde), — also  as  a  silver  salt  by  oxidising  crotonic  alde- 
hyde with  silver  oxide.  Tlu-  aeid  tlius  produced  melts  at  71°-72°.  In  a  small  distil- 
ling flask  it  boils  at  180^-181°;  wlien  distilled  according  to  Kopp's  directions,  at 
182°  (corr.  18t°) ;  with  the  mercury-column  entirely  in  the  vapour,  at  189°.  In 
vessels  exposed  to  the  sun,  it  sublimes  in  largo  rhombic  plates.  It  dissolves  in  12-47 
parts  of  water  at  19°  and  is  obtained  by  evaporation  of  this  solution  in  well-defined 
monoclinic  crystals  exhibiting  the  combination  co  P.  ocPoo  .  OP  .  +  Poo  .  Angle  oo  P  : 
OP  =  112°  50';  ooP  :  ooP  =  107°  30'  (laterally);  OP  :  -l-  Poo  =  126°  30'.  Axes 
a:h:c=  1  :  1-8065  :  1-5125.  Anglo  bo  =  131°.  Cleavage  parallel  to  OP  and  oo  Poo 
(vom  Rath).    When  fused  with  potash,  it  yields  nothing  but  acetic  acid. 

The  same  characters  are  exhibited  by  crotonic  acid  prepared  from  the  allyl  cyanide 
obtained  from  mustard  oil  (\st  Siqjpl.  510).  According  to  Will  a.  Korner,  this  acid 
melts  at  72°;  according  to  Bulk,  it  melts  at  72°,  boils  at  183-8°  (corr.  187°),  and 
dissolves  in  12-07  parts  water  at  15°.  With  regard  to  the  crystalline  form,  Bulk 
gives  measurements  by  Knop,  from  wliich,  it  appears  that  tlie  crystals  of  the  acid  are 
monoclinic.  Knop's  measurements  {A>m.  Ch.  Fharm.  cxxxis.  62)  are  indeed  aflfected 
with  certain  obvious  errors,  but  four  out  of  the  six  angles  measured  by  him  agree 
nearly  with  those  determined  by  von  Path.  The  identity  of  the  crotonic  acid  from 
allyl  cyanide  prepared  from  mustard  oil  with  that  obtained  by  oxidation  of  crotonic 
aldehyde,  is  therefore  established ;  and  the  same  may  be  said  of  the  acid  "which  Wis- 
licenus  obtained  by  the  distillation  of  )3-oxybutyric  acid,  which  melts  at  71°-72° 
and  boils  at  181°-182°  (corr.)  Thecrotouic  acid  obtained  from  allyl  cyanide  syntheti- 
cally prepared  (by  the  action  of  potassium  or  silver  cyanide  on  allyl  iodide)  likewise 
exhibits  the  same  physical  properties,  but  according  to  Clans  {Deut.  Chem.  Ges.  Ber. 
iii.  93),  when  fused  with  potash,  it  yields,  not  acetic,  but  propionic  and  carbonic  acids. 
Kekule,  however,  finds  that  this  statement  is  erroneous.  He  prepared  crotonic  aeid 
in  the  manner  described  by  Claus,  yiz.,  by  converting  allyl  iodide  into  the  cyanide, 
and  distilling  the  latter  with  potash,  and  purified  the  portion  distilling  between  180° 
and  195°  by  converting  it  into  the  sparingly  soluble  silver  salt  and  separating  the 
acid  tliercfrom.  The  crotonic  acid  thus  obtained  melted  at  72°,  boiled  at  182°,  and 
gave  by  fusion  with  potash,  nothing  but  acetic  acid. 

Constitution  of  Solid  Crotonic  acid. — Tlie  identity  of  tlie  crotonic  acid  from  crotonic 
aldehyde  and  from  allyl  cyanide  being  thus  established,  it  would  seem  to  follow  that 
this  crotonic  acid  must  have  the  formula  CH==:CH  — CH-  — COOII,  inasmuch  as  the 
constitution  of  allyl  alcohol  is  constantly  represented  by  tlie  formula  CH'-— CH  -  Cn-= 
OH,  and,  therefore,  that  of  allyl  cyanide  by  CH-=CH  -  CH- -  CN ;  and,  in  fact, 
Kekule  formerly  represented  crotonic  acid  by  the  formula  just  mentioned,  assigning, 
also,  a  similar  constitution  to  crotonic  aldehyde,  and  supposing  it  to  be  formed  from 
acetic  aldehyde  in  the  manner  shown  by  the  folio-wing  equation,  in  -which  the  bracketted 
symbols  indicate  the  eliminated  atoms  of  hydrogen  and  oxygen : 

CH-(H)-C(0)H  —    H-0  =  CH-=CH— CH-— COH 

CH=(H)— COH. 

(See  \st  Sufpl.  p.  513).  Now,  however,  he  considers  it  more  probable  that  the  two 
hydrogen-atoms  are  taken,  not  one  from  each  of  the  methyl  groups  present,  as  above, 
but  both  from  the  same  methyl  group,  giving  for  the  resulting  crotonic  aldehyde  a 
formula  in  which  the  two  middle  carbon-atoms  are  doubly  linked,  thus  : 

CH^— C(0)H  —    H^O  =  CH'— CH=CH— COH 

C(H-)H— COH. 

That  such  is  the  true  representation  of  the  change  may  be  inferred  with  great  pro- 
bability from  the  analogous  synthesis  of  cinnamyl  chloride  from  benzoic  aldehyde  and 
acetyl  chloride,  discovered  by  Bertagnini : 

C«H^— C(0)H  —    H^O  =  C^ff— CH^zCH— COCl 

C(H-)H— COCl. 

In  this  case  it  can  scarcely  be  supposed  that  the  carbon-atoni  already  attached  to  tlie 
aromatic  nucleus  by  one  unit  of  affinity  coidd  become  more  intimately  united  ■^^•ith  it, 
so  as  to  form  the  group  C^H^— CH — . 

Admitting,  then,  for  crotonic  aldehyde  the  formula  CH'— CH=CH— COH,  it  fol- 
lows that  the  crotonic  acid  formed  from  it,  and  tlierofore  also,  the  acid  formed  from 
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allyl  alcohol,  must  have  the  constitution  CH^ — CH=C1I — COOII.  In  the  latter  caso 
it  must  be  supposed  that,  at  some  stage  in  the  passage  from  the  alcohol  to  the  acid,  a 
change  occurs  in  the  arrangement  of  the  hydrogen-atoms,  either  that  the  iodide  pre- 
pared from  the  alcoliol  has  no  longer  the  formula — 

CH2=Cn— Cn-I,  but  is  CH^— CIIzzCHI ; 

or  that  tlic  cyanide  is  not— 

CH==CH— CH^CN,  but  CH^— CH=:CHCN ; 

or  that  the  cyauide  constituted  according  to  the  first  formula  yields  an  acid  correspond- 
ing to  the  second  cyanide. 

The  formula  thus  assigned  to  crotonic  acid  is  confirmed  by  the  fact  that  -when  fused 
Avith  alkalis  it  is  resolveit  into  two  molecules  of  acetic  acid.  For  all  the  acids  of  the 
acrylic  series  when  thus  treated,  split  up  at  the  point  where  the  carbon-atoms  are 
doul  .ly  united  (Isi  Suppl.  42),  so  that  when  the  molecule  CH^— CH=CH-C0-H:  is  acted 
upon  by  2H-0  (or  2KH0),  the  group  CH'— CH  takes  up  2  atoms  of  oxygen,  and  tlie 
right-hand  group  CH  — CO-H  takes  up  2  atoms  of  hydrogen,  forming  2  mols.  acetic 
acid  ClI' — CO-'II,  while  the  remaining  2  atoms  of  hydrogen  are  eliminated.  An  acid 
having  the  constitution  CH-z::CH  — CH- — CO-Hwoiild  split  up,  under  similar  circum- 
stances, into  formic  and  propionic  arids. 

The  formula  CH-'  —  CH^('lf —  ('<)( )ir  was  formerly  assigned  to  the  liqiiid  crotonic 
acid  said  to  be  oljtaincd,  1.  bv  snponiliiMl  i<jn  of  croton  oil  (Schlieper) ;  2.  by  the  action 
of  chlorethylidene  and  metallic  ^ilver  on  chloracetic  acid  (Stacewitz) ;  3.  by  the 
action  of  nascent  hydrogen  on  the  modification  of  chlorocrotonio  acid  which  melts  at 
69-5  (Geuther;  see  \st  SuppJ.  509).  With  regard  to  the  first  of  these  products, 
it  appears,  from  the  experiments  of  Crouther  a.  Frohlich,  that  the  saponification  of 
croton  oildoesiKit  vieM  :iiiv  .icid  h.iviiii;  the  composition  (p.  ."O.'i)-  Witli  r.  L'-ard 

to  the  second,  il  li';is  lin.n'.sli.mn  by  Krkulea.  Zincke  {Ann.  Clicm.  rh,i,-.,i.  elxii.  12,3) 
tliat  the  suiipnsi'd  iM.nieri.b'  of  eliloi-el liylene  or  vinyl  chloride,  calle.l  t7//,.,v/r, or 
chhrethylideiii;  said  by  Ibiniiizkv  t-.  be  fominl  by  tllo  .•u-ti..ii  of  i.li..H«.-n.-  ..ii  .-l^Miyde, 
has  no  existence  :  hence  it  is  imil-nble  lliat  tlir  |i(|nid  |,r.Hliier  (.lii;iiiied  in  li.i'  si  emid 
of  the  .above-mentioned  reael  ions  w:is  iMilliini;-  I'Ul  <Tnloiiie  .-ildeliyde  (liii'iie  d  I'V  tlie 
action  of  hydrochloric  acid  on  tlie  .icelie  aldehyde)  mixed  with  hydrmlildi-ie  neil. 

The  liquid  crotonic  acid  olit  iini'd  by  the  third  reaction,  called  ^/'i/r/r, (?//(.■  m  id  liy 
Geuther,  is  said  by  him  to  yiel.l  nolhin^-  liut  acetic  acid  when  fnsed  with  ]int;i,-li ;  but 
this,  according  to  Kekule,  is  the  reaction  exhibited  by  solid  crotonic  acid  :  hence 
Kekule  considers  the  existence  of  this  liquid  crotonic  acid  as  somewhat  doubtful,  and 
suggests  that  it  should  have  been  confirmed  by  converting  the  acid  in  question  into  a 
silver  salt  and  separating  it  therefrom.  Tlio  ehloroerotonic  acid  of  higher  melting 
point  is  converted  by  nascent  hydrogen  into  solid  crotonic  acid. 

On  the  whole,  then,  Kekule  considers  that  only  two  modifications  of  tlic  acid 
C'H''0-  have  as  yet  been  satisfactorily  made  out,  viz : 

Crotonic  acid  (solid).    Cff^CIfcClI— COOH. 

H-^C^ 

Mcthacrylic  acid.  3,C-C00H. 

The  third  modification,  CH-=:C1I  — CIP— COOH,  remains  to  be  discovered. 

On  the  eoiistilntion  of  crotonic  acid  sec  also  Paterno  {Zcitsch-.  f.  Chem.  [2]  vi.  88); 
Lwow  (^7,^V^  21.-)). 

Clilorocrotonic  acids.— Triclilorocrotonie  acid,  C'H^CPO-,  is  produced 
by  oxidation  of  crotonic  ehlov.il  w  ll  li  fuming  nitric  acid.  The  action  is  very  violent 
and  must  bo  moderated  by  eoolinu  :  -H  ith  impure  crotonic  chloral  it  takes  place  imme- 
diately, but  with  tlie  pniv  ^nl^l;lnee.  nfler  some  time  Only.  The  trichlorocrotonic 
acid  o'blaineil  fi-nm  snniewli.it  iin|iure  ei-ntoiiie  chloral  often  remains  liquid  for  several 
days.  :nid  erv>t:i Mises  nnlv  in  eoniael  \\'\\\\  ei'\>l;ils  ..f  llie  pure  acid. 

Ti-ieliloi'ni'roinnie  neitl'  ervslallisrs  in  enfnurle-s  ridiMte  needles,  melting  at  44° 
and  boilin"  at  "'M'^  2:iS''' ;  il  is  vi t'' e:i  n-^l  ie,  n. I  . le-t mvs  Ihe  sldn.  It  t;il;es  up 
p.c.  of  wat^T,  and,  on  ll,e  oiler  hand,  'i:,  parls  nf  sealer  .lis.nlve  one  ,.arl  -f  the 
acid.  r,y  aeti„i.M,po„  il  .,iil,  zine  .and  1,  v,lr<.el,lone  aei^l  t  l,e  e],lovine  isreplae,.,!  l,y  hy- 
drogen. All  Ihe  pr.pduets  thus  oMaine.l  ervst  illise  w.H  :  liest  of  all,  mvno,:hl,u;,crotonlc 
OfiV,  which  melts  at  95°  (Juds.ni.  7y,lsrhr.f.  Ch..,.        vii.  1(11. 

I'otassinm  trichlorocroionuli;  C'l r-'K( 'l'( )-.  is  ol-t  lined  by  .idding  potassium  car- 
bonate slowly  and  in  small  qua nl  il  ie  -  to  the  moderately  eoiu'enl  i-, it  ed  acid  ;  it  crystallises 
in  pri^uis  and  is  very  hygroscopic.    Ammonium  /ric/dorocro/onnte,  C'ir-(NIl')CPO-, 
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crystallises  from  alcohol  in  colourless  scales.  Lead  irichlorocrotonatc,  (C'lI-CPO^) 
Pb  + 211^0,  is  prepared  by  shaking  an  ethereal  solution  of  the  acid -n-ith  lead  car- 
bonate. On  evaporating-  tlie  solution,  the  salt  crystallises  in  needles  arranged  in  tul't- 
like  groups  ;  it  is  insoluble  in  cold  -water  and  sparingly  soluble  in  boiling  -^vat(•r. 
Silver  trwhlorocrotonate,  CH-A^Cl-'O-,  is  obtained  by  mixing  moist  silver  oxide 
a  dilute  solution  of  the  acid,  and  adding  silver  nitrate  and  ammonia  to  the  filtrate  until 
it  shows  a  slight  alkaline  reaction  ;  the  salt  is  thus  obtained  as  a  crystalline  pre- 
cipitate, -which  may  be  di-ied  in  vacuo.  The  ethylic  ether,  C'H-CPO-.C-H^,  is  formed 
by  heating  equal  numbers  of  molecules  of  the  acid  and  ethyl  alcohol  in  sealed  tubes 
for  some  hours  to  100°.  It  is  a  coloiu-less,  heavy  liquid,  -which  boils  at  212°  and  has 
an  aromatic  odour  (Judson). 

Tricldorocrotoni/l  chloride,  C>R-CmCl,  a  hea-*^- liquid,  boiling  at  162°-166°,  is 
prepared  by  heating  the  acid -with  phosphoric  chloride  to  120=.  Water  acts  on  it 
slo-wly,  but  by  alcohol  it  is  instantaneously  decomposed,  ethylic  trichlorocrotonato 
being  formed  (Judson). 

Trichlorocrotonamicle,  C'H-CPONH-,  is  easily  formed  by  pouring  aqueous  ammonia 
over  the  chloride.  It  is  sparingly  soluble  in  cold,  more  readily  in  boiling  -water,  and 
crystallises  from  alcohol  and  ether  in  silvery  scales,  -which  melt  at  96°  (Judson). 

When  silver  trichlorocrotonate  is  heated  \vith  water  in  a  flask  connected  -with  a 
reversed  condenser,  a  brisk  evolution  of  carbonic  acid  takes  place,  and  silver  chloride 
and  dichloraUylenc,  C^H-CP,  are  formed.  The  latter  is  a  heavy  oil  -wliich  has  a  pene- 
trating odour  :  it  boils  at  78°  and  combines  readily  -nith  bromine.  The  same  com- 
pound is  obtained  by  acting  on  crotonic  chloral  -with  caustic  baryta — 

C^H^Cl-'O  +  H'O  =  CTi=Cl=  +  HCl  +  CH=0, 
or  by  heating  trichlorocrotonic  acid  mth  dilute  alkalis — 

C'H^Cl'O"  =  C'H=C1=  +  HCl  +  CO-. 

If  the  aqueous  solution  of  the  acid  is  treated  -with  an  excess  of  silver  oxide  or  alkali, 
the  yield  of  dichlorallylene  is  very  small,  as  the  action  goes  further  (Judson). 

Monochlorocrotonic  acid,  C^H^CIO'-. — The  zinc-salt  of  this  acid  is  formed  by 
the  action  of  zinc  and  hydrochloric  acid  on  trichlorocrotonic  acid  (p.  397) ;  or  by 
slowly  dropping  fused  trichlorocrotonic  acid  into  a  mixture  of  water  and  zinc- 
dust  ;  the  mixture  then  becomes  warm,  and  no  gas  is  evolved  ;  but  if  too  much  of  the 
trichlorinated  acid  is  added  at  once,  a  gas  is  evolved  which  burns  -svith  a  green  flame 
and  probably  contains  carbon  and  chlorine.  By  treating  the  solution  of  the  zinc  salt 
with  hydrochloric  or  sulphuric  acid,  crude  monochlorocrotonic  acid  is  precipitated ;  it 
may  be  purified  by  recrystallisation  from  hot  water,  in  which  it  easily  dissolves.  It 
is  easily  soluble  also  in  alcohol  and  ether,  melts  at  96°,  boils  at  212°,  and  sublimes 
partially  even  at  the.  heat  of  the  water-bath,  forming  pearly  scales  and  needles.  It  is 
not  deehlorinated  by  treating  it  in  aqueous  solution  with  zinc-dust  or  silver  oxide,  or 
by  heating  it  with  ammonia  to  1 20°  ;  but  by  treating  a  concentrated  solution  of 
sodium  mouochlorocrotonate  with  sodium-amalgam,  and  decomposing  the  resulting 
sodium  salt  with  sulphuric  or  hydrochloric  acid,  crotonic  acid  is  obtained,  identical  in 
every  respect  with  that  which  is  formed  from  allyl  cyanide  or  from  crotonic  aldehyde. 
On  adding  a  molecule  of  bromine  to  a  solution  containing  a  molecule  of  monoehloro- 
crotonic  acid,  the  two  unite,  forming  monochloro-dibromo-butyric  acid  C'H^ 
ClBr-'O",  which  separates  as  a  colourless  oil,  soon  becoming  ciystalline.  Potassium 
mouochlorocrotonate,  C'iJ-'ClO-K,  is  very  readily  soluble  in  water,  and  crystallises 
therefrom  in  needles,  and  from  its  alcoholic  solution  in  plates.  The  sodimn  salt, 
C^H^CIO-Na,  is  uncrystallisable.  The  ammonium  salt,  C'H'CIO-(NH')  forms  large 
plates,  or  six-sided  tables,  which  sublime  readily  at  100°.  The  silver  salt,  C^H^CIO-Ag, 
is  somewhat  difficultly  soluble  in  water,  from  -ft'liich  it  crystallises  iu  long  white 
needles.  The  lead  salt,  (C*H'C10-)=Pb  -r  H-'O,  forms  glistening  plates  and  needles. 
The  hasic  citpric  salt,  (C'H*C10-)-Cu.Cu(0H)-,  is  precipitated  as  an  amorphous  bright 
blue  powder,  on  adding  cupric  sulphate  to  a  solution  of  an  alkaline  nionoehlorocro- 
tonate ;  the  neutral  salt,  which  forms  fine  blue  prisms,  is  obtiined  by  evaporating 
over  sulphuric  acid  a  solution  of  cupric  Cjarbonato  in  the  acid  ;  the  calcium  sa/t, 
(C'IIJClO-)-Ca,  crystallises  in  thick  prisms,  and  the  barium  salt,  (("H'ClO'-y-Ha, 
in  thin  plates  which  are  more  readily  soluble  than  the  calciiim  salt.  'Klhi/1  ,iin,n,rhlu- 
roerotonate,  C'1I''C10-.G-H.',  formed  on  saturating  an  alcoholic  solution  uf  tlir  m  id  itli 
hydrochloric  acid,  is  a  colourless  liquid,  having  a  pleasant  fruitj'  odour,  ami  liuilingat 
176°  (Sarnow,  Beut.  Chem.  Gcs.  Bcr.  iv.  731 ;  v.  467). 

Chlorinated  acids,  C^W'CIO-,  produced  by  the  action  of  Phosphorus  Pen- 
tachloride  on  Ethyl-diacetic  acid  (Geuthcr,  Jenaische  Zeitschrift,  \\.  part  4; 
Chcm.  See.  J.  [2]  ix.  812).— When  phosphorus  pentachloride  (33  parts)  is  gradually 
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added  to  cthyldiiicctic  acid  (10  parts),  it  dissolves  without  any  great  evolution  of 
lieat,  forming  a  reddisli-Lro-wn  liquid  ;  at  the  same  time  large  quantities  of  liydro- 
cliloricacid  and  ethyl  chloride  are  evolved,  but  no  acetyl  chloride  is  formed.  The  product, 
which  consists  of  phosphorus  oxychloride  and  the  chlorides  of  several  acids,  cannot  he 
successfully  separated  By  fractional  distillation,  and  nnist  tlierefore  be  added  gradually 
to  water  maintained  at  a  low  temporatiire,  in  whirli  it  V( mlily  dissolves.  On  distilling 
the  aqueous  solution,  an  oil  first  passes  over  willi  t  lie  vii|inur  of  water,  which  does  not 
solidify;  this  is  succeeded  by  a  milky  liquid  wliicli  iluposits  crystals  on  cooling;  and 
ultimately  the  distillate  comes  over  clear.  The  first  portion  of  the  distillate  contains  a 
readily  volatile  oil,  which  does  not  solidify ;  the  milky  intermediate  portion  consists  of  a 
volatile  acid  which  solidifies  on  cooling ;  the  residue  in  the  retort  is  a  very  difficultly 
volatile  acid.  These  three  may  bo  more  completely  separated  from  one  another  by 
repeated  fractional  distillation  with  water.  The  small  portion  of  the  volatile  acid 
whicli  accompanies  the  neutral  oil  may  lie  removed  by  agitating  it  with  an  excess  of  a 
solution  of  sodium  carbonate,  and  distilliiiir,  tlio  crvst.illino  volatile  acid  being  re- 
covered from  the  sodium  salt  hy  di-l  inn  w  ith  dilmr  sulphiu'ic  acid.  To  obtainthe 
slightly  volatile  acid  from  tin:  rrsidur.  in  ihn  rrtoi-l  in' the  first  distillation,  it  is  neu- 
tralised with  sodium  carbonate,  .-mil,  after  .'-epariitio}!  of  the  resinous  impm-ities,  con- 
centrated by  evaporation.  Mucli  of  the  .sodium  phosphate  may  thus  be  separated  by 
crystallisation ;  and  on  evaporating  the  mother-liquors  to  dryness,  and  extracting  with 
alcohol,  the  sodium  salt  of  the  new  acid  is  dissolved,  leaving  the  sodium  phosphate 
and  sodium  chloride.  After  the  alcohol  lias  been  removed  by  distillation,  excetss  of 
sulphuric  acid  is  added  to  the  solution,  and  the  whole  boiled  for  some  time  to  remove 
tlie  last  traces  of  the  more  volatile  acid.  On  agitating  with  ether,  drying  the  ethereal 
solution  of  the  acid  with  calcium  chloride,  and  evai5orating,  an  oil  is  left  behind,  whicli 
solidifies  over  concentrated  sulphm-ic  acid  to  a  crystalline  mass.  To  purify  this  acid 
it  is  dissolved  in  water,  decolorised  by  animal  charcoal,  and  recrystallisod. 

Both  the  acids  tlius  obtained  have  the  composition  C'H^CIO'^-  The  less  volatile 
acid  melts  at  94°,  boils  at  206°-211°,  and  is  identical  in  every  respect  with  the  mouo- 
chlorocrotonic  acid  above  described.  Gouther,  however,  designates  it  as  chloro- 
tetraprylic  acid.  By  reduction  with  sodium  amalgam,  it  is  converted  into  solid 
crotonic  acid  (Geuther's  tetracrylic  acid)  melting  at  71-o°  and  boiling  at  187-i°  (corr.) 
By  the  action  of  potassium  hydrate  it  is  converted,  according  to  Geuther,  into  an  ncid 
C'H<0=,  which  he  calls  tetrolic  acid,  melting  at  76-5  and  boiling  at  203°.  This, 
Iiowever,  is  very  doubtful,  as,  according  to  all  other  authorities,  crotonic  acid  fused 
with  potash  yields  nothing  but  acetic  acid. 

The  more  volatile  chlorinated  acid  designated  nj  Geuther  as  chloro  -quart  eny  lie 
acid  may  be  boiled  witli  excess  of  potash  without  undergoing  decomposition.  A  satu- 
rated solution  of  its  sodium  salt  treated  with  sodium  amalgam  yields  the  sodium  salt  of 
'quartcnylic  acid,'  or  liquid  crotonic  acid,  C^ffO^,  from  which  that  acid  may  be 
obtained  as  a  colourless  oil  which  boils  after  rectification  at  171"9°  (corr.),  has  a  density 
of  0-1018  at  25°  and  does  not  solidify  at  —15°. 

As  there  are  but  three  possible  isomeridcs  of  the  acid  C^H^O-,  viz.,  crotonic  acid 

CH'— CH=CH— C0^  methacrylic  acid  ^j^^C— CO^H,  and  the  acid  CH-=C1I— 

CII- — CO^H,  the  last  formula  would  seem  to  belong  to  quartcnylic  acid;  but  this  acid, 
when  fused  willi  ^xit-i^h,  should  yield  formic  and  propionic  acids  (p.  397),  whereas 
according'  to  ( li.  r,  ii  \  ieMs  nothing  but  acetic  acid,  whence  it  should  have  the  con- 
stitution CII'  ('!!  -CO-il.  Its  separate  existence  must,  therefore,  for  the 
present,  be  regarded  as  doubtful. 

The  neutral  oil  above  mentioned  as  one  of  the  products  of  the  action  of  phosphorus 
pentachloride  on  cthyl-diacctic  acid  is,  according  to  Geuther,  a  mixture  of  the  etliylic 
ethers  of  chloroquartonylic  and  chlorotetracrylic  (chlorocrotonic)  acids,  which  acids 
m:iy  lie  obtained  from  it  by  lieating  it  for  several  days  with  strong  hydrochloric  acid, 
and  distilling  the  product  with  water. 

According  to  these  results,  the  action  of  phosphorus  pentachloride  on  ethyl-dincetic 
acid  gives  rise  to  monochlorocrotouic  chloride  (or  two  isomeric  chlorides)  whicli  is 
converted  into  chlorocrotonic  acid  by  treatment  with  water,  and  to  the  corresponding 
ethylic  ether  (or  two  isomeric  ethers)  thus  ; 

CfiWO'  +  2PCP  =  C'H^CIO.CI  +  C-H^Cl  +  HCl  +  2P0CP 

Ethyl-di-  Clllorocriitonlc 
ncctic  aciJ,  chloride. 

CH'^O^  +  POP  =  C^H'ClO-.fqp  -^  IICI  +  POCP 
Ethyl-di-  Ethyl-cbliirocro- 
acetic  acid.  touate. 

A  bl'owii  resiii  is  also  tbnncd,  pi'obably  a  secondary  product. 
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CROTOK'ZC  AZiSEK'X'DX:,  CilsQ.  The  formation  of  this  compound  by  conden- 
sation of  2  mols.  acetic  aldeliyde,  under  tho  influence  of  dehydrating  agents  has  Loen 
already  explained  (pp.  31,  396).  The  best  yield  is  obtained  as  follows  :— Pure  aldehyde 
is  heated  in  soda-water  bottles  with  very  little  zinc  chloride  and  a  few  drops  of  water 
for  a  day  or  two  at  100°.  The  unchanged  aldehyde  is  then  distilled  of^  and  tho  dis- 
tillation continued  in  a  current  of  steam  ;  the  residue  contains  higher  condensation- 
products.  The  crotonic  aldehyde  distils  over  with  the  steam  and  partly  floats  on  the 
water  in  the  receiver,  partly  dissolves  in  it ;  by  redistilling  the  solution,  and  collecting 
tho  first  portion  apart,  the  greater  part  may  however  be  recovered. 

It  has  been  stated  by  Paterno  a.  Amatothat  crotonic  aldehyde  is  formed  by  heating 
aldehyde  with  ethylidene  chloride  {\st  Siippl.  513).  According  to  Kramer  a.  Pinner 
{Beut.  Cliem.  Ges.  Ber.  iii.  75  ;  Zcitschr.f.  Chem.  [2]  vi.  470),  no  such  result  is  ob- 
tained if  the  ethylideno  chloride  has  been  previously  purified  from  phosphorus  oxy- 
chioride  ;  in  the  contrary  case,  however,  hydrochloric  acid  is  formed,  and  acts  upon 
the  aldehyde  in  the  manner  already  explained,  producing  crotonic  aldehyde  and  other 
condensation-products. 

Crotonic  aldehyde  is  contained  in  small  quantity  in  the  "  first  runnings"  of  the  dis- 
tillation of  spirit  (Kramer  a.  Pinner,  p.  32j. 

CS£OTON-XC  CHX.ORAI,.  C'lPCPO,  Trichlorocrotonic  Aldehyde  (Kramer  a. 
Pinner,  A,i,t.  Ch.  I'ltarm.  clviii.  37). — This  compound  is  formed  by  the  action  of 
chlorine  on  acelic  aldeliyde.  When  chlorine  is  passed  into  aldehyde,  at  first  carefully 
cooled  in  a  freezing  mixture,  and  heated  to  100°  only  at  the  close  of  the  reaction, 
the  fii'st  few  bubbles  cause  the  separation  of  a  small  quantity  of  solid  metaldehydo  ; 
after  a  short  time,  however,  evolution  of  hydrochloric  acid  sets  in  and  every  trace  of 
chlorine  is  absorbed.  The  resulting  brown  mass  consists  of  two  layers  :  a  lower, 
darker,  almost  solid,  and  an  upper,  lighter-coloiu:ed  liquid  layer,  tlie  latter  being  a 
saturated  aqueous  solution  of  hydrochloric  acid  and  the  bodies  of  the  lower  layer.  As 
it  was  found  impossible  to  separate  these  two  completely,  the  whole  was  submitted  to 
distillation.  A  considerable  quantity  passed  over  between  90°  and  100°;  the  ther- 
mometer then  rose  rapidly  to  160°  ;  and  tho  main  product  distilled  over  between  this 
point  and  180°;  the  temjjerature  then  rose  to  about  210°,  but  only  decomposition-pro- 
ducts were  obtained,  and  a  considerable  carbonaceous  residue  remained  in  the  flask.  The 
portion  which  passed  over  between  160°  and  180°  yielded  by  systematic  fractional 
distillation  a  liquid  boiling  between  163°  and  165°  and  having  the  composition  of 
crotonic  chloral,  C^H'CPO.  The  formation  of  this  compound  is  easily  explained.  By 
the  first  action  of  chlorine  on  aldehyde,  hydrochloric  acid  is  produced  ;  and  this  acid, 
reacting  on  tho  aldehyde  in  the  manner  already  explained  (p.  34),  converts  it  into 
crotonic  aldehyde,  C'  E^O,  which  then,  by  the  further  action  of  the  chlorine,  is  gradually 
converted  into  crotonic  chloral. 

Crotonic  chloral  is  a  colourless  oil  of  peculiar  odour,  somewhat  recalling  that  of 
ordinary  chloral ;  it  combines  with  water,  forming  a  crystalline  hydrate,  the  reaction 
being  attended  with  considerable  rise  of  temperature ;  on  mixing  it  with  alcohol, 
much  heat  is  evolved,  but  no  crystalline  compound  is  formed.  Puming  nitric  acid 
converts  it  into  trichlorocrotonic  acid  C'H^CPO^.  In  short,  in  chemical  behaviour,  it 
corresponds  in  every  repect  with  the  trichloraldeliyde  of  the  acetic  series,  excepting  in 
its  reaction  with  alkalis.  Ordinary  chloral  treated  with  alkalis  yields  formic  acid  and 
chloroform,  and  therefore  crotonic  chloral  might  be  expected  to  yield  formic  acid  and 
allylic  chloroform,  C'H'CP,  according  to  tho  equation : 

CCP— CH=CH— COH  +  H=0  =  CH'^0^  +  CCP— C1I=:CH-, 
Crotonic  Chloral.  Allylic  Chloroform. 

instead  of  this,  however,  it  yields  dichlorallylene,  C^H-CP  or  CCP=C=:CH-,  the  alkali 
removing  a  molecule  of  hyclrogen  chloride  (Kriimer  a.  Pinner). 

When  crotonic  chloral  is  digested  with  aqueous  hydroci/anic  acid  in  a  vessel  having 

a  condenser  attached  to  it,  the  cyanhydrin,  CCP — CH=:CH — CH|g^,is  formed  by 

direct  addition,  and  this  compound,  by  prolonged  digestion  with  strong  hydrochloric 

acid,  is  converted  into  t  r  i  c h  1  o  r  a  n  g  e  1  a c  t i  c  a c  i  d,  CCP— CII=CH— CH | , ^  ,  a 

solid  substance  meltiug  at  40°  (BischofF  a.  Pinner,  Bcut.  Chem.  Gcs.  Ber.  v.  208  j. 

Crotonic  Ckloralhjdrate,  CCY'—GjI=iCK—CH^^q-^,  may  be  easily  rccrystalliscd 

from  water,  forming  thin,  dazzling  white,  shining  plates,  which  pertinacoously 
retain  water  ard  molt  at  78°.  It  is  very  volatile  in  a  current  of  stciim.  It  is  diffi- 
cultly soluble  in  cold,  readily  in  hot  water,  very  soluble  in  nlcoliol.  Its  vapour 
powerfully  attacks  the  mucous  memlirauo  and  the  eyes.    AVhcn  heated  it  seems  to 
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split  up  into  water,  carbon  monoxide,  hydrogen  chloride,  and  dichlorallylene  (Kramer 
a.  Pinner). 

The  constitution  of  crotonic  chloral  is  not  quite  settled.  From  the  mode  of  forma- 
tion, as  above  explained,  it  would  seem  to  be  that  which  is  represented  by  the  formula 
CCP-CH=CH— CHO.    Pinner,  however  Chcm.  Ges.  Ber.  v.  20.5),  from  the 

behaviour  of  the  dichlorallylene  obtained  from  it,  infers  that  it  has  a  different  con- 
stitution. When  this  dichlorallylene  is  treated  with  bromine,  Br-  is  first  taken  up 
and  then  Br  is  substituted  for  H,  yielding  a  derivative,  not  of  propane,  C^H",  but  only 
of  propylene,  C^H".  Dichlorodibromopylene  CH-CI-Br',  thus  produced  by  addition  of 
Br-,  is  converted  by  alcoholic  potash  into  dichloromonobromallylene,  C^HCPBr,  and 
this  body  takes  up  Br-  and  no  more,  yielding  crystalline  dichlorotribromopropylono 
C^HCl-Br',  from  which  alcoholic  potash  removes,  not  HBr,  but  the  Br-  just  added, 
reproducing  dichloromonobromallylene;  and  by  digesting  the  dichlorot'ribromopro- 
pylene  with  bromine  at  160°  in  a  sealed  tube,  the  last  hydrogen  atom  is  replaced,  and 
dichlorotetrabromopropylene  C^Cl-Br*  is  formed.  In  all  this  series  of  reactions  only 
propylene  derivatives  are  produced.  Impure  crotonic  chloral,  however,  when  treated 
with  potash,  yields — besides  dichlorallylene — trichloropropyleno  C^H'CP,  which  takes 
up  Br-,  forming  a  propane  derivative,  C^lI'Cl^Br',  and  is  converted,  by  caustic  potash, 
into  dichlorallylene. 

Prom  these  reactions  Pinner  infers  that  dichlorallylene  has  a  constitution  repre- 
sented by  an  annular  formula  : 

CPC— CH  CIC— CCl 

\/  or  \/ 

CH  CH^ 
that  the  trichloropropylcne  which  is  converted  into  dichlorallylono  by  potash,  is  either 

CHC1=CCI-CH--'CL  or  CCP=CC1-CH'; 
and  that  crotonic  chloral  is  either — 

CHCli^CCl— CHCl-CHO,  or  CC1==:CC1— CH^— CHO. 

CROTON-XTRXZi,  C'lI^N.    Syn.  with  Alltl  Cyanide.    See  Cyanibes. 

CROTOHYXiEn'E:,  C^H".  This  hydrocarbon,  originally  obtained  by  Caventou  by 
the  action  of  sodium  ethylate  on  butylene  bromide  (p.  224),  has  the  constitution  of 
ethyl- acetylene,  HC=C — CH-CH',  inasmuch  as  its  tetrabromide  C'H'*Br^  is  iden- 
tical in  properties  with  that  which  is  formed  by  tho  action  of  bromine  on  ethyl- 
acetylene  synthetically  prepared  by  passing  a  mixture  of  acetylene  and  ethylene 
through  a  tube  heated  to  low  redness.  The  tetrabromide  melts  at  113°-115^.  Cro- 
tonylene  is  also  produced  by  tho  action  of  a  low  red  heat  on  the  hycbocarbons  obtained 
from  petroleum  (Prunier,  Coinpt.  rend.  Ixxvi.  1410). 

Crotomjlene  dichloride,  C'H'^Cl-,  is  formed  by  the  action  of  phosphorus  pentachlorido 
on  crotonic  aldehyde.  It  is  a  colourless  liquid,  boiling  at  125°-127°,  and  having  a 
specific  gravity  of  1-131  at  20°.  It  is  decomposed  by  alcoholic  potash,  but  no  definite 
products  of  the  reaction  have  yet  been  obtained  (Kekule,  Aim..  Ch.  Pharm.  clxii.  98). 

TctracMoro-crotonylenc,  C^f£-Cl*,  is  obtained  by  heating  crotonic  chloral  to  1 10°-120° 
with  phosphorus  pentachloride,  and  subjecting  the  resulting  liquid,  which  boils  be- 
tween 130°  and  140°,  to  fractional  distillation  (Judson,  Zeitschr.  f.  Chcm.  [2],  vii.  40). 

CROTYI.  ETHERS.  Isocrotyl  Bromide,  C^H'Br  =  C(CH^)==:CHBr,  is  produced 
by  heating  isobutyleno  bromide  with  alcoholic  potash  (p.  224).  It  is  a  colourless, 
heavy,  aromatic  liquid,  insoluble,  or  nearly  so,  in  water,  boiling  at  88°-92°.  Heated 
in  sealed  tubes  to  160°  with  concentrated  alcoholic  potash,  or  crystallised  sodium 
ethylate,  it  is  converted,  by  exchange  of  Br  for  OC'-'H^  into  othy  1-isocrotyl  ether 
(C^H'^)(C^H')0,  or  C(CH^)="=:CHOC-ff ,  which,  when  precipitated  by  water,  and  purified 
by  fractional  distillation,  forms  a  colourless  mobile  liquid,  lighter  than  water,  boiling 
at  92°-94°,  having  a  peculiar  but  not  irritating  odour  7-esembling  that  of  common 
other  and  that  of  the  distillation-products  of  the  fats.  Heated  to  100°  with  fuming 
hydriodic  acid,  it  yields  ethyl  iodide.  It  does  not  attack  ammoniacal  silver  solution 
or  unite  with  sodium  bisulphite,  but  unites  energetically  with  bromine,  forming  tho 
compound  ( "'Il'-'r.r-'O  (Butlerow,  Zeitschr.f.  Chcm.  [2]  vi.  523). 

CRYPTOPIWE.    See  Opium  Alkaloids. 

CRYSTAXiXZM-E  DXSSOCZATXOig-.    See  Chemical  Action  (pp.  292-304). 

CRYSTAI.I>XSil.TIOIV.  ObsiTvations  on  the  crystallisation  of  several  metellid 
oxides  from  fusion  with  borax  and  microcosniic  salt  have  been  made  by  Kuop  {Ana, 
Ch.  I'harm.  clvii.  363 ;  clix.  36).    Sec  Tin.  Titanium,  and  Zihconium. 
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CVBSBEIIE,  C'^H-J,  heated  to  280°  witk  56  parts  of  liigUy  concentrated  hydri-  ] 
odic  acid,  yields  pentane,  C*H''-,  decane  C'^H--,  pentadeeane  C'^H^-,  and  an  oil  volatilis-  J 
ing  at  about  360-"  (Bertlielot,  Bull.  Soc.  CJdm.  [2],  si.  3).  i 

CltBBBXC  ACIS.  This  name  is  given  to  a  resinous  acid  first  obtained  by  Ber- 
natzik  {Chcm.  Ccntr.  1864,  191)  from  the  ethereal  extract  of  cubebs.  The  extract, 
after  being  freed  from  volatile  oil  by  distillation  -with  -water,  -was  dissolved  in  -weak 
spirit;  the  solution,  mixed  with  a  little  potash, -was  precipitated  -with  bariuoi  chloride; 
and  the  resulting  barium  salt,  piu'ified  by  recrystallisation  from  water,  was  decom- 
posed by  sulphuric  acid.  Cubebic  acid  was  thus  obtained  as  an  easily  fusible  resin, 
insoluble  in  water  and  acids,  easily  soluble  in  alcohol,  chloroform  and  ether,  and 
forming,  with  the  alkalis,  neutral  salts  soluble  in  water  and  precipitated  by  the  salts  . 
of  the  alkaline  earths  and  heavy  metals. 

C.  F.  Schulze  {Arch.  FJiarm.  [3],  ii.  388)  prepares  cubebic  acid  by  saponifying  the  ' 
alcoholic  extract  of  cubebs  with  caustic  soda,  leaving  the  resulting  soap-cake  to  itself 
for  some  time  till  crystals  of  sodium  cubebate  separate  from  it,  converting  this  salt  ' 
into  the  corresponding  lead  salt,  and  decomposing  the  latter  with  sulphuretted  hydro-  i 
gen.    The  filtered  solution,  when  evaporated,  left  the  cubebic  acid  as  a  resinous  mass 
which  could  not  be  made  to  crystallise  from  any  solvent. 

Cubebic  acid  thus  prepared  was  found  to  have  the  composition  C'^H'^O*  (accord- 
ing to  E.  A.  Schmidt,  Arch.  Phctrlli.  [2].  cxli.  1  Heft,  its  formula  is  C'^H"0").  The 
sodium  salt  has  the  composition  C'*H">NaO*  +  2H-0.    The  acid  melts  at  45°;  can-  | 
not  bo  sublimed ;  gives  with  sulphuric  acid  a  crimson  colour,  which  disappears  on  'j 
dilution,  and  changes  to  brown  on  addition  of  nitric  acid.    The  aqueous  solution  gives  ,i 
precipitates  with  the  salts  of  the  alkaline  earths  and  hea'\'7  metals.  i 

The  aqueous  solution  of  the  soap  gave,  on  treatment  with  alcohol,  a  fatty  oil  and 
cubebene  ;  and  the  residue,  treated  with  hydrochloric  acid,  yielded  a  brown  resin  ' 
(Schulze).  \ 

CtrcUYOS.  The  luminous  organs  of  the  Mexican  cucuyos  have  been  analysed  by  | 
C.  Hcissemami  (Pfliiger's  Archiv.  f.  Phi/siologie,  vii.  365).  The  organs,  after  being  i 
carbonised  at  a  low  heat,  were  treated  with  boiling  water.  The  water  was  found  to  i 
contain  phosphoric  acid  and  potash,  also  traces  of  chlorine,  and  on  the  addition  of  ; 
hydrochloric  acid,  a  gas  was  given  off,  whose  nature  could  not  be  determined,  owing  'J 
to  the  small  quantity.  The  residue,  insoluble  in  water,  was  almost  entirely  soluble  in  | 
hydrochloric  acid,  and  gave  distinct  evidence  of  carbonic  acid  and  lime.  | 

Uric  acid  occurs  in  these  organs  in  two  combinations,  first  as  calcium  m-ate,  forming  ' 
the  granular  masses  ;  and  secondly,  as  potassium  urate,  which  is  referred  to  the  crys- 
talline portion.  The  carbonic  acid  contained  in  the  insoluble  ash-residue  may  be 
regarded  as  the  product  of  combustion  of  the  uric  acid,  and  the  phosphoric  acid  is, 
probably,  derived  from  the  luminous  cells  ;  but  the  important  question  whether  it 
occurs  preformed  and  combined  with  potash,  or  is  produced  by  the  combustion  of 
organic  bodies  containing  phosphorus,  remains  as  yet  undecided. 

CUnXESTE,  CTI''.  Determinations  of  the  specific  gravity  of  cumene,  prepared 
by  distilling  cumic  acid  with  lime,  have  lately  been  made  by  Pisati  a.  Paterno  {Gas- 
~ctta  chimica  italiana,  iii.  674),  with  the  following  results  : 

Temperature  0°  25^  50°  75°  100° 

Specific  gravity  0-87976  0-85870  0-83756  0-81585  0-79324. 
CoefiBcient  of  Expansion  =  0-00096302  +  0  0000010218;;  -(-  0.000000022977<=. 

Observations  on  the  xylenes  and  cumenes  of  coal-tar  naphtha  have  been  made  by 
Eommicr  {Compt.  rend.  Ixx.  641).    Coal-tar  naphtha,  boiling  between  130°  and  200°, 
was  dissolved  in  sulphuric  acid,  the  solution  partially  saturated  with  soda  and  then 
distilled.  The  mass  gradually  carbonised,  swelled  up  and  yielded  a  distillate  consisting 
of  two  liquid  layers,  together  with  torrents  of  sulphur  dioxide.    The  lower  layer  con- 
sisted of  acid  water,  the  upper  of  a  compound  (?)  of  sulphurous  acid  and  several  I 
homologues  of  benzene,  easily  decoraposible  by  sodium  carbonate.    The  hydrocarbons  i 
thus  separated  boiled  between  130°  and  200°.    Of  12  litres  of  these  hydrocarbons,  10 
litres  dissolved  in  sulphuric  acid,  and  the  solution,  when  distilled,  yielded  2-7  litres  of  a  j 
liquid  which  gave  by  fractional  distillation  350  c.e.  of  a  hydrocarbon  boiling  at  J 
139°-140°,  and  having  the  composition  of  xylene  ;  150  c.c.  boiling  at  165°-167°,  and  j 
having  the  composition  of  cumene,  and  200  c.c.  of  a  liquid  boiling  at  170°-200°  which  i 
was  not  fm-thcr  examined.    The  xylene  thus  obtained  is  said  by  Eommicr  to  yield,  jj 
with  fuming  nitric  acid,  a  dinitroxylene  different  from  that  wliich  is  obtained  from  li 
xylene  not  previously  treated  with  sulphuric  acid.    The  two  dinitrocumones  melt  1 
;.it  86°  [which  is  the  melting  point  of  dinitromesitylene  (l.s^  Si'pjjl.  299)]  ;  but  whereas  ( 
ordinary  cnmeiu-.  or  mcsitylone  (?),  requires  only  4  to  5  times  its  weight  of  nitric  acid  i! 
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to  convert  it  into  the  dinitrocompounJ,  the  cumene  separated  from  the  sulphuric  acid 
compound  is  not  completely  converted  into  dinitrocumene,  even  by  20  times  its  weight  of 
the  fuming  acid.  According  to  measurements  by  Descloizeaux  {Compt.  rend.  Ixx.  587) 
the  two  dinitroxylenes  and  the  two  dinitrocumenes  exhibit  differences  in  their  crystal- 
line forms. 

CUMIC  ACID,  C'»Hi-'0=  =  C'H-'.C^H'.COOH.  To  prepare  tliis  acid  from 
Roman  cnniin  oil,  Iteilstein  a.  Kupffer  {Bent.  Chcm.  Gcs.Bcr.yi.  1184)  proceed  as 
follows:  The  oil  is  dropped  through  a  tap-funnel  on  potassium  hydrate  molted  .in  an 
iron  pot  like  those  used  in  the  preparation  of  ammonia.  Into  the  lid  of  this  pot  is 
fitted  a  Wiu'tz's  boiling  tube,  the  lateral  tube  of  which  is  connected  with  a  condenser. 
AVhen  the  evolution  of  hydrogen  has  ceased,  water  is  poured  into  the  pot,  and  the 
cymene  is  distilled  off.  The  alkaline  solution  is  precipitated  with  hydrochloric  acid, 
and  the  filtrate  thrown  away,  as  cumic  acid  is  but  very  slightly  soluble  in  cold  water, 
liy  combining  tho  cumic  acid  with  lime  and  decomposing  the  resulting  salt  -mih  hy- 
drochloric acid,  the  cumic  acid  is  easily  obtained  pure,  with  the  melting  point  lli° 
(115°  according  to  Gerhardt). 

Barium  Cumatc,  Ba(C"'H"0-_)-  +  2H'-0,  forms  nacreous  tabular  laminae,  which 
give  o£F  their  water  over  sulphuric  acid  :  100  parts  of  water  at  20-5°  dissolve  O'BIO  part 
of  tho  anhydrous  salt. 

Calcium  Cumatc,  Ca(C'°H"0^)-  +  6H-0,  forms  hemispherical  tufts  of  needles 
having  a  silky  lustre ;  efiBoresccs  verj'  readily  in  the  air ;  gives  olf  2H-0  over  sul- 
phuric acid. 

Magnesium  Cumatc,  Mg(C'°H"0-)-  +  6H-0,  forms  thin,  t,abular,  nacreous  lamina?, 
which  do  not  give  ofif  water  over  sulphuric  acid :  100  parts  of  water  at  20'5  dissolve 
0-825  part  of  tho  anhydrous  salt. 

Bromocumic  acid,  C'°H"BrO-  =  C«H*.C5H''Br.C0OH,  is  formed  by  heating  cumic 
acid  with  hydrobromic  acid  and  bromine  in  a  sealed  tubo  for  two  liours  to  120°.  It 
may  bo  crystallised  from  light  petroleum  oil,  and  is  very  apt  to  creep  over  the  sides 
of  the  containing  vessel  in  crystals.  When  boiled  with  alcoholic  potash,  it  yields 
chiefly  oxethyl-cumic  acid  CsH^C'H^OC^ff.CO^H,  oxycumic  acid  C«ff  .C'IPOH.CO=H 
being,  however,  formed  at  the  same  time.  The  brominated  acid  heated  in  a  stream  of 
carbon  dioxide  gives  off  hydrogen  bromide  and  yields  allyl-phenyl-formic  acid :  the 
barium  salt  has  tho  composition  C-"H'"BaO*  +  H^O  (Czumpelik,  Z'f!;;'.  Chcm.  Gcs.Bcr. 
1870,  476). 

CUntCISXC  ACXB,  C'EE'^O',  and  CVnXYI.IC  ACID,  C'H'-O^,  are  produced 
by  oxidation  of  dureno  or  tetrametliyl-benzene  {\st  Supjil.  828). 
CUPS^XTE.    Native  cuprous  oxide.    See  Coppee  (p.  389). 

CVS^ASi^riTE.  Curarino  gives  with  sulphuric  acid  and  potassium  dichromate  a 
bluc-violct  tint,  not  unlike  that  produced  by  strychnine  under  the  same  circumstances, 
but  more  permanent;  the  brown  colouring  matters  apt  to  be  present  in  crude  curarine 
interfere  much  with  the  reaction  ;  neither  precipitation  by  lead  acetate  nor  treatment 
with  animal  charcoal  is  sulBcient  to  purify  an  aUcaloid  thns  contaminated. 

Curarino  extract  (best  prepared  by  means  of  glycerin)  yields  an  amorphous  pre- 
cipitate of  curarino  chromato  with  potassium-dichromate  (neutral  chromate  does  not 
answer  so  well) :  this  precipitate  is  more  soluble  in  water  than  the  corresponding 
strychnine  compound,  which,  moreover,  is  crystalline ;  when  air-dry,  it  dissolves  in 
sulphm-ic  acid  with  a  pure  and  deep  blue  colour,  whereas  the  strychnine  salt  gives 
a  violet  tint;  in  neither  case  could  the  colouring  matter  be  separated  and  examined 
by  itself.    Phosphoric  acid  cannot  be  substituted  for  sulphuric  acid  in  this  reaction. 

Potassio-mercuric  iodide  and  potassium  platinocyanide  precipitate  curarine  from  its 
glycerin  solution,  as  amorphous  flakes,  which  do  not  become  crystalline  when  dissolved 
in  alcohol,  and  separated  from  this  solution  ;  the  corresponding  strychnine  compounds 
readily  become  crystalline  by  this  treatment. 

Curarine  may  be  separated  from  strychnine  by  means  of  benzene,  in  which  the 
former  is  insoluble ;  it  is  readily  soluble  in  water  (Fliickiger,  N.  Rcpcrt.  Pharyn. 
xxii.  65). 

On  the  detection  of  curarine  in  the  animal  body,  see  Koch  (Chcm.  Centr.  1871,  219  ; 
Chcm.  Sor.  J.  [2],  ix.  600) ;  also  Salomon  {Zcitschr.  anal.  Chcm.  x.  454  ;  Chcm.  Soc.  J. 
[2],x.  331). 

CURCVnXin-,  C'»ir"0-^  (F.  Daubc  Dint.  Chcm..  Gcs.  Bcr.  iii.609).  The  substance 
liilhcrto  described  as  the  colouring  matter  of  turmeric  is  a  mixture  of  diffi^rcnl  n  sins 
witli  tho  pure  compound,  which  may  be  obfciined  in  the  crystalline  stall'  l.y  j-iL^siiiL'  .i 
Urn ns  current  of  steam  over  coarsely  powdered  turmeric,  to  remove  tin'  oM  iiii.il  nil. 
washing  the  residue  with  hot  water  as  long  as  colouring  matter  is  txtractid,  tlau 

])  T)  2 


404 


CYANAMIDE. 


drying  it,  and  treating  it  -with  boiling  benzene.  On  cooling,  crude  curcuinin  separates 
in  crystalline  crusts,  whicb  must  be  pressed  between  filtering  paper  and  dissolved  in 
cold  alcohol,  a  small  quantity  of  a  yellow  body  being  left  behind.  To  the  filtrate  a 
solution  of  neutral  lead  acetate  is  added,  and  then  so  much  basic  acetate  that  the 
solution  just  shows  a  faint  acid  reaction.  Tlie  brick-red  precipitate,  after  being  washed, 
is  suspended  in  water  and  decomposed  by  sulphuretted  hydrogen.  From  the  precipi- 
tate the  curcumin  is  extracted  with  boiling  alcohol,  and  the  solution  allowed  to  evap- 
orate very  slowly. 

Pure  ciurcumin  crystallises  in  shining  prisms,  apparently  belonging  to  the  ortho- 
rhombic  system,  and  appearing  of  a  hock  or  amber  colour  by  transmitted  light, 
orauge-red  by  reflected  light.  The  alcoholic  solution  is  fluorescent,  like  tincture  of 
turmeric ;  the  spectrum  of  the  reflected  light  does  not  show  any  alteration  from  the  red 
end  to  F,  but  the  blue,  violet,  and  ultra-violet  portions  are  replaced  by  a  greyish  green 
band,  in  which  the  lines  H,  L,  M,  N,  &c.,  are  distinctly  visible.  By  analysing  this 
modified  spectrum  with  a  prism  it  was  found  to  contain  very  little  red,  and  the  blue 
end  had  nearly  disappeared.  This  secondary  spectrum  agrees  very  nearly  with  that 
of  uranium  glass. 

Curcumin  begins  to  melt  at  165°,  and  is  completely  decomposed  at  a  higher  tempe- 
rature. It  is  very  readily  soluble  in  alcohol  and  ether,  but  these  solvents  cannot  bo 
used  for  extracting  it  from  turmeric,  as  they  also  dissolve  resinous  matters.  In  ben- 
zene it  is  very  little  soluble  (1  part  in  2,000  parts),  but  as  the  resins  are  quite  insoluble 
in  this  liquid,  it  may  be  used  to  obtain  the  pure  compound.  It  is  also  slightly 
soluble  in  concentrated  mineral  acids,  which,  however,  act  on  it.  In  alkalis  it  dissolves 
■with  a  bright  reddish  brown  colour  ;  acids  precipitate  from  this  solution  the  original 
substance  ;  calcium-  and  barium-salts  produce  reddish-brown  precipitates.  The  lead- 
compound,  which  has  a  bright  red  colour,  is  soluble  in  acetic  acid,-  and  is  slowly  de- 
composed by  carbonic  acid.  The  analyses  of  the  lead-compound  did  not  give  concordant 
results,  but  they  make  the  formula  C-°H"*PbO"  probable. 

Hot  dilute  nitric  acid  oxidises  curcumin  to  oxalic  acid.  Sodium-amalgam  decolorises 
the  alcoholic  solution  completely.  The  colour  reactions  of  pure  curcumin  are  much 
purer  than  those  of  tiu-meric  solution.  They  are  best  seen  -with  curcumin  paper,  pre- 
pared with  Swedish  filter-paper  free  from  lime.  Alkalis  change  the  yellow  into  a 
brownish  red,  which,  after  drying,  assumes  a  \'iolet  tinge ;  dilute  acids  restore  the 
original  yellow.  A  solution  of  boric  acid  produces  a  pure  orange,  which  appears  only 
after  drying ;  if  the  paper  has  been  previously  dipped  in  a  dilute  acid,  the  coloration 
becomes  darker,  as  dilute  acids  alone  produce  a  blackish  tinge  after  drying.  The  orange 
colour  is  not  changed  by  diluted  acids,  but  dilute  alkalis  convert  it  into  a  blue,  which 
soon  changes  into  a  dirty  grey. 

By  acting  on  curcumin  with  boric  acid  and  concentrated  sulphuric  acid,  E.  Schlum- 
berger  obtained  a  substance  which  he  called  rosocyanin,  as  its  solution  has  the 
colour  of  a  rosaniline  salt,  and  its  metallic  compounds  are  blue.  Daube  has  obtained 
the  same  results  with  pure  curcumin. 

Kachler  {Deut.  Chem.  Ges.  Bcr.  iii.  713)  believes  that  he  has  obtained  anthracene 
by  treating  impure  yellow  curcumin  with  zinc-dust.  The  action  of  sodium-amalgam 
on  curcumin  gave  rise  to  a  number  of  resinous  and  syrupy  products. 

By  oxidation  with  chromic  acid  mixture,  curcumin  is  converted  into  terephthalic 
acid  (J.  Gajevsky,  I)e^lt.  Chem.  Gcs.  Ber.  vi.  196). 

CyAXrAnxiDE,  CN^ff  (E.  Mulder,  Deut.  Chem.  Ges.  Bcr.  vi.  655).    An  aqueous 
solution  of  this  compound  yields  with  ammoniacal  silver  nitrate  a  yellow  precipitate, 
which  has  the  composition  CN^Ag=,  and  is  reconverted  into  cyanamide  when  suspended 
in  water  and  decomposed  by  sulphuretted  hydrogen.    From  this  Mulder  infers  that 
_ 

tlie  formula  of  cyanamide  is,  not  N— C — NH-,  as  commonly  supposed,  but  C<C  , 


and  he  proposes  to  call  it  carbodiimide  or  cardimide.  It  is  not  easy  to  see, 
however,  why  the  simultaneous  replacement  of  the  two  atoms  of  hydrogen  by  silver  in 
cyanamide  is  more  easily  explained  by  the  proposed  formula  than  by  the  ordinary  one, 
inasmuch  as  the  two  hydrogen -atoms  are  similarly  placed  in  the  latter  as  well  as  in 
the  former.  Mulder  further  points  out  that  the  proposed  formula  of  cyanamide  aifords  an 
easy  explanation  of  the  conversion  of  that  compound  into  guanidino  by  the  action  of 
ammonia  {1st  Suppl.  634) : 


+  NH^  =  C^NH-; 


and  into  urea  (regarded  as  carbamide)  by  the  action  of  water; 
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^NH  ^NH= 
+  H=0  =  C0<  ; 

also  of  its  polymerisation  to  dicyano-diamide  : 

=  HN=:C<;  ^C=NH 
HN— C=NH  ^NH-^ 
2  mols.  cyanamide.  Dicyano-diamide. 

Silvei'-carbodiimide  or  argento-cyanamide  is  insoluble  in  water,  slightly  soluble  in 
ammonia,  soluble  in  dilute  nitric  acid,  and  reprecipitated  by  ammonia  or  potash.  It  is 
not  decomposed  by  boiling  with  piotash,  or  by  exposure  to  light.  It  undergoes  no 
change  at  220°,  but  explodes  at  a  higher  temperature,  with  formation  of  cyanogen 

CN=Ag=  =  Ag=  +  N  +  CN. 

Cyanamide  also  gives  a  precipitate  with  ammoniacal  cupric  sulphate  (Mulder).  The 
silver  and  copper  compounds  were  described  in  1858  by  Beilstoin  a.  Geuther  (ii. 

Cyanamide  unites  with  alanine,  forming  a  compound  called  alacreatine  isomeric 
with  creatine  (p.  393).  It  does  not  combine  with  ct/iT/l  carbamate  (ureihane)  when 
heated  with  it  either  in  the  dry  state  or  in  aqueous  solution  :  hence  it  seems  probable 
that  in  the  formation  of  creatine  from  cyanamide  and  sarcosine,  the  cyanamide  unites 
with  the  carboxj'l,  and  not  with  the  amido-group  (Eaumann,  Ann.  Ch.  Pharm.  clxvii. 
77). 

CVAIfBEiaZVI.a.MXSE  and  CX ATXnmtirXtB&.TSlXSfB.  8oc  Benzylamine 
(pp.  181,  182). 

f" 

CYATJETHYIiPHOSPKXirE:,  G-'IPNP  =  P  {  C-ff.    When  an  ethereal  solu- 

tion  of  phosphine  is  heat  ed  for  some  hours  to  100°  in  a  scaled  tube  with  cyanogen 
chloride,  and  the  ether  afterwards  distilled  oif,  there  remains  a  syrupy  liquid  which 
solidities  after  a  short  time  over  sulphuric  acid.  This  product  recrysbiUised  several 
times  from  ether  yields  cyanethyl-phosphine  in  coherent  masses  of  rhombic  plates, 
which  melt  at  49°-50°,  and  dissolve  in  water,  alcohol,  and  ether.  "When  treated  with 
oxidising  agents,  it  gives  oif  aldehyde  (Darmstadter  a.  Henniger,  Deut.  Chem.  Ges.  Ber. 
iii.  179,  404). 

CVASTXC  ACID.    On  the  action  of  cyanic  acid  on  chloral,  see  Chloral  (p.  310). 
According  to  Eabuteau  a.  Massul  {Compt.  rend.  Ixxiv.  57),  the  metallic  cyanates 
;e  not  poisonous  ;  they  are  converted  into  carbonates  in  the  animal  organism. 
On  the  Heat  of  Formation  of  Cyanates,  see  Heat. 

Potassium  Cyanatc. — According  to  A.  Bannow  {Bcut.  Chem.  Ges.  Bcr.  iv.  253  ;  Chem. 
Soc.  J.  [2],  ix.  391),  a  salt  having  the  composition  of  potassium  cyanate,  but  differing 
from  it  in  some  of  its  properties,  is  formed  by  the  action  of  potash  on  paracyanogen, 
also  by  heating  the  ordinary  cyanate  with  iodide  of  cyanogen.  It  crystallises  in 
needles,  and  its  aqueous  solution,  heated  for  a  long  time  with  alkali,  and  then  neu- 
tralised, gives  with  silver  nitrate  a  white  precipitate,  unaffected  by  light,  and  having 
the  composition  C^N'Ag.    The  reaction  may,  perhaps,  be  expressed  by  the  equation  : 

3CNH0  =  CO-  +  H-0  +  C^N^H. 

[If  this  be  correct,  the  new  salt  is  probably  tripotassic  cyanurate  C'N'K'O^.] 
Cahours  a.  Gal  {Bull.  Soc.  Chim.  [2]  xiv.  449)  have  studied  the  action  of  potassium 
yamite  and  cyanic  ethers  on  the  ethers  of  aromatic  amido-acids,  and  have  obt;iined 
ijiiiliouuds  analogous  to  those  prepared  by  Griess  and  Menchutkin  {\st  Suppl.  318). 
'o  prepare  these  compounds,  an  aqueous  solution  of  potassium  cyanate  is  gradually 
poured  into  a  warm  solution  of  the  sulphate  of  the  acid  ether ;  the  separated  oil, 
rhich  soon  solidifies  in  the  crystalline  form,  is  mixed  with  water;  and  the  product  is 
rystallised  from  alcohol  or  hot  water.   When  an  alcoholic  cyanate  is  used,  it  is  mixed 
nith  about  its  own  volume  of  the  liquid  or  fused  ether  of  the  amido-acid,  and  the 
snltiiis:  crvstiils.  .ifter  being  pressed,  are  rcerystallised  from  alcohol  or  ether. 
Dicyanic  Acid,  C''H=N-0  (Poensgen,  Ann.  Ch.  Pharm.  cxxi-iii.  339).— Formed  by 
e  iKtinn  ut'  iiitnius  acid  on  cyanurea  suspended  in  water  (p.  417) 

2C-IPN»0  +  N=0^  =  2U-H'-N=0=  +  H-O  +  2N=. 
is  slightly  solultle  in  cold,  more  soluble  in  hot  water,  and  crystallises  therefrom  in 
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hard,  mostly  light  yellow  monoelinie  prisms  in  which,  according  to  Carius,  the  anglo  j 

00  P  :  CO  P  in  the  clinadiagonal  principal  section  is  79°  36',  in  the  orthodiagonal  sec-  ' 

lion,  100°  10';  OP  :  roP  in  front  =  103°  30';  angle  of  inclined  axes  =  68°  20';  I 

ratio  of  orthodiagonal  to  clinodiagonal  =  0'772  :  1.    The  crystals  contain  2C=H-N-0-  ' 

+  SB'O  ;  they  effloresce  very  quickly,  and  give  up  their  water  of  crystallisation  even  i 

•when  boiled  under  water.    Prom  nitric  acid,  dicyanic  acid  crystallises  unaltered  in  i 

long  prisms,  from  hydrochloric  acid  in  green,  shining  spangles.    When  heated,  it  is  j 

converted  into  cyanic  acid  at  the  same  temperature  as  cyanuric  acid ;  by  boiling  with  . 

alkalis,  it  is  resolved  into  carbonic  acid  and  ammonia.  .  j 

The  metallic  dicyanates  are  either  neutral  or  acid ;  those  of  the  alkali-metals  are 

easily  soluble  in  water ;  tlio  ammonium  salt  is  crystalline  and  easily  decomposible.  ' 

The  bariicm  salt  (C-N-HO'-)'''Ba  +  H'-O  separates  in  monoelinie  laminas  on  mixing  the  j 

ammonium  salt  with  baryta-water  ;  it  is  also  formed  on  heating  cyanurea  with  barium  i 

hydrate.    The  axiid  and  neutral  silver  salts  C'-N-HAgO-  and  C^N^Ag-O-  are  white  . 

amorphous  precipitates,  insoluble  in  water.     The  neutral  salt,  treated  with  ethyl  '! 

iodide,  yields  a  viscid  ether  having  a  peculiar  odour.  | 

According  to  Hallwachs  {Zeitsch:  f.  Chem.  vi.  354),  Poensgen's  dicyanic  acid  is  , 
nothing  but  cyanuric  acid.  It  certainly  agrees  very  closely  therewith  in  many  of  its  , 
properties,  especially  in  its  crystalline  form.  (The  crystals  of  cyanuric  acid  arc  mono-  . 
clinic,  having  the  anglo  ooP  :  ooP  (clinod.)  =  77°  13';  OP  :  oo  P  =  99°  59';  ratio  of  ' 
ortho-to  clino-diagonal  =  0772  :  1  or  =  0-573  :  0781;  see  ii.  289).  Nevertheless,  ' 
the  existence  of  amidodicyanic  acid  and  of  Hofmann's  dicyanic  ethers  renders  the 
existence  of  dicyanic  acid  highly  probable.  The  question,  however,  can  only  be  de- 
cided by  a  more  exact  comparison  of  the  salts  of  Poensgen's  acid  with  the  cyanurates.  ; 

Amido-dicyanic  or  Bioyanamio  acid,  C-N^H'O  =  C'^N-|^^2  (Hallwachs, 

Aim.  Ch.  Pharm.  cliii.  293).  This  acid  was  originally  obtained  by  boiling  dicyano-  I 
diamide  with  a  moderately  dilute  solution  of  baryta  (\st  Sjippl.  618);  part  of  it,  how-  f 
ever,  is  resolved  during  the  process  into  cyanamide  and  cyanic  acid.  If  a  hot  saturated  t 
solution  of  baryta  or  strong  potash-ley  be  used,  the  products  are  melamine,  cyanamide  | 
and  cyanic  acid,  with  only  a  small  quantity  of  amidodicyanic  acid.  This  acid  may  also  | 
be  prepared  by  direct  combination  of  cyanamide  CN-H-  and  cyanic  acid  CNHO.  The  || 
two  bodies  are  mixed  in  aqueous  solution  in  the  proportion  of  1 :  2  and  left  to  stand  for  'i 
24  hours,  or  mixed  dry  and  heated  to  60°  in  a  water-bath.  I 

The./ree  acid,  separated  from  the  silver  salt  by  hydrochloric  acid,  crysUiUises  in  ji 
groups  of  small  crystals,  or  in  spicular  needles.    It  decomposes  at  100°.    Its  aqueous  'n 
solution  has  an  acid  reaction,  dissolves  cuprous  oxide  and  barium  carbonate,  is  pre-  \i 
cipitated  by  silver  nitrate,  and  decomposed  with  effervescence  by  concentrated  acids,  tl 
The  ammonium  salt  forms  colourless  needle-shaped  crystals.    The  potassitm  salt  U| 
C'-N^H^KO  is  easily  soluble  in  water,  and  crystallises  with  difficulty ;  the  sodium  salt,  {| 
C-N-H-NaO,  resembles  it.  The  silver  salt,  C=N^H-AgO,  obtained  by  precipitation  from  m 
the  potassium  salt  is  a  white,  amorphous  powder,  insoluble  in  water  either  hot  or  cold,  If 
slightly  soluble  in  dilute  nitric  acid,  easily  soluble  in  ammonia.    From  hot  dilute 
nitric  acid  it  separates  as  a  heavy  crystalline  powder  ;  from  dilute  ammonia,  by  spon- 
taneous evaporation,  in  small  shining  needles.  When  warm,  moderately  strong  aqueous 
ammonia  is  saturated  with  the  silver  salt,  the  solution,  on  standing,  deposits  tabular 
crystals  which  give  off  ammonia  on  exposure  to  the  air.  The  copper  salt,  (C-N'H-O)'Cu 
+   4II-0,   forms    large   sky-blue  crystals   sparingly   in    cold,    more  easily  in 
hot  water.     The  aqueous  solution,  on  boiling,  deposits  an  insoluble  dark  green 
powder,  having  the  composition  C-N'HCuO  +  SffO,  and  easily  soluble  in  mineral 
acids,  the  solution,  on  cooling,  depositing  the  original  blue  salt.    l]oth  these  copper- 
salts  blacken  at  100°,  and  at  a  red  heat  give  off  vapours  containing  copper.  The 
barium  salt,  (C-N*H-0)''Ba  -t-  3H^0,  is  a  white  radiato-crystalline  mass,  very  soluble 
in  watet,  and  crystallises  from  absolute  alcohol  in  small  cubic  crystals. 

Tricyanic  or  Cyanuric  acid,  C^N^H^O^ — Detection. — This  acid,  if  present  in  the 
free  state  and  in  any  considerable  quantity,  is  most  readily  detected  by  heating  the  highly 
dried  substance  in  a  short  narrow  tube.    The  smell  of  the  vapour  of  cyanic  acid 
thereby  evolved  is  so  characteristic,  that  there  is  little  room  for  doubt  as  to  presence 
or  absence  of  cyanuric  acid.    To  detect  this  acid  when  in  solution  and  present  in 
extremely  small  quantity,  advantage  may  be  taken  of  the  sparing  solubility  of 
sodium  cyanurate  in  hot  concentrated  soda-ley.    The  liquid  to  be  tested  is  placed  in  a 
watch-glass,  mixed  with  strong  soda-ley,  and  warmed  for  a  moment  over  a  pointed 
flame.    If  cyanuric  acid  is  present,  splendid  delicate  needles  of  trisodic  cyanurate  M 
C^N'Na'O^  at  once  make  their  appearance,  spreading  from  the  point  at  which  the  H 
flame  is  applied,  and  disappearing  again  as  the  liquid  cools,  provided  the  solution  is^Hi 
not  too  strong.    The  formula  of  sodium  cyamirato  is  CN^Na'C  (Hofmann,  Deut.^i 
Chem.  Ges.Ber.  in.  601).  Ml 
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CffAWlC,  BICYATfflC,  and  CYAJffURIC  ETHERS.  AnoMATrc  Iso-Cyan- 
ATES'"-  (Hofmaii.  I'roc.  Eoij.  Soc.  six.  108).  I'liciiijl  Isoci/aiiatc  or  Phcdijlcar- 
himidc,  N  ||.!jp- — This  substance,  originally  obtained  by  (he  dry  distillation  of 
iiii'laai  xiniidf  or  cxalyl-diphenylgiianidine,  and  aflcrv,-  m  ra^i'y  by  lioal  iiig 
dipiicriYbcirlianii.ic  with  pliosphorio anhydride  {1st  S/'j',-  .  '  i-  :  ■  ^  |ir.idui'i  d  vlicn 
clhylir  |ihiT,yl-i-ar!.,iniato  or  phonyl-iirethane  (whicli  \'.  ,  :ii  .  liav  l.itrly 

obtajiied  liy  iho  ai'tion  of  ethj'l-chlorocarbonate  on  anilnii',  p.  -.Vi  )  is  ilistillrd  \\  ith 
phosphoric  anhydride,  whereupon  it  splits  up  into  jihenyl  c)-.inato  and  ethyl  aleohol. 

Pheiiyl-urcthauG  Alcohol  Plienyl-isocyanato 

The  alcohol  then  remains  behind,  and  the  isooyanate  distils  over  as  a  colourless  liquid, 
■which  may  bo  purified  by  rectification.  It  has  a  very  pungent  odour,  a  specific  gravity 
of  1-092  at  15",  and  boils  at  163°  (not  at  178°  as  formerly  stated). 

With  water  it  yields  carlmn  dioxide  and  diphenylcarbamiilc  ;  it  unites  with  alcohols, 
forming  nrethanes;  and  with  ainMioniaand  its  derivatives  it  ioi-ms  various  carbamides 
or  ureas.  But  its  most  cliararl  ci  isl  ie  reaction  is  with  f  l  irl  h vipli' -sphiiie.  On  dipiping 
a  glass  rod  moistened  with  I  his  liaso  into  a  large  quantity  nf  the  isdoyanato,  it  becomes 
very  hot  and  quickly  s(jlidifies  to  a  mass  of  beautiful  crystals,  consisting  of  phenyl 
cyanurate  ;  it  is  not,  however,  yet  decided  which  of  the  isomeric  modifications  of  tliat 
compound  is  hereby  jiroduced. 

The  isocyanates  of  toli/l,  xt/h/l,  and  vaphthjl,  are  obtained  in  like  manner  by  dis- 
tilling the  corresponding  urothancs  with  phosphoric  anhydride. 

Tolyl  Isocyanatc,  N  |q!jj7,  is  a  colourless  liquid,  boiling  at  18.)^,  and  show- 
ini;-  in  all  its  properties  the  greatest  resemblance  to  the  phcnjd  compound  ;  triethyl- 
phi  sphine  acts  on  it,  however,  more  slowly. 

(CO 

Xi/lyl  Isooyanate,  N  |q»jj9  >  is  a  colourless,  highly  refractive  liquid,  boiling 

at  about  200°,  and  having  only  a  feeble  odour  ;  it  exhibits  reactions  similar  to  those 
of  the  other  aromatic  isocyanates,  but  they  often  require  days  for  their  completion. 

'N wplithyl  Isocya7iatc ,  N  |q2jj7>  is  a  colourless,  not  very  mobile  liquid,  boil- 
ing at  about  269°-270°.  At  the  ordinary  temperature  it  is  almost  odourless,  but  its 
vajwur  has  the  pungent  smell  peculiar  to  the  isocyanio  ethers.  AVith  water,  alcoliols, 
and  ammonias,  it  gives  the  characteristic  reactions  of  that  class  of  bodies,  and  acts 
with  incomparably  greater  quickness  and  precision  than  the  xylyl  compound.  Tliis  is 
particularly  shown  in  the  action  of  triethylphospliine,  which  causes  tho  isocyanato  of 
the  naphthyl  series  to  solidify  almost  instantaneously. 


Zsodicjanic  Etliers,  N-  s,^^-^.J   (Hofmann,  Bcut.  Chcm.  Ges.  Ber.  iv.  2i6). 


((CO)^- 
E- 

These  ethers  are  intermediate  between  the  isocyanic  and  isocyanuric  ethers.  The 
phcnylk  vomixmnd,  CH'^N-'O-  =  N-(CO)-(C"H^)'-,  the  only  one  yet  obtained,  is  formed 
as  a  crystalline  mass  when  a  drop  of  trietliylphosphine  is  let  fall  into  liquid  phenyl 
isocyanate.  It  dissolves  sparingly  in  boiling  ether,  and  the  solution,  on  cool- 
ing and  evaporation,  deposits  the  pure  substance  in  very  thin  beautiful  iridiscent 
pilates.  All  other  solvents  alter  it  more  or  less.  It  molts  at  175°  and  is  thereby  dis- 
tinguished frona  phenyl  isoeyanurato  (for  which  it  was  formerly  mistaken),  which 
melts  at  260°,  and  from  tho  normal  cyanurate,  which  melts  at  224°.  Its  molecular 
weight  cannot  be  determined  by  the  vapour-density,  since  it  does  not  volatilise  un- 
altered, but  is  converted,  on  distillation,  into  liquid  phenyl  isocyanate,  which,  how- 
ever, after  standing  for  24  hours,  resolidifies  so  completely  that  not  the  faintest  smell 
of  the  liquid  isocyanate  remains.  This  effect  appears  to  be  due  to  tho  presence  of 
small  quantities  of  tho  original  solid  substance  carried  over  -with  the  liquid  ;  and,  in 
fact,  the  direct  addition  of  crystals  to  the  liquid  induces  partial  solidification. 

Tho  molecular  weight  of  the  compound  may,  however,  be  determined  by  its  behaviour 
with  alcohol.    On  attempting  to  dissolve  the  crystals  in  boiling  alcohol,  part  remains 

*  Call'.'il  '  Cy.nnr.te-:'  in  the  orisrinal  paper,  and  in  tho  Aljstract  given  in  the  Journal  of  the  Chcmiciil 
Societij  [■_']  i.x.  138.  This  designation,  however,  is  contrary  to  analogy  ;  the  alcohoUo  'derivatives  of 
cyanic  acid,  N  |  formed  on  the  ammonia  typo,  are  carbimides  or  isocijanales,  analogous  to  the 

carbamines  or  isocyanidcs  N  |  the  true  cyanic  ethers  C  J  qjj.  .arc  those  which  .are  produced 
by  the  action  of  cyanogeu  chloride  on  the  sodium-alcohols  (.see  ^st  Supplement,  pp.  .510,  -'122). 


408 


CYANIC  ETHERS. 


for  hours  undissolved  in  the  boiling  liquid,  however  great  an  excess  of  alcohol  may  be 
used.  Suddenly,  however,  the  liquid  becomes  clear,  and  if  then  left  to  cool  deposits 
slender  needles,  which  may  be  purified  by  one  recrystallisation  from  boiling  alcohol. 
The  crystals  thus  obtained  are  slightly  soluble  in  ether,  insoluble  in  water,  and  differ 
from  the  original  body,  not  only  by  their  form  and  their  solubility  in  alcohol,  but 
likewise  by  their  lower  melting  point  (98°).  The  analj^sis  of  these  crystals  leads  to 
the  formula  C^H'^N-O^,  which  is  that  of  the  ethylic  ether  of  diphenylallophanic  acid, 
containing  the  elements  of  2  mols.  phenyl  cyanate  and  1  mol.  ethyl  alcohol.  It  may, 
therefore,  be  assumed  with  great  probability  that  the  polymeric  cyanate  is  a  dicyanate, 
and  that  the  crystalline  compound  just  mentioned  is  formed  by  combination  of  1  mol. 
of  this  dicyanate  with  1  mol.  alcohol : 

C»H'°N-0-  +  C-mO  =  C'^H'^iS^O'. 

The  isodicyanate,  indeed,  reacts  with  alcohols  just  like  the  unpolymerised  cyanate, 
which  likewise  takes  up  1  mol.  alcohol  to  form  urethane.  In  whatever  way,  therefore, 
we  may  suppose  the  elements  of  the  dicyanate  to  be  grouped,  it  is  clear  that  it  is 
related  to  the  original  liquid  cyanate  in  the  same  manner  as  Liebig  a.  "Wohler's  ethyl 
allophanate  to  cyanic  acid. 

CHNO  Cyanic  acid. 

C^H'NO=  =  CHNO.C=H"0     .....  Urethane. 

C=HW=2CimO  fTwo  mol  of  cyanic  acid,  or 

(  onemol.ofdievanicaciu. 

C*H'NW=  2CHN0.C-H«0    ....       •  Allophanate  of  ethyl. 


C(C«H5)N0    Phenyl  cyanate. 

C^H«(C«H=')NO=  =  C(C''H5)N0.C-H''0       .       .  Phenylurethane. 

C-iCmyX'O^  =  2{C(C''H^)N0{  ....  Phenyldicyanate. 

C'H«(C«ff)=^N-0^  =  2{C(C''ff)N0}.C-H«0  .       .  Diphenylallophanic  ether. 

The  jdiphenylallophanic  ether  splits  up,  on  distillation,  into  alcohol  and  phenyl 
isodicyanate,  the  latter  being  almost  entirely  converted  into  the  simple  isocyanate. 

Mcthylic  Diphenylallophanate,  2C(C''H^)N0.CH*0,  easily  obtained  pui'e  by  dissolving 
phenyl  isodicyanate  in  methylic  alcohol  and  recrystallising  from  alcohol,  forms  difficultly 
soluble  needles,  which  melt  at  231°,  or  133°  higher  than  the  corresponding  ethyl 
compound. 

Amylic  Biphenylallophanate,  2C(C''H5)NO.C^H'=0,  obtained  by  dissolving  the  iso- 
dicyanate in  amylic  alcohol,  forms  colourless  and  scentless  crystals  insoluble  in  water, 
easily  soluble  in  ether  and  alcohol,  and  melting  at  58°.  This  compound  often  remains 
fluid  for  a  long  time. 

Sulphuretted  Amylic  Biphenylallophanate,  2C(C''H*)N0.C^H'^S. — The  isodicyanate 
unites  with  mercaptans  as  well  as  with  alcohols.  Heated  with  amylic  mercaptan  for 
some  hours  to  160°  it  dissolves,  and  the  mixture  gradually  solidifies  to  a  white 
crystalline  mass  which,  when  recrystallised  from  alcohol  or  ether,  yields  the  sulphu- 
retted ether  in  colourless  and  scentless  needles,  which  are  insoluble  in  water  and  melt 
at  70°. 

Action  of  Phenol  on  Phenylic isodicyanate. — These  two  substances  acton  one  another 
at  150°,  but  the  product  does  not  consist  of  phenylic  diphenylallophanate.  On  digest- 
ing the  isodicyanate  with  excess  of  phenol  in  ethereal  solution  for  some  hours,  needles 
are  produced  which  are  slightly  soluble  in  water,  easily  in  alcohol,  melt  in  contact 
with  boiling  water  and  in  the  dry  state  at  122°.  These  crystals  consist  of  phenylic 
phenylca  rbamate : 

C"H"NO=    =    N'f(CO)'?^    or    CO  j^j^^J^'^'); 

[ocm'  <00J1- 

obviously  produced  by  the  splitting  up  of  the  isodicyanate  into  2  mol.  of  isocyanate 
which  then  unite  with  2  mol.  of  phenol : 

C"H>»N-0'-  +  iCrn'O  =  2C"H"N0=. 

The  same  result  is  obtained  when  only  1  mol.  phenol  is  heated  with  1  mol.  of  the  iso- 
dicyanate, half  of  the  latter  then  reappearing  as  free  phenyl  isodicyanate  and  no 
phenylic  diphenylallophanate  being  formed.  The  phenylic  phenylcarbamate  prepared 
in  the  manner  just  described  agrees  exactly  with  that  which  is  obtained  directly  by 
the  action  of  phenylic  isocyanate  on  phenol. 

The  molecular  weight  of  phenylic  isodicyanate  is  further  corroborated  by  its  reaction 
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with  ammonia.  Just  as  a  moloculo  of  alcohol,  by  uniting  witli  1  or  2  mols.  of  cyanic 
acid,  yields  respectively  urothane  or  ethyl  allophanate,  so  does  ammonia  by  combining 
witli  1  or  2  mols.  cyanic  acidyield  urea  or  biiu-et.  If,  then,  the  polymerisation  of  the  cyanato 
in  the  case  under  consideration  consists  in  the  union  of  two  molecules  of  cyanate  into 
one,  the  resulting dicyanate  will,  by  uniting  with  ammonia  and  the  yarious  amines,  give 
rise  to  an  endless  series  of  alcoholic  biurets.  Thus,  with  ammonia,  it  gives  rise  to 
diplienyl-biuret ; 

C'{G'my-K-0"-  +  IPN  =  C'-(C«ff)=H^N^O= ; 
.ind,  with  aniline,  to  triphonyl-biuret : 

C2(c»H')-N»0''  +  C^H'-F-N  =  C-(C«H'>)3H=N^08. 
For  the  description  of  these  compounds  see  Biubet  (p.  193). 

Cyanuric  Etbers*    Of  these  ethers  there  are  two  modifications,  viz. : — 

Normal  Cyanurates  |(0E)^' 

Isocyanurates,  or  Carbo-triamides      .       .    N   jj^s*^''  • 

The  isocyanurates,  discovered  by  Wurtz  in  1848,  arc  formed  by  distilling  a  mixture  of 
potassium  cyanate  or  cyanurate  with  potassium  methylsulphate,  othylsulphate,  &c.,  or 
by  heating  silver  cyanate  with  the  iodide  of  an  alcohol-radicle  (ii.  202).  The  normal 
cyanurates  are  produced  by  the  action  of  cyanogen  chloride  on  the  sodium  alcohols,  &c. 
Oloez,  in  1857,  by  acting  on  sodium  ethylate  with  gaseous  cyanogen  chloride,  obtained 
a  compound  isomeric  with  ethyl  cyanate,  which  he  called  cyanetlioline.  Sub- 
sequently, in  1866,  ho  obtained  the  corresponding  methyl-compound,  though  in  an 
impure  state,  and  showed  tliat  both  these  compounds  are  resolved  by  heating  witli 
potash,  into  methyl  or  etliyl  alcohol, and  cyanuric  acid.  H.  Gal  also  found  (Compt.  rend. 
Ixi.  627)  tliat  cvinrl  huliiic,  treated  with  gaseous  hydrochloric  or  hydrobromie  acid, 
yields  cyaniu  ii'  .icid  .ind  i  hluride  or  bromide  of  ethyl.  Nevertheless,  these  compounds 
were  regarded  both  by  Cloez  and  by  Gal  as  normal  cyanic  ethers,  CNOR  {1st  Siippl. 
619),  and  tlieir  true  molecular  weiglit  was  first  established  by  Hofmann  a.  Olshauscn 
{Proc.  Roy.  Soc,  xviii,  1,93),  who  obtained  the  methyl  and  phenyl  compounds  in  the 
pure  state. 

Methyl  Cyanurate,  |(0CH^)t  (CH»)^|  01— When  gaseous  cyanogen 
chloride  is  passed  into  a  dilute  solution  of  sodium  methylate  in  nioUiyl  alcohol  till  tlio 
liquid  MiM'Us  si  i-nii,i;ly  ofit,  sodiumchloride  separates  oul  ,.ind  a  ti  n'  1  he  methyl  alcohol  has 
been  di-t  illed  nil',  I  hnre  remains  a  brown  oil  winch  often  i'.  laiii<  t!n  llijuidformfor  a  long 
time,  but  ultimately  solidifies.  Sometimes,  again,  little  or  no  oil  is  formed,  but  on 
distilling  ofi:'  the  methyl  alcohol,  there  remains  a  brown  crystalline  mass  which  may 
be  purified  by  recrystaliisation  from  hot  water,  and  treatment  with  animal  charcoal. 
I'rom  the  purified  mass  ether  extracts  the  methyl  cyaniu-ate,  leaving  undissolved 
rhombic  tablets  consisting  of  diniftliylii-  aniidocj'anate. 

Methyl  cyanurate  crystallisrs  ti-oiii  alrolwl,  or  better  from  hot  water,  in  slender 
noodles,  melts  at  132°,  boils  In  Iwii  n  \no'  and  170°,  but  appears  to  be  converted,  by 
distillation,  into  the  isocyanurato,  which  melts  at  175°.  Before  distillation  it  is  re. 
solved,  by  heating  with  potash,  into  cyanuric  acid  and  methyl  alcohol ;  but  after  dis- 
tiUation  into  carbon  dioxide  and  methylamine. 

fOCH' 

Dimethyl  Amidocyanuratc,  C=^IPN^O=  =  C^N^J  OCH-\  is  formcd,together  with  several 

(nh- 

other  compounds,  by  the  action  of  ammonia  on  methyl  cyanurate,  but  is  more  easily 
obtained  as  a  secondary  product  in  the  preparation  of  the  cyanurate,  constituting  in 
fact,  the  rhombic  tables  above  mentioned.  It  crystallises  from  hot  water  in  beautiful 
rhombic  tables  which  melt  at  212°,  dissolve  sparingly  in  cold  water  and  cold  alcohol, 
.■ind  are  nearly  insoluble  in  ether.  Silvrr  n itrul  e  added  to  its  solution  in  nitric  acid 
throws  down  the  silver  salt  C^H^N'!  •  '.  v  liich  crystallises  in  beautiful  needles. 

In  preparing  methyl  cyanurate  frmn  muni  what  impure  methyl  alcohol,  Cloez  once 
obtained  a  crystalline  substance,  wliidi  he  called  methyJantdin,  and  to  which  ho 
assigns  the  composition  of  dnm  Ihi/l-dllnntiiin  C''H'"N^O^  {1st  Siippl.  520).  Hofmann, 
{Compt. rend.  Ixxi.  35)  suggests  that  lliis  substance  was  probaljly  a  mixture  of  metliyl 
cyanurate  and  dimethyl  amid<x'yanurate. 

Ethyl  Cyanurate,  C^W{0C-'3?y,  has  not  been  obtained  in  the  pure  state.  The 
action  of  cyanogen  chloride  on  sodium  ethylate  goes  on  in  the  manner  described  by 
Cloez;  the  resulting  liquid  deposits  varhable  mixtures  of  crystals  consisting  essentially 
of  the  ethylic  ethers  of  amido-  and  djamido-eyanuric  acids. 
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(•OC-H- 

Diethyl  A)n\docyanurate,Q!^W\  OC-H^,  is  oLtniued  from  the  crude  crystals  bytreat- 

ment  -with  animal  charcoal,  and  repeated  crystallisation  from  water,  in  delicate  white 
prisms,  which  melt  at  97°  and  are  soluble  in  alcohol  and  ether.  It  is  also  produced 
when  crude  cyauetholine  is  heated  for  some  hours  in  a  sealed  tube  with  aqueous  ammonia. 
With  silver  uitrato,  it  forms  the  two  compounds,  2C'H'-N'0^AgN0'^  and  CH'^J^^O-. 
Ag^fO'^. 

Eth)/lI)iamidocm?iurate,C^N^\'}HlL-  ,  separates  from  a  solution  of  the  preceding 

compound  mixed  with  strong  aqueous  ammonia,  after  standing  for  some  time,  in  white 
crystals,  melting  between  190°  and  200°,  very  slightly  soluble  in  alcohol.  With  silver 
nitrate  it  forms  a  compound  which  crystallises  in  slender  needles. 

The  composition  of  these  amidated  ethers  shows  clearly  that  the  compounds  formed 
by  the  action  of  cyanogen  chloride  on  the  sodium  alcohols,  are  really  cyanurates  and 
not  cyanates. 

Amyl  Cyanurate. — The  product  of  the  action  of  cyanogen  chloride  ou  sodium 
amylate,  resembles  cyanetholine.    It  distils  at  200°,  apparently  with  decomposition. 

Phenyl  Oyanwrate—CS^iOC^Wy.  Cyanogen  chloride  acts  on  phenol,  forming 
an  oil  which  at  first  yields  phenol  by  distillation ;  the  later  portions  of  the  distillate, 
however,  solidify,  and  on  leaving  the  whole  to  cool,  washing  the  residue  of  the  distil- 
lation with  alcohol,  and  crystallising  from  a  large  quantity  of  hot  alcohol,  the  phenyl 
cyanurate  is  obtained  in  long  slender  needles,  melting  at  22-1°  nearly  insoluble  in 
water  and  ether,  soluble  in  benzene. 

CVA2JZBE  of  HTTBROGSIT.  The  formation  of  this  compound  by  the  direct 
union  of  acetylene  and  nitrogen  {1st  Suppl.  33,  620),  may  bo  easily  demonstrated  by 
taking  advantage  of  the  property  of  nearly  all  hydrocarbons  to  yield  acetylene  when 
a  series  of  electric  sparks  is  passed  through  their  vapours.  On  passing  nitrogen  into 
benzene,  exposing  the  gas  charged  with  the  hydro-carbon  to  the  action  of  the  electric 
spark,  and  then  passing  it  into  silver  nitrate,  the  formation  of  hydrocyanic  acid 
becomes  evident  in  a  few  seconds.  The  same  result  is  obtained  when  the  spark  is 
passed  through  a  mixture  of  ammonia  gas  and  ether-vapour,  not,  however,  when 
nitrogen  is  used  instead  of  ammonia,  although  acetylene  is  formed  in  this  case  also 
(Perkin,  Chem.  News,  xxi.  66). 

Formaiion  from  Nitro-compotinds. — The  formation  of  hydi-ocyanic  acid  from  picric 
acid  by  the  action  of  baryta-water,  was  pointed  out  by  Wohler  in  1828.  The  same 
result  is  obtained  with  caustic  potash-solution.  Di nitrobenzene  is  also  decomposed 
with  production  of  hj-drocyauic  acid,  by  boiling  with  aqueous  potash  or  soda,  and 
mononitrobenzeno  is  similarly  acted  upon  by  the  alkaline  hydrates  in  the  state  of 
fusion  (Post  and  Hubner,  Dcut.  Chem.  Ges.  Ber.  v.  408). 

Eespecting  the  quantities  of  heat  evolved  or  absorbed  in  the  formation  and  de- 
composition of  hydrogen  cyanide,  see  Heat. 

Spontaneous  decomposition  of  Aqueous  Hydrocyanic  acid. — A  quantity  of  aqueous 
hydrocyanic  acid  having  been  left  in  a  glass  cylinder  merely  covered  with  a  funnel 
and  a  glass  plate,  till  the  liquid  had  evaporated,  a  solid  residue  .was  found  at  the 
bottom,  consisting  partly  of  brown  amorphous  matter,  partly  of  yellowish  crystals, 
which  in  form,  taste,  reaction  with  mercuric  nitrate,  mercuric  chloride  and  potash,  &c., 
exhibited  all  the  characters  of  urea  (Campani,  Gazsetia  chimica  italia^ia,  i.  472). 

Action  of  Chlorine. — Wurtz,  by  passing  chlorine  into  dilute  hydrocyanic  acid, 
obtained  a  product  which  he  regarded  as  a  liydrocyanide  of  cyanogen  chloride  2CNC1. 
ONH  (ii.  218).  According  to  Naumann  a.  Vogt,  however  (Deut.  Chem.  Ges.  Bcr. 
iii.  623),  this  product  is  not  a  definite  compound,  but  only  a  mixture  of  cyanogen 
chloride  and  hydrogen  cyanide.  This  conclusion  is  inferred  from  the  vapour-densities 
of  a  product  prepared  according  to  Wurtz's  directions,  and  containing  a  quantity  of 
chlorine  (46'4  p.c.)  nearly  corresponding  with  the  formula  2CNC1.CNH.  The  observed 
vapour-densities  were  1-65  at  0°,  1-66  at  12=,  1-64  at  16°,  and  1-67  at  100°.  The 
mixture  above-mentioned  requires  r67;  a  mixture  prepared  exactly  according  to  the 
formula  would  require  1-73  ;  the  chemical  compound  requires  6-18. 

Stenhouse  described  a  crystalline  compound  C^H^CPN-O ',  obtained  by  passing 
chlorine  gas  into  a  mixtiu'e  of  strong  aqueous  hydrocyanic  acid  and  alcohol,  or  into  an 
alcoholic  solution  of  mercuric  cyanide  (ii.  218).  C.  Bischolf,  on  the  other  hand  (Bettf, 
Chem.  Ges.  Bcr.  iii.  760  ;  v.  80),  finds  that  the  dichlorinated  compound  is  produced 
in  the  latter  case  only,  but  that  when  chlorine  is  passed  into  a  mixture  of  hydrocyanic  acid 
and  alcohol,  the  product  mostly  consists  of  the  monochlorinated  compound  CH'^CLN^O". 
This  latter  closely  resembles  Stenhouse's  compound.    It  crystallises  in  white  silky 
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iiGcdlcs,  longer  and  softer  than  those  of  the  dichlorinntLil  compound;  melts  at  147°  ; 
dissolves  easily  in  etlier  and  alcohol,  also  in  -warm  nitric  acid,  from  -which  it  is  pre- 
cipitated by  water.  It  is  insoluble  in  hydrochloric  acid  ;  sulphuric  acid  dissolves  it, 
with  evolution  of  heat,  forming  a  yellow  solution,  and  on  heating  this  liquid,  the 
compound  is  broken  up,  alcohol  and  carbon  dioxide  being  eliminated,  'with  simul- 
taneous formation  of  ammonium  sulphate  and  sulphur  dioxide.  Potash,  soda,  and 
baryta,  likewise  resolve  the  compound,  when  heated  witli  it,  into  alcohol,  carbon 
dioxide,  and  ammonia.  Heated  to  150°  with  alcoholic  ammonia,  it  yields  a  mixture 
of  organic  bases  not  yet  investigated.  Digested  with  hydrochloric  acid  for  24  hours 
at  100°,  it  forms  ethyl  chloride  and  carbon  dioxide,  which  escape  on  opening  the  tubes, 
and  glycolic  chlorhydrin  and  other  glycol-compounds,  which  remain  dissolved  in  tha 
aqueous  hydrochloric  acid. 

These  modes  of  decomposition  suggest  the  following  view  of  the  formation  of  tho 
compound. 

It  is  well  known  that  chlorinated  acetals  are  formed  by  the  action  of  chlorine  on 
.aqueous  alcohol,  and  that  urethane  is  produced  by  cyanogen  chloride  under  similar 
circumstances,  so  that  when  both  reactions  take  place  simultaneously,  compounds  are 
formed  in  which  the  ehlorethylidene  group  is  combined  with  the  urethano  residue  in 
place  of  the  alcohol  residue  (ethoxyl)  in  chlorinated  acetal,  namely — 

.HN.CO.C=ffO  HN.CO.C-IPO 
CH=C1.CH<  ,  and  CHCr-.CII< 

\IIN.CO.C^H^O  ^HN.CO.C^ffO 

This  view  readily  accounts  for  the  splitting  up  of  tho  chlorinated  compound  into 
alcohol,  carbonic  acid,  and  ammonia,  and  also  for  the  formation  of  glycol-compounds. 
The  attempts  to  obtain  the  corresponding  compounds  in  other  series  were  fruitless, 
clilorinated  acetones  and  methyl-urethano  being  obtained  with  methyl  alcohol,  whilst 
amyl  alcohol  yielded  amyl  urethane. 

When  a  slight  excess  of  bromine  is  added  to  an  alcoholic  solution  of  hydrocyanic 
acid,  and  the  mixtiu-e  is  gently  heated,  a  violent  reaction  ensues,  cyanogen  bromide 
vohitilising,  and  ammonium  bromide  separating  from  the  solution.  On  addition  of 
waliT,  ;in  oil  separates,  which  consists  chiefly  of  a  solution  of  tho  bromine-compound 
ill  ciliyl  bromide,  and  leaves  the  former  on  being  allowed  to  evaporate  spontaneously. 
Bischolf  only  once  obtained  tho  monobrominated  compound  C'H'^BrN-0',  which  melts 
at  142°,  and  crystallises  in  larger  needles  than  the  easily  prepared  dibrominated 
compound.  The  dibrominated  compound  C'H"I)r-N-'0*  melts  at  115°-116°,  and 
crystallises  from  other  in  long  needles. 

Iodine,  alcohol,  and  hydrocyanic  acid  gave  a  negative  result,  as  did  also  the  digestion 
of  the  bromine-compound  with  potassium  iodide.  Neither  the  chlorine-  nor  the 
bromine-compound  is  altered  by  the  action  of  nascent  hydrogen. 

On  the  reaction  of  hydrocyanic  acid  with  Chloral  and  Crotonic  Chloral,  see  pp.  310, 
400. 

On  the  detecl ion  of  hydrocyanic  acid,  see  Almex  {Cltem.  Centr.  1872,  442;  Choi. 
Soc.  J.  [2],  xi. 

Polymeride  of  Hydrocyanic  acid.  When  a  mixture  of  equal  parts  of  anhy- 
drous hydrogen  cyanide  and  epichlorhydrin  is  heated  in  sealed  tubes  for  a  fortnight 
to  40°-60°,  a  solid  body  is  formed,  which,  after  treatment  with  ether  and  reerystalli- 
sation  from  water  and  alcohol,  is  obtained  in  reddish-brown  crystals,  the  analysis  of 
which  has  not  given  concordant  results.  Treated  with  baryta-water,  it  yields  ammo- 
nia, barium  carbonate,  and  a  crystalline  body  having  the  composition  and  properties 
of  glycoeine,  whence  it  may  be  inferred  that  the  original  substance  is  a  polymeride  of 
liydrocyanic  acid : 

C'N^iP  +  Ba(OH)=  +  3IP0  =  C^1PN0=  +  BaCO^  +  2N1P 
(0.  Lango.  Dci/f.  Chrm.  Gcs.  Ber.  vi.  09). 

ClTAJNrXBXiS,  AIiCOHOHC.  See  the  several  radicles,  Ai.lyl,  Methyl,  Pko- 
PYL,  EruyLENE,  Naphthalene,  &c. 

CVAKXBUS,  BSETii.I.I.lC.  Weselsky  (Zci7,?c/M'. /.  Chem.  [2]  vii.  61)  prepares 
double  cya  n  i  d  cs,  c  on t  :ii  n  i  ng  barium,  the  platinum  compounds,  for  example, 
liy  passing  a  struiim  of  g.isi'ous  hydrogen  cyanide  through  a  mixture  of  barium 
cai'ljonate  and  a  salt  of  another  metal :  e.g.  ' 

PtCP  +  2BaC03  +  4HCy  =  BaCy=.PtCy=  +  BaCl-  +  2C0-  +  2H-0 
PtCl'  +  3BaC0^  +  4HCy  =  BaCy-.PtCy'-  +  2BaCP  +  2n-0  -I-  300^  +  0. 

In  this  manner  tho  following  salts  have  been  obtained : — 
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1.  Barium-silver  cyanide,  BaCy^.2AgCy  +  H-O.  This  salt,  prepared  front 
Larmm  carbonate  and  silver  carbonate,  forms  warty  crystalline  masses,  which  lose  tlieir 
water  at  100°.  2.  Barium-:inc  cyanide,  BaCy-.ZnCy-  +  2H-0,  obtained  from 
barium  carbonate  and  zine  sulphate,  forms  large  colourless  crystals  easily  decomposed 
by  exposure  to  the  air.  3.  Barium-palladium  cyanide,  BaCy-.PdCy"  +  4H-0. 
This  salt,  already  described  by  Eossler  {Ist  Supxyl.  536),  is  formed  from  barium 
carbonate  and  palladium  cyanide.  4.  Barium-nickel  cyanide,  BaCy-.NiCy-  + 
3H-0.  This  well-known  salt  was  prepared  by  the  above-described  method  from  nickel 
sulphate.  6.  Bario-cuprmis  cyanide,  BaCy^Cu-Cy-  +  ffO,  prepared  in  like  manner, 
fornis  large  colourless  crystals,  which  are  decomposed  by  exposure  to  the  air.  A  salt 
crystallising  in  fine  needles  is  obtained  from  the  mother-liquors.  6.  Barium-cadmium 
cyanide,  2BaCy-.3CdCy-  -t-  lOH-0,  obtained  from  cadmium  sulphate,  crystallises 
well,  but  is  very  readily  decomposed. 

On  the  Cobalticyanides  prepared  in  like  manner,  see  Ist  Suppl.  536. 

Ferrocyanldes  (WyroubofF,  Ann.  Chim.  Phys.  [4],  xvi.  280;  xxi.  271).  The  salts 
were  generally  prepared  by  saturating  hydroferrocyanic  acid  with  the  other  corre- 
sponding oxides  or  carbonates.  To  obtain  the  easily  soluble  salts  in  distinct  crystals 
the  crystallising  vessel  containing  the  warm  concentrated  solution  was  covered  with  a 
sheet  of  filtering  paper,  and  this  with  a  large  glass  plate,  which  was  turned  round  as 
soon  as  its  lower  surface  became  covered  with  drops  of  water,  this  treatment  being 
repeated  five  or  six  times,  without  shaking  the  vessel. 

Potassium  Ferrocyanide,  KTeCy°  -i-  3H^0,  is  usually  regarded  as  belonging 
to  the  quadratic  system  (ii.  239).  WyrouboiF  finds,  however,  that  small,  perfectly 
transparent  crystals  which  separate  from  a  solution  of  the  salt  mixed  with  neutral 
potassium  chromate  belong  to  the  monoclinic  system,  having  the  axial  ratio  a  :  b  :  c 
=  0'401  :  1  :  0-395,  and  the  angle  ac  89-27°.  Under  the  microscope,  these  crystals 
appear  optically  biaxial ;  the  apparent  monoaxial  character  of  the  ordinary  crystals  of 
the  salt  is  attributed  by  Wyrouboff  to  the  superposition  of  lamella?,  in  which  the  plane 
of  the  optic  axis  of  one  lamella  is  perpendicular  to  that  of  the  next. 

When  potassium  ferrocyanide  is  boiled  with  sal-ammoniac,  the  following  reaction 
takes  place  (?) : 

2KTeCy8  -\r  8NH^C1  -i-  3H=0  =  6NH^Cy  +  'E&'^Cf.ZWO  +  8KC1  +  2NH^ 

Tile  ferric  cyanide,  Fe-Cy".3H-0,  is  said  to  be  precipitated  as  an  extremely  fine  green 
powder,  which  does  not  alter  when  dried  at  100°.  The  same  green  powder  is  said  also  to 
be  frequently  produced  from  the  ferroeyanides  of  the  earthy-alkali  metals  when  they  are 
exposed  to  the  air,  hydrocyanic  being  liberated  at  the  same  time.  The  crystals  under 
these  circumstances  acquire  a  green  colour  and  become  yellow  again,  only  after  two 
recrystallisations. 

A  double  salt  of  potassium  ferrocyanide  with  the  nitrates  of  potassium  and  sodium, 
having  the  composition  K<FeCy^2NaN0^2KNO'  or  K-'Na2FeCy«.4KN0',  is  described 
by  C.  A.  Martius  {J.  pr.  Chem.  xevii.  502),  as  sometimes  separating  from  the  mother- 
liquors  of  saltpetre  in  the  preparation  of  which  waste  potash-salts  from  the  manufac- 
ture of  yellow  prussiate  have  been  used ;  also  as  formed  when  a  boiling  solution  of 
the  nitrates  of  potassium  and  sodium  is  mixed  with  potassium  ferrocyanide,  and  the 
mother-liquor  which  remains  after  the  greater  part  of  the  potassium  nitrate  has  crys- 
tallised out,  is  left  to  evaporate  gradually.  It  is  easily  soluble  in  water,  and  separates 
therefrom  in  large,  well-defined  crystals  of  the  hexagonal  system,  which  exhibit  the 
faces  of  several  rhombohedrons  in  combination  with  the  basal  end-face  (OE  :  E  =» 
135°  15')  and  acquire  a  tabular  form  from  predominance  of  the  end-face.  The  crystals 
are  light  yellow,  hard,  brittle,  and  yield  a  white  powder.  Wlien  exposed  for  some 
time  to  light,  they  become  covered  with  a  greenish  coating,  and  when  shaken  or  rubbed 
in  the  dark  they  shine  with  a  faint,  greenish  light.  They  decrepitate  when  slightly 
heated,  and  detonate  at  a  higher  temperature,  almost  as  strongly  as  gunpowder. 
WyroubofF  did  not  succeed  in  preparing  this  double  salt,  and  therefore  assumes  that 
it  is  a  mere  mixture. 

Sodium  Ferrocyanide,  Na^FeCy*  +  12H^0,  which  is  less  soluble  than  the  potas- 
sium salt,  may  be  prepared  by  double  decomposition  of  the  latter  with  any  salt  of 
sodium. 

Lithium  Ferrocyanide,  Li''FeCy^  +  9H^0,  is  extremely  deliquescent,  and  there- 
fore its  amount  of  water  is  difiScult  to  determine. 

Lit  Mum-ammonium  Ferrocyanide,  Li-(NH'')-FeCy^  -t-  3H-0.  is  prepared  by  dissolving 
equivalent  proportions  of  the  ferroeyanides  of  lithium  and  ammonium  in  water,  and 
leaving  tlie  solution,  which  is  decomposed  by  heat,  to  evaporate  in  a  vacuum.  The 
crystals,  which  are  never  very  well  defined,  are  identical  in  form  with  those  of  th« 
following  salt, 
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Lithium-potassium  Fcrroci/anidc,  Li'-K-FeCy"  +  3H-0,  is  prepared  by  treating 
commercial  Prussian  blue— which  generally  contains  potassium  ferrocyanide — with 
caustic  lithia,  concentrating  the  solution  to  a  syrup,  and  tlien  leaving  it  to  evaporate 
over  oil  of  vitriol.  The  mother-liquors,  which  contain  pure  lithium  salt,  yield  a  further 
quantity  of  the  double  salt  on  addition  of  potassium  ferrocyanide.  The  salt  dissolves 
in  about  1  \  part  of  water  at  ordinary  temperatures,  gives  off  2  mols.  water  at  100°,  and 
the  rest  at  2.30°,  when  also  it  begins  to  decompose.  The  crystals  are  monoclinic. 
Axes  a  :  6  :  c  =  1-353  :  1  :  1-516.    Angle  6  c  =  56°  18'. 

Bubidium  Ferrocyanide,  Eb^FeCy"  +  2H-0,  is  isomorphous  with  the  following 
salt,  and  dissolves  at  ordinary  temperatures  in  less  tlian  its  own  weight  of  water. 

Thallium  Ferrocya  n  idc,  Tl'FeCy''  +  2H^0,  may  bo  prepared  by  double  decompo- 
sition, and  obtained  by  slow  cooling,  in  small  highly  lustrous  crystals  of  tlie  triclinic 
system,  having  the  axes  a  '.  b  \  c  =  1'2562  :  1  :  1-0547  ;  and  the  axial  angles  b  c  = 
89°23';  rtc  =  80°21';  a*  =  76^20'. 

Barium  Ferrocyanide,  Ba'TeCy*^  -1-  6H'0,  prepared  by  double  decomposition 
with  potassium  ferrocyanide,  and  a  large  excess  of  a  barium  salt,  requires  for  solution 
aliout  1,000  parts  water  at  16°,  and  100  parts  at  75°.  Crystals  monoclinic  :  a  :  b  : 
c  =  1  :  1-0017  :  0-9536.    Angle  be  =  72°48-. 

Barium-potassium  Ferrocyanide,  BaK-FeCy'=  H-  6H^0,  which  crystallises  in  tlio 
hexagonal  system,  is  regarded  by  Wyrouboff,  as  identical  -with  the  double  salt  pro- 
pared  some  years  ago  by  Bunsen,  although  tiic  latter  found  it  to  contain  only  3  mols. 
water  (ii.  224). 

Calcium  Ferrocyanide,  Ca-FeCy^  +  V2IL-0,  prepared  by  saturating  ferro- 
prussio  acid  with  calcium  carbonate,  dissolves  in  0-66  pt.  water  at  90°,  and  crystallises 
easily  and  well  in  a  vacuum  ;  nevertheless  the  crystals  effloresce  at  25°-30°,  and  give 
off  Hi  mols.  water  at  100°,  the  rest  only  when  they  begin  to  decompose.  Triclinic. 
Axial'ratio,  a  :  b  :  c  =  1-2524  :  1  :  0-5435.  Angle  be  =  77°12';  ac  =  75°32' ;  ab  = 
■13%'. 

Calcium-sodium  Ferrocyanide,  CaNa^FeCy",  is  dilScult  to  prepare,  and  has  been  ob- 
tiiined  only  in  small  quantity.  AVlien  a  solution  of  the  calcium  and  sodium  salts  in 
equivalent  proportions  is  left  to  evaporate,  it  first  deposits  a  large  quantity  of  the 
sodium  salt,  after  which  a  crust  forms,  made  up  of  small,  very  regular  quadratic 
crystals,  consisting  of  the  double  salt  contaminated  with  calcium  ferrocyanitle.  Tho 
crystals  are  square  prisms,  approaching  very  closely  to  the  cube,  if  they  are  not 
actual  cubes.  Tlieir  relation  to  polarised  light,  however,  shows  that  they  have  a  very 
complex  structure,  being  made  up  of  four,  or  even  a  larger  number  of  separate  crystals 
of  various  sizes. 

Strofitium  Ferrocyanide,  Sr-FeCy"  +  ISH^O,  prepared  like  the  calcium  salt, 
is  extremely  soluble  in  water,  and  crystallises  from  a  hot  solution  cooled  to  8°  or  10° 
in  very  fine  monoclinic  crystals,  having  the  axes  a:b  :  c  =  1-645  :  1  :  1-061,  and 
tho  angle  he  =  68°24'.  By  dissolving  this  salt  in  water  containing  lithium  ferro- 
cyanide, and  leaving  the  solution  to  evaporate  in  a  vacuum  over  oil  of  vitriol,  a 
8-hydrated  salt,  Sr-FeCy"  +  8H-0  is  obtained  in  triclinic  crystals,  having  the  axes 
a:  b  :  c  =  0-6753  :  1  :  0-2520  ;  and  the  angles  be  =  84°42';  a  c  =  88°34';  ab  = 
63°38'. 

Strontium-potassium  Ferrocyanide,  Sr^KTeCy^  +  3H-0,  may  be  prepared  like  tho 
lithio-potassic  salt ;  but  tho  solution  must  be  left  to  evaporate  spontaneously,  as  when 
heated,  it  deposits  the  anhydrous  double  salt  in  the  form  of  a  white  powder.  Tho 
hydrated  salt  is  slightly  soluble  in  alcohol,  begins  to  give  off  water  at  100°,  loses  1^ 
mol.  at  110°,  and  the  rest  when  it  begins  to  decompose.  Tho  crystals,  which  are  not 
very  distinct,  are  monoclinic.  Axes  a  :  b  :  a  =  0-64487  :  1  :  0*8944.  Angle  be  - 
87°12'. 

Sfronfium-ccdeium  Ferrocyanide,  SrCaFeCy"  +  lOH-0,  is  prepared  by  direct  union 
of  the  constituent  salts.  The  solution,  evaporated  in  a  vacuum,  yields  largo  crystals 
which  give  off  part  of  their  water  at  ordinary  temperatures  and  the  wliolo  at  80°. 
It  dissolves  very  easily  in  about  a  third  of  its  weight  of  water.  Triclinic.  a  ;  b  :  c^ 
0-3534  :  1  :  0-3423.    Anglo  be  =  89°18';  ac  =  77°9';  ab  =  82°34'. 

Cobalt  Ferrocyanide.  An  ammoniacal  solution  of  cobalt  nitrate  forms  with 
potassium  ferrocyanide  a  precipitate  of  a  fine  green  colour,  which,  on  addition  of  a 
large  excess  of  ammonia,  is  converted  into  a  rose-red  crystalline  powder,  Co'FeCy". 
12NH'  -t-  9H-'0,  which  gradually  changes  to  a  brown  mass,  almost  wholly  soluble  in 
acids,  and  when  treated  with  a  largo  quantity  of  water,  is  immediately  converted  into 
a  dark  green  substance  having  the  composition  Co-FeCy''.8NH^  -f  lOH-'O  (F.  Curda, 
Wien.  Akad.  Ber.  Iviii.  [2],  149). 

Copper  Ferrocyanide .    According  to  Rcindcl  {J.  pr.  C/ic/u.  cm.  166),  the  so- 
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called  '  Hatchett's  Brown '  produced  by  the  reaction  of  potassium  ferrocyanide 
■with  cupric  salts,  is  not  Cu-FeCy^,  as  generally  supposed,  but  a  double  ferrocyanide, 
Cu'K^FeCy'-,  even  when  formed  in  a  solution  containing  excess  of  copper  salt ;  when 
dried  in  the  air,  it  has  the  composition  Cu^K-FeCy'-  +  12H-0.  In  drying,  its  tempera- 
tiu'6  should  not  exceed  110°,  as  decomposition  takes  place  between  130°  and  140"'. 
WyroubofF  on  tlie  other  hand  {Bull.  Soc.  CJiim.  [2],  xii.  98 ;  xiv.  145)  denies  that  the 
precipitate  contains  potassium,  unless  a  very  large  excess  of  potassium  ferrocyanide  is 
used  in  the  precipitation.  In  all  other  cases  it  has  the  composition  Cu-FeCy",  probably 
with  6  mols.  H-O.  With  regard  to  this  controversy,  it  is  remarked  in  the  Jahrcsbericht 
fur  Chcmic,  1869,  p.  321,  that  a  very  important  point  appears  to  have  been  overlooked, 
viz.  as  to  whether  the  solution  of  potassium  ferrocyanide  was  gradually  added  to  the 
copper  solution  or  the  copper  solution  to  tlie  ferrocyanide:  in  the  latter  case  the 
precipitate  always  contains  potiissium,  whereas  in  the  former  it  may  bo  free  from  that 
element. 

Silver  Ferrocyanide,  Ag^'SfiCy".  According  to  Weith  {Zeitschr.  f.  Chcm.  [2], 
V.  381),  this  salt  is  but  slightly  acted  on  by  mercuric  oxide  ;  neither  is  it  completely 
decomposed  by  potash.  When,  however,  it  is  boiled  with  aqueous  ammonia,  complete 
decomposition  takes  place,  according  to  the  equation  : 

Ag'FeCy'^  +  2NH=  +  H'O  =  FeO  =  4AgCy  +  2NffCy. 

As  the  insolubility  of  silver  ferrocyanide  in  ammonia  is  usually  regarded  as  decidedly 
characteristic  of  that  salt,  ignorance  of  the  reaction  just  noticed  may  easily  lead  to 
errors  in  qualitative  analysis,  especially  when  warm  solutions  are  used,  or  even  when 
the  precipitated  ferrocyanide  is  merely  left  for  a  short  time  in  contact  with  the  am- 
moniacal  liquid. 

When  silver  ferrocyanide  is  brought  in  contact  with  an  ammoniacal  solution  of 
silver  nitrate,  ferric  oxide  is  separated,  and  the  whole  of  the  silver  is  dissolved  as 
cyanide  ;  the  same  reaction  takes  place  with  ferrocyanide  or  ferricyanide  of  potassium, 
Prussian  blue,  &c.;  even  potassium  cobalticyanide,  which  resists  the  action  of  merciu-ic 
oxide,  is  acted  upon  in  the  same  way,  if  the  temperature  of  the  liquid  be  raised  to 
150°.  Tlie  reaction  is  definite  enough  to  be  used  for  the  quantitative  estimation  of 
cyanogen.  For  this  piu-pose  it  is  convenient  to  use  sealed  tubes  heated  for  about  four 
hours  in  the  water-bath  (Weith). 

Ammonio-ferrocyanide  of  Silver,  Ag^FeCy^.2NH^,  is  precipitated  as  a  white,  heavy, 
distinctly  crystalline  powcler,  when  potassium  ferrocyanide  is  added  to  a  solution  of 
silver  nitrate  containing  an  excess  of  ammonia.  It  is  also  formed  by  the  action  of 
ammonia  on  moist  silver  ferrocyanide,  and  when  ammonio-ferricyanide  of  silver 
Ag^Fe^Cy'-.SNH^  {\st  Suppl.  634)  is  digested  for  some  time,  or  warmed,  with  a  large 
excess  of  ammonia,  nitrogen  gas  being  at  the  same  time  evolved.  When  dried  over 
quick  lime,  it  has  the  composition  AgTeCy^.2NH^  +  6H'0.  It  smells  slightly  of 
ammonia,  retains  its  white  colour  unaltered  at  100°  or  a  little  above,  but  at  liigher 
temperatures  turns  brown,  and  ultimately  glimmers,  giving  off  nitrogen  and  am- 
monium cyanide,  and  leaving  a  loose  black  mixture  of  paracyanogen,  iron  carbide, 
and  silver  carbide.  It  is  nearly  insoluble  in  boiling  water,  and  very  sparingly  dis- 
solved even  by  a  large  excess  of  ammonia  (Gentli  J".  ])r.  Chem.  criii.  109).  The 
formation  of  the  ammonio-ferrocyanide  of  silver  is  contradictory  to  AVittstein's  st&tB- 
ruBxA  {Gmelin' s  Handbook,  -nW.  32),  that  silver  ferrocyanide  dissolves  in  ammonia, 
forming  an  opalescent  liquid.   Compare  also  Weith,  (supra). 

Perricyanides.  Lead  Ferricyanide,  formed  by  precipitation,  is.  according  to 
Genth  {Wicn.  Akad.  Ber.  lix.  [2]  800),  not  anhydrous,  as  stated  by  Gmelin  {Handbook, 
vii.  491),  bxit  hydrated,  having  the  composition  Pb'Fe-Cy'^  +  16H'0,  and  gives  off  its 
water  at  110°.  "Wlien  prepared  from  sugar  of  lead  containing  lime,  the  crystals,  with- 
out essential  alteration  of  form,  retain  about  1  p.c.  calcium.  According  to  measure- 
ments by  V.  Zepharovich,  they  are  monoclinic,  having  the  axes  a  :  b  :  c  =  0'6658  :  1 
:  1-0680,  and  the  angle  be  =  71°  32'  33". 

Potassiim  Ferricyanide. — Solutions  of  this  salt  are  well  known  to  decompose  readily, 
with  formation  of  ferrocyanide  and  a  blue  precipitate.  The  presence  of  organic 
matter  facilitates  this  decomposition  considerably,  but  light  seems  to  bo  the  chief 
cause.  A  solution  of  1  part  freshly  prepared  potassium  ferricyanide  in  10  parts  of 
water,  when  exposed  to  diffused  daylight,  becomes  darker  in  colour  in  the  coiu-se  of  a 
few  hours,  while,  if  it  is  exposed  to  direct  sunlight,  the  production  of  ferrocyanide 
may  be  demonstrated  Ijy  means  of  ferric  chloride,  even  after  the  lapse  of  only  thirty 
seconds.  Yellow  light  is  without  action  on  the  solution,  and  no  alteration  was  ob- 
served to  take  place  in  the  solid  salt.  The  action  may  be  made  use  of  for  tlie  pro- 
duction of  photographic  pictures,  but  this,  owing  to  the  unstable  character  of  c.yanogon- 
compounds,  is  not  likely  to  be  of  any  practical  importance  at  present.  _  Manufactiu'oi^ 
may.  hovvTVor,  find  it  advantageous  to  evaporate  and  crystallise  solutions  of  rod  prus- 
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siate  in  the  dark,  or  by  lamp-light,  and  test-solutions  of  ferricyanlde  should  bo  kept 
in  bottles  of  yellow  glass  (H.  Vogcl,  Dmt.  Chem.  Gcs.  Ber.  iv.  00). 

On  tho  use  of  potassium  forricyanide  as  a  tost  for  cobalt,  nickel,  and  manganese, 
SCO  Cobalt  (p.  362). 

CYASTXTS.  A  mineral  called  '  Glance-spar,'  having  tlio  composition  of  cyanito 
Al-'O^SiO",  but  differing  from  it  in  specific  gravity  and  crystalline  form,  is  found  at 
several  localities  in  the  Siebengebirge  (see  Glance-spae). 

C7AI70CARB02e'XC  ETHERS.  FAhyl  Cyanocarhonat c,  C'H^NO-  = 
CO  Iq^^pjs.  is  formed  by  distilling  a  mixture  of  3  parts  phosphoric  anliydride  vith 
2  parts  oxaniethaue  : 

C^H'NO^  -  H=0  =  C^H^NO-. 

It  is  a  colourless  mobile  liquid  of  ethereal,  but  penetrating  odour,  boiling  at  115°- 
116°;  almost  insoluble  in  water,  but  slowly  decomposed  thereby,  with  formation  of 
alcohol,  carbonic  anhydride,  and  hydrocyanic  acid.  With  alcoholic  ammonia  it  forms 
a  white  product  which  appears  to  be  tlie  amide  of  cyanocarbonic  acid  ( Weddigo,  J.  pr. 
Chan.  [2],  vi.  117). 

AUyl  Cijanocarho'iiatc,  C'H^NO=  =  CO  |  Q^jpp ,  is  formed,  simultaneously 

with  oxamide,  by  the  action  of  fuming  hydrochloric  acid  on  tho  dicyanide  of  allyl 
alcohol.  The  liquid  becomes  warm,  and  on  the  completion  of  the  reaction,  the  tem- 
perature being  kept  down,  a  product  is  formed  from  which  ammonium  chloride  and 
oxaraido  are  deposited  in  the  crystalline  form  ;  and  on  fractional  distillation,  allyl 
chloride  and  allyl  cyanocarbonate  are  obtained. 

The  reactions  by  which  these  bodies  are  formed  seem  to  go  on  simultaneously.  In 
the  one  cyanogen  is  detached  from  the  allyl  alcohol  and  converted  into  oxamide,  while 
the  alcohol  yields  allyl  chloride: 

C'ffOH.(CN)=  +  H'^0  +  HCl  =  C'H^Cl  +  C-Q-'WW; 
in  tho  other,  ammonia  only  is  removed,  and  the  carbon  of  one  of  the  cyanogen  groups 
becomes  linked,  by  means  of  oxygon,  to  the  allyl,  forming  allyl  cyanocarbonate : 

C^H=0H.(CN)-  +  H-0  -I-  HCl  -  NH'Cl  +  CO  joQ^jp. 

Cyanocarbonic  acid  is  intermediate  between  oxalic  acid  and  cyanogen  : 
\ CO .OH  5  CN  ^  CN 

JCO.OH  iCO.OH  <CN- 

The  formation  of  ethyl  cyanocarbonate  from  oxamethane  shows  its  relation  to  tho 
foraicr  ;  that  of  allyl  cyanocarbonate  from  allyl  alcohol  dicyanide,  its  relation  to  the 
latter  (Y>'agncr  a.  Tollens,  Beut.  Chem.  Gcs.  Ber.  v.  1046). 

C7AITOFOR»E,  CH(CN)'.  According  to  T.  Palrley  {Chem.  Soc.  J.  [2],  ii.  362), 
this  compound  is  formed  by  heating  chloroform  with  potassium  cyanide  and  a  little 
alcohol  to  100°  in  sealed  tubes,  as  a  non-volatile  mass,  pasty  at  ordinary  temperatures 
and  assuming  the  consistence  of  a  viscid  liquid  at  100°.  By  the  reducing  action  of 
tin  and  hydrochloric  acid  it  is  converted  into  a  base,  C''H"JSI^  or  N'(C'H')"'H'',  called 
by  Kairley  tetryli n -tri amin o.  This  baso  boils  above  160°  and  forms  a  platinum 
salt,  2(C'H'W.3HCl).3PtCl'. 

According  to  Pfankuch  {J.  in:  Chem.  [2],  iv.  387;  vi.  97),  Fairley's  method  yields 
only  traces  of  cyanoform,  the  main  product  consisting  of  a  brown  tarry  mass.  Small 
quantities  of  cyanoform  are  also  formed  by  heating  chloroform  with  silver  cyanide. 
By  carefully  regulating  the  temperature  _(120°-130°),  and  the  amount  of  alcohol  added 
to  the  mixture  of  chloroform  and  potassium  cyanide,  a  certain  quantity  of  pure  cyano- 
form may  bo  obtained  ;  it  crystallises  from  an  alcoholic  solution  on  slow  evaporation 
in  small,  yellowish-white  needles,  having  a  somewhat  unpleasant  odour.  Cyanoform 
could  not  bo  obtained  by  heating  iodoform  with  either  mercury  or  silver  cyanide,  but 
by  digesting  with  mercury  cyanide  and  alcohol  for  some  hours  in  sealed  tubes  at  120°, 
tlie  whole  was  converted  into  a  double  compound  of  the  formula  2CH(CN)'.oHgI-. 
By  treatment  with  ammonium  sulphide  this  compound  is  converted  into  the  corre- 
sponding ammonium  double  salt  CH(CN)".3NH'I,  which  crystallises  in  small  deli- 
quescent cubes.  Tho  greater  part  of  the  mercuric  iodide  may  be  removed  from  tho 
mercuric  double  salt  by  treatment  with  water  ;  but  it  has  not  yet  been  found  possililo 
to  obtain  pure  cyanoform  by  this  method.  Cyanoform  heated  with  soda  or  with 
aqueous  hydrochloric  acid  is  easily  converted  into  methiutricarbonic  acid, 
CH(COOH)\  which  crystallises  in  small  needles. 

CTAM'OCBM'.    Phj/i<ical  S/atcs. — To  liquefj'  cyanogen,  a  pressure  of  1  atmospheres 
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is  required  at  20°  and  of  li  atmosphere  at  0°.  Cyunogen  is  liquid  under  the  ordi- 
nary pressure,  at  —21°  and  solidifies  at  the  freezing  point  of  mercury  (Hofmann, 
Deut.  Chem.  Ges.  Ber.  iii.  658). 

The  solvent  power  of  liquid  cyanogen  has  been  tested  by  G.  Gore  (Proe.  Eoy.  Soc. 
XX.  67)  as  follo-ws : — Highly  dried  mercuric  cyanide  in  coarse  powder  was  heated  in  a 
stout  glass  tube  furnished  with  a  V-shaped  bend,  and  closed  by  a  gutta-percha  plug 
tied  down  with  copper  wire,  the  wliole  being  protected  by  screens.  The  liquid 
cyanogen  condensed  in  the  bend,  which  was  kept  cool  by  a  wet  rag,  the  body  to  bo 
tested  for  solubility  having  been  previously  placed  in  it. 

Substances  soluble  at  15°. — Camphor,  chloral  hydrate,  iodine,  picric  acid,  and  the 
disulphide,  monochloride,  diehloride,  and  trichloride  of  carbon.  White  phosphorus, 
cane-sugar,  carbon  tetrachloride,  and  water  wore  only  slightly  soluble. 

Substances  insoluble  at  15°. — Carbon,  boron,  silicon,  sulphur,  selenium,  zinc,  mer- 
cury, copper,  iron,  magnesium,  salts,  gums,  fats,  and  most  inorganic  and  organic  sub- 
stances. 

Iodic  acid  became  pink,  cuprous  iodide  vermilion-red,  ammonium  carbonate  brown. 
Moisture  and  alkalis  caused  the  formation  of  a  brown  solid  body,  probably  para- 
cyanogen. 

Decomposition  of  Ci/anogen  by  Hydrochloric  acid,  in  presence  of  Alcohol. — When 
cyanogen  gas  is  passed  into  a  saturated  solution  of  hydrochloric  acid  in  absolute 
alcohol,  heat  is  evolved  and  a  white  crystalline  precipitate  forms  in  quantity  propor- 
tional to  tlie  cyanogen  employed.  Under  these  conditions  the  precipitate  consists  of 
pure  ammonium  chloride  ;  but  if  the  solution  be  not  saturated  with  hydrochloric  acid, 
more  or  less  oxamide  is  produced,  and  the  mother-liquor  contains  oxalic  ether  together 
with  a  small  quantity  of  formic  ether,  which  may  be  detected  by  pouring  the  mother- 
liquor  into  dilute  aqueous  ammonia,  separating  the  oxamide,  acidifying  the  filtrate 
with  sulphuric  acid,  distilling,  saturating  the  distillate  with  calcium  chloride,  saponi- 
fying the  ether  wliich  separates,  and  finally  distilling  with  sulphuric  acid.  The  dis- 
tillate thus  obtained  exhibits  the  reactions  of  formic  acid.  The  formation  of  oxalic 
ether  is  represented  by  the  equation : 

C=N=  +  4C-H'^0H  +  4HC1  =  C-0-(C=ff 0)=  -t-  2NH'C1  +  2C'H=C1. 
The  formic  ether  results  from  the  decomposition  of  part  of  the  oxalic  ether. 

The  reaction  of  cyanogen  with  hydrochloric  acid  in  presence  of  alcohol,  is  different 
from  that  which  takes  place  in  presence  of  water,  the  cyanogen  in  the  latter  case  being 
converted  into  oxamide,  while  the  hydrochloric  acid  undergoes  no  change  (\st  Suppl. 
638). 

Action  of  Ammonia  on  Cyanogen. — Dry  ammonia  and  cyanogen  gas  combine  form- 
ing hydrazulmin,  C^N^H',  in  amorphous,  jet-black  scales,  which,  when  heated, 
first  decrepitate  violently,  then  swell  up  like  Brodie's  graphitic  acid,  giving  out 
gases,  and  leaving  a  residue  of  paracyanogen,  whicli  volatilises  completely  at  a  higher 
temperatiu?e. 

Wata-  acts  on  hydrazulmin,  forming  hydrazulmoxin,  C'N^H^O  : 
C'N^H"  +  H=0  =  NH=  +  C^N'ffO. 

Hydrazulmoxin  is  a  brown  amorphous  mass  which  dissolves  but  sparingly  in 
water,  more  freely  in  presence  of  ammonia.  When  the  ammoniacal  solution  is  exposed  to 
the  air,  the  hydrazulmoxin  separates  out  again  gradually.  This  compound  is  identical 
with  the  so-called  aztilmic  acid,  which  is  formed  by  the  spontaneous  decomposition 
of  an  aqueous  solution  of  cyanogen,  and  by  the  action  of  cyanogen  on  aqueous  ammo- 
nia. The  more  concentrated  the  latter,  the  greater  is  the  quantity  of  azulmic  acid 
formed,  whilst  in  more  dilute  solutions  the  formation  of  oxamide  preponderates.  A 
hot  aqueous  solution  of  azulmic  acid  exhibits  a  fine  violet  fluorescence  ;  on  heating  it 
gently  with  caustic  potash  or  concentrated  sulphuric  acid,  j-ellowish-brown  solutions 
are  obtained,  which,  after  cooling,  show  a  dark  green  fluorescence. 

"When  azulmic  acid  is  boiled  with  water  and  the  hot  solution  filtered,  it  separates 
out  on  cooling  with  a  much  lighter  colour  ;  and,  by  repeating  this  operation  several 
times,  a  product  is  at  length  obtained,  forming  b'ght  yellow  amorphous  flakes.  This 
body  is  identical  with  mycomelic  acid,  C'N''H'0-,  which  Liebig  and  Wohler  first 
obtained  by  the  action  of  ammonia  upon  alloxan,  and  which  Hlasiwetz  afterwards 
prepared  by  heating  uric  acid  and  water  together  in  sealed  tubes  to  180°.  Mycomelic 
acid  is  formed  according  to  the  equation  : 

C'N'^H^O  +  H^O  =  +  C^N^H^O-. 

Mycomelic  acid  is  soluble  in  boiling  water ;  the  solution  shows  a  fine  greenish-blue 
fluorescence. 

By  oxidising  azulmic  acid  with  potassium  permanganate  or  nitric  acid  two  atoms  of 
hydrogen  arc  replaced  by  oxygen  and  azoxulmoxin  2C'N*H^0=  +  H-0  is  formed, 
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a  rcdJish-yollow,  crystalline  powder,  insoluble  in  -water,  but  readily  soluble  in  con- 
centrated sulp'.ui-ic  acid.  This  solution  shows  an  intense  light  green  fluorescence, 
like  uranium  glass. 

The  constitution  of  these  different  compounds  is  most  probably  as  follows  : — 

Par;icyiinogeii         Hydrazulmin         Azulmic  acid     Mycomellc  acid  Azoxulmoxin 
_^CN  ^GN  ^ON  ,CN  ^CN 

c<Z  cr^mi-    c-<-0H     c^oii  c^or 

II  I  I  \>o 

C.:— NH-      C^NH-      C^OII  C^mi" 
^CN  ON  ~~^CN  \CN  ^CN 


(Jacobsen  and  Emmerling,  Beut.  CMm.  Ges.  Ber.  v.  947). 

The  name  asidmio  acid  has  also  been  given  to  an  oxidised  acid,  which  is  one  of  tbe 
constituents  of  the  reddish-black  muss  (a ziilmin)  formed,  after  long  stiinding,  in  hydro- 
cyanic acid  mixed  with  a  littir  watri-  .mil  a  trace  of  ammonia  or  a  fixed  alkali. 
According  to  Gautier  {Ann.  (Jlinn.  I'hi/s.  \  \  \  xvii.  158)  this  mass  consists  of  five  dif- 
ferent parts  :  (1.)  A  portion  volatile  at  100^,  containing  water,  ammonia,  and  ammo- 
nium cyanide.  (2.)  A  portion  soluble,  with  red  colour,  in  alcohol  of  99  p.c,  and 
crystallising  therefrom  in  tufts.  (3.)  A  portion  soluble  in  somewhat  dilute  potash- 
ley.  The  dark  brown  filtered  solution  mixed  with  hydrochloric  acid,  deposits  light 
flocks,  while  one  or  more  nitrogenous  bodies  remain  dissolved.  (4.)  A  brown-black, 
uncrystalline,  non-hygroscopic  mass,  forming  by  far  the  largest  proportion  of  the 
whole,  insoluble  in  water  either  cold  or  warm,  also  in  alcohol,  dilute  acids,  and  dilute 
potash-ley,  very  slightly  soluble  in  glacial  acetic  acid.  "With  strong  potash-ley  it 
forms  a  dark  brown  solution,  from  which  it  is  precipitated  by  hydrochloric,  sulphuric, 
and  even  carbonic  acid.  It  dissolves  at  ordinary  temperatures  in  commercial  nitric 
acid,  and  in  strong  sulphuric  acid,  and  is  separated  tlierefrom  by  a  large  quantity  of 
water.  Its  solution  in  acids  forms  brown  precipitates  with  silver  nitrate  and  mercury 
salts,  green  with  copper  salts,  wliite  with  lead  salts.  Neither  of  these  precipitates  is 
crystalline.  The  sulphuric  acid  solution  undergoes  alteration  when  heated  above  200°. 
The  mass  itself  is  unalterable  at  130°  and  probably  at  much  higher  temperatures.  By 
prolonged  boiling  with  water  in  which  insoluble  bases  like  magnesia  and  zinc-oxide 
are  suspended,  it  may  be  made  to  unite  with  those  bases  and  form  salts.  (5.)  A  small 
quantity  of  a  pitchy  substance  insoluble  in  concentrated  acids. 

The  brown-lslack  substance  (4.)  (azulmic  acid)  has,  according  to  Gautier,  the  empirical 
formula  C^H^N^O,  but  its  silver  salt  has  the  composition  C-'H*AgN"0^  whence  it  is 
probable  that  the  acid  itself  is  C'-'H"N''0^.  Gautier  assigns  to  itthe  constitutional  formula, 

(n|^^.  2CNH)',  supposing  it  to  contain  a  polymerised  cyanide  of  hydrogen. 

On  the  reaction  of  cyanogen  chloride  with  phosphine,  see  Phosphinb  ;  with  hcn^i/l 
alcohol,  p.  178. 

Ou  the  Heat  of  Formation  of  Cyanogen-compounds,  eoc  Heat. 

CYAKrUREA,(.rCYAWCARBAl«II>B,  C-H^N^O  =  CH'(CN)N'-0.  Produced, 
according;  Id  rcKiis-ni  {Air,i.  Ch.  J'/i,ir>,i.  cxxviii.  339).  by  heating  urea  (30  parts) 
with  cyanogen  iodide  (70  parts)  fur  two  days  to  140°-150°  : 

CH'N-0  +  CNI  HI  +  C1P(CN)N=0. 
On  treating  the  product  with  warm  water,  and  removing  the  separated  iodine  with 
sulphurous  acid,  cyanurea  remains  as  an  amorphous  light  yellow  powder,  nearly 
insoluble  in  water,  easily  soluble  in  strong  acids  and  alkalis,  not  decomposed  by  acids 
even  at  the  boiling  heat,  but  resolved  by  heating  with  alkalis  into  ammonia  and  car- 
bonic acid.  Heated  with  barium  hydrate  and  a  little  water  to  130°,  it  yields,  together 
with  ammonia  and  barium  carbonate,  a  barium  salt  containing  (C-HN-O-)-'Ba 
+  H-O.  Suspended  in  water  and  treated  with  nitrous  acid,  it  is  converted  into 
di cyanic  acid : 

2C^i™'0  +  N'0»  =  2C2H=N=0=  +  2H=0  -i-  N'. 

According  to  Hallwachs  {Zcitschr.  f.  CJicm.  [2],  vi.  3.34).  Poensgen's  cyanurea  is 
nothing  but  impure  ammelido  0'^IT''N"0',  and  his  dicyanie  acid  is  probably  cyanuric 

CYAig-URXC  ACID  AMB  ETHERS,  see  pp.  406.  409. 

CYCXiAMEir  (Usi  Luca,  Ga..-zcUa  diinuca  italiana,  ii.  ooG).  The  tubers  of 
2^id  Hup.  E  E 
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Cyclamen  enmpauin  coutaia  a  fermentable  saccharine  substance,  starch,  and  guiri; 
together  with  acrid  and  xjoisonous  matters,  the  most  abundant  of  ^yhich  is  a  non- 
azotised  glucoside  called  cyclamin,  vliich  was  prepared  and  described  bj- De  Luca 
about  fifteen  years  ago  (ii.  29i).  The  paper  above  cited  contains  nothing  new  respecting 
this  body,  excepting  a  more  expeditious  mode  of  preparation,  founded  on  its  property 
of  coagulating  like  albumin  when  its  aqueous  solution  is  heated.  AVhen  the  expressed 
juice  of  the  tubers  is  heated  nearly  to  the  boiling  point,  a  white  flocculent  substance 
separates  on  the  surface,  which  may  cither  be  skimmed  off,  or  separated  by  filtering 
the  hot  liquid.  This  substance  dissolves  in  hot  alcohol,  and  the  solution  filtered  while 
still  hot,  deposits  the  cyclamin  on  cooling  in  the  amorphous  aggregations  formerly 
described. 

The  juice  of  the  tubers  left  to  itself  for  some  daj-s  in  contact -with  the  air,  soon 
ferments,  with  evolution  of  carbon  dioxide  and  formation  of  alcohol,  which  may  be 
isolated  by  simple  distillation.  The  cyclamin  in  the  solution  is  at  the  same  time 
coagulated  by  the  heat  developed  by  the  fermentation.  Tlie  filtered  liquid  evaporated 
to  dryness  over  the  water-bath  leaves  a  brownish  residue,  the  solution  of  which  in 
cold  alcohol  yields  by  spontaneous  evaporation,  crystals  of  ma  unite.  The  mannite 
may  also  be  extracted  by  treating  the  above-mentioned  residue  with  hot  alcohol,  and 
leaving  the  solution  to  cool ;  it  appears  to  be  a  product  of  the  fermentation  above 
mentioned  :  for  the  unformented  juice,  treated  in  the  manner  just  described,  does  not 
yield  a  trace  of  it.  Further  experiments  must  decide  whether  the  mannite  is  formed 
by  transformation  of  the  cyclamin,  or  of  the  numerous  other  substances  contained  in 
the  juice. 

Other  saccharine  substances,  more  or  less  resembling  mannite,  have  likewise  been 
obtained  from  the  juice  of  cyclamen.  A  considerable  quantity  of  the  juice  having  been 
boiled,  the  coagulum  collected  in  filters,  and  these,  after  the  liquid  had  drained  off, 
having  been  placed  under  a  bell-jar  and  surrounded  with  fragments  of  quick  lime, 
renewed  as  it  slaked,  the  whole  of  the  coagulum  was  found,  after  some  weeks,  to  be 
converted  into  a  crystalline  substance  exhibiting  some  of  the  properties  of  mannite. — 
Another  portion  of  the  expressed  juice  jiourcd  into  two  glass  vessels  of  10  litres 
capacity,  began,  after  a  few  days,  to  deposit,  on  the  side  more  directly  exposed  to  the 
light,  a  white,  amorphous  substance,  which  gradually  increased  in  quantity ;  no  gas 
■was  evolved,  and  the  liquid  did  not  exhibit  any  sign  of  putrefaction.  On  boiling  the 
remaining  liquid,  only  a  small  quantity  of  coagulum  was  obtained,  and  on  separating 
the  liquid  therefrom,  evaporating  to  dryness,  and  treating  tlio  blackish  residue  with 
hot  alcohol,  a  solution  was  obtained  which  gradually  deposited  a  crj-staUine  substance 
likewise  resembling  mannite  in  some  of  its  characters. 

Jiastly,  the  remaining  portion  of  the  juice  was  evaporated  over  the  water-bath,  tlie 
residue,  when  dry,  was  digested  -with  cold  alcohol,  and  the  filtered  liquid,  while  still 
hot,  was  left  to  itself  in  a  glass  vessel :  it  then  deposited  an  amorphous  substance, 
resembling  the  cyclamin  which  separates  on  cooling  from  an  alcoholic  solution. 

These  experiments  seem  to  show  that  cyclamin  is  capable  of  gradually  passing, 
tmder  the  influence  of  moisture,  into  a  sweet  crystaUisable  substance,  similar  to,  or 
perhaps  identical  with,  mannite. 

The  juice  of  cyclamen  tubers  may  be  introduced  into  the  stomach  of  rabbits  in  doses 
of  10  to  20  grams  without  destroying  life,  and  the  tubers  are  eaten  with  impunity  by 
pigs,  but  the  juice,  mixed  with  water  in  the  proportion  of  1  cub.  cent,  to  2  or  3  litres 
acts  poisonously  on  fishes.  The  toxic  action  of  cyclamin  is  similar  to  that  of  curarine, 
but  less  energetic,  and,  like  the  latter,  it  is  nearly  neutralised  by  bromine. 

CYCXiOPXC  ACXD.  An  acid  obtained  from  Ci/dopia  Voficlii,  a  plant  used  in 
Africa  for  preparation  of  tea.  When  about  a  pound  of  the  dry  leaves  is  tied  up  in 
a  cluth.  iinim  rscd  in  water  for  some  daj-s,  and  pressed  from  time  to  time,  the  cyclopic 
acid  is  deposited  in  the  form  of  a  yellow  powder.  It  may  be  pui-ified  by  cr3-stallisation 
from  weak  s^jirit.  It  exhibits  a  deep  gi-eenish-yellow  fluorescence,  which  is  best 
observed  when  a  few  crystals  of  the  substance  are  immersed  in  soda-ley,  and  exposed 
to  sunshine :  after  a  few  days,  however,  the  fluorescence  disappears.  Analysis  leads  to 
the  formula  C'H'O*  or  C'*fl"'0'',  the  acid  being  bibasic  or  quadribasic  accordingly 
(ChiU'ch,  Chemical  News,  xxii.  2). 

CTKBirz:,  C^m'*.  The  researdios  of  Fittig,  Kulrich  a.  Jilke,  of  Pott,  of  Lon- 
guinine,  and  quite  recently  those  of  Beilstein  a.  Kuplfer  {Bcict.  Chem.  Gcs.  Bcr.  vi. 
1181  ;  Ann.  Ch.  Pliarrn.  clxx.  282),  have  shown  that  the  cymene  obtained  from  cumin 
oil,  and  from  the  oil  of  Ckuta  virosn  is  identical  Avith  'that  wliich  is  produced  by 
dehydration  of  camphor  with  zinc  cldoride,  phosi)horic  oxide,  ur  plm^i.ji.a'ic  sulphide. 
The  cyiueuo  obtained  from  these  souivus  boils  at  175°.  has  a  s].rritii'  i:r,ivitv  of  O'S/l- 
0-873  at  0°.  and  is  converted  by  oxidation  with  dilute  nitric  ^icid  inlo  tohiic  acid,  by 
oxidatiou  with  chromic  acid  niixl-.re  into  acetic  and  tcn-phtlialic  acids:  hence  it  is 
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inferred  to  liavR  tho  constitution  of  niethyl-propyl-lienzcne,  or  mctliyl-isopropyl- 
Lenzono,  C^H^CCH^XC-'H')  (UC  HupiA.  302). 

The  same  cymene  is  produced  \>y  dchydrogenation  of  various  IiydrocarLons  of  the 
tcrpone  group,  C'^H'",  which,  in  fact,  may  be  regarded  as  dihydride.s  of  cymeno.  By 
ailding  bromine  to  oil  of  turpentine  or  oil  of  lemons  at  a  low  tcnipcviiturr,  or  by  hcnliii^j; 
liiirly  powdered  torpin  to  50",  and  then  leaving  it  to  itself  ;ii  thr  or.lin.n-y  1 1  iiiiirr;il  urc, 
t(  I'lirne  dibromide,  C"'H"'Br^,  is  formed  as  a  heavy  oil,  which,  whi  n  hi  .it<  il  ^mI  h  .inilinn 
to  iyO°  for  eight  hours,  gives  up  2HBr  and  yields  cymeno  lioiling  at  1/(5 '-IT'i^  ■iiul 
converted  by  oxidation  with  chromic  acid  into  acetic  and  terephthalic  acids  (Oppcn- 
heim,  Detit.  Chem.  Gcs.  Bcr.  v.  3-i,  628).  A  similar  result  has  been  obtained  by 
B.n-hkr  {Co'/iqytes  rendvs,  Ixxiv.  19-1),  by  treating  crystallised  terpin  C"'H"'.3n-'0  with 
bromine,  and  decomposing  the  product  by  distillation. 

Wriglit  {Che7n.  Soc.  J.  [2],  xi.  686)  has  examined  the  cymenes  obtained  from  various 
ineiiibors  of  tho  terpono  family  by  the  following  processes  : 

1.  By  acting  on  myristicol  (tho  chief  constituent  of  volatilo  oil  of  nutmeg)  witli 
phospliorus  pentachloride,  whereby  a  liquid  chloride  CH'^Cl  is  obtained  : 


and  this  when  heated  to  170°-190^  is  resolved  into  hydrogen  chloride  and  cymene. 

2.  By  the  action  of  zinc  chloride  on  myristicol :  C"'1I"'0  —  H-'O  =  C"'H'*. 

3.  By  digesting  the  chlorinated  product  obtained  by  the  action  of  phosphorus 
pentachloride  on  camphor,  in  a  flask  with  vertical  condenser,  as  long  as  hydrogen 
chloride  was  given  oif,  then  distilling  off  the  remaining  hydrocarbon,  and  digesting  it 
with  sodium.  A  polymerido  of  cymeno  appears  to  be  formed  at  tlie  same  time  in 
small  quantity,  and  a  viscid  tar  remains  in  the  retort. 

4.  By  treating  the  most  volatilo  hydrocarbon  of  nutmeg  oil  (boiling  at  163°-164°) 
with  sulpliuric  acid,  the  tcrpenes  present  are  polymerised,  and  cymene  pre-existing  in 
it,  remains  unaltered :  the  cymeno  may  then  be  distilled  off. 

5.  Turpentine  oil,  treated  in  tho  same  manner,  like^vise  yields  about  3  p.c.  of 
cymeno  previously  contained  in  it. 

6.  By  adding  bromine  to  hcsperidene  (from  oil  of  orange-peel)  and  heating  the 
resulting  dibromide:  CH'^Br-  =  2HBr  +  C'°H". 

7.  From  cumin  oil,  by  tlio  nsnal  process  of  separating  tho  cuminic  aldehyde  by 
combination  with  acid  Mulinin  siili'liife,  and  distilling  off  the  cymene. 

Tho  cymenes  from  thr-c  s.  vi  ral  murces  all  gave  by  analysis  numbers  agreeing  with 
the  formula  CH",  and  their  boiling  points  (corrected)  though  varying  one  or  two 
degrees,  were  all  about  176°.  By  oxidation  with  chromic  acid  mixture,  they  all  yielded 
teroplithalic  and  acetic  acid,  but  no  isophthalic  acid,  nor  any  of  the  higher  homoloi<ups 
of  acetic  acid.  Moreover,  tliese  seven  samples  had  all  the  same  odour,  and  their 
specific  gravity,  refractive  index,  and  dispersion  were  nearly  tho  same,  approximating 
to  the  following  mean  values : 


The  optical  properties  of  these  cynuMics  liave  been  examined  liv  Gladstone  (C/'( /)?. 
Soc.  J.  [2],  xi.  070),  who  finds  tliat^  they  arc  practically  the  saiiicVor  all,  the  specific 
refractive  energy  being  O'oo,  and  thoir  me  in  refraetion-i  (|iiivaleiil  7'Vl.  the  ilift'erenco 
of  the  extremes  not  being  greater  than  thai  u'-ually  observcil  lu  tweeii  ilitren  nl  speci- 
mens of  the  same  hydrocarbon.  This  equivalent,  calculateil  with  the  cuniiiion  refraction- 
equivalents  for  carbon  (5)  and  for  hydrogen  (1-13),  would  give  68-2;  thus  all  these 
Bpeeimons  of  cymene  showed  a  liigher  equivalent  cliaracteristic  of  the  aromatic  group. 
This  is  particularly  remarkable,  as  some  of  them  were  prepared  from  substances  which 
do  not  exhibit  this  abnormal  influence  on  light,  affording  additional  evidence  tha  t  tho 
retarding  power  of  the  carbon  in  such  bodies  as  tlieso  does  not  arise  from  any  particular 
internal  structure  capable  of  being  transmitted  from  one  compound  to  another. 

Tho  boiling  points  and  the  specific  gravities  at  different  temperatures  of  the  cymenes 
from  several  sources,  carefully  purified  by  treatment  with  sodium  and  subsequent 
fractioiml  distillation  liave  recently  been  determined  with  great  care  by  Pisati  a. 
V:\teTn6  {Ga-:etta  cfdniica  italiana,  iii.  5.51),  tho  result  being  to  estaldish  their  identity 
with  regard  to  these  properties. 


Cioni60  +  PCI^*  =  HCl  +  POCP  +  C>»H'^C1 ; 


Sp.  gr. 
0'86 


Rcfr.  Index. 


Dispersion. 
0-03o. 


&  E  2 


420     CYMENE-SULPHONIC  ACID— CTMIC  PHENOL. 


From  Cumin  Oil. 

From  Cymyl 
Alcohol. 

From  Camphor. 

From  Thyme  Oil. 

Boiling  point 
(bar.  at  761 '4  .- 
-761-6  mm.)  j 

175-1° 

177-25° 

176-55° 

Sp.  gr.  at  0° 

25° 
50° 
75° 
100° 

0-87-446 
0-85457 
0-83459 
0-81409 
0-79307 

0-87227 
0-852o8 
0-82352 
0-81209 
0-79129 

0-87224 
0-85237 
0-83251 
0-81230 
0-79122 

0"87226 
0-85'244 
0-83252 
0-81223 
0-79124 

Bromocymene,  C'='H'''Br  =  CH'Br.CH^C^H',  is  formed  by  adding  bromine, 
drop  by  drop  to  cymene  (prepared  by  the  action  of  phosphorus  pentasulpliide  on 
camplior).  AVhen  purified  by  distillation  -n-ith  water  and  fractional  distillation,  it  forms 
a  liquid  having  a  faint  odour  like  that  of  cymene,  boiling  at  233°-235°,  and  having 
a  sp.  gr.  of  1"269  at  17-5°.  The  bromine  in  this  compound  is  retained  -svith  great  force, 
not  being  eliminated  by  the  action  of  sodium  and  methyl  iodide,  or  of  sodium  and 
carbon  dioxide. 

Bromocymene  is  readily  oxidised  by  dilute  nitric  acid  (1  acid  to  4  -water)  forming 

Lromotoluic  acid,  C^ffBrj^QQ-^,  melting  at  203°-204°  (Landolpb,  Chem. 

Gcs.  Bcr.  V.  267).    See  Toluic  Acids. 

Cblorocymene  is  formed  -when  chlorine  gas,  diluted  -with  carbon  dioxide,  is  passed 
into  cymene.  Heated  -with  potassium  acetate  and  alcohol,  it  yields  cymyl  acetate, 
Q10JJ13  QijI-'O-,  a  liquid  boiling  above  236°  (Czumpelik,  Dcut.  Chan.  Ges.  Ber.  iii. 
481). 

CTMEM'E-SVI.PKOirZC  ACID,  C"'H".SOTI,  is  mentioned  in  the  First  Sup- 
]}lement  (p.  302),  as  formed  by  treating  cymene  -with  fuming  sulphuric  acid.  Ac- 
cording to  H.  Miiller  (Deut.  Chcm.  Ges.  Ber.  ii.  130),  it  is  also  verj'  easily  produced 
by  treating  pure  cj'mene -with  ordinary  sulphuric  acid  at  90°-100°.  Heated  -with 
caustic  potash  or  soda  it  yields  oxycymene  or  cymic  phenol,  C'H'^OH. 

Beilstein  a.  Kupffer  {Deitt.  Chem.  Ges.  Bcr.  vi.  1181;  Ann.  Ch.  Pharm.  clxx.  287) 
have  examined  several  salts  of  the  cymene-sulplionic  acids  prepared  from  cymene 
obtained  from  cumin  oil  and  from  camphor,  and  have  found  them  to  be  identical  in 
their  properties.  The  barium  salts,  (C"'H"SO^)=Ba  +  SffO,*  form  crystalline  laminae, 
which  do  not  give  up  their  -water  of  crystallisation  till  heated  above  100°.  100  parts 
of  -water  at  16-2°  dissolve  2-5  parts  of  the  hydrated  salt;  100  parts  of  alcohol  at  17-5° 
dissolve  5-3-5-5  parts.  The  calcium  salt,  (C'»H'5S0')=Ca  +  2H=0,  crysfcillises  by  slow 
cooling  from  a  not  too  concentrated  solution  in  splendid  large  plates  -which  have  a 
vitreoxis  lustre,  give  off  their -water  of  crystallisation  over  sulphuric  acid,  and  are 
much  more  soluble  in  -water  than  the  barium  salt.  The  crj'stals  are  monoclinic, 
exhibiting  the  combination  ooPoo  .  +  P  .  — P  .  ooP  .  ooP3.  Katio  of  axes  a  :  b  :  c  = 
1-373958  :  1  :  1-124196.  Angle  be  =  95°  13'  17".  Cleavage  very  distinct  parallel  to 
ooP  00  and  (  a.  Poo  )  (Jerofeje-w,  Ann.  Ch.  Pharm..  clxx.  297). 

The  lead-salt,  (C-H'^SO^y-^Pb  +  SH'-O,  forms  shining  lamiuEe  -whSch  give  off  their 
-water  over  oil  of  vitriol.  100  parts  -water  at  16°  dissolve  l-34-r94  parts  of  the  salt. 
The  solution  is  partially  decomposed  by  evaporation. 

According  to  Paterno  {Gazzctta  chimica  italiana,  iii.  544),  cymene  from  camphor 
yields  tvio  isomeric  sulpho-acids,  the  barium  salt  of  one  of  -which  contains  3H-0,  -while 
that  of  the  ether  contains  only  lH-0.  This  may  perhaps  account  for  the  earlier 
statements  respecting  this  salt  (ii.  299),  according  to  -which  it  crystallises  sometimes 
■with  2,  sometimes  -with  only  1  mol.  ■v\-ater. 

CYMIC  FHSKTOIi  or  OXTCYnXEIirS,  C'»H"0  =  C'"H"OH.  is  produced  by 
the  action  of  caustic  alkalis  on  cymene-sulphonic  acid  {vid.  sup.,  also  \st  Sztppil.  302), 
also,  together  -with  camphin,  camphoretin  and  colophene,  by  the  action  of  iodine  on 
camphor  (Clans,  J.  pr.  xxvi.  264  ;  Schweizer,  ibid.  118).  According  to  Fleischer 

a.  Kekule  {Deict.  Chem.  Ges.  Bcr.  vi.  934,  the  best  mode  of  preparing  it  from  camphor 
is  the  folio-wing: 

Camphor  is  heated  ^-ith  about  one-fifth  of  its  -weight  of  iodine  in  a  vessel  connected 
\vitli  a  reversed  condenser,  and  the  product  submitted  to  distillation,  until  the  tempe- 


*  In  the  Firsl  Suppkmeal  (p,  S02)  this  salt  is  en-oneously  stated  tu  contain  0  mols.  water. 
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rature  of  the  vapour  is  170°.  The  residue  is  treated  with  concentrated  soda-ley,  which 
leaves  a  resinous  body  undissolved,  and  the  filtrate  is  shaken  repeatedly  with  ether; 
on  adding  hydrochloric  acid  to  the  filtrate,  the  phenol  separates  out.  It  is  an  oily 
liquid,  which  does  not  solidify  at —20°,  and  boils  at  231°-232°.  By  the  action  of 
phosphorus  pcntasulphido,  it  is  converted  into  cymene,  and  :i  tliioeyini'iie  or  cymic 
niercaptan,  which  is  identical  with  that  obtained  by  distilling  e:im]  ihor  wii  ii  j.liosphorus 
prntasulphiili'.  These  results  show  that  in  cymene-sulphonic  arid,  aiid  in  tlio  phenol 
and  niiavaptan  derived  from  it,  the  inorganic  groups  occupy  t hi!  same  position  as  in 
the  cymic  phenol  and  mercaptan  derived  from  camphor  (Eaderburg,  IJeut.  Chum.  Gcs. 
Bli:  vi.  600). 

CYMIC  MERCAPTAW  or  CTMEITYI.  SUX.PHYDRATE,  C'<'Hi''SH,  is 
formed  in  smnll  fpianlity,  togrlliei-  wil  h  ctlin-  r,,nip(mii(ls  soluble  in  .-ilkalis,  in  tho 
preparation  of  eynieni'  liy  distilling  eamiihor  uilh  plnisjihorie  sul|i!iiiie  (lat  Suppl. 
302).  To  free  these  soluble  compounds  from  hydrocarbons,  the  alkaline  solution  is 
either  shaken  with  ether,  or  subjected  to  the  action  of  a  current  of  steam  ;  afterwards 
the  solution  is  acidified  with  hydrochloric  acid,  and  the  oil  which  separates  is  subjected 
to  fractional  distillaticiii.  Tlie  principal  pniduet  thus  obtained  is  eyniein^-mercaptan 
(Flesch).  Itis;d<..  prndneed  1  iv  disl  ill  in-  evmie  pi, me!  with  i.liosplienw  pcntasul- 
phido, and  bytlie;H_-tien  (if  n.iseeiit  hydi'e-ee  .  ni  ey  iiieiie-.su  I  pin  iiiie  ehleri.  le,  ( '"'H'^yO-Cl, 
obtained  by  distilling  the  potassium  salt  of  eynunu^-sulphonic  acid  with  phosphorus 
pontaehloride  (liaderbiu-g,  Dcut.  Chem.  Ges.  Br,:  vi.  669). 

Cymic  mercaptan  is  a  colourless  liquid,  having  a  peculiar  aromatic  odour,  misciblo 
with  alcohol,  but  insoluble  in  water.  It  has  a  sp.  gr.  of  0-9975,  and  boils  at  23o°- 
236°.    Oxidising  agents  transform  it  into  cymene  disulphide. 

Tho  mercury  compound  Hg(C"'H'^)-S-,  is  obtained  in  long,  bright  needles,  by  boiling 
an  alcoholic  solution  of  the  mercaptan  with  mercuric  oxide,  and  cooling  the  liquid,  or 
as  a  white  precipitate  by  mixing  an  excess  of  an  aleeliolie  solution  of  the  mercaptan 
with  mercuric  chloride.  On  distillation,  it  yields  nn  l.illii'  mercury,  mercuric  sulphide, 
and  an  oil  which  appears  to  bo  a  mixture  of  nieiiosulpliide  and  disulphide  of  cymene. 
When  an  alcoholic  solution  of  cymic  mercaptan  is  added  to  excess  of  mercuric  chloride, 
a  more  soluble  compound,  C'H'^S.HgCl  is  formed.  The  silvei'-couqjonnd  C'^H^AgS  is 
obtained  as  a  yellow-crystalline  precipitate  on  adding  an  excess  of  solution  of  the 
mercaptan  to  a  solution  of  silver  nitrate.  If  tho  mercaptan  is  not  in  excess,  the 
compound  C'H'^AgS.AgNO'  is  formed,  which  crj'stallises  from  alcohol  in  leaflets 
(Flesch,  Bent.  Chem.  Ges.  Bcr.  vi.  478). 

Cymic  BisulpMde,  (C"'II")-S-,  is  formed  by  oxidation  of  cymic  mercaptan,  and  is  best 
prepared  by  dissolving  tho  latter  in  an  alkali,  and  adding  sodium.  It  then  separates 
as  an  oil,  which  does  not  solidify  on  refrigeration  (Flesch). 

AVhen  cymic  mercaptan  or  cymic  disulphide  is  treated  with  nitric  acid,  two  atoms  of 

carbon  are  eliminated,  and  sulphotoluic  acid,  C'H"  | '^,Q„jp  is  formed  (Flesch). 


D. 

DAMBOirXTE,  C^H'O'.  This  saccharine  substance,  obtained  from  the  West 
Coast  of  Africa  (\st  Suppl.  511),  is  converted,  by  a  mixture  of  nitric  and  sulphuric 
acids,  into  a  thick,  translucent,  gummy  nitro-compound,  which  is  precipitated  in  flakes 
by  water,  crystallises  from  solution  in  boiling  alcohol,  and  detonates  when  struck 
(Champion,  Compt.  rend.  Ixxiii.  114). 

DAPHXTE.  Tho  seeds  of  Bapline  Mezerenm  yield  a  fat  oil,  wdiieh  has  a  specific 
gravity  of  0-8903  at  15°,  dissolves  slightly  in  alcohol,  remains  fluid  at  16°,  and  dries 
on  wood.  It  contains  an  acid  substance,  from  which  it  may  be  freed  by  digestion 
with  alcohol.  By  saponification,  it  yields  stearic,  palmitic,  myristic  and  linoleic  acids. 
The  press-cake  yields  to  ether  a  resin,  and  to  alcohol  of  95  p.c.  a  resinous  substance, 
which,  after  treatment  wth  alcohol  of  70  p.c.  crystallises  from  hot  alcohol  in  stellate 
groups.  This  substance  is  coccogn  in  (p.  366).  100  parts  of  mezereum  fruit  yielded, 
together  -with  traces  of  volatile  oil,  31  parts  fat  oil,  3-58  resin  and  wax  soluble  in  ether, 
0-32  acrid  rosin  (soluble  in  alcohol),  0-38  coccognin,  19-5  p)roteids,  32-37  mucus,  gum, 
pilant-acids,  bitter  principles,  colouring  matter  and  cellulose,  5-46  inorganic  matter, 
and  7-39  water  (Casselman,  Jahresb.  1870,  883). 
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DATOUTE.  This  mineral  occurs  abundantly  in  brilliant  crystals  exhibit iug  a 
great  variety  of  combinations,  in  the  Bergen  Hill  Tunnel,  New  Jersey.  An  elaborato 
description  of  these  crj'stals,  accompanied  by  figures,  is  given  by  E.  S.  Dana  (Sill.  Am.  J. 
[3],  iv.  16),  whose  moasurcnients  show  that  they  are  monoclinie,  differing  but  slightly 
from  the  orthorhombic  form,  a  result  agreeing  with  the  measurements  of  Kopp  (ii. 
305).  The  crystals  are  referrible  to  four  distinct  types,  which  are  represented  in  the 
following  figures :  * 

Fig.  12. 


DATURA.  The  following  method,  devised  by  Dragendoi-ff,  for  estimating  the 
amount  of  alkaloid  in  Datura  Stramonium,  and  Atropa  BcUadonna.  is  described  by 
N.  G-iinther  {Zeitsch:  Anal.  Chem.  viii.  4761).  The  comminuted  plant-organs  are 
twice  exhausted  at  30°— 10°,  with  10  times  their  weight  of  water  acidulated  with 
3  drops  of  sulphiu?ic  acid,  and  the  strained  extracts  are  evaporated  to  a  syrup  over  a 
steam-bath.  The  syrupy  liquid  is  left  for  24  hours  in  contact  with  three  times  its 
volume  of  alcohol,  to  separate  gummy  substances,  then  filtered  ;  the  greater  part  of  the 
alcohol  is  removed  by  distillation,  the  rest  by  evaporation  over  a  water-bath  ;  and  the 
residue  is  agitated  with  light  petroleum  oil  to  free  it  from  colouring  and  resinous 
matters.  The  liquid  is  then  neutralised  with  ammonia  ;  the  alkaloids  are  dissolved 
out  by  repeated  treatment  with  chloroform  ;  the  united  extracts  are  freed  from  ammo- 
nia salts  by  washing  -vvith  water;  and  the  residue  left,  after  removing  the  greater  part 
of  the  chloroform  by  distillation,  and  the  rest  by  evaporation,  is  weighed.  The  roots, 
leaves,  ripe  and  unripe  fruit  of  Belladonna  thus  treated,  yield  the  alkaloid  as  a 
colourless,  spicular,  crystalline  mass ;  the  stems  yield  it  as  an  amorphous  mass,  whereas 
from  all  parts  of  the  I)atiu'a,  yellow  amorphous  daturine  is  obtained.  The  amorphous 
portions  treated  with  water  containing  sulphuric  acid,  always  leave  a  slight  resinous 
residue.  The  weight-determinations  may  be  verified  by  titration  with  potassio-mer- 
curic  iodide  (Ist  Siqypl.  86).    The  results  are  given  on  page  117  of  this  A'olume. 

DECAXTE,  C'^H",  is  the  chief  product  cbtained  by  heating  turpentine  oil  to  275" 
for  24  hours  with  60  parts  of  liydriodic  acid.  It  boils  between  155°  and  162°,  with- 
stands the  action  of  nitric  acid,  and  is  not  attacked  by  bromine  at  ordinary  tempera- 
tures. Fcntane  or  Amyl  Ifydride,  C^H'^,  is  formed  at  the  same  time  in  smaller  quantity 
(Berthelot,  Bull.  Soc.  'Chim.  [2],  xi.  3). 

*  The  notation  of  tlie  faces  in  these  figures  is  that  used  in  Dana's  Mineralogy,  for  an  exijlanation  of 
w"]ich,  see  the  nrticle  CrijMallorjraphy,  ii.  !•!•">,  footnote. 
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BECSUffE,  C'oH-",  and  TSECll^Il,  C'»Hl^  are  obtained  (together  -nitli  larger 
quantities  of  a  volatile  aromatic  hydrocarbon)  by  heating  turpentine  oil  for  some 
hours  to  200°-250°  with  20  parts  of  liydi-iodic  acid.  Becene  boils  at  165°,  has  a  strong 
alliaceous  odour,  is  not  attacked  by  ordinary  sulphuric  acid  in  the  cold,  but  dissolves 
in  tlie  faming  acid  when  heated,  forming  a  sulpho-acid.  Fuming  nitric  acid  in  tho 
cold  converts  it  into  a  nitro-aeid,  without  evolution  of  red  fumes.  Bromine  converts 
it,  with  evolution  of  hydrobromic  acid,  into  colourless  crystalline  needles.  Bccine  boils 
at  170°-175°,  withstands  the  action  of  sulpliuric  acid,  nitric  acid  arid  bromine  more 
obstinately  than  decene ;  nevertheless  it  is  gradually  oxidised  by  boiling  with  nitric  acid, 
and  converted  into  a  viscid  product  by  lieating  with  fuming  sulphuric  acid.  Heated 
to  280°  with  hydriodic  acid,  it  is  converted  into  decano,  with  evolution  of  a  gaseous 
mixture  of  57  parts  hydrogen  and  43  propane  (Berthelot,  loc.  cit.). 

BECHEI^XTE:.    See  Vanadates  of  Lkad. 

B3H"5rDRii.TIOW.  A  theoretical  paper  on  tho  dehydration  of  organic  compounds, 
and  tlic  part  which  this  process  plays  in  the  formation  of  sugar,  and  on  fermentation, 
li.is  been  published  by  A.  Baeyer  {Lent.  Chcm.  Gca.  Ber.  1870,  63  ;  Chan.  Centralblatt, 
1871,  27,  38  ;  Chcm.  Soc.  J.  [2],  ix.  331). 

BlEXiESSITS.  A  mineral  allied  to  delcssito  occurs  in  cavities  of  the  trapp  in  tho 
western  part  of  Now  Caledonia,  sometimes  filling  those  cavities  alone,  sometimes  en- 
crusLiug  noolites.  It  is  green,  soft,  fusible  at  the  edges,  partly  soluble  in  hydrochloric 
acid.    Analysis  gave : 

SiO=.        APO'.       FeO.        CaO.        MgO.        Claimue.     n=0.  0,  nnd  ln-:s. 

40'53       6-9o      12-50      0-52       14-15         2-87     13-10  9-38  =  100. 

Tlie  iron  occurs  partly  as  Fe=0'  (H.  How,  Phil.  Mag.  [4].  xxxvii.  269). 

Another  mineral  allied  to  delessito,  occurring,  on  the  Puy  de  Montandoux,  Auvcrgne, 
as  a  cement  of  basaltic  tuftis,  and  in  cavities  of  the  same,  has  been  analysed  by 
V.  Lasaulx  {Jahresb.  1870,  1306),  with  the  following  results  : 

SiO=.         APO-"  Fe=0'.  CaO.  MgO.  H=0. 

80-32        18-51         19-82        4-51        M-74       12-30.  ^  100-20 

BSOXVBBI^ZOIIT.    Sue  Benzoin  (p.  172). 
BSJOSCSrCOBSISTE.    See  Codkine. 

3JE03STr«j3CUTA]WXC  ACIIS,  C^H^O^  An  acid  produced  by  heating  glutonic 
or  glutaric  acid,  Il'^O^  (l,s/.  Suppl.  637),  with  four  times  its  weight  of  concentrated 
hyiiriodic  acid  to  1 20°  for  about  eight  liours.  It  is  very  readily  soluble  in  water,  alcohol, 
and  ether,  and  crystallises  exceedingly  well,  forming  large,  transparent,  monoclinic 
crystals,  molting  at  about  97°,  and  decomposing  above  280°  into  water  and  tho  anhy- 
dride. 

A<-id  Ammonium  deoxyglidanate,  C^H'(NH')0',  remains,  on  evaporating  a  strongly 
ammoniacal  solution  of  the  acid  under  an  exsiccator,  in  transparent  concentrically 
grouped  crystals.  Calcium  dcoxyfihUanatc,  C^H^CaO^  +  H-0,  is  sparingly  soluble 
in  wat«r,  and  forms  opaque  laminae.  Barium  dcoxyglutanatc,  C^H^BaO^  +  6H-0, 
crystallises  in  small  transparent  needles,  readily  soluble  in  water.  Lead,  dcoxyglutanatc, 
C^H'PbO',  is  a  white  heavy  precipitate,  and  the  silver  salt,  C^H'Ag'O*,  a  very 
bulky  precipitate  resembling  alumina  ;  it  is  but  sparingly  soluble  in  boiling  water, 
and  separates  on  cooling  in  the  crystalline  state.  It  maybe  obtained  in  distinct  needles 
by  boiling  a  dilute  solution  of  the  acid  with  silver  carbonate  ;  but  the  greater  part  of 
the  salt  remains  behind  -with  the  excess  of  silver  carbonate. 

Deoxyglutanic  acid  is  isomeric  with  pyrotiirtaric  acid,  from  which  it  follows  that 
glutanic  acid  is  not  identical  -with  either  of  tho  three  homomalic  acids  derived  from 
acoiiiti<'  acid,  as  these  latter  would  yield  pyrotartaric  acid  by  reduction  (Dittmar, 
J.  pr.  Chi'ni.  [2],  V.  338). 

SSSCliOlZXTE.    Soo  Vanadates  of  Lead. 

HHSmX^.    Si'e  Stilbene. 

DETOTXATIOIf.    ,See  Explosion. 

DEXTKITT.  According  to  .Jacobsen  {Ann.  Ch.  Pharm.  clvii.  227)  this  substance 
occurs,  together  \\-\th.  inosite,  in  the  lungs  of  tlie  porpoise. 

.Vccording  to  Musculus  {Bidl.  Soc.  Chim.  [2],  xviii.  66)  dextrin  is  formed  by  the 
dehydration  of  glucose.  Proceeding  on  tho  view  that  dextrin  is  the  ctlior  of  glucose, 
he  prepared  sulphoglueosic  acid  Ijj' dissolving  dry  glucose  in  concentrated  Mili'hurie 
acid,  mixed  the  solution  with  alcohol  of  05°,  in  which  dextrin  is  very  iie.irly  insuhiblo, 
and  set  the  mixture  aside.  A  deposit,  apparently  dextrin,  continued  t')  term  lur  about 
three  weeks.   Freed  from  adhering  acid  and  alcohol,  this  eleposit  possessed  tlie  follow- 
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ing  properties  : — It  was  gummy  while  moist ;  amorplioiis  and  friable  when  dry ;  was 
very  soluble  in  water,  insoluble  in  alcohol ;  had  no  sweet  taste  ;  did  not  reduce  copper 
salts ;  was  only  very  slightly  saccharified  by  diastase ;  was  slowly  converted  into 
glucose  by  boiling  with  dilute' sulphuric  acid  :  and  was  not  coloured  by  iodine.  Its 
rotatory  power,  however,  although  very  nearly  double  that  of  glucose,  was  still  fur 
below  that  of  ordinary  dextrin. 

Eespecting  tlio  formation  of  dextrin  from  starch,  and  the  behaviour  of  dextrin  and 
starch  with  iodine,  see  Stabch. 

DEXTROKXC  ACID,  C^H'^O'  (Habermann,  Beut.  Chem.  Ges.  Ber.  v.  167). 
This  acid,  which  has  the  same  composition  as  gluconic  acid,  is 'obtained  from  dextrin 
in  the  same  way  as  lactonic  acid  from  milk-sugar,  i.e.,  by  bromination  and  treatment 
-with  silver  oxide.  The  crude  acid  yields  a  crystallisable  calcium  salt,  and  is  best 
purified  by  precipitating  with  lead  acetate  and  treatment  with  sulphuretted  hydrogen  ; 
it  then  forms  a  sour  uncrystallisable  syrup.  Its  ordinary  salts  are  monobasic,  but 
bibasic  salts  may  be  prepared  in  the  same  way  as  the  corresponding  salts  of  gluconic 
acid  (q.v.),  with  whicli  it  is  merely  isomeric  and  not  identical.  The  two  acids  differ 
by  6°  in  their  molecular  rotatory  powers,  and  in  the  degree  of  hydration  and  the 
solubility  of  their  calcium  and  barium  salts,  thus: 

Calcium  salts. 

Dextronate  Ca(C«H"0')2  +    H=0,  soluble  in  34  parts  of  water  at  16". 
Gluconate   Ca(C«H"0')'  +  2W0,       „  25 

Barium  salts. 

Dextronate  Ba(C«H"0')-  +  4H-0,  soluble  in  5h  parts  of  water  at  30°. 
Ciluconato  Ba(C«H"0')-  +  3H-0,       „  6 

SSVAXVEXTTIXT.  An  indifferent  substance  obtained,  on  one  occasion,  in  the 
preparation  of  buxine  from  the  roots  and  stalks  of  Cissampelos  Pareira,  by  extraction 
witli  warm  water,  and  precipitation  with  soda.  On  treating  the  precipitate  with 
hydrochloric  acid,  the  deyamittin  remained  undissolved,  and  crystallised  from  hot 
alcoholic  solution  in  microscopic  hexagonal  plates.  When  treated  with  sulphuric  acid, 
tlieso  crystals  assumed  a  splendid  blue  colour,  which  quickly  passed  through  green  into 
red,  and  then  disappeared  (Fliickiger,  Zcitsclir.  f.  Cficm.  \-i.  251). 

DXABAia'TACHROII'M'Tir.  This  name  was  given  by  K.  Liebe  {Jahrhuch  f. 
Mineralogie,  1870,  1)  to  the  mineral  which  gives  the  colour  to  the  green  diabases  of 
the  Voigtland  and  the  Frankenwald.  This  mineral  was  regarded  by  Liebe,  as  a 
distinct  species,  but  Kenngott  {ihid.  1871,  51)  has  shown  that  it  is  identical  with 
chlorite  (p.  323). 

DXABASX:.  This  rock,  belonging  to  the  greenstone  family,  is  a  compact  mixture 
of  one  or  two  felspathic  minerals  with  augite,  and  usually  also  finely  divided  chlorite. 
It  is  especially  characterised  by  the  entire  absence  of  quartz,  and  the  rarity  of  the 
presence  of  mica. 

The  felspathic  constituents  are  the  most  abundant,  and  appear,  sometimes  in  crystals 
more  or  less  distinct,  sometimes  in  tabular  particles,  sometimes  massive,  with  a  white, 
greenish-white,  or  greyish-white  colour.  They  consist  of  a  triclinic  alkali-felspar, 
namely  oligoclase,  and  a  lime  felspar  probably  labradorite.  The  augite  is  next  in 
proportion,  and  has  a  granular,  prismatic,  or  aeicular  structure,  and  usually  a  green  or 
black-brown  colour.  The  proportion  of  lime  in  diabase  is  equal  to  that  of  the  magnesia  and 
ferrous  oxide  taken  together.  The  chlorite,  which  is  the  least  abundant  constituent, 
imparts  to  the  rock  its  green  coIoot,  and  impregnates  it,  usually  in  very  fine  earthy 
particles,  sometimes  in  scales.  When  it  is  dissolved  out  by  hydrochloric  acid,  the  rock 
becomes  paler  in  coloiu-.  The  more  fine-grained  the  mass,  the  greater  is  the  quantity 
of  chlorite  contained  in  it. 

Titaniferous  iron  ore,  magnetic  iron  ore,  and  apatite,  are  also  constant  constituents 
of  diabase,  and  calcium  carbonate  is  usually  present  in  imperceptibly  small  particles. 
Accessory  constituents  are  iron  pyrites,  magnetic  pyrites,  copper  pyrites,  actinolite, 
asbestos,  ferrous  carbonate,  axinite,  epidote,  olivine,  horeblende,  mica,  diallage,  and  a 
few  zeolites.  The  titaniferous  iron,  apatite,  and  chlorite,  are  more  or  less  soluble  in 
hydrochloric  acid  ;  the  felspar  and  augite  are  insoluble. 

Diabase  forms  beds  and  veins  in  the  palaeozoic  formations,  occurring  especially  in 
Nassau,  in  the  Hartz,  the  Voigtland,  Upper  Franconia,  AVestphalia,  Devonshire  and 
Norway.  It  is  usually  regarded  as  an  eruptive  rock,  but  sometimes  occurs  in  strata, 
resembling  the  sedimentary  deposits  and  passing  into  them. 

Transitions  from  diabase  to  serpentine  have  also  been  observed,  and,  on  the  other 
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liand,  alterations  of  it  more  or  less  advanced,  are  known,  forming  aphanites  and  other 
diabase  conglomerates,  and  almond  stones. 

Diabase  has  a  specific  gravity  of  2-8  to  3"1  ;  begins  to  turn  yellow  wiien  heated  to 
200°.    It  exhibits  the  following  varieties  of  structure. 

1.  Fine-grained  diabase.  2.  Coarse-grained,  resembling  granite  in  appearance. 
3.  Porphyritic,  containing  crystals  of  labradorite,  oligoclase  and  augite.  4.  Compact, 
containing  a  considerable  proportion  of  chlorite,  and  of  grey-green,  dirty-green,  or 
blackish-green  coloui-.  5.  Slaty  diabase,  very  rich  in  chlorite,  and  often  very  fine- 
grained. 

The  table  on  page  425  contains  the  most  trustworthy  analyses  that  have  been  made 
of  diabase.    (E.  Souftcr,  J.  pr.  Chem.  [2],  vi.  227.) 

BXAX.Z.YZ.S9rE  (L.  Henry,  Bcut.  Chem.  Gcs.  Ber.  v.  449).  When  diallyl  tetra- 
bromide  CH'^Br-  is  heated  with  solid  caustic  potash,  it  is  converted  into  dibromo  - 
diallyl,  C"H"Br-,  and  this  product,  heated  with  alcoholic  potjish,  gives  Tip  2HBr  and 
is  converted  into  the  compound  CH"  isomeric  with  benzene.  This  compound  is  called 
by  Henry  dicdlyhne,  a  name  which  more  properly  belongs  to  the  hytbocarboa  CH", 
inasmuch  as  allyleno  is  C^H*. 

BIAMZSOHYBRXN'.    Soo  Chorhydrixs  (p.  319.) 

SXAIVX-S-Z.ENE.    See  Ajiylexe,  (p.  64.) 

BZAPHORITE.    See  Fheislebenite. 

SXASPORE.  E.  Hermann  (J.  Chem.  [2],  vi.  70)  has  analysed  three  varieties 
of  difispore  from  the  emery  vein  near  Miamarsk  in  the  district  of  Katharinenbiu-g, 
Eussia:  a.  Brown-yellow,  strongly  lustrous  laminae,  grovra  together  in  cellular  groups; 
h.  Milk-white,  yellowisli  or  brownish,  parallel-fibred,  in  narrow  veins  or  threads  in 
the  emery,  the  fibres  at  riglit  angles  to  the  walls  of  the  veins  ;  c.  Broadly  laminated 
groups  of  grey  colour : 

A1=0-'        Fo=0^        H-'O         P=0''  Sp.gr. 
a       .       .    ';7-95       6-60       l.VOO       0-45  =  100  3-40 
h       .       .    77-90       6-50       14-00       1-fiO  =  100  3-23 
0       .       .    67-15       5-00       15-00     12-85  =  100  3-35 

All  three  varieties  contain  phosphoric  acid,  which  has  also  been  found  by  C.  U. 
Shepard  (Sill.  Ann.  J.  [2],  1,  96)  in  diaspore  from  Chester  County,  Pennsylvania.  A 
well  defined  crystal  of  sp.  gr.  3'343,  semi-transparent,  of  hair-brown  colour  passing 
into  violet,  was  found  to  contain  83-50  p.e.  APO',  0-38  FeO,  15-80  0,  and  0-32 
P^O^,  with  traces  of  manganese. 


C°H*N^.  The  nitrate  of  this  base  dissolves  readily  in  a 
solution  of  potassium  bisulphite,  the  liquid  becoming  hot,  and  sulphur  dioxide  being 
given  off.  On  cooling,  the  liquid  solidifies  to  a  magma  of  yellow  crystals,  which,  by 
recrystallisation  from  boiling  water,  are  obtained  in  the  form  of  coloui-less  shining 
scales,  having  the  composition  C^H'KN-SO^  +  H-0.  This  salt  does  not  explode 
when  heated,  and  yields  neither  ammonia  nor  aniline  when  heated  with  soda-lime. 
Heated  with  nitric  acid  it  yields  sulphuric  acid.  When  barium  chloride  is  added  to 
the  hot  solution,  the  salt  Ba(C''H'N-SO')^  separates,  on  cooling,  in  colourless  hydrated 
crystals.  When  silver  nitrate  is  added  to  the  solution  of  the  potassium  salt,  metallic 
silver  is  precipitated,  and  the  yellow  solution  yields,  on  evaporation,  fine  yellow  shining 
plates  of  a  silver  salt  which  explodes  gently  when  heated  (Strecker,  Beut.  Chem.  Ges. 
Ber.  ir.  784). 

When  diazobenzene-sulphonio  acid  is  treated  -with  potassium  bisulphite,  the  acid 
CK'N'^SO'  is  formed  according  to  the  equation  : 

C^ffN^SO^  +  2HKS0^  -1-  2H=0  =  H^SO»  +  K^SO'  +  CH^N'^SO'. 

This  acid  crystallises  from  boiling  water  in  colourless  shining  needles  or  plates;  does 
not  yield  sulphuric  acid  when  boiled  with  nitric  acid ;  and  gives  off  only  half  its 
nitrogen  as  aniline  (or  ammonia)  when  heated  with  soda-lime.  Its  barium  salt 
Ba(C''H'N-SO')-  +  6H"0,  obtained  by  boiling  the  solution  with  barium  carbonate, 
crystallises  in  long,  lance-shaped,  light  yellow  needles.  The  hod  salt  Pb(C''H'N-SO'')- 
-f-  2H-0  forms  small  wliite  crystals.  The  acid  reduces  silver  and  mercury  salts  :  its 
salts  are  isomeric  with  those  obtained  liy  the  action  of  bisulphites  on  diazobenzene 
nitrate  (Strecker). 

SZAZOCVAN-OBEM-ZEia-E,  C'H^N^  =  C''H^(CN)N=  (Griess,  Bcut.  Chem..  Ges. 
Ber.  ii.  369).  This  compound  is  formed  as  a  nitrate,  O'H^N^NO'H,  when  amido- 
benzonitril  {1st  Suppl.  526)  is  treated  witli  exocs,s  of  nitric  acid  containing  nitrous 
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acid.  T]iG  nitrate  forms  oxplosivo  needles  or  prisms,  sparingly  soluble  in  cold  water. 
The  solution  gives,  witli  platinic  chloride,  reddish-yellow  needles  of  a  platinochloride, 
and  with  auric  chloride  an  oil  whicli  solidifies  in  delicate  laniinos.  Witli  a  solution  of 
Ijromine  in  liydrobromic  acid  it  forms  a  pcrl)romido  C'il-'(UN)N-HBr^  which 
crystallises  in  indistinct  yellowish-red  prisms,  and  when  treated  ^vith  aqueous  ammonia 
is  converted  into  d  i  a  z  o  c 3' a  n  o  b  e  n  z  e  n  i  m  i  d  e,  C'^ir'(CN)N-.NH  : 

C''ff(CK)X-HBr^  +  i^W  =  SNH'Br  +  C'=H^(CN)N-\NH. 

The  platinochloride,  distilled  with  dry  sodium  carbonate,  yields  chlorobenzo- 
nitril,  C'=H-'(CN)01  (i.  564),  in  white  needles  melting  at  39°. 

The  aqueous  solution  of  the  nitrate,  mixed  with  hydriodic  acid,  deposits  iodobonzo- 
nitril  or  iodocyanobenzene,  C"H^(CN)I,  in  white  needles  melting  at  41°,  smell- 
ing like  bitter  almond  oil,  insoluble  in  water,  easily  soluble  in  alcohol  and  in  other. 

BIAZOCTTAirOBXSWZEN'XIWZSZ:,  C«H=(CN)]Sf-,  formed  by  the  action  of 
ac[ueous  .■iinincinia  on  (li;i>:iii>y.ii,iilii  nzcnc-perbromidc,  is  nearly  insoluble  in  water  but 
easily  soluliU;  in  w.iiin  ^ilrdhol,  tnim  which  it  crystallises  in  long  sulphur-yellow 
nccdicK  melting  at  .■>7°,  and  detonating  when  strongly  heated  (Griess). 

SXAZOFKSiroii.    See  Phenol  DEEn^ATiVES. 

DIAZOPHEN"VXi-PROPXO^ZC  ACID.    See  Phenyl-Pbopionic  Acid. 

BXBEM'ZVl.CARBOXVI.XC  ACXB,  =  Cni^.COOH  (Wurtz,  Conqif. 

rciid.  \\x.  ,350).  An  acid  jiniducod  ]>y  \hv  action  of  sodium-amalgam  on  a  mixture  of 
Ijenzyl  chloride  and  ethyl  clilorocarLonatc,  2  mols.  benzyl  chloride  proliably  imiting 
togetlier,  with  evolution  of  liydrogen  chloride,  to  form  chlorodibonzyl,  C'H'^Cl : 

(;q-p— CH= 

2(C'ai'- CII-Tl)      =      ]IC1      -t-      I  i 

C»IP— CHCl 

and  this  compound  being  converted  by  the  sodium  anfJ  clilorocarbonic  ether  into  the 
ethylic  ether  of  dibenzylcarboxylic  acitl : 

CH'^Cl  -I-  C0C1(0C2IP)  +  Na-  =  2NaCl  +  C'H'ICOOC-II^ 

252  grams  of  benzyl  chloride,  108  grams  of  chlorocarbonic  ether,  and  8  kilograms 
of  1  p.c.  sodium-amalgam  are  placed  in  a  flask  provided  with  reversed  condejiser  and 
heated  in  a  salt-water  bath  till  the  mass  becomes  solid  ;  water  is  then  added,  the 
whole  shaken  with  ether,  the  etlier  distilled  olf,  and  the  residue  saponified  by  heating 
it  with  potash  to  180°.  On  adding  an  acid  to  the  alkaline  liquid  a  viscid  mass  sepa- 
rates, from  which  boiling  water  extracts  dibenzylcarboxylic  acid,  to  be  purified  hj 
reerystallisation  from  water  and  alcohol. 

Dibenzylcarboxylic  acid  is  nearly  insoluljle  in  cold  water,  slightly  soluble  in  boiling 
water,  easily  soluble  in  alcohol  and  ether.  It  melts  at  84°,  gives  off  aromatic  and 
irritating  vapours,  and  volatilises  at  a  hi-lier  tinipi  rature.  Its  salts  h:ivo  but  little 
inclination  to  crystallise.  The  culciinn  sn//^  ( ( ''■•II  '■'(  )-V-',  is  ^■llIlllll(■.  .-ind  the  solution 
when  heated  becomes  covered  wiih  a  tilm,  '\']ir  /nid  .  PI  i(  C'-'J  1 '-()■ )-,  I'lrnis  a  thick 
white  precipitate  melting  at  Tlu'  si/va-  xal/,  C'lI'-'AgO'-,  ixliibits  similar  cha- 

racters. The  calcium  salt  distilled  with  an  equal  weight  of  quick-linie  gives  off  a 
mixture  of  stilbene  and  dibenzyl : 

Ca(C'^II'^O-)-  =  CaCO^  +  CO  +  C''II'2  +  C»H"'. 

I>XB£SJZVI.XC  ACXB,  C-^H"0^  is  formed,  together  with  other  products,  by 
heating  benzilic  acid  to  180°  for  some  hours.  A  deep  red  liquid  then  distils  over, 
which  solidifies  on  cooling  to  an  amorphous  mass.  This  substance  dissolves  easily  in 
alcohol,  and  the  solution  yields  a  nunil.ier  of  crystallised  bodies,  amongst  which  are 
dibenzylic  acid,  benzophenonc,  and  a  body  having  the  composition  C"lI'-'0%  Benzilic 
acid  heated  with  phosphoric  anhydride,  also  yiehls  dibenzylic  acid,  together  with  a 
viscid  non  crystallising  oil  which,  when  heated  with  water  to  200°,  or  when  boiled,  is 
reconverted  into  benzilic  acid  (Jenn,  Ann.  Ch.  I'hann.  civ.  77). 

SIBEM'ZYX.-GVAK'ZBIM'B.    ."^ee  Guanidink. 

BlBE3XrSYI.-S»HOSFHmE.    See  Phospiiines. 

I>IBEarZl?S.-.HraEA.    S^o  B}:nzyl  UiiF.AS  (p.  181). 

SXBEN'Z-srX.-SUX.PHUItEA,  Of  DXBETTZYXi-SVXiPKOCAS^BAnSIBS, 

CS  ^^'Ij  J'jjI?  •      f'^'nied  by  heatiiig  an  alcoholic  solution  of  lenzylaminc  in  a  flask 


428      DIBROMODIPHENYLCARBAMIDE— DIDY]\nUM. 


witli  reversed  condenser  as  long  as  hydrogen  sulphide  is  given  off.  On  evaporating 
and  repeatedly  crystallising  the  residue  from  alcohol,  dibenzyl-sulphurea  is  obtained 
in  large  four-sided  shining  plates.  It  melts  at  114°,  dissolves  in.  alcohol  and  ether, 
but  is  insoluble  in  vrater.  When  heated  with  mercuric  oxide,  it  is  conrerted  into 
dibenzyl-urea  (Strakosch,  Dev.i.  Chem.  Ges.  Bcr.  v.  692). 

DZBROnxODZPHEM'TIiCaRBaKXOE.    See  Fhenylcabbamides. 

3>ZBRO»XO»rXTROPBEirO]:.S.    See  Phenol  Derivatives. 

SXBVTVKAI^DZirE,  C8H"N0.  A  base  formed  by  the  union  of  2  mols.  butyric 
aldehyde  C^H^'O,  and  1  mol.  ammonia  Nff,  -with  elimination  of  ffO.  It  is  obtained, 
together  with  tetrabutyraldine,  by  treating  butyraldehydo  with  alcoholic  ammonia  for 
two  months  at  30°,  or  for  one  day  at  100^.  The  mode  of  separating  these  bases  and 
obtiiining  conine  from  the  dibutyraldine  has  been  already  described  (p.  380).  Neither 
dilmtvraldiuu  nor  tetrabutyraldine  appears  to  have  been  obtained  in  the  pure  state 
(Schiir,         (•/■.  I'hann.  clvii.  352  ;  Lent.  Chem.  Ges.  Tier.  v.  42). 

SXCABBOIfAPHTHAIiZC  ACZS,  C'»H«(C0=H=)2,  is  obtained  by  boiling 
dicyanonaphthalone  (from  bromonaphthalene-sulphonic  acid)  with  potash-ley,  and 
precipitating  with  hydrochloric  acid.  In  the  pure  state  it  forms  microscopic  nearly 
colourless  needles,  which  do  not  melt  at  temperatures  near  240°,  It  is  nearly  in- 
soluble in  boiling  water,  but  dissolves  more  easily  in  alcohol.  Its  barium  salt. 
C"'H".(CO-)-Ba  -I-  2W0,  forms  small  granular  crystals,  very  soluble  in  water.  The 
solution  gives,  -with  ferric  chloride,  a  light  yellow  precipitate  of  an  iron  salt  nearly 
insoluble  in  hot  water.  The  copper  salt  separated  in  like  manner  forms  groups  of 
small  needles ;  the  lead  and  silver  salts  are  sparingly  soluble  precipitates  (Darmstadter 
a.  Wichelhaus,  Jahresb.  1869,  477). 

DZCABBOIO'VX.  CHIiOROPIiATXZrZTE.    See  Platinum  Chlorides. 

I>ZCAKBOTETRAPHENYI.-TOX.VYI.EI7E-HEXAMZirE.    See  GuA.M- 

DINK. 

SZCKZiOIlETHyx.  OXZDE.    See  Ethyl  Oxide. 
SXCHXiOBHVSHZir.    See  Chlorhydbins. 
SZCHZ.OROmzon'OirTBZir.    See  NiTEiNS. 
I>XI>Z:srZ.ACTAIVIZC  ACZD.    See  Lactamic  Acid. 

DZDYMZITM.  This  metal  has  been  detected  in  pyromorphite  from  Cumberland 
(0.  Ilorne,  CLem.  News,  xxvi.  100). 

The  method  given  by  Erk  {Zeitschr.  f.  Chem.  [2],  100),  for  the  separation  of 
cerium  from  didymium  and  lanthanum  has  been  already  described  (p.  273).  To 
separate  didymium  from  lanthanum,  the  solution  containing  the  two  metals  is  pre- 
cipitated to  the  extent  of  one  half  with  ammonia,  and  the  washed  precipitate  is 
left  for  a  day  at  the  ordinary  temperature  in  conUict  with  the  rest  of  the  solution,  the 
whole  being  frequently  stirred :  the  lanthanum,  being  the  stronger  base,  then  passes 
into  the  solution  in  predominant  quantity.  The  lanthanum  solution  thus  obtained 
is  again  half  precipitated  and  treated  as  above.  After  the  second  treatment,  the 
solution  gives  but  slight  indications  with  the  spectroscope  of  the  absorption-bands  of 
didymium,  and  after  four  such  fractional  precipitations,  the  didymium  lines  are  no 
longer  visible  in  a  column  of  the  solution  30  centimeters  long.  The  solutions  rich  in 
didymium  are  treated  in  the  same  manner,  and  the  intermediate  solutions  are  mixed 
together  and  separately  treated.  A  didymium  solution  is  regarded  by  Erk  as  free 
from  lanthanum,  when,  on  precipitating  the  greater  part  of  the  oxide  with  ammonia, 
and  treating  it  as  above,  no  difference  of  colour  or  of  atomic  weight  can  be  found 
between  this  precipitate  and  the  oxide  precipitated  from  the  filtrate. 

For  the  separation  of  didymium  and  the  other  cerium  metals  from  yttrium,  Erk 
makes  use  of  the  property  possessed  by  the  cerium  metals  of  forming  sparingly  soluble 
double  sulphates,  whereas  the  corresponding  yttrium  salt  is  easily  soluble  (i.  833). 
The  whole  of  the  cerium,  and  the  greater  part  of  the  lanthanum  having  been  separated 
as  above,  the  didymium  oxide  is  dissolved  in  nitric  acid,  and  boiled  with  a  moderately 
concentrated  solution  of  sodium  sidphate,  and  the  same  treatment  is  repeatedly  applied 
both  to  the  precipitated  didymium  sulphate,  and  to  the  oxides  which  remain  in  solution, 
whereby  the  whole  of  the  didymium  is  ultimately  obtained  in  the  precipitate,  and  the 
yttrium  in  the  solution.  In  the  separation  of  didymium  from  lanthanum,  the  yttrium 
is  found  chiefly  in  the  solutions  of  didymium  most  free  from  lanthanum. 

Salts. — The  chloride  crystallises  from  aqueous  solution,  according  to  Hermann  {J.pr. 
Chem.  Ixxxii,  385),  in  granular  masses  containing  DiCl*  +  4H'0.    Zschiosche,  on  the 
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other  hand  {ihid.  cvii.  C5),  oLtainod  distinct  monoclinic  crystals  -which,  afrcr  drying 
over  oil  of  vitriol,  had  the  composition  DiCl-  +  5H-0.    The  nitrate  crystallises  with 
4H-0.    The-  sulphate  crystallised  from  warm  "water  has,  according  to  Zseliiescho,  the 
composition  DiSO*  +  3H'0,  -whereas,  according  to  Her- 
mann, Marignac  and  Eammelsberg,  it  contains  DiSO*  +  Fig.  13. 
To  the   dark  brown    pcroji'c^e   Hermann    assigned  the 
formula  Di^'^'H''.   Zschiesche  doubts  this  formula,  especially 
as  this  oxide  is  converted  by  strong  ignition  into  the  ash- 
grey  monoxide — so  that  it  is  scarcely  possible  to  obtain  the 
peroxide  quite  pure  by  ignition  in  the  air. 

Absorption-spectrum. — A  concentrated  solution  of 
pure  didymium  nitrate,  4  centimeters  deep,  exhibits  a 
spectrum  containing  seven  dark  bands,  the  relative  posi- 
tions of  -which  are  seen  in  figure  13,  the  letters  in  the  upper 
line  indicating  some  of  the  principal  Fraunhofer  lines,  D 
coinciding  with  42  on  the  scale. 

This  spectrum  agrees  in  the  main  -with  that  described 
by  Bahr  and  Bunsen  {Ann.  Ch.  Pharm.  cxxxvii.  1). 

The  smaller  the  quantity  of  didymium  in  solution,  the 
fe-H'er  are  the  dark  bands  seen.  In  very  dilute  solutions, 
only  the  band  45  in  the  yellow  and  64  in  the  green  (ob- 
served some  time  ago  by  Gladstone,  ii.  322),  are  visible, 
and  of  these  the  former  is  always  the  stronger.  These  t-n  o 
bands  atford  the  best  indication  of  the  presence  of  didy- 
mium in  a  lanthanum  solution  (Erk). 

Equivalent  and  Atomic  Weights. — To  determine 
the  equivalent  -weight  of  didj-mium,  Erk  precipitated  a 
-tt'oighed  quantity  of  the  anhydrous  sulphate  with  am- 
monium oxalate,  and  ignited  the  oxalate  .strongly  before  a 
gas  blo-wpipc  flame  till  it  acquired  a  constant  -weight  (the 
loss  of  weight  of  the  platinum  crucible  by  ignition  being 
tiiken  into  account).  The  equivalent  -weight  thus  deter- 
mined was  Di  =  47-45,  47-43  and  47"82.  Zschiesche  (/.  pr. 
Chem.  cvii.  65),  from  the  analysis  of  the  sulphate,  found 
the  numbers  46-885,  46-72,  47-68,  47-93  and  48  08,  the 
highest  of  w-hich  he  regards  as  the  most  exact.  As  a 
mean  of  all  these  determinations  the  number  47-5  may  bo 
regarded  as  a  very  near  approximation  to  the  true 
equivalent  weight  of  didymium. 

If,  then,  didymium  be  regarded,  according  to  the  ordin- 
ary view,  as  j\,  dyad  metal,  forming  the  compounds  DiCl-', 
DiO,  &c.,  its  atomic  -sveight  -svill  bo  95.  MendelejeiF, 
liowover,  for  reasons  already  explained  (see  Cerite  Metals, 
]5.  273),  regards  the  saliliablo  oxide  of  didymium  as  a 
sesquioxide,  Di^O',  and  accordingly  assigns  to  didj^mium  an 
atomic  weight  equal  to  three  times  its  equivalent  -n-eight, 
that  is  3  x  47-5  =  142-5  [or  138,  if  the  older  equivalent 
46  be  .adopted].  According  to  this  view  the  hydrate  of 
didjTnium  will  be  Di(OH)'  instead  of  Di(OH)^  ;  the 
chloride  DiCF.eH-O  instead  of  DiCr-.4H20,  the  sulphate 
Di=(S0*)^.8H-0  instead  of  3DiSO'.8H-0,  and  the  double 
sidphatos  -will  have  formulae  analogous  to  the  alums,  e.o. 
DiK(SO')=.H=0. 

Mendelejeff's  reasons  for  the  proposed  alterations  in  the 
atomic  weights  of  the  cerium  metals,  together  with  Enm- 
mclsberg's  objections  to  them,  have  been  alrcaily  c-nnsidcrcd 
(p.  273). 

DXETHOXYI.  -  SIETHSUXiFHTI.  -  PYROSVX.- 
PBOPKOSPHORXC  ETHER.  SfC  PYnosui.rnopiios- 
riioinc  I'jTiiEifs. 

SIETHYX.DXACETAMXDE.     Seo  EniYiDi.vcF.Tic 
AciD. 

DXETHYXiACETOITE.    Syn.  with  Dipeopyl  Ketone  {q.  v.) 
I>XETHYX.-2>X0XTBEZfZOXC  ACXD.  Sue  Dioxykenzoic  Acu). 
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I>ZETK-B-X.II>x:i7£-I.AGTiiIVSZC  and  SZETRYIiEN'E-IiA.CTiilVIZC 
ACms.    See  Lactajiic  Acid. 

BlETHYIi-PHOSPHIM-IC  ACZS.  See  Phosphinic  Acms. 
SZETH7Z.-SVZ.PHVREA.   See  Sulphocarbamides. 
BZFruszoif.    See  Gasks. 
BZGAX.Z.XC  A.CZ-D.    See  Tannic  Acids. 

BZCESTZOM,  ANimAX,.  (Kiihne,  Physiologischc  Chemie,  Bd.  I.;  SeliiflF, 
Sur  la  Physiologic  de  la  Digestion). 

The  action  of  saliva  ui^on  raw  starch  is  very  incomplete  (SchiiF),  for  while  it  is 
capable  of  converting  boiled  starch  completely  into  dextrose,  it  acts  only  upon  the 
'  granulose '  of  raw  starch,  leaving  the  '  cellulose '  layers  of  the  granules  quite  un- 
changed. 

In  spite  of  much  attention  during  the  last  few  years,  the  digestion  of  proteids  in 
the  stomach  is  still  very  imperfectly  understood,  neither  the  exact  products  nor  the 
theory  of  the  process  being  at  all  clear.  The  products  vary  somewhat  with  the 
proteid  digested,  and  with  the  quantity  of  pepsin  or  free  acid  in  the  digestive  fluid, 
but,  speaking  broadly,  they  consist  of  several  diffusible  forms  of  proteid,  known  as 
fcjitoncs,  and  an  indiffusible  form — f  ar  a  peptone— yi\i\<i}a.  is  insoluble  in  water,  but 
soluble  in  dilute  acids  or  alkalis,  and,  in  fact,  appears  to  agree  in  all  its  properties 
with  syntonin,  except  that  it  is  incapable  of  undergoing  peptic  digestion.  Thus,  if 
boiled  blood  fibrin  be  submitted  to  artificial  peptic  digestion,  a  solution  is  obtained, 
which  is  at  first  opalescent,  but  by  longer  digestion  becomes  clear,  and  on  neutralisa- 
tion yields  a  precipitate  of  parapcptone. 

The  filtrate  from  this  precipitate  contains  three  forms  of  peptones — known  as 
Meissner's  «,  h,  and  c  peptones.  The  rt-peptono  is  characterised  by  being  precipitated 
by  nitric  acid,  and,  in  a  solution  slightly  acidulated  with  acetic  acid,  by  potassic  ferro- 
cyanide ;  the  6-peptone  is  not  precipitated  by  nitric  acid,  and  by  potassic  ferrocyanide 
only  in  a  solution  strongly  acidulated  with  acetic  acid ;  and  the  c-peptone  is  precipi- 
tated by  neither  of  the  above  reagents.  (For  the  general  properties  common  to  all 
peptones,  see  Photeids.)  Sometimes  an  additional,  non-diffusible  form  of  proteid — 
metapeptoif,  is  present  in  the  solution  ;  it  appears  to  be  imperfectly  formed  peptone  ; 
by  prolonged  digestion,  part  of  the  parapeptone  is  converted  into  another  body, 
dyspeptone,  which  is  insoluble  in  solutions  containing  the  same  percentage  of  free  acid 
as  gastric  juice,  and  is  accordingly  precipitated  as  it  is  formed. 

According  to  Meissner,  the  process  of  peptic  digestion  consists  first,  in  the  form- 
ation of  a  sohition  containing  a  form  of  proteid  insoluble  in  pure  water,  whether  or 
not  the  original  proteid  was  soluble,  and  then  in  the  splitting  up  of  this  product,  into 
parapeptone  and  the  a,  b,  and  c  peptones,  of  which  latter  he  considers  the  c-peptone 
the  final  or  most  complete  form.  This  view  is,  however,  opposed  by  the  fact  that  the 
quantities  of  parapeptone  and  peptones  bear  no  constant  ratio  to  one  another,  but  vary 
almost  indefinitely  with  tlie  strength  of  the  digestive  fluid,  the  temperature  at  which 
the  process  is  carried  on,  &c.;  and  as  all  the  products  of  peptic  digestion  can  be  ob- 
tained from  proteids  by  simple  prolonged  boiling  with  pure  water,  the  pepsin  is,  per- 
haps, rather  to  bo  regarded  as  a  ferment,  active  in  acid  solutions  only,  and  capable  of 
adding  the  elements  of  water  to  proteid  bodies,  and  causing  them  to  break  up  in 
various  ways. 

With  other  proteids  than  blood  fibrin  the  process  of  peptic  digestion  is  similar  in 
the  main,  tliongh  in  some  cases  the  peptones  and  parapeptone  producctl  present  slight 
differences.  Eaw  white  of  egg  digests  only  aftoi;  previous  conversion  into  syntonin,  a 
process  which  is  very  slow  under  the  conditions  obtaining  in  the  stomach  (Kiihne), 
boiled  white  of  egg  digests  without  undergoing  this  previous  change.  Syntonin  under 
peptic  digestion  yields,  besides  the  a.  h,  and  c  peptones,  a  fourth  form  wliich  diffl'rs 
from  them  in  being  precipitated  from  its  .solution  by  cupric  sulphntc.  The  coagulation 
of  the  casein  of  milk  which  occurs  in  the  stomach  is  not  due  to  the  free  acid,  for  ic  is 
produced  equally  well  by  neutralised  gastric  juice  (Schiff);  neither  is  it  due  to  the 
pepsin,  but  as  boiled  gastric  juice  loses  this  power,  it  is  probably  due  to  some  other 
ferment  not  yet  isolated. 

Peptic  digestion  is  at  once  checked  when  tho  food  enters  the  intestine  ;  this  is  duo 
chiefly  to  the  bile,  which  not  only  renders  tlio  chyme  alkaline,  but  precipitates  any 
peptones  it  may  contain  in  folulion,  and  these,  in  falling,  carry  the  pepsin  doMU 
with  them  mechanically  (Bui-kard).  _ 

In  the  small  intestine  the  digestion  of  proteids  is  mainly  oarrird  on  by  the  pan- 
creatic secretion,  which,  besides  its  ferments  converting  starch  into  glucose  and  breaking 
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up  fats,  contains  a  third,  whieli  in  alkaline  solution  first  converts  ordiuavy  protcids  iuto 
peptones,  and  tlien  by  further  action  breaks  them  up,  tyrosiu  being  one  of  the  chief 
products. 

The  secretion  of  the  mucous  membrane  of  the  small  intestine,  which  is  obtained  pia  e 
by  'I'hii-y's  iiiclhud  (IVini.  Al-ail.  Bi  r..  Bd.  I.),  according  to  most  observers,  dissolves 
tibriii.  but  iiM  iill.rr  |,rnl,  id  (TIim-v.  l,,  ulie,  Schiif);  it  also  readily  converts  starch  into 
f,ducns,-.  and  in  ill,  dnL^  i-alibil,  and  pi-  contains  an  additional  ferment  which  converts 
cam -su;:;ar  into  ghicose,  but  which  is  absent  in  the  sheep  and  calf  (raschutin). 

'J'lic  question  of  the  changes  which  fats  undergo  in  the  alinn  ntarv  ranal  is  still  very 
obscure  ;  a.  part  of  them  is  no  doubt  saponitied,  but  it  simmus  ]ir(iliali|i'  that  the  greater 
portion  will  ultimately  be  found  to  undergo  no  chemical  dicunipusition,  but  to  be 
simply  emulsified  by  the  bile  and  pancreatic  juice  and  then  directly  ingested  as  small 
molecules  by  the  epithelial  cells,  and  passed  on  by  them  to  the  commencing  lacteals. 

11.  N.  M. 

BZGI.-S'COX.I.ASXXC  SXUI&AMXBS.    See  Diurajiides. 

BXOX.VCOliX.XC  ACXS.  On  the  constitution  of  this  acid,  sec  Kolbe  (•/.  2»'.  Clmn. 
[2|,  ii.  ;i8(i  ;  Heinlz.  ihul.  iii.  (30,  120;  Glaus,  ibid.  iii.  123). 

BIH-STDKACa-sraiXC  ACSD.    See  Hydracryi.ic  Acid. 

SXXtACTA^XXC  ACXB.    See  Lactamic  Acid. 

X»XZiZi  CfJS.'VOIt,    See  Oils  Volatile. 

SIiaETHVXi.    Sec  Methyl. 

BXnrOM'YX.  KETONE.    Syu.  with  C.vpeone  (p.  251). 

nXOPSXDE.  Chrome-diopsido  from  the  olivine  rock  of  the  basalt  of  tlio  Dreiser 
Weiher  in  the  Eifel,  contains,  according  to  Rammelsbcrg  {I'oag.  Ann.  cxli.  516), 

SiO'-  A1=0'  Cr=0'  SlgO  CaO  FeO 

4971  7--i2  2-61  17-84  17-30  5-03  =  100. 

These  numbers  maybe  represented  by  the  formula,  1  lIiSiO'.(Al ;  Cr)'-0',  in  -wliich 
nr.  =  Fe  +  GMg  +  4Ca. 
SXOSBXOSS.    See  Os.-Mos'ri. 

BXOXVBESrZOXC  ACXBS,  C'ffO'.  This  formula  includes  protoeateehuic, 
carl)oliydrociuinonic,  and  hj-pogallic  acids  (iii.  239). 

(1.)  Protoeateehuic  acidlmshaan  shown  by  Barth  to  lie  producible  both  from 
oxylienzoic  and  from  paraoxj'benzoic  acid  (l.s^  Suppl.  976  ;■  also  Bcut.  Chem.  Gcs.  Bcr. 
V.  633;  Chem.  Soc.  J.  [2],  ix.  829),  namely,  l^y  convrrling  the  oxybenzoic  into  a  sul- 
plioxybenzoic  acid  by  treatment  with  sulplmi-i,-  .n-i  l.  .md  decoiuposing  the  latter  with 
potash.  The  quantity  of  protoeateehuic  acid  pi-oduecd  from  paraoxybonzoic  aci<.l  is, 
liowever,  much  less  than  that  from  oxjdjenzoic  acid,  a  less  soluble  acid,  which  gives  a 
red  reaction  with  ferric  salts,  being  formed  at  the  same  time,  probably  by  the  action  of 
the  potash  on  an  isomeric  sulpho-acid. 

Assuming,  now,  that  the  radicles  CO-H  and  Oil  occupy  in  paraoxybenzoic  acid  the 
positions  1  :  4,  and  in  oxybenzoic  acid  1  ;  3,  the  positions  in  protocatecliuic  acid  must 
be  1  :  3  :  4,  thus  : 

fi  4  .1  2  1 

Oxybenzoic  .  C  H  H  11  OH  H  CO-II 
Paraoxybenzoic.  C«  11  II  OH  H  II  CO-H 
Protoeateehuic  .  H       H     OH       OH       H  CO=H. 

Now  protoeateehuic  acid,  when  subjected  to  dry  distillation,  yields  always,  and  solelj% 
pyrocatcchin.  Hence,  if  the  above  formula  of  protoeateehuic  acid  be  correct,  the  two 
liydroxyls  in  pjTOcatt'rliin  must  lie  attached  to  contiguous  carbon-atoms  (3  :  4  or  1  :  2), 
and  in  that  case,  sinrr  lln  I'  ldicles  occupy  in  resorcin  the  positions  1  ;  4,  they  must 
have,  in  hydroqninoin-,  iln'  pi'sitions  1  :  3.  On  the  other  hand,  if,  as  Graebe  supposes, 
the  position  fornuil.a  uf  hyd'-.i.]ninonr  is  1  :  2,  tluai  (bat  of  pyi-oeatecliiii  must  be  1  :  3 
(or  2  :  4),  that  of  pyroc-it  i-.'linie  acM  ninst  be  ]  :  'J  :  I.  and  thai  of  oxybenzoic  acid 
1  :  2.  The  latter  view,  hoMevrr.  i^  .  onl  radi.-ti  d  bv  ?,Iry<a-'s  exprrina  i.!  s  ( p.  133),  which 
have  shown  that  the  position-l'.irniula  of  salicylic  arid  is  1  :  -J,  anti  that  of  oxybenzoic 
acid  1:3. 

Dinicfhij^protocaiccliiilc  acid  is  prepared  by  In  atiiig  1  gram  of  protocalcclniie  .-'.cid. 
4  grams  of  mctliyl  iodide,  and  1  gram  of  pure  potassium  hydrate  with  melhvl  alcohob 
in  a  sealed  tube  to  140°  for  some  hours.    The  liquid  portion  is  filtered  from  tl:e 
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potassium  iodide,  the  alcohol  evaporated  off,  and  the  oily  residue  boiled  for  some  time 
■with  dilute  soda-ley.  After  cooling,  the  liquid  is  acidulated  with  sulphuric  acid,  by 
•wliich  means  a  flocculent  deposit  of  the  new  acid  is  produced.  This  is  shaken  up  with 
ether,  and  tlie  insoluble  residue  repeatedly  crystallised  from  water.    It  is  obtained  in 

rcooH 

glistening  white  needles  having  the  composition  CH'-j  OCn^.  It  melts  at  170^-171°, 

(0CH» 

and  does  not  show  the  characteristic  iron  reaction  of  protocatechiiic  acid.  By  distilla- 
tion with  lime,  it  gives  rise  to  an  oil,  boiling  between  210°  and  215°,  and  having  the 
composition  of  dimethyl-pyrocatechin  :  CJI^OCW)'-. 

The  acid  is  converted  by  bromine  intobromodimethyl-protocatochuic  acid, 
C''H''Br.(OCH^)-.COOH,  which  crystallises  from  water  in  needles. 

jCOOH 

Dicthr/lprotocatcchuic  acid  C^WiOC-R'  is  prepared  in  a  similar  manner  to  tlio 

dimethyl-acid.  It  melts  at  1-19°,  and  gives  no  reaction  with  ferric  chloride.  By  dry 
distillation  it  yields  an  oil,  probably  consisting  of  diethyl-pyrocatechin.  With 
bromine,  it  forms  a  crystalline  product,  exhibiting  the  composition  of  a  mixture  of 
mono-  and  di-bromodiethyl-pyrocatechuio  acid  (K.  Koelle,  Ann.  Ch.  Fharm.  clix.  240). 

(2.)  Dioxybeiizoie  acid,  1:2:4  (Max  Ascher,  Deut.  Chcm.  Ges.  Ber.  iv.  6i9>. 
This  modification  is  produced  by  a  series  of  transformations  from  paranitrolucne. 
C"HH(NO-)HH(CH').    This  body,  treated  with  fuming  sulphuric  acid,  is  convert^'d 

into  nitrotoluene-sulphonic  acid  CH'  \  SO^H,  in  which,  also,  the  radicles  CH'  and 

(no- 
no^  occupy  the  paraposition  1:4:.  To  determine  the  relative  positions  of  the  radicles 
CH'  and  SO'H,  the  nitrosulpho-acid  was  converted  into  the  corresponding  amido- 
sulpho-acid,  and  this  into  the  diazo-compound  by  treatment  with  nitrous  acid  under 
alcohol ;  and  the  diazo-compound  was  boiled  with  absolute  alcohol  under  pressure, 
whereby  the  nitrogen  was  eliminated  and  replaced  by  hydrogen.  By  this  means,  a 
toluene-sulphonic  acid  is  produced,  the  potassium  salt  of  which,  when  fused  -witli 
potash,  yields  a  liquid  cresol,  and  this,  when  extracted  with  ether  and  repeatedly  fused 
with  potash,  is  converted  into  salicylic  acid.  Now  in  salicylic  acid,  as  appears  from 
Meyer's  experiments  (p.  133).  the  relative  position  of  the  radicles  CH'  and  OH  is  1  :  2; 
tliis,  therefore,  must  also  be  the  position  of  the  CH' and  SO'H  in  thetohienesulphonic 
acid  from  which  it  was  obtained,  and  therefore,  the  position  of  the  CH',  SO'H,  and 
NO-  in  the  uitrotoluenesiil phonic  acid  must  be  1:2:4. 

Salicylic  acid  .  .  .  C«  H  H  H  H  (OH)  (CH') 
Toluenesulphonic  acid     .  H    H      H      H    (SO'H)  (CH') 

Nitrotoluenesulphonic  acid     C«    H    H    (NO^)    H    (SO'H)  (CH'j. 

To  convert  this  nitro-acid  into  dioxybenzoic  acid,  it  was  first  converted,  as  above, 
into  the  corresponding  amido-acid,  then  into  the  diazo-compound.  The  latter  is 
soluble  in  water,  insoluble  in  alcohol,  not  easily  acted  upon  by  alkalis,  detonates 
slightly  when  heated  upon  platinum  foil.  AVhen  boiled  with  water,  it  gives  off 
nitrogen,  and  is  converted  into  a  cresolsulphonic  acid  C^HH(OH)H(SO'H)(CH') 
or  1:2:4;  and  by  fusing  the  potassium  salt  of  this  acid  with  potash,  the 
sulphuric  acid  residue  SO'H  is  replaced  by  OH,  and  at  the  same  time  the  methyl- 
group  CH'  is  oxidised  to  earboxyl,  the  product  being  the  corresponding  dioxyben- 
zoic acid  C«HH(OH)H(OH)(C'OOH). 

To  extract  the  acid,  the  fused  mass  is  acidulated  and  shaken  with  ether,  and  the 
ether  left  to  evaporate,  whereby  the  acid  is  obtained  in  needles  still  retaining  phenolic 
impurities.  To  purify  it,  the  ethereal  residue  is  dissolved  in  water,  the  filtered  solu- 
tion precipitated  with  lead  acetate,  and  the  lead  precipitated  by  hydrogen  sulphide, 
the  impurities  being  thereby  removed  from  the  solution,  together  witli  the  lead  sul- 
phide. The  filtrate  is  a  colourless  liquid  from  whicli  the  paradioxybenzoic  .ncid  iiKiy 
be  extracted  with  ether.  It  crystallises  in  stellate  groups  of  needles  which  contain 
3  mols.  water,  and  melt  at  148°.  AVhen  dried  at  120°  it  gives  off  all  its  water  of 
crystallisation,  and  the  dehydrated  acid  melts  at  194°.  It  sublimes  readily  in  .=mnU 
white  needles,  which  also  melt  at  194°  ;  dissolves  readily  in  water,  alcohol,  and  ether, 
and  produces  with  ferric  chloride  a  fine  red-brown  coloration.  These  chnract(^rs 
sufficiently  distinguish  this  modification  of  dioxybenzoic  acid  from  protocati'chuio  aciil, 
which  crystallises  with  1  mol.  water,  gives  off  its  water  at  100°,  melts  in  the  tleljy- 
drated  state  at  199°,  and  gives  with  ferric  chloride  a  dark  blue-grceu  reaction.  Hi/}w- 
gallic  acid  (iii.  239°),  also  gives  a  blue  colour  with  ferric  cldorido,  crystallises  with 
1^  mol.  water,  becomes  anhydrous  at  100°,  and  melts  at  about  180°.  Cai-buhydro- 


DIOXYEENZOIC  ACIDS. 


433 


qitinonio  acid  (iii.  214),  crystallises  with  1  mol.  water,  which  it  gives  off  at  100°, 
melts  at  207°  (corr.)  and  is  insoluble  in  ether.  OxysalicijUa  acid,  obtained  by  boiling 
mono-iodosalicylic  acid  with  potash  (iv.  320),  crystallises  in  anhydrous  needles  which 
melt  at  193°,  and  ^ives  a  deep  blue  coloration  with  ferric  chloride.  All  these  acids 
are,  therefore,  distinct  from  dioxybenzoic  acid  1:2:4. 

Earth  a.  Senhofer  Ck.  Fharm.  cUx.  217;  clxiv.  109),  have  obtained  another 

modification  of  dioxybenzoic  acid,  probably  1  :  3  :  6,  by  the  action  of  melting  potash 
on  the  potassium  salt  of  disulphobenzoic  acid  (produced  by  heating  benzoic  acid  with 
hydrogen  sulphate  and  phosphoric  anhydride  to  250^  in  sealed  tubes).  On  treating 
the  fused  mass  with  an  acid,  exhausting  with  ether,  and  evaporating  the  ethereal  solu- 
tion, the  dioxybenzoic  acid  is  obtained  in  long  prisms  very  soluble  in  hot  water,  also 
in  alcohol  and  ether.  It  is  distinguished  from  protocatechuic  acid  by  its  crystalline 
form,  by  not  giving  the  blue-greun  rolorntion  witli  ferric  chlorido,  and  not  being  pre- 
cipitated by  neutral  lead  aeetnlr.  Jn  tlie  .■lir-dnnl  st.ilc  il  ,-nnl,Miis  Cm='(OH)=.COOH 
+  l^H'O;  it  gives  off  its  ^^■■M•  r  .it  Ki.V,  .-ind  irn  li^  ni  :i  I .  i,ii„  r.iture  above  220°. 
Heat'ed  with  strong  sulphuric  acid,  it  di^solvL■s  to  a,  red  liquid,  wliieh  deposits  a  green 
powder  on  addition  of  water.  Its  salts  crystallise  moderately  well ;  most  of  them  give 
off  their  water  of  crystallisation  at  105°,  the  copper  salt,  however,  retains  a  portion  of 
it  even  at  110° ; 

Sodium  salt  CTPNaO<  +  H-'O  I  Barium  salt    CH'^BaO*  +  4lP0 
Silver  salt  C'H'NaO*     +  H'^O    Cadmium  salt  C"H'"CdO<  +  4U1-0 
I  Copper  salt     C"H'»CuO'  +  G^mO. 

The  cthylic  ether  C'H'(C-H*)0'  prepared  by  passing  hydrogen  chlorido  into  an 
alcoholic  solution  of  tho  acid,  remains  on  evaporation  as  a  syrup  which  crystallises 
from  water  in  groups  of  long  prisms  having  a  vitreous  lustre.  It  melts  at  100°,  and 
remains  transparent  and  amorphous  for  a  long  time  after  cooling. 

This  modification  of  dioxybenzoic  acid  differs  from  all  those  previously  known,  in  not 
yielding  by  dry  distillation  any  of  the  known  dihydroxylbenzenes,  but  a  yellow  body 
called  anthrachrysone,  CffO",  formed  from  it  by  dehydration  and  condensation  : 
2C'H<'0'  -  2IF0  =  G^H^O".  This  body,  which  is  also  formed  by  heating  the  dioxy- 
benzoic acid  to  120°-140°  with  sulphuric  acid,  is,  in  fact,  a  tetra-oxyanthraquinone, 
and  its  formation  is  analogous  to  that  of  rufigallic  acid  from  gallic  acid,  and  that  of 
rufiopin  from  opianic  acid  (p.  86). 

Monohromodioxyhcnzoic  acid,  C'H^BrO*,  is  produced  by  adding  a  sufficient  quantity 
of  bromine-water  to  a  cold  aqueous  solution  of  the  last-mentioned  modification  of 
dioxybenzoic  acid.  On  evaporating  the  solution  and  crystallising  the  residue  from 
hot  water,  monobromodioxybenzoic  acid  is  obtained  in  colourless  needles  an  inch  long, 
melting  at  253°.  Its  solution  gives  a  brownish  |ii-eei|iit.ilo  with  ferric  chloride,  but  it 
is  not  precipitated  by  lead  acetate.  The  crvsf.illi-.  d  ;icid  contains  one  molecule  of 
water,  which  it  loses  at  120°.  It  is  tribasic.  I  ts  sdi'i  ,■  C'H-Ag^BrO',  is  a  yellow 
amorphous  precipitate  obtained  by  adding  silver  nitrate  to  the  ammonium  salt.  The 
barium  salt  is  readily  soluble  in  water,  and  crystallises  in  long  needles.  The  capper 
salt  separates  from  a.  hot  solution  in  light  green,  microscopic,  but  well-defined  prisms 
(C'H'BrO')'Cu  +  8H-'0.  The  potassium  salt  crystallises  in  needles  and  dissolves  very 
readily  in  water. 

By  fusing  the  monobrominated  acid  with  potash,  a  large  quantity  is  converted  into 
dioxybenzoic  acid,  and  a  smaller  quantity  into  gallic,  trioxybenzoic,  or  dioxysalicylic 
acid. 

Trihromodioxyhemoic  acid,  C'H'Br^O',  is  produced,  together  with  a  small  quantity 
of  tho  monobrominated  acid,  by  triturating  dioxybenzoic  acid  -wnth  bromine.  The  mass 
becomes  semifluid,  hydrogen  bromide  is  given  ofK  and  after  the  excess  of  bromine  has 
been  expelled  over  the  water  bath,  the  tribrominated  acid  remains  as  a  yellowish  crys- 
tidlino  mass,  which  dissolves  easily  in  water,  and  separates  therefrom  in  large  tabular, 
anhydrous  crystals  melting  at  183°.  By  fusion  with  potash,  it  is  almost  wholly 
reconverted  into  dioxybenzoic  acid,  together  with  a  small  quantity  of  a  compound 
Avliich  gives  a  green  colour  with  ferric  chlorido. 

Diethyldioxyhcnsnic  acid,  C'H*(C-11' )  '( is  prnduced  by  heating  the  cthylic  ether  of 
diexybenzoic  acid  with  ethyl  iodide,  c  ni  l  m-  [i. ii.isli,  and  a  little  alcohol  in  sealed  tubes 
to  130°  for  some  hours.  The  cthylie  diet liyl-,linxybenzoate  thus  formed  is  an  oily 
liquid  wliich  is  readily  <leciiiniH.sed  l.y  Imlling  it  v.ilh  potash  ;  and  by  acidulating  tlio 
^■esultini;  ;;lkaliiie  solulinii  with  sul|'hnrie  acid,  agitating  with  ether,  a-nd  evaporating 
tho  ethereal  sohition,  the  fri'e  acid  Is  ol.lained  as  an  oily  liquid,  wliicli  soon  solidifies 
111  a  crystalline  mass,  and  crystallises  from  water  in  needle-shaped  prisms  melting  at 
87°-88°.    The  barium  salt  has  the  composition  (C"H"0')=Ba. 

By  heating  diethyl-dioxybenzoic  acid  with  quicklime,  an  oil  is  obtained -boiling 

Ind  Slip.  F  F 
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between  200°-260°,  containing  probably  the  diethylic  ether  of  resorcin.  The  latter 
compound  is  easily  obtained  by  heating  resorcin  with  ethyl  iodide  and  potash  ;  it  is 
an  oily  liquid  boiling  at  250°  and  giving  no  colour  with  ferric  chloride.  By  heating 
it  with  hycbiodic  acid  it  is  not  reconverted  into  resorcin,  but  a  resinous  body  is 
produced,  the  alkaline  solution  of  which  exhibits,  even  when  very  dilute,  a  strong 
dichroi'sm,  appearing  green  in  reflected  light  and  yellowish-red  by  transmitted  light. 
Exactly  the  same  reaction  is  shown  hy  the  distillate  of  a  mixture  of  diethyl-dioxy- 
benzoic  acid  and  lime. 

Constitution  of  the  Bioxyhemoic  acid  obtained  from  Bisulpliohenzoic  acid.— Tho 
monobrominated  derivative  of  this  acid  fused  vnth  potash,  yields  gallic  acid,  C'ffO*, 
which  has  also  been  formed  synthetically  from  di-iodosalicylic  and  monobromoproto- 
catechuic  acid.  Admitting  then,  that  in  salicylic  acid  the  hydroxyl  groups  occupy  the 
positions  1  :  2,  and  in  protocatechuic  acid,  the  places  1:3:4,  it  follows  that  tlie 
constitutional  formula  of  gallic  acid  must  be  either  1 :  2  :  3 :  4,  or  1 :  3  :  4  :  6.  Further 
the  disulphobenzoic  acid  from  which  the  dioxybonzoic  acid  under  consideration  is  pre- 
pared is  converted  by  fusion  with  sodium  formate  into  isophthalic  acid  (1  :  3) ;  con- 
sequently one  of  the  groups  ISO^H  in  this  acid,  and  therefore  the  corresponding 
hydroxyl  in  the  dioxybenzoic  acid,  must  occupy  the  position  3.  Henco  it  appears 
that  the  only  possible  relative  positions  for  the  carboxyl  and  hydroxyl  in  this  dioxy- 
benzoic acid,  are 

1:2:3         or  1:3:6. 

Of  the  six  possible  arrangements  indeed  1  :  2 :  4  is  excluded  as  belonging  to  Asoher's 
dioxybenzoic  acid  (p.  432) ;  1  :  3  :  4  as  belonging  to  protocatechuic  acid  ;  and  1:2:6 
cannot  easily  be  reconciled  with  the  formation  of  isophthalic  acid.  Finally  1 :  3  :  o  is 
inconsistent  with  the  formation  of  gallic  acid.  Between  the  two  remaining  formulse 
1:2:3  and  1:3:6  the  results  hitherto  obtained  by  Barth  and  Senhofer  do  not 
enable  them  to  decide  with  certainty,  but  from  experiments  not  yet  completed,  they 
regard  the  latter  as  the  more  probable  of  the  two. 

SIOXVMETHYI.Ell'E,  C'-H^O=.  This  compound,  which  Butlerow  obtained  by 
the  action  of  silver  oxide  or  oxalate  on  methyl  iodide,  and  by  the  dry  distillation  of 
etliyl-glycoUie  acid  (iii.  1006),  is  also  produced  by  the  dry  distillation  of  glycollic 
acid  itself.  This  acid,  heated  first  to  120°,  then  for  several  hours  to  160°,  and  finally 
for  a  day  to  200°-220°,  yields  a  carbonaceous  residue,  and  a  solid  sublimate  consist- 
ing of  dioxymethylene  (Krupsky,  ZmscA?-. /.  Chcm.  vi.  178).  According  to  Girard 
{Bull.  Soc.  Chim.  [2],  siv.  217)  it  is  also  produced  by  heating  methylene  sulphide 
wCH^S  to  170°  in  a  closed  vessel  with  sulphate  or  borate  of  silver. 

C^ff.CO^H 

BXPHEJVXC  ACID,  CH'^O*  =  |  .    This  acid  is  a  product  of  the 

C«H<.CO=H 

oxidation  of  phenanthrcne-quinone  C"H"0-  (p.  93),  and  is  always  obtained  in  small 
quantity  in  the  preparation  of  the  latter.  It  is  most  conveniently  prepared  by  heating 
the  impure  hydrocarbon  containing  anthracene  with  chromic  acid  solution,  and 
crystallising  the  mixture  of  the  quinones  from  alcohol,  in  order  to  remove  an  amor- 
phous substance.  The  quinones  are  again  treated  witli  the  oxidising  mixture,  which 
does  not  act  on  anthraquinone,  and  the  acid  is  extracted  from  the  product  by  ammonia. 

Diphenic  acid  is  sparingly  soluble  in  cold  water,  more  freely  in  hot  water,  and  readily 
in  alcohol  and  ether;  it  crystallises  on  quickly  cooling  the  solution,  in  small  shining 
plates,  but  if  the  solution  cools  down  slowly,  it  is  obtained  in  transparent  compact 
anhydrous  prisms  ;  it  separates  also  in  the  latter  form  on  allowing  an  alcoliolic  solution 
to  evaporate.  By  the  evaporation  of  a  solution  in  dilute  alcohol,  it  was  once  obtiiined 
in  very  large  transparent  crystals  containing  two  molecules  of  water.  It  melts  at 
226°,  and  sublimes  in  long  transparent  needles ;  when  heated  above  its  melting  point, 
it  blackens  and  decomposes.    It  is  a  strong  bibasic  acid. 

Barium  diphcnatc,  C'^H'BaO'  +  4H'0,  is  readily  soluble  in  water  and  forms  large 
transparent  crystals.  Calcium  diphcnatc,  CH^CaO'  +  2J-H-0,  is  a  very  soluble  salt 
and  does  not  crystallise  well.  Magnesium  difhcnate,  C'-'H^MgO '  H-  4H-0,  crystallises 
in  plates.  Silver  diphenatc,  G^'^Wk^-0\  is  a  bulky  white  precipitate  dissolving  in  a 
large  quantity  of  hot  water. 

Diphenic  acid  heated  with  excess  of  quick  lime,  is  converted,  not  into  dipheiiyl,  as 
might  have  been  expected  (C'lr^Oi  -  200=  =  Cm'"),  but  into  diphonylene 
ketone  C'^IPQ: 

CH'.CO^H  CH' 

I  =         ^00  +  CO-  +  H=0. 

CH'.CO^H  C«H< 


(I'ittlg  n.  Ostermayer,  Ann.  Ch.  Pharm.  clxvi.  361). 
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SXPHEirXXTE.  This  compouiul,  whicli  Laurent  a.  GorliarJt  obtained  by  redac- 
tion of  dinitrozobenzene  with  hot  alcoholic  ammonium  sulphide  (ii.  336)  is  generally 
regarded  as  diamido-azobenzene  C'-H'-N*  =  C'-H*N2(NH-)= ;  but  from  the  experi- 
ments of  Lermontoff  (-DcM^.  Cliem.  Ges.  Ber.  v.  231),  it  appears  to  be  really  diami  do- 
hydrazo-l.onzcne  C'^iP'N^  =  C'-H'oN-CNH'-)-,  formed  by  addition  of  11-  to 
diamido-azobenzene  (see  Hydb-izobenzene). 

BXffHEirVI..    Sec  Phenyl. 

BlPHEWYl  KETONE,  CO(C''H^)=,  is  formed,  together  with  a  small  quantity  of 
a  substance  which  boils  at  a  very  high  temperature,  by  heating  a  mixture  of  benzene 
and  benzoic  acid  to  180°-200°  with  phosphorus  pentoxide  : 

C«H"  +  CH^COOH  =  CO(C«ff)=  +  H-'O. 

No  ketone  is  formed  by  heating  benzoic  acid  alone  with  phosphorus  pentoxide,  and 
benzene  alone  is  not  acted  upon  at  all  (Kollarits  a.  Merz.  Dcut.  Chcm.  Gcs.  Ber.  v. 
417). 

SXPHSNTI.-AI.I.OPHAirXC  ETHERS.    See  Cyanic  Ethers  (p.  408). 
X»IPHEM"S-X.A»IXZg'E.    See  Piienylamikes. 
SXPENYI-BIVRET.    See  Biubet  (p.  103). 

BXPHEirVX.Eia'E  KETOWE,  C"H"0,  is  produced  by  heating  diphcnic  acid 
with  excess  of  quick-lime.  It  crystallises  from  alcohol  in  large,  transparent,  pale- 
yellow  plates  or  thick  compact  crystals,  melting  at  83-5°-84°  and  boiling  above 
300°  ;  it  volatilises  slowly  with  vapour  of  water  ;  dissolves  in  cold  concentrated  sul- 
phuric acid  with  a  wine-red  colour ;  and  is  again  precipitated  by  water,  but  only  if  the 
solution  lias  not  previously  been  heated.  Diphenylene  ketone  introduced  in  small 
portions  into  fused  caustic  potash  is  converted  into  phenyl-benzoic  acid 
C''H'(C'H^).CO-H  ;  and  on  heating  the  calcium  salt  of  this  acid  with  quick  lime,  the 
ketone  is  regenerated,  but  at  the  same  time  a  small  quantity  of  diphenyl  is  produced, 
and  a  larger  quantity  of  the  latter  may  be  obtained  by  heating  the  calcium  salt 
without  quick  lime. 

Regarding  diphenylene  ketone  as  C'^H*0,  its  formation  from  diphenic  acid  is 
exactly  analogous.to  that  of  dimethyl  ketone  (common  acetone)  from  acetic  acid  : 


H-'O 


as  a  double  ketone, 

CO^ 

C^H^;^^      ^C^H',  think  that  diplicnyleno  ketone  maybe  Ijcttcr  represented  by 

the  double  formula  C-»H'''0=,  in  which  case  its  formation  from  phenyl-benzoic  acid 
will  be  analogous  to  that  of  anthraquiuone  from  benzoic  acid  : 

C'^H\H),C0(0H)  /C0\ 

=  C^H'/        ^C'lli  +  2U-0 

C«H\H).C0(0H)  \qO^ 

2  mols.  benzoic  acid.  Aiitbraquinoiie. 

C«H'(C«ff).C0(OH)  /COx 

=  C"ip.(cnp):;      ^:c«iP(C'^nn  +  21P0 

C«H\C8ff).C0(0H)  -co/' 

■2  mols.  phenyl-benzoic  acid.  Diphenylene  ketone. 

On  this  view,  diphenylene-ketone  is  d i phony l-anthraqui non e.  When  fu^odwith 
potash,  it  again  yields  phi^nyl-benzoic  acid,  just  as  anthraquiuone  is  resolved  by  the 
same  reaction  into  two  nii.lixul.  s  of  benzoic  acid  (see  Anthkaquinone.  pp.  94,  95). 

l>IPHEMrYI.EI?E  OXXUE,  C>=JP0.  This,  according  to  Hoffmeister  {Zcitschr. 
f.  Chcm.  [2].  vii.  24),  is  the  composition  of  the  supposed  phenyl  oxide,  C'-jE'"0, 
which  Lesimple  obtained  {Ann.  Ch.  rhar,a.  oxxNviii.  37.")).  by  distiUin  g  phenyl  phos- 


CH'.CO^H 

CH^^ 

>C0.  + 

CH'.CO'H 

2  mols.  acetic  neid. 

Dimethyl  ketone. 

C«H'.CO=H 

C«H^^ 

1 

1         J>CO  + 

C^H^.CO^H 

C«1F-^ 

Diphenic  acid. 

Diphenylene  ketone. 

Ostormayor,  however. 

who  regard  anthraqi 
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pliato  witli  excess  of  lime,  and  treating  the  oily  distillate  with  potash.  It  crystal- 
lises from  alcohol  in  fine  colourless  laminae  having  an  aromatic  odour,  melting  at  80°, 
and  resolidifying  at  61°  (Lesimple).  It  is  not  attacked  when  its  vapour  is  passed 
over  red-hot  zinc-filings.  Heated  to  220°  in  a  sealed  tube  with  phosphorus  penta- 
chloride,  it  is  converted  into  a  chlorinated  body  wliieh  crj'stallises  from  alcohol,  and 
melts  at  02°  (Hoffmeister). 

SXPHEIj-K-Xi  -  MSTH- 
Fig.  U.  AXTE.        See  Phe.nyi.- 

Mrthajtes. 

six>Hi:n"s-i.svx.psio- 

CAKBAiniDS,  N-"(CS)" 
(Csff  )''H=.    This  compound, 
treated  with  a  cold  solution 
of  nitrous  ether  in  alcohol 
(obtained     by  saturating 
cooled  absolute  alcohol  ^nth. 
nitrogen  trioxide)  is  instantly 
decomposed,   evolving  torrents  of  gas,  whieli  consists 
chiefly  of  nitric  oxide  and  is  free  from  carbon  dioxide  and 
oxysulphide.    Some  time  after  the  termination  of  the  ex- 
periment, the  liquid,  which  is  turbid  at  first,  becomes  per- 
fectly clear,  and  a  quantity  of  free  sulphur  is  deposited, 
exactly  equal  to  half  the  amount  contained  in  the  sul- 
phocarbamide  employed.    The  alcoholic  liquid  then  con- 
tains phenyl  sulphocyanate  and  triphenylguanidine,  nearly 
in  the  calculated  proportion.    The  decomposition  appears 
to  be  represented  by  the  equation  : 


2C"H'=N'^S  +  WO^  =  C'^H'^ 
-rH=0  +  2N0, 


according  to  which  the  action  of  nitrous  acid  in  alcoholic 
solution  is  perfectly  analogous  to  that  of  iodine,  chloride 
of  sulphur,  &c.  (Claus,  Dcut.  Chan.  Gcs.  Bcr.  iv.  143). 

DXS>HOSPKOCKX.OS£OPX.ATXTT0US  ACID. 

See  Platinum  Compounds. 

DlPHTHAIiIC  ACXS.    See  Phtualic  Acid. 


SXPBOPirX..  See  Pkopyl. 
BXSPERSXOSr.    See  Light. 


SXSSOCXATXOSf. 

-304). 


Chemical  Action  (pp.  292 


3}ISTXS.X.ATX03f.  Linuemann  {Ann.  Cli.  Niarm. 
clx.  195)  has  contrived,  for  fractional  distillation  ou  the 
laboratory  scale,  an  apparatus  founded  on  the  same  prin- 
ciple as  the  so-called  Bcphlegntators  iised  in  distillation 
on  the  manufacturing  scale,  the  vapour  which  rises  from 
the  boiling  liquid  being  partially  condensed  in  a  tube 
interposed  between  the  still  and  the  condenser,  so  that  the 
succeeding  portions  of  vapour  are  forced  to  pass  through 
this  previously  condensed  liquid,  whereby  they  undergo 
a  kind  of  washing.  .. 

This  is  effected  by  fixing  into  the  neck  of  the  distilla- 
tion flask  a  wide  vertical  glass  tube  (fig.  14),  into  which 
are  inserted  a  number  of  thimble-shaped  cups  made  of 
platinum  gauze,  the  shape  of  which  is  shown  at  a  b.  The 
gauze  of  which  these  cups  are  made  is  formed  of  plat- 
inum wire  about  the  thickness  of  a  horse-hair,  and  the 
meshes  are  about  f  of  a  square  millimeter  in  area.  The  cups  are  easily  formed  by 
stamping  square  pieces  of  tliis  wire  into  a  box-wood  mould.  To  facilitate  the  con- 
densation further,  a  bulb  is  blown  on  the  tube  after  every  two  or  three  of  the  cups. 
The  temperature  of  the  vapour  is  measured  by  a  thermometer  inserted  into  the  upper 
end  of  the  tube,  with  its  bulb  in  the  uppermost  enlargement.  The  lateral  tube 
leads  to  tlie  principal  condenser. 

The  tube  witli  six  cups,  represented  iu  the  figure  at  half  its  actual  size,  is  used 
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for  liquids  boiling  between  150°  and  180°;  for  those  which  boil  between  180°  nnd 
250°,  a  shorter  tube  with  two  bulbs  and  five  eups  is  used  ;  and  for  those  which  boil 
below  150°,  a  larger  one  with  three  bulbs  and  eight  cups. 

As  the  distillation  goes  on,  the  liquid  condenses  in  the  cups  and  in  the  bulbs,  faster 
than  it  can  run  back  througli  the  meshes  of  the  gauze  into  the  flask  ;  consequently  all 
ilie  vapoiu-  has  to  pass  through  this  condensed  liquid,  before  it  can  pass  oif  by  the 
side  tube  into  the  condenser.  To  prevent  too  great  an  accumulation  of  liquid  in  the 
cups  and  bulbs,  it  is  necessary  to  remove  the  flame  now  and  then,  and  sometimes  even 
to  cool  the  upper  part  of  the  tube  by  blowing  on  it. 

The  advantages  attributed  to  this  apparatus  are  twofold  :  1.  It  brings  the  purifi- 
cation of  organic  liquids  by  fractional  distillation  to  a  degree  of  perfection  hitherto 
unattained.  2.  It  gives  groat  exactness  to  determinations  of  boiling  point,  partly 
because  it  ensures  the  purity  of  the  distilled  liquids ;  and  partly  becanso  the  cooling 
influence  of  the  masses  of  metal  interposed  between  the  boiling  liquid  and  the 
thermometer  prevents  the  so-called  over-heating  of  the  vapour,  which  is  apt  to  take 
place  -with  the  apparatus  commonly  employed. 

To  ensure  the  purity  of  a  liquid  distilled  with  this  apparatus,  the  several  fractions 
are  to  be  weighed,  in  order  to  find  the  principal  fraction,  and  this  latter  is  to  be 
regarded  as  pure  only  -wlicn  the  loss  'whicli  it  suffers  by  repeated  distillation  does 
not  exceed  the  average  loss  which  occurs  in  the  process,  and  when,  after  all  parts  of 
the  apparatus  and  the  bulb  of  the  thermometer  have  been  thoroughly  lieated,  and  the 
mercm'y  has  attained  a  constant  height,  it  remains  at  that  heiglit  till  the  last  drop 
of  liquid  has  distilled  over,  and  falls  as  soon  as  the  quantity  of  vapour  left  in  the 
distillation  vessel  is  no  longer  sufficient  to  j'ield  any  lic[uid  distillate. 

As  an  example  of  the  use  of  the  apparatus,  Linnemann  describes  the  purification  of 
ethyl  iodide,  prepared  in  the  ordinary  way  by  tlit;  arlioii  of  iodine  and  phosphorus  on 
alcohol,  washed  with  potash-solution  and  vith  wulrv.  I  lien  distilled  with  water,  and 
dehydrated  by  phos^jhoric  anhydi-ide.  The  ci-udc  iudide  thus  obtained— yielded,  after 
repeated  distillation  of  the  secondary  fractions,  and  preservation  of  the  fractions 
boiling:  below  70-9°;  between  70-9°  and  71 '9°;  between  71 '9°  and  72-5°;  between 
72-6°  and  72-9°;  and  between  72-9°  and  74°,— the  twice  distilled  principal  fraction 
70'9°  to  71"9°  amounting  to  570  grams.  The  further  progress  of  the  distillation  is 
shown  in  the  following  toble  :— 


Fractional  DistiUation  of  Ethyl  Iodide. 


Weight  of  the  Fractions  in  Grains. 

1 

to  7i-G° 

b. 
71- G"- 

71-8°- 
71-9'' 

d. 
71-9°- 

/• 

72-;;°- 

Eesidiie 

Total 

Loss 

Fraction  70'9°- 
71-9°,  570  grams 
distilled  once 

./'  distilled  once 

21 
21 

39 
4i 

309 
379 

94 
100 

00 

1 

5 

3 

563 
562 

7 

1 

e  once 

5 

2-i 

47 

460 

558 

4 

d  and  e  once 

5 

42 

68 

402 

37 

654 

4 

d  once  more 

03 

88 

344 

51 

551 

3 

h  and  c  dehy- 
drated witii  P^O-^ 
and  distilled 
twice . 

5C 

27 

14 

384 

59 

540 

11 

(•,/,_(/ distilled  once 

27 

14 

417 

19 

533 

7 

[ 

78  p.c. 

Total  37grms 

lloucc  it  appears  that  670  grams  of  ethyl  iodide,  originally  boiling  at  70-9°  to  71-9° 
Yielded,  after  twelve  distillations,  in  which  37  grams  were  lost,  chiefly  by  evaporation, 
417  grams,  or  78  p.c.  of  iodide  boiling  between  71-9°  and  72-1°.  On  again  distilling 
this  quantity,  after  further  dehydration  with  phosphoric  anhydride,  only  8  grams 
wmt  over  at  71-9°,  but  393  grams  between  71'9°  and  72-1°;  and  of  this  quantity 
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360  grams  passed  over  at  72°.  This  point  may  therefore  Le  regarded  as  the  directly 
observed  boiling  point  of  the  ethji  iodide.  This  observation  -was  made  under  a  baro- 
metric pressure  of  730  mm.;  and,  by  reducing  this  to  the  pressure  of  760°,  and 
making  the  necessary  correction  for  the  temperatiu-o  of  the  portion  of  the  mercurial 
column  which  projected  above  the  condensing  tube  (for  the  details  of  which  the  original 
paper  must  be  consulted),  Linncmann  calculates  that  the  true  boiling  point  of  ethyl 
iodide  is  72-38°. 

For  determinations,  by  this  method,  of  tlie  boiling  points  of  homologous  organic 
compounds,  see  p.  203. 

On  the  Theory  of  Fractional  Distillation,  see  Wanklyn  {Phil.  Mag.  [4].  xlv.  129) ; 
aiso  J.  C.  Glashan,  ibid.  373. 

Pierre  a.  Puchot  ( Cojk^/.  rend.  Ixxiii.  443,  599)  have  made  experiments  on  the  dis- 
tillation of  mixtures  of  liquids  insoluble  one  in  the  other.  In  this  case  the  tempera- 
ture of  ebullition  and  the  relative  quantities  of  the  two  liquids  in  the  distillate  remain 
nearly  constant.  In  the  distillation  of  a  mixture  of  water  and  amyl  valerate,  the 
temperature  of  ebullition  was  found  to  remain  constant  at  100°,  and  13  volumes  of 
water  distilled  over  constantly  to  7  volumes  of  amyl  valerate. 

In  the  distillation  of  a  mixture  of  amylio  alcohol  and  water,  ebullition  commences 
at  96°,  and  remains  nearly  constant  at  this  point  for  a  considerable  time.  Moreover, 
so  long  as  the  temperature  remains  constant,  the  volumes  of  water  and  of  amylie  alcohol 
condensed  during  any  given  time  are  invariably  in  a  constant  ratio,  viz.  2  to  3 ;  and 
the  temperature  does  not  begin  to  rise  until  either  the  water  or  the  alcohol  has  wholly 
distilled  over,  leaving  a  surplus  of  alcohol  or  of  water  (as  the  case  may  be)  in  the 
retort.  If  the  water  was  originally  more  than  two-thirds  of  the  volume  of  the  alcohol, 
the  temperature  rises  to  100°  as  soon  as  the  whole  of  the  alcohol  has  distilled  over; 
but  if  less  than  the  two-thirds  of  water  was  originally  present,  the  boiling  point  rises 
to  130°  as  soon  as  the  whole  of  the  water  has  distilled  over,  the  residue  consisting 
wholly  of  amyl  alcohol. 

Butyl  alcohol  [of  fermentation]  gives  similar  results,  the  volumetric  ratio  in  this 
case  being  1  of  water  to  5  of  the  alcohol.  The  mixture  boils  constantly  at  90'5°,  i.e. 
9'5°  below  the  boiling  point  of  water,  and  17'5°  below  that  of  isobutyl  alcohol. 

Wien  a  mixture  of  water,  butyl  alcohol,  and  amyl  alcohol  is  distilled,  the  tempera- 
ture of  ebullition  is  not  constant,  but  regularly  rises,  always,  however,  remaining 
between  95°  and  96°,  and  being  higher  as  the  quantity  of  amyl  alcohol  present  is 
larger.  The  relative  volume  of  water  wliicli  distils  over  also  increases  continually, 
being,  however,  always  greater  than  ^th  of  the  total  volume  which  passes  over,  and 
less  than  gths  ;  i.e.  between  the  relative  numbers  found  with  butyl  alcohol  and  water, 
and  with  amyl  alcohol  and  water. 

Distillation  of  over-heated  ifjwjWs.— Berthelot  remarks  that  over-heated  liquids  not 
in  the  state  of  ebullition  by  no  means  cease  to  distil,  but,  on  the  contrary,  often  distil 
more  rapidly  than  during  ebullition.  In  distilling  oil  of  turpentine,  for  example, 
under  diminished  pressure,  the  distillation  might  be  advantageously  accelerated  by 
cautiously  diminishing  the  pressure  after  the  boiling  has  ceased.  Many  liquids  behave 
in  the  same  way  when  heated  in  open  vessels ;  thus  ethyl  bromide,  which  ordinarily 
boils  at  38-5°,  may  be  heated  to  61°  without  entering  into  ebullition.  A  liquid  in 
such  a  state  may  be  brought  by  agitation  into  sudden  explosive  ebullition,  the  tem- 
perature ftilling  at  tlie  same  time.  Drops  of  such  liquids  often  float  about  on  the 
surface  {Bull.  Soc.  Chim.  [2],  xiii.  315). 

SXURAIVIXDES  (E.  Mulder,  Dent.  Chcm.  Gcs.  Bcr.  v.  1011).  DlglycoUamic 
Divriiiinil,'  (]Sll-.(;O.NH.C0.CH2)=NH,  is  produced,  together  with  other  products 
(apparently  umidaeotyl  urea  and  hydantoin)  by  the  action  of  ammonia  on  bromacetyl 
urea  at  the  heat  of  the  water  bath : 

2(NH=.C0.NH.C0.Cff-Br)  -^  NH»  =  2HBr  H-  (NH2.C0.NH.C0.Cff)=NH. 
AVhen  tlie  solid  substance  which  separates  out  on  cooling  is  recrystallised  from  water, 
dissolved  in  hydrochloric  acid,  precipitated  by  ammonia,  redissolved  in  hydrochloric 
acid,  and  treated  with  platinic  chloride,  a  platinochloride  is  obtained  in  needles  or 
prisms  having  the  composition  2[(NH=.CO.NH.CO.CH-)2NH.HCl].PtCP ;  and  this 
platinum  salt,  treated  with  sal-ammoniac,  yields  diglycoUamic  diuramide  in  the  free 
state,  as  a  colourless  crystalline  body,  insoluble  in  alcohol  and  moderately  soluble  in 
hot  water. 

The  residue  left  when  the  crude  product  of  the  preceding  reaction  is  treated  with 
hydrochloric  acid  yields,  on  recrystallisation  from  water,  a  compound  which  appears 
to  be  triglycollamie  triuramide  (NH-.CO.NH.CO.CH-)'N. 
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DXX7I.TI.  COIVXPOVXTSS.    See  Xyltl  Compounds. 

SOIiERXXE.  Petersen  {Jahrhuchf.  Minerdoc/ic,  1869,  36)  and  Sandberger  {ibid. 
1870,  20.J)  p  gard  dolerite  and  anamosite  as  merely  structural  varieties  of  the  same 
roek-formation,  and  separate  basalt  from  tliem  as  a  eliemically  different  rock.  Sand- 
berger regards,  as  a  distinguishing  character  of  the  two  former,  the  sparing  occurrence, 
or  total  absence,  of  magnetic  iron  ore,  and  its  replacement  by  hexagonal  titanic  iron 
ore. 

H.  Mohl  {ibid.  1871,  885)  has  analysed  the  dolerite  and  tachylyte  of  the  Sababerg 
in  Hesse,  a  basaltic  mountain  overlooking  the  sandy  table  land  of  the  Eoinhardswald 
between  the  Oberweser  and  the  mouth  of  the  Diemel,  and  consisting  mainly  of  a  true 
felspathic  dolerite,  together  wdth  tachylytio  and  basaltic  rocks.  The  dolerite  («)  and 
taeliylyte  {b)  have  the  following  composition  : 

SiO=     TiO=    APO'    Fc=0=    FeO    MnO    C.iO     MO     K=0    Na"0  P=0''  H'O 
a    51-02    1-26    16-42   3-92   7-88   0-33   7-23   2-08    1-35  4-23    0  83   1-21  =  101-39 
b    51-93   0-28   19-36   3-68  6-48   0-06   6-27    2-10   0-73  3-14   0-04   2-10=  99-29 

BOZiXVnX.    The  saliva     Bolium  Galea  contains  in  100  parts  by  weight: 

SulphiU'ic  acid,  free   3-42  3-30 

Sulphuric  acid,  combined         ....  0-20  0-15 

Hydrochloric  acid,  combined     ....  0-58  O'OO 

Other  substances,  organic  and  inorganic   .       .  l-(i8  2-35 

Water   94-00  93-00 

A  comparison  of  tlic  weights  of  the  animals  with  those  of  their  shells  and  of  the 
salivary  glands,  gave : 

I.  II. 

Molluscs   1305  620 

Shells   550  255 

Glands   850  80 

(Paneeri  and  de  Luea,  5(7/.  Am.  J.  [2]  xlix.  421). 

DOXOItlZTE.  This  rock  is  commonly  regarded — independently  of  accessory 
constituents  amounting  to  2  or  3  per  cent. — as  a  double  carbonate  of  magnesium  and 
calcium  having  the  same  composition  as  bitterspar,  viz.  CaCO'.MgCO'.  Kersten, 
who  analysed  96  dolomites,  concluded  that  in  crystallised  dolomites  this  proportion 
always  holds  good.  According  to  other  authorities,  however,  this  is  not  always  the 
case,  and  G-.  Bischof  found  that  in  dolomites  whose  composition  only  approximates  to 
the  formula  above  given,  the  magnesium  carbonate  is  always  below,  and  the  calcium 
carbonate  always  above  the  calculated  quantity.  Experiment  likewse  shows  that  in 
non-crystallised  dolomites,  the  two  carbonates  are  present  in  very  varying  proportions, 
the  calcium  carbonate  however  always  predominating.  Rammelsberg,  from  a  compari- 
son of  the  pulilishod  analyses  of  dolomites,  deduces  the  three  following  formulee  : 


a 

b 

aico'.Mgco^ 

SCaC0\2MgC0' 

2CaC0  .MgCO"- 

100 

or  51-34 

100       or  64-10 

100 

or  70-42 

84 

or  45-66 

66       or  35-90 

42 

or  29-58 

184 

100  00 

156  100-00 

142 

100  00 

He  however  points  out  distinctly  that  these  simple  stoi'chiometrical  relations  hold 
good  only  for  the  purer  forms  of  dolomite. 

The  action  of  water  containing  carbonic  acid  on  dolomites,  differs  according  to  their 
composition.  Bischof's  experiments  show  that  from  dolomites  containing  not  more 
than  1 1  p.c.  magnesium  carbonate,  caxbonic  acid  water  extracts  only  calcium  carbonate, 
and  hence  it  is  probable  that  dolomites  having  the  composition  b  or  c  would  yield  to 
carbonic  acid  water,  chiefly  calcium  carbonate,  and  but  little  magnesium  carbonate. 
From  dolomites  of  the  normal  constitution  a  on  the  other  hand,  carbonic  acid  water 
takes  up  the  whole  without  separation,  and  according  to  Bischof,  deposits  it  again  in 
the  form  of  bitter  spar.  Hence  he  infers  that  dolomites  containing  druses  of  calc  spar 
are  imperfect  dolomites,  still  in  course  of  formation,  whereas  those  which  contain 
crystals  of  bitter  spar  are  perfectly  formed. 

According  to  these  results,  the  condition  of  a  dolomitic  formation  may  be  inferred 
from  the  composition  of  the  spring  waters  which  issue  from  it,  provided  these  waters 
have  not  previously  passed  through  other  strata  from  which  they  can  take  up  any 
soluble  ingredients.  Such  is  the  cnse  with  the  dolomitic  springs  of  that  part  of  the 
Franconian  Jurassic  formation  known  as  the  Franconian  Switzerland. 
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The  valleys  in  this  locality  abound  in  springs,  whereas  the  high  taLle-lands  aro 
almost  destitute  of  water,  the  rain  -which  falls  on  them  percolating  quickly  through 
the  porous  and  fissured  rocks,  and  issuing  in  tlie  valleys  in  the  form  of  springs. 

The  water  of  a  considerable  number  of  these  springs  has  been  analysed  by  Gorup- 
Besanez  {Ann.  Ch.  Pharm.  viii.  Supplement-band  230).  Tlie  only  important  constituents 
aro  calcium  carbonate,  magnesium  carbonate,  and  silica,  while  chlorine,  iron,  alkalis, 
and  bituminous  organic  matter  occur  only  in  minute  quantities. 

Many  of  these  springs  are  pure  dolomite  waters,  their  percentage  amounts  of  calcium 
and  magnesium  carbonates  agreeing  closely  -^vith  those  of  dolomites  occurring  in  the 
neighbourhood:  these  dolomites  in  fact,  gave  by  analysis  57'32  and  57'21  p.c.  CaCO'', 
and  42-68,  and  42-79  MgCO^  while  the  mean  of  the  water-analyses  gave  68-71  CaCO^ 
and  41-29  MgCO'.  Some  of  the  waters,  however,  differed  widely  from  these  numbers, 
cont:iining  as  much  as  88  or  89  p.c.  CaCO^  to  12  or  11  MgCO',  and  in  the  case  of  two 
other  springs,  70  and  68  p.c.  CaCO^  to  30  and  32  MgCO^. 

The  occurrence  of  true  dolomitic  springs  in  tlie  immediate  neighbourhood  of  dolo- 
mite rock  of  normal  competition,  corroborates  Bischof  s  view,  that  water  containing 
carbonic  acid  dissolves  true  dolomites  in  fixed  proportions,  forming  a  solution  from 
■which  by  quick  evaporation,  a  residue  may  be  obtained,  having  the  composition  of  the 
original  dolomite.  This  is  further  corroborated  by  the  experiments  of  Gorup-Besancz, 
on  the  amounts  of  calcium  and  magnesium  carbonates  taken  up  from  dolomite  by 
carbonated  water  in  5  to  8  and  in  21  days. 

From  further  experiments  by  the  same  chemist,  it  appears,  however,  that  although 
carbonated  water  takes  up  from  normal  dolomites,  fixed  relative  quantities  of  calcium 
and  magnesium  carbonates,  the  solution,  wheii  left  to  evaporate  slowly,  first  deposits  a 
large  quantity  of  the  calcium  carbonate,  while  the  magnesium  carbonate  is  deposited 
only  after  long  evaporation.  Gorup-Besanez  finds,  moreover,  that  carbonated  water 
takes  up  fixed  relative  quantities  of  the  two  carbonates  from  imperfect  as  well  as  from 
perfect  dolomites,  but  that  in  no  case  is  crystalline  bitter-spar,  ever  deposited  from 
.such  a  solution  on  evaporation.  He  tlierefore  dissents  from  Bischof's  conclusion,  that 
a  dolomite  containing  druses  of  bitter-spar  is  necessarily  a  perfectly  formed  dolomite. 

The  geological  formation  of  dolomite  is  not  yet  completely  understood,  but  the 
preceding  facts  seem  to  militate  against  Bischof's  theory,  that  when  magnesium 
limestone  is  subjected  to  the  action  of  carbonated  water,  nothing  but  calcium  carbonate 
is  dissolved  out  till  the  molecular  proportion  ICaCO' :  iMgCO^,  belonging  to  true 
dolomite,  is  attained. 

All  the  dolomites  of  the  Francoaian  Jurassic  formation  aro  found  by  spectroscopic 
examination  to  contain  lithium. 

B-a-lCITAMSIffB,  C'H'^NO^  (G.  Bouchardat  Compt.  rend.  Ixxiv.  1406).  A 
liaso  produced  liy  heating  1  part  of  monochlorhydric  dulcitan  C''H"C10''  or  of 
tliclilorliydric  (or  dibromhydric)  dulcite,  C*H!=CPO*,  with  10  parts  of  alcoholic  am- 
monia to  100°  for  six  hours. 


The  dulcitamine  hydrochloride  may  be  dissolved  out  by  absolute  alcohol  and 
precipitated  in  long  needles  by  very  gradual  addition  of  ether.  This  salt  is  very 
soluble  in  alcohol  or  water,  very  slightly  in  ether-alcohol.  The  aqueous  solution  is 
neutral  and  has  a  faintly  sweet  taste.  Treated  with  silver  oxide,  it  yields  free 
dulcitamine  as  a  powerful  base  analogous  to  glyceramine,  strongly  blueing  litmus, 
expelling  ammonia  from  its  combinations,  absorbing  carbon  dioxide  from  the  air,  and 
forming  by  evaporation  an  uncrystallisable  syrup,  which  gives  with  acids  neutral 
salts  crystallising  with  difficulty.  The  hydrochloride  forms  with  platinic  chloride 
orange-yellow  needles  of  the  salt  2(C°H'^N0^.HCl).PtCr',  very  soluble  in  water  and 
absolute  alcohol,  but  not  in  ether,  decomposed  by  heating,  with  a  smell  of  burnt 
sugar  and  burnt  horn.    Auric  chloride  gives  a  difficultly  crystallisable  compound. 

DlTItClTB,  C^Hi'D"  =  (C«H8)"(0H)"  (Bouchardat,  Ann.  Chim.  P/u/s,  [4],  xxvii. 
68  ;  Comj).  rend.  Ixxiii.  199  ;  Ixxiv.  665,  866,  1406  ;  Bidl.  Soc.  Chim.  [2],  xviii.  115). 
This  saccharine  substance,  isomeric  with  maunite,  is  produced  by  the  action  of  sodium 
amalgam  on  milk-sugar,  on  inverted  milk-sugar,  and  on  galactose,  the  glucose  of 
milk-sugar : 


An  aqueous  solution  of  galactose  is  acted  upon  by  2  p.c.  sodiuna  amalgam,  the  liquid 
being  neutralised  by  dilute  sulphuric  acid  from  time  to  time;  at  the  termination  cf 
the  reaction,  the  liquid  is  exactly  neutralised  by  acid,  and  the  greater  part  of  the 
sodium  sulpihate  removed  by  crystallisation,  the  last  portions  by  mixing  the  solution 


CHi'ClO^  -1-  H-0  +  =  CH'^NG'.HGl 

C^H'-Cl-O^  +  H-0  -1-  2NH3  =  CH'^NGMICl  -i-  NH'Cl. 


C^H'^O"  -I-  H=  =  C«H'^0» 

Galactose.  Dulcite. 


C'2H"0"  +  2H-  +  II-O  =  2C'=H"G'. 

Milk-sugar.  Dulcite. 


DULCITE. 
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with  twieo  its  volume  of  strong  ;ileoliol.  It  is  tlion  filtered  anj  concentratoil  to  the 
coiisisteneo  of  a.  syrup.  After  some  time  small  crystalline  warty  {^'I'oujis  separate  out, 
which  may  bo  removed  and  drained  on  filter-paper  ;  a  further  <ju:! !il  il y  1 1;  i  i-y>tals  is 
deposited  on  leaving  the  liquid  at  rest.  The  substance  thus  obtaim  d  is  n  adily  purified 
by  recrystallisation  from  water;  on  analysis  it  gave  39'3  and  '.i'j'l  p.c  of  carbon, 
7'8o  and  7'0  p.c.  of  hydrogen,  the  theoretical  numbers  for  dulcito  being  39'o  p.c. 
carbon,  and  7"7  p.c.  hydrogen.  The  crystals  ara  gritty  between  the  teeth,  but  scarcely 
saccharine  in  taste;  they  are  not  ferjnentable  ia  cnntacr.  witli  beer-yeast;  th(!y  melt  at 
187°,  pure  dulcite  melting  at  188-0°  ;  they  are  very  .-liJitly  snlubh'  ia  >n -.n- aleohol ; 
100  parts  of  wafer  at  21°  dissolve  i-l  parts,  pm'e  duleilr  1 1 1  -  .1  \  in;'  i.>  ihc  cvlunt  of 
;>■()  to  3'7  parts,  the  differonco  being,  doulitless,  dra^  I'l  sii-Ii:  iai|aiia,  \.  Tlic  solution 
of  llie  artiliaially  ].i-epai-ed  subslaiica  lias       apprariabl-'  aalaai  mi  p..|ansra  li-lit.  It 

is  nol  lii'DW  il  nil  Inaliiiu' with  [iiilash  :  nail  hia- di  us  il  ri'daaa  .a  r!;;a-n-]H.fa'-sii' stjlution. 

Treal-tl  wilh  diluia  mliae  acid,  ityalds  .•ryM.-ils  >.f  iiiucir  .aaid.  All  lliv<n  cliaracters 
show  that  the  substance  obtaiia-.l  by  liyJro;^aMal  ion  df  ^al  a-lnse  is  identical  with 
natural  dulcite  from  the  manna  nf  ,\laila-a:-aar  an.l  fi-nai  M'  :<i hi pt/nim  nei/iorosnm. 

Milk-sugar,  treated  inlilva  manma-  -\\alli  sudiain  anial;j;ani  cnutaining  4  p.c.  sodium, 
likewise  yields  dulcito  in  monoclinic  crystals,  liic  angh's  of  which  agree  exactly  with 
those  of  the  crystals  of  natural  dulcite  (ii.  319).  The  mother-liquors  contain  lactic 
acid.  Inverted  milk-sugar  yields  dulcite  togetlier  with  mannite,  the  latter  crystal- 
lising in  silky  needles  from  the  mother-liquors  of  the  dulcite. 

Ethers  of  Dulcite.  1.  Haloid  Ether s.—Dwlciti,  dissolves  easily  in  aqueous 
hydrochloric  acid  (saturated  at  0°)  with  slight  decrease  of  temperature,  and  the  solution 
left  to  itself  for  2-1  hours  deposits  bulky  crystals  of  the  hyd roc li  I  n ri  d  a,  C^il'^O". 
IICl  -1-  3H-'0.  This  compound  is  very  unstable,  and  can  exist  oiil\  la  an  alaiosphere 
saturated  with  hydrochloric  acid;  the  crystals,  wdien  exposed  to  a  > airi  al  ui  air,  give 
ofFthe  whole  of  their  hydrochloric  acid.  Tlie  hydrobromide  and  liydriodido  are 
similarly  constituted,  and  somewhat  more  stable. 

2.  Acetic  Ethers. — Dulcite  submitted  to  the  action  of  acetic  acid  prodiices  a  great 
number  of  neutral  compounds,  some  of  which  are  ethers  of  dulcite  having  the  general 
formula — 

CWO"  +  nC-ll'O-  -  «H-'0; 
wliile  others  are  ethers  of  dulcitan,  C"H'-0^  having  tlie  general  formula — 
C'-H"0"  +  nCm<0-  -  {n  +  1)H=0. 

Biacdo-didoite,  C'"H'80«  -  (C«H«)"  j  ^^q^'^^'*^^'.— Crystalline  scales,  fusible  at 

17G°,  volatile  without  residue  on  ignition  ;  inodorous,  insipid,  slightly  soluble  in  cold 
water,  alcohol,  or  ether,  soluble  in  lukewarm  water  ;  saponified  by  dilute  alkalis. 

((OCqPOf 

Biaceto-duIcUan,C^'>lV^O'  =  {G'''5iyU{0'Rf       .  — Volatile  without  residue  on 
(O" 

ignition ;  tastes  very  bitter ;  soluble  in  water,  alcohol,  and  ether.  At  the  ordinary 
temperature  this  substance  is  a  colourless  liquid,  of  the  consistence  of  oil  beginning  to 
congeal. 

Hcxaccto-dulcite,  C"lP«0'=  =  (C'''1I^)'''(0C2IP0)".— Hard,  friable,  crystalline  plates, 
fusible  at  171°  ;  sublimes  at  200°-220°  without  alteration  of  its  chemical  composition. 
The  sublimed  product  acquires  for  a  time  different  properties,  but  gradually  resumes  its 
former  state. 

Tctraccto-dulcitan,  C"H-»0!'  =  (O^H')".*^^,^"-^^'*^)'.     Colourless  and  resinous  in 

appearance  ;  sublimes  without  residue  ;  insupportably  bitter  ;  has  a  disagreeable  odour 
when  warm;  nearly  iusolublo  in  water,  soluble  in  alcohol  and  ether;  saponified  by 
alkali. 

FentacctomonocMorhydro-didcite,  C"^H"C10'"  =  (C''H')"|[.*^'-''-'^'^^'',  obtained  by 

acting  on  dulcite  with  a  mixture  of  acetic  and  hydrochloric  acids,  is  an  unstable  com- 
pound, which,  when  heated  in  water,  decomposes  into  pontaceto-dulcits,  and  hydro- 
chloric acid. 

Peaiaccto-dulcitc,  C'"H--'0"  =  (C<'H8)"|[^"-'^''^)'-— Crystalline  body  with  proper- 
ties very  similar  to  those  of  hcxaceto-dulcite,  but  less  soluble  in  alcohol  and  ether. 
Heated  for  a  long  time  to  about  200°,  it  is  partially  transformed  into  pentaceto-dul- 
citan,  with  separation  of  water. 

3.  Benzoic  Ether s.—Hcxbcn:odiddtc,  C'lI-^O'-  =  (C'=H»7i(0C"IP0)=.— When 
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1  mol.  dulcite  is  heated  to  150°  with  8  mols.  benzoyl  chloride  containing  benzoic  acid, 
hydrochloric  acid  is  evolved  and  the  dulcite  dissolves.  The  temperatiire  is  then  raised 
to  200°  ;  the  excess  of  benzoyl  chloride  expelled  by  a  current  of  carbonic  anhydride ; 
two  volumes  of  alcohol  added  for  one  of  the  liquor,  and  the  whole  again  heated.  After 
some  days  small  crystals  are  deposited,  which,  after  another  crystallisation  from 
alcohol,  consist  of  pure  hexbenzodulcite.  This  body  is  solid  and  without  taste  or 
odour  at  ordinary  temperatures.  It  melts  at  147°,  is  quite  insoluble  in  water  or  ether, 
and  only  slightly  soluble  in  alcohol.  When  heated  to  200°  and  suddenly  cooled,  it 
becomes  amorphous,  in  which  state  it  is  much  more  soluble  in  alcohol,  and  even  soluble 
in  ether.  After  a  few  minutes,  however,  crystiils  are  deposited  from  these  solutions, 
having  all  the  properties  of  ordinary  hexbenzodulcite.  Hexbenzodulcite  is  difficultly 
saponifiable.  When  it  is  treated  with  nitrosulphairic  acid,  the  benzoic  radical  is 
attacked  and  hexnitrobenzodulcite  is  formed,  which,  when  acted  on  by  sodium- 
amalgam  in  presence  of  alcohol,  furnishes  dulcite  and  sodium  amidobenzoate. 

Tetrahenzodulciian,  C^iH^sQ"  =  (CH^)"  j  ^qP''^'^^'-— When  the  mother-liquor  ob- 
tained in  the  preparation  of  hexbenzodulcite  is  agitated  with  ether  and  sodium  car- 
bonate, and  two  volumes  of  alcohol  are  added  to  one  of  the  liquor,  a  resinous  precipitate 
is  formed,  which,  after  drying  at  140°,  has  the  composition  of  tetrabenzodulcitan.  Like 
hexbenzodulcite,  it  is  solid  and  without  taste  or  smell  at  the  ordinary  temperature  ;  is 
insoluble  in  water,  and  only  slightly  soluble  in  alcohol ;  but  differs  from  that  body  in 
emitting,  at  160°,  an  odour  of  benzoic  ether,  in  volatilising  witliout  blackening,  and 
in  being  very  soluble  in  ether.  It  is  saponified  with  difficulty.  Nitrosulphuric  acid 
apparently  converts  it  into  a  nitrobenzodulcitan. 

DVPZiOSUXiPHACZSTOXTE,  C^H'^S^.    See  Sulphacetone  {\st  Suppl.  1047). 
BUST,  VOXiCAXrxC.    See  Volcanic  Emanations. 

BVaAirCXTE,  An  orange-coloured  mineral  occurring  with  tinstone  and  topaz, 
near  Durango  in  Mexico.  It  becomes  transiently  black  when  heated,  and  at  a  higher 
temperature  yields  a  yellow  glass  and  a  scanty  white  sublimate,  etching  the  glass  at 
tho  same  time ;  on  charcoal  it  gives  the  reactions  of  arsenic  with  iron  and  manganese. 
It  is  partly  decomposed  by  liydrochloric  and  nitric  acids,  completely  by  sulphuric  acid, 
with  evolution  of  hydrofluoric  acid.  The  quantity  of  fluorine  in  the  mineral  is  con- 
siderable, but  could  not  be  determined  on  account  of  the  smallness  of  tho  quantity 
available  for  analysis.    Hardness  =  5.    Sp.  gr.  =  3-95-4'03. 

As»0=         APO=         Fo=0^       MuO         Na^O         Si=0  F. 

.55-10       20-68       4-78       1-30       11-66       0-81  undetermined 

55-22       20-09       6-06       1-28       11-80       0  70 

The  mineral  consists,  therefore,  of  an  arsenate  with  a  fluoride,  corresponding  with 
amblygonito  among  the  phosphates.  The  degrees  of  oxidation  of  the  iron  and  man- 
ganese are  hypothetical  (G.  J.  Brush,  Sill.  Am.  J.  [2],  xlviii.  179).  The  crystals, 
according  to  measurements  by  J.  M.  Blake,  are  monoclinic,  exhibiting  the  faces 
ooP,  ±  2P,  —  P,  ooPoo,  4P  00 ,  and  agreeing  nearly  in  the  magnitude  of  the  angles  and 
in  type  with  j-ttrotitanite.  Cleavage  parallel  to  ooP  at  an  angle  of  110°  10'  (in  jttro- 
titanite  at  114°). 

SYWAKCXTEa  This  name  is  applied  to  various  mixtures  of  nitroglycerin  -with 
earthy  substances.  The  original  dynamite  prepared  by  Nobel  {I)ingl.j)ol.  J.  xc.  124), 
consists  of  nitroglycerin  mixed  -with  ^  of  its  weight  of  porous  silica  {infusorial  silica, 
Kieselguhr).  It  is  said  to  exhibit  tho  full  power  of  the  nitroglj-cerin  contained  in  it, 
and  to  have  the  advantage,  on  account  of  its  pasty  consistence,  of  filling  the  bore-holes 
completely  without  overflowing,  and  to  be  less  dangerous  both  in  carriage  and  in 
manipulation. 

The  superior  safety  in  the  use  of  dynamite  has  been  confirmed  by  the  experiments 
of  V.  Wolfskron  {ibid,  cxcii.  174),  and  of  BoUey,  Pestalozzi  and  Kundt  {ibid,  cxciii. 
140).  The  latter,  however,  recommend  that  dynamite  should  not  bo  hermetically 
enclosed  in  metallic  or  other  very  solid  receptacles,  since  it  explodes  when  heated  in  a 
brass  case  tightly  screwed  or  closed  -vAth.  a  cork,  also  by  a  hard  blow  when  placed 
between  two  metal  plates.  From  100  parts  of  dynamite,  strong  alcohol  extracted 
76-6  parts  of  nitroglycerin. 

H.  Schwarz  {ibid.  cev.  429)  found  in  two  samples  of  explosives  called  dj'namite  the 
following  materials : — 

No.  ],  strong.      No.  2.  weak,  for  coal -blasting. 
Nitroglycerin       ....       67-6  56-9 
Chalk  and  sawdust       .       .       .       30-11  42-13 
Moisture  and  loss        .       .       .        2-39  0-97 
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Experiments  outhe  relative  explodibility  of  nitroglycerin  and  varluus  kiiuLs  of  dyna- 
mite have  been  made  by  Girard,  Millat  and  Nogt  {Moniteur  svkittijlque,  xiii.  68) ;  on 
dynamite  and  its  use  in  war  by  P.  Champion  {ibid.  91 ) ;  and  on  the  use  of  dynamite  fur 
breaking  np  large  castinirs,  by  P.  Champion  {Compt.  rend.  Ixxii.  770).  See  alsu 
Chcm.  Hoc.  J.  [2]  ix.  766-772. 

SYSI.VTE.    See  Eulyte. 


E. 

SAaTHirTTT  OXIi.  This  oil,  expressed  in  the  cold,  contains  about  4-5  p.c.  of 
ar.icliiilic  acid  ;  that  expressed  with  the  aid  of  heat  contains  about  5  p.c.  It  is  some- 
t;iiii's  usid  to  adulterate  olive-oil,  and  its  presence  may  be  detected  by  separating  out 
the  araehidie  acid.  For  this  purpose  the  oil  is  saponified ;  the  soap  decomposed  by 
hydrochloric  acid;  the  resulting  fatty  acids  converted  into  lead  salts;  the  oleate 
of  lead  is  removed  by  ether  ;  and  the  remaining  salts  are  again  decomposed  by  hydro- 
chloric acid.  The  fatty  acids  are  then  dissolved  in  alcohol  of  90°,  and  the  solution  is 
left  to  cool.  If  earthnut  oil  be  present,  abundant  crystals  of  araehidie  acid  will  soon 
bo  seen  to  form.  The  crystals  are  washed  with  alcohol  of  70°,  in  which  they  are  per- 
fectly insoluble,  dissolved  in  boiling  absolute  alcohol,  and  the  solution  is  evaporated 
to  dryness  and  weighed.  In  reckoning  the  amount  of  araehidie  acid  obtained,  nllow- 
nnce  must  be  made  for  the  quantity  dissolved  by  the  alcohol.  100  parts  of  00  p.c. 
alcohol  dissolve  0'25  of  araehidie  acid.  The  process  does  not  succeed  with  a  mixture 
containing  less  than  4  p.c.  of  earthnut  oil,  but  with  a  10  p.c.  mixture  the  amount  may 
bo  ascertained  ■within  1  p.c.  of  the  truth  (A.  Pienard,  C'o//qjt.  rend.  Ixxiii.  1330). 

ECBOXiXin:.    See  Ergot. 

ECC.    On  the  nuclear  structures  of  tlic  yolk  of  the  Jieu's  egg,  sec  Nuclkin. 
EKIiXTZa,    A  hydratod  cupric  phosphate  from  Cornwall  (see  Phosphates). 
EXiDER  OXt.    See  Oils,  Volatile. 
EXiECAMPAHE  XNVI.IZr.    See  IxNULin. 

EXiECTRXCXTV.  Electromotive  Force  developed  by  the  Contact  of 
Mc/dlg,  and  the  Modification  of  that  Force  by  Heat  (Edlund,  Pogg.  Ann. 
cxxxvii.  474  ;  cxl.  435  ;  cxliii.  404,  534.  Phil.  Mag.  [4]  xxxviii.  263  ;  xliii.  81,  213, 
264). — It  was  observed  by  Peltier,  in  1834,  that  when  an  electric  current  is  passed 
through  the  point  of  conUict  of  two  different  metals,  that  point  becomes  heated  or 
cooled  according  as  the  direction  of  the  current  is  opposed  to  or  coincides  with  that 
which  would  be  developed  by  the  contact  of  the  metals.  The  qiumtity  of  heat  thus 
absorbed  or  developed  has  been  shown  by  Edlund  to  bo  proportional  to  the  product  of 
the  strength  of  the  current  into  the  electromotive  power  of  the  metallic  couple,  which 
may,  therefore,  bo  determined  by  measuring  the  quantity  of  heat  absorbed  or  developed 
by  a  current  of  known  strength. 

With  an  apparatus  constructed  on  this  principle,  for  the  description  of  which  wa 
must  refer  to  Edlund's  paper  {Pogg.  Ann.  cxliii.  404,  534),  the  following  results  have 
been  obtained  : — 

1 .  The  electric  tension  series  of  the  metals,  as  determined  by  electroscopic  experi- 
ments by  Volta,  P^clet,  and  others,  exhibits  no  immediate  relation  to  the  electromotive 
forces  developed  by  the  contact  of  the  metals  :  consequently,  the  amount  and  nature 
of  these  forces  cannot  bo  determined  from  the  electric  tension  series.  It  appears 
jirobable,  also,  that  the  electric  tension  depends,  not  entirely  on  tlie  contact  buiwecn 
the  two  metals,  but  also  on  the  film  of  gas  or  water  condensed  on  their  surfaces. 

2.  Tho  order  of  the  metals  in  the  electromotive  series  is  the  same  as  that  in  the 
thermo-electric  series. 

3.  Tho  electromotive  force  for  the  combinations  of  copper  with  iron,  cadmium,  zinc, 
silver,  gold,  lead,  tin,  aluminium,  platinum,  palladium,  and  bismuth,  increases  with 
the  temperature  when  the  experiments  take  place  at  a  temperature  not  exceediii<' 
+  30°. 

4.  The  thermo-electric  forces  which,  at  a  given  difl!erence  of  temperature,  arise  in 
different  metallic  combinations,  are  not  proportional  to  tho  electromotive  forces  of 
those  same  metallic  combinations. 

6.  If,  with  the  aid  of  the  second  fundamental  principle  of  the  mechanical  theory  of 
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heat,  -we  calculate  the  modifications  undergone  hj  the  electromotive  forces  of  contact 
in  consequence  of  the  increase  of  temperature,  results  are  obtained  which  do  not  agree 
with  experiment. 

According  to  Crova  (Ccmpf.  rend.  Ixviii.  440)  the  electromotive  power  of  voltaic 
batteries  with  t'n'O  liquids  varies  with  their  temperatures,  decreasing  as  the  tempora- 
ture  rises  in  Daniell's  arrangement,  and  increasing  with  the  temperature  in  that  of 
Grove,  while,  in  one-liquid  batteries  like  that  of  Smee,  it  is  independent  of  the 
temperature.  This  is  easily  shown  by  arranging  two  galvanic  couples  of  the  same 
kind  with  their  poles  in  opposite  directions,  and  interposing  a  galvanometer  in  the 
circuit.  On  heating  one  of  the  couples,  the  needle  will  be  deflected  in  a  direction  vary- 
ing according  to  the  nature  of  the  arrangement. 

Electromotive  Force  of  Platinitun  in  Contact  vjith  various  Liquids.— 
Wlien  two  electrodes  of  non-platinised  platinum  have  remained  for  a  certain  time  in 
an  acid  liquid,  dilute  sulphuric  acid  for  example,  they,  for  the  most  part,  do  not  give 
rise  to  any  perceptible  current ;  but  if  one  of  them"be  washed  with  distilled  water 
and  -sviped  mth  bibulous  paper,  it  is  found,  on  reimmersion  in  the  acidulated  liquid, 
to  be  strongly  negative  ivith  regard  to  the  one  which  has  remained  in  the  liquid.  The 
electromotive  force  of  the  circuit  quickly  diminishes,  but  an  hour  generally  elapses 
before  it  is  reduced  to  nothing.  If  the  acidulated  water  be  replaced  by  potash  solution, 
the  electrode  which  is  washed  with  water  and  dried  with  bibulous  paper,  becomes 
distinctly  positive  towards  that  which  has  remained  in  the  alkaline  liquid.  With  the 
alkaline  solution  either  non-platinised  or  platinised  electrodes  may  be  used,  and  in 
the  latter  case  the  electromotive  force  is  considerably  stronger  than  in  the  former. 
When  a  platinised  and  a  non-platinised  platinum  electrode  are  immersed  in  the  same 
liquid,  the  former  is  always  the  positive  element.  These  effects  may,  perhaps,  be 
attributed  to  the  formation,  on  the  surface  of  the  platinum,  of  compounds  of  that 
metal  with  the  acid  or  alkaline  constituents  of  the  liquid,  the  formation  and  decom- 
position of  these  compounds  requiring  a  considerable  time.  This  view  is  supported 
by  the  fact  that,  if  one  of  two  similar  platinum  wires  which  give  no  current  when 
placed  in  distilled  water  be  immersed  for  a  long  time  in  dilute  sulphuric  acid,  then 
quickly  washed,  dried  between  filter-paper,  and  again  plunged  into  the  distilled  water, 
it  will  bo  distinctly  negative  towards  the  other.  As  all  acids  which  have  been  ex- 
amined give  the  same  result  as  sulphuric  acid,  whereas  all  alkaline  solutions  produce 
the  opposite  effect,  the  experiment  just  described  may  be  used  to  ascertain  whether  a 
liquid  is  acid  or  alkaline,  even  when,  on  account  of  its  great  dilution,  it  no  longer 
exhibits  any  reaction  with  test-paper.  In  this  manner  it  has  been  found  that  no 
solution  is  strictly  neutral ;  the  salts  of  the  heavy  metals  exhibit  a  decided  acid  re- 
action, while  those  of  the  alkali-metals  react  more  or  less  distinctly  alkaline  (Gaugain, 
Compt.  rend.  Ixix.  1300). 

Subsequent  experiments  by  Gaugain  {ibid.  Ixx.  7 4)  leave  it  undecided  whether  the 
unstable  surface-modification  of  the  platinum  is  due  to  superficial  impregnation  with 
distilled  water,  which  then  acts  electrically  towards  the  acid,  or  whether  the  action  of 
the  acid  on  the  platinum  produces  on  the  surface  a  more  electropositive  compound, 
which  is  gradually  destroyed  on  subsequent  immersion  in  distilled  water.  The  drying 
of  the  platinum  at  different  temperatures  gives  rise  to  complications  of  the  phenomena 
similar  to  those  observed  by  Becquerel  (p.  445). 

If  two  plates  of  platimun,  the  surfaces  of  which  have  been  polished  with  emerj'- 
paper,  are  allowed  to  remain  in  distilled  water  for  48  hours,  no  electric  current  is 
generated  when  the  two  plates  are  brought  into  metallic  connection  through  a  delicate 
galvanometer.  If,  however,  one  of  the  plates  be  taken  from  the  liquid,  and  its  surface 
rubbed  with  any  soft  substance,  it  is  found,  when  plunged  again  into  the  distilled  water, 
to  be  negative  to  the  plate  which  has  remained  in  the  water.  AVhen  the  surface  is 
rubbed  ■\rith  filter-paper,  a  force  of  30  units  is  developed  :  during  friction  with  linen 
moistened  with  water  40  units  are  developed  ;  and  if  the  plate  be  rubbed  with  wet 
linen  for  some  time,  and  then  with  dry  linen,  the  force  rises  to  66  units.  The  unit  of 
force  which  serves  as  a  measure  is  the  electromotive  force  of  a  thermoelectric  couple 

Co*^  ~  1(1^°^ '  '^^^  above  values  are  given  for  the  force  developed  when  the  plate  is 
plunged  into  distilled  water  immediately  after  rubbing ;  if  however,  the  plate,  after 
rubbing,  be  allowed  to  remain  either  in  dry  or  in  damp  air  for  some  time,  the  force 
generated  on  immersion  gradiially  decreases.  The  current  generated  diminishes  very 
quickly  after  the  plate  has  been  immersed  for  a  short  time;  after  10  minutes  it 
diminishes  to  about  one-half,  but  it  is  some  hours  before  the  two  plates  become  per- 
fectly neutral  to  each  other.  The  cause  of  these  currents  may  be  that  after  rubbing 
t!io  plate  does  not  immediately  become  thoroughly  moistened  by  the  water,  for  if  it  be 
rakon  out  of  the  water,  the  liquid  on  the  surface  will  bo  seen  to  run  together  into 
drops.    The  plate,  however,  recovers  its  power  of  being  thoroughly  moi.stened  if  it  be 
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heated  in  a  spirit-lamp  flame.  It  seems  as  if  the  rubbing  caused  a  small  film  of  grease 
to  bo  deposited  on  the  surtaco,  which  is  destroyed  by  heat  (tiaugain,  ConqA.  raid. 
Ixxiv.  610). 

Developmciit  of  Electricity  by  Contact  of  Metals ,  Charcoal,  ^c.  vjith 
Water,  Acids  and  Saline  Solutions  (Becquerel,  Compt.  rend.lxx.  481). — 1.  The 
contact  of  a  neutral  saturated  solution  of  potassium  sulphate  "with  a  similar  solution 
of  potassium  nitrate,  produces,  with  two  platinum  plates,  an  electro-motive  force  =  3--1, 
and  with  two  gold  plates,  a  force  =  2  (that  of  a  Grove's  element  =  100). 

2.  Circuits  formed  of  pure  gold  plates,  and  of  gold  plates  alloyed  vnth  O'l,  0'2  and 
0  5  copper,  in  distilled  water  gave  the  values  5  5,  7'5  and  11'2.  The  electromotive 
power  increases  therefore  with  the  proportion  of  copper  ;  the  piu-e  gold  is  less  attacked 
than  its  alloj's. 

3.  Gold  and  its  alloys  wore  always  positive*  towards  platinum,  and  gave  llio 
electromotive  forces  2-8,  4-50,  6-8  and  7'5. 

4.  Gold  and  its  alloys  were  also  positive  to  nearly  pure  graphite,  giving  the  electvo- 
motive  forces  5-6,  87,  12  and  14. 

5.  Platinum  is  negative  to  palladium  and  iridium. 

6.  Graphite  containing  traces  of  iron  is  positive  to  pure  graphite.  The  latter  body 
is  less  attacked  by  water  than  any  other. 

The  other  bodies  examined  by  Becquerel  are  divided  into  three  classes :  (1 )  charcoal  is 
usually  positive  when  plunged  into  distilled  water  (kept  in  platinum  vessels  to  ensure 
the  absence  of  soda).  (2)  Gold,  platinum,  palladium  and  iridium  are  sometimes  nega- 
tive. (3)  Silver  and  the  base  metals,  after  being  moderately  heated,  are  always 
negative.  The  positive  excitement  of  charcoal  is  due  to  the  fact  that  after  it  has 
absorbed  air,  it  slowly  produces  carbonic  acid,  this  chemical  action  rendering  the 
charcoal  positive,  and  the  water  negative.  This  property  may  be  intensified  by  strong 
ignition.  The  action  of  distilled  water  on  the  non-oxidable  metals  is  intimately 
related  to  their  capability  of  absorbing  gases,  especially  hydrogen  and  oxygen,  on  their 
surface,  and  giving  them  up  again  at  higher  temperatures.  The  predominance  of  one 
or  the  other  gas  determines  the  positive  or  negative  excitation. 

The  following  experiments  relate  to  the  polarising  property  of  platinum : — 
A  platinum  wire  enclosed  in  a  tube  and  heated  on  the  sand-bath,  becomes  after 
heating: 

Tor  a  few  minutes  positive  to  water. 

For  half-an-hour   ......    negative  ,, 

To  a  little  below  a  red  heat    ....    positive  ,, 

To  a  white  heat  negative  ,, 

Heated  for  a  few  seconds  in  boiling  distilled  water,  it  loses  nearly  all  its  polarisa- 
tion. These  effects  can  only  be  explained  by  supposing  :  1.  That  the  aqueous  vapour  in 
the  atmosphere  is  decomposed  under  the  influence  of  the  metal,  at  a  more  or  loss 
elevated  temperature.  2.  That  a  difference  in  the  mode  of  absorption  of  the  hydrogen 
and  oxygen  takes  place,  according  to  the  time  for  which  the  heating  is  prolonged. 
AVlien  perfectly  depolarised,  neither  platinum  nor  gold  gives  a  current  with  water. 
The  negative  excitation  of  silver  and  tho  oxidable  metals  after  moderate  heating,  arises 
from  their  becoming  covered  with  a  thin  film  of  oxides,  which  protects  them  from  the 
further  action  of  the  water,  whereas  a  perfectly  clean  surface  is  attacked,  and  thereby 
becomes  positive.  This  effect  is  analogous  to  the  passivity  of  iron  immersed  in 
nitric  acids.  Many  non-metallic  bodies,  as  white  quartz  and  white  topaz,  possess  tho 
same  property  as  the  uon-oxidisable  metals  of  absorbing  gases,  especially  hydrogen, 
and  becoming  positive  after  heating. 

Contact  of  Metals  with  Acids,  cfr. — AVhen  the  free  ends  of  two  wires  of  gold  or 
platinum  connected  with  the  polar  wires  of  a  galvanometer,  are  dipped  into  strong  nitric 
acid,  and  one  of  them  withdrawn,  heated  in  a  lamp-flame  to  free  it  from  adhering 
liqidd,  and  then  immersed  again,  this  wire  becomes  succes.sively  positive,  negative, 
positive.  The  first  effect  is  probably  due  to  capillary  affinity ;  the  sei'ond  to  the 
polarisation  of  the  two  wires  by  the  incipient  current,  and  tho  decomposition  of  the 
solution ;  the  third  to  a  second  polarisation.  If  the  acid  is  dilute,  the  wire  remains 
positive  for  a  few  seconds,  in  consequence  of  absorbing  hydrogen  liberated  by  the 
decomposition  of  the  water  induced  by  heating.  With  hydrochloric  acid,  sulphuric 
acid,  ammonia  and  neutral  saline  solutions,  such  as  sodium  chloride  or  sulphate, 
barium  chloride,  potassium  nitrate,  &e.,  the  pilatinum  becomes  negative  in  consequence 
of  the  air  absorbed  during  cooling,  which  in  contact  with  tho  liquid  acquires  negative 
electricity. 

*  The  terms  positive  and  negative  are  \iscd  in  Bccquerel's  memoir,  with  refevcnce  to  tlie  direction 
of  tlie  current  in  the  portion  of  the  circuit  external  to  the  battery,  that  is  to  say  in  the  sense  opposite 
to  that  which  is  usually  assigned  to  them  (ii.  415).  In  the  account  of  his  experiments  here  given ,  the 
r,s-.al7neaning  of  the  terms  has  been  retained,  that  is  to  sau,  the  more  active  metal  is  called  positive. 
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According  to  Skey  (Chem.  Kcws,  xxui.  221)  electric  currents  of  considerable  intensity 
are  developed  by  either  gold  or  platinum  under  the  follo-wing  circumstances  : — 

Two  plates  of  gold  (prepared  chemically  pure)  are  taken;  one  is  placed  in  a  cell 
partly  filled  with  sea-water,  and  the  other  in  a  porous  cell  containing  ammonium 
sulphide,  or  sea-water  charged  with  hydrogen  sulphide.  On  making  connection,  a 
small  current  passes  from  the  gold  plate  in  the  inner  cell  to  that  in  the  outer,  the 
electric  currents  obtained  in  this  way  being  able  to  decompose  solutions  of  gold,  silver, 
and  copper. 

To  avoid  the  electromotive  action  described  by  Becquerel,  the  solutions  must  be 
previously  boiled  to  expel  the  air  from  them,  and  the  plates  of  gold  or  platinum  im- 
mersed, while  red  hot,  in  the  solutions. 

When  potash  or  ammonia  is  substituted  for  ammonium  sulphide,  the  currents 
obtained  are  very  much  weaker. 

Electromotive  Power  of  Metallic  Sulphides.  (W.  Skey,  Chem.  News,  siiii.  255,  291). 
— Those  sulphides  which  have  the  power  of  conducting  are  also  capable  of  generating 
electricity.  A  mass  of  iron  pyrites  and  another  of  galena  immersed  in  sea-water  and 
connected  by  copper-wires  with  a  decomposing  cell  of  cupric  sulphate,  deposited  the 
metal  in  a  coherent  form.  The  relative  polarity  of  other  sulphides  is  given  in  the 
following  list,  which  is  so  arranged  that  each  body  is  positive  to  all  that  succeed  it : 


Ferrous  sulphide. 

Manganous  sulphide  (manganese  blende). 

Zinc  sulphide  (zinc  blende). 

Stannic  sulphide. 

Mercurous  sulphide. 

Argentic  sulphide  (artificial). 

Lead  sulphide  (galena). 

Cuprous  sulphide  (copper  glance). 


Cupric  feiTO-sulphide  (copper  pyrites). 
Ferric  disulphide  (cubical  pj-rites). 
Antimonious  sulphide  (stibnite). 
Auric  sulphide. 
Platinic  sulphide. 

Ferrous  arseno-sulphide  (mispickel). 
Carbon  (graphite)  sulphurised. 


Among  the  metals,  zinc  stands  above  ferrous  sulphide,  silver  between  silver  sulphide 
and  galena,  platinum  between  platinic  sulphide  and  mispickel,  and  carbon  must  be 
placed  at  the  negative  end  of  the  series. 

When  a  piece  of  massive  galena  is  placed  in  voltaic  contact  with  amalgamated  zinc, 
and  both  are  immersed  in  dilute  sulphuric  acid,  in  such  a  manner  as  to  expose  nearly 
the  whole  surface  of  the  couple  to  the  action  of  the  acid,  a  galvanic  current  is  at  once 
established,  gas  is  liberated  at  the  surface  of  the  galena,  and  the  zinc  is  rapidly  dis- 
solved. If  three  or  four  such  elements  be  connected  together,  a  current  is  produced 
capable  of  decomposing  acidulated  water,  and  exhibiting  all  the  effects  of  a  small 
galvanic  battery. 

The  galena  which  forms  the  negative  element  in  these  combinations  may  be 
replaced  by  other  metallic  sulphides,  such  as  zinc  blende,  copper  pyi'ites,  ferrous 
sulphide,  &c. :  a  difficulty,  however,  arises  in  establishing  a  current  with  iron  pyrites, 
which  may  bo  overcome  by  completely  immersing  the  couple  in  the  acid  for  a  short 
time ;  gas  is  immediately  evolved  at  the  point  of  contact,  and  the  area  of  evolution 
rapidly  spreads,  until  the  whole  surface  of  the  specimen  has  become  active.  The  gas 
liberated  in  a  battery  of  this  description  is  sulphuretted  hydrogen,  the  nascent  hydro- 
gen exerting  a  desulphurising  action  upon  the  metallic  sulphide,  the  ultimate  effect  of 
which  is  in  some  cases  to  completely  reduce  the  mineral  to  the  metallic  state.  These 
sulphides  are  also  able  to  form  among  themselves  a  series  of  valtaic  couples  in 
presence  of  saline  solutions,  according  as  they  diiFer  from  each  other  in  respect  to  their 
affinities  for  oxygen.  Thus,  galena  and  copper  pyi-ites  produce  a  voltaic  couple  in 
which  the  galena  is  the  negative  element,  but  the  functions  of  the  galena  are  reversed 
when  combined  with  silver  sulphide,  this  latter  mineral  being  decomposed  with  less 
facility. 

The  fact  that  several  metallic  sulphides  are  capable  of  performing  the  functions  of 
the  negative  element  of  a  galvanic  couple,  shows  that  these  minerals  are  fairly  good 
conductors  of  electricity,  to  an  extent,  indeed,  not  hitherto  recognised.  Moreover  since 
dissimilar  sulphides  generally  are  capable  of  setting  up  a  galvanic  action,  and  inducing 
chemical  decomposition  among  themselves,  these  phenomena  may  perhaps  liave  some 
relation  to  the  formation  and  decomposition  of  metalliferous  lodes. 

Cralvanic  Batteries.  Favre  {Compt.  rend.  Ixxi.  214)  has  constructed  a  modifica- 
tion of  Uaniell's  battery,  in  which  the  zinc  plate  is  replaced  by  a  plate  of  hydrogenised 
palladium.  This  battery  acts  just  like  the  original  zinc-copper  combination,  and 
exhibits  in  a  very  striking  manner  the  chemical  resemblance  of  hydrogen  to  the  metals, 
the  hydrogen  constituting  in  fact  the  active  element. 

Zaiewski  {Conqyt.  rend.  Ixx.  321)  has  coustmctcd  a  circuit  of  three  liquids,  consisting 
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of  two  porous  vessels  placed  one  within  the  other,  the  inuer  one  containiug  nitric  acid 
and  a  plate  of  carbon,  the  outer  one  sulphuric  acid,  and  the  whole  being  enclosed  in 
a  vessel  conbiining  solution  of  sal-ammoniac  and  a  zinc  plate. 

Nettleton  {Chem.  News,  xxii.  228)  replaces  the  platinum  plates  of  Grove's  battery  by 
aluminium.  He  finds  that  two  couples  with  aluminium  plates,  4  inches  long  and  1;^ 
inch  wide,  decompose  water  very  quickly. 

Siguier  {J.  Pharm.  [4]  si.  280)  replaces  the  platinised  platinum  in  Smeo's  battery 
by  charcoal  covered  with  platinum  or  silver.  To  produce  the  platinum  deposit  tho 
plate  of  gas-retort  charcoal  is  painted  with  a  moderately  strong  solution  of  platinum 
chloride  and  heated  over  a  Bunsen's  burner  till  the  metal  is  reduced.  The  silver  coat- 
ing is  obtained  by  painting  the  charcoal  with  a  solution  of  silver  nitrate,  converting 
tho  nitrate  into  chloride  by  holding  the  plate  over  fuming  hydrochloric  acid  and  heat- 
ing it  till  tho  silver  chloride  melts.  The  reduction  to  the  metallic  state  takes  place 
in  the  battery  itself,  being  produced  by  the  hydrogen  evolved  at  the  commencement 
of  tho  action.  With  plates  thus  coated,  tho  hydrogen  all  escapes  in  bubbles,  without 
polarising  the  charcoal. 

Still  more  economical  is  a  coating  of  finely  divided  carbon,  which  may  be  produced 
by  beating  up  the  contents  of  an  egg  with  five  or  six  times  its  bulk  of  water  and  half 
its  bulk  of  syrup,  coating  the  charcoal  with  this  mixture  two  or  three  times,  drying  it 
each  time  on  the  surface,  and  then  heating  it  over  a  gas  or  alcohol  flame  till  it  no 
longer  gives  oiF  smoke. 

Plates  thus  prepared  and  well  washed  with  water  are  said  to  give  currents  which 
remain  constant  for  years ;  and  the  batteries,  which  are  clean  and  easily  manngod, 
appear  to  be  well  adapted  for  applications  in  which  large  quantities  of  electricity 
are  required,  such  as  electrodeposition  of  metals,  electric  lighting,  magneto-electric 
machines,  &c. 

H.  Highton  {Chan.  News,  xxiv.  142)  describes  some  new  gah'anic  combinations 
contrived  chiefly  with  the  view  of  removing  the  hydrogen  anil  its  products  of  com- 
bination from  the  surface  of  the  negative  plate.  This  may  be  effected  in  all  known 
batteries  by  heating  the  liquid  from  below,  so  that  the  bubbles  of  vapour  thereby 
liberated  may  carry  the  hydrogen  with  them.  Every  form  of  battery  is  said  to  be 
greatly  increased  in  power  by  Ihis  expedient.  In  Daniell's  battery  Highton  proposes 
to  surround  the  zinc  with  a  solution  of  a  neutral  sodium  salt  and  sodium  silicate,  or 
better,  to  use  magnesium  as  the  positive  plate,  and  surround  it  with  a  solution  of 
nitrate  and  silicate  of  sodium  ;  this  combination  is  rather  costly,  but  affords  a  very 
strong  and  constant  current.  A  very  complete  and  not  too  costly  oxidation  of  tho 
hydrogen  evolved  on  the  carbon  plate  may  be  effected  by  surrounding  this  plate  with 
sodium  permanganate ;  the  supply  of  this  salt  must,  however,  be  continually  renewed  if 
a  constant  current  is  to  be  kept  up. 

The  best  and  cheapest  oxidising  agent,  however,  is  said  to  be  atmospheric  air.  To 
render  it  available  in  this  way,  tho  negative  plate  of  platinum  or  charcoal  is  placed 
in  a  deep  earthenware  cell,  and  packed  in  ash  or  similar  porous  material,  which  is 
wetted,  but  not  filled,  with  nitric  acid.  A  moist  porous  envelope  is  thus  obtained,  in 
which  the  deoxidised  substances  find  sufficient  atmospheric  oxygen  [and  nitric  acid 
vapour]  to  reoxidise  them. 

S.  0.  Sharpies  {Sill.  Am.  J.  [3]  i.  247)  has  examined  a  number  of  liquids  with 
regard  to  their  use  in  galvanic  combinations.  The  following  arrangement  was  found 
to  give  a  constant  current  for  12  hours,  without  the  inconvenience  of  acid  fumes. 
The  outer  space  round  the  hollow  zinc  cylinder  of  an  ordinary  Bunsen's  cell  is  filled 
with  sulphuric  acid  of  sp.  gr.  r84,  mixed  with  9  vol.  water.  It  is  recommended  to 
leave  the  acid  thus  diluted  to  stand  for  some  time  till  all  the  lead  sulphate  has  settled 
down,  and  make  use  of  the  clear  liquid.  To  fill  the  porous  cell  containing  the  carbon 
cylinder,  commercial  nitric  acid  is  saturated  in  a  warm  place  with  potassium  bicarbon- 
ate, and  mixed  with  a  third  of  its  volume  of  sulphuric  acid,  after  which  a  quantity  of 
water  is  added  sufficient  to  redissolve  the  precipitated  chromic  acid.  The  addition 
of  the  sulphuric  acid  gives  to  the  last-named  mixture  a  greater  conducting  power,  and 
renders  it  less  costly.  The  electromotive  force  of  this  combination  is  equal  to  that  of 
a  Bunsen's  element,  and  the  internal  resistance  one-half  that  of  the  latter. 

The  replacement  of  the  inner  liquid  by  a  solution  of  chromic  acid  in  nitric  acid, 
suggested  by  A¥.  Gibbs,  was  found  also  to  give  a  constant  current,  having  an  electro- 
motive force  equal  to  1-2  that  of  a  Bunsen's  element;  the  internal  resistance  was  the 
same.  The  high  price  of  chromic  acid,  however,  is  an  obstacle  to  tho  general  use  of 
this  combination. 

A  combination  consisting  of  zinc  and  charcoal  in  a  solution  of  chromic  acid  in 
dilute  sulphuric  acid,  devised  by  Bunsen,  is  described  by  Eoscoo  in  tho  Reports  of 
the  British  Association  (1870,  p.  47).  Its  electromotive  power  is  there  .said  to  be  to 
that  of  a  Grove's  element  as  2y  :  18.    Sharpies  found  it  to  bo  twice  that  of  a  Daniell's 
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and  1-2  that  of  an  ordinary  Bunsen's  element;  but  the  current  was  not  constant  and 
the  zinc,  was  strongly  attacked  by  the  chromic  acid.  The  use  of  manp;aneso  dioxido 
and  nitric  acid  in  the  porous  cell  of  Bunsen's  battery  gave  feeble  results,  the 
strength  of  the  current  being  =  1'43  of  a  Daniell's  element.  The  current  was  varinble, 
and  nitrous  fumes  were  evolved. 

J.  H.  Koosen  (Fogg.  Ann.  cxliv.  627)  replaces  the  nitric  acid  in  Grove's  battery  by 
a  solution  of  potassium  permanganate  mixed  -with  ith  sulphuric  acid;  this  combina- 
tion raises  the  electromotive  force  from  1'6  to  2'0  Danieil.  To  render  the  current 
constant  an  addition  of  Jgth  to  jAh  of  strong  sulphiu-ic  acid  is  necessary.  This  ;icid 
decomposes  the  permanganate  into  oxygen  which  passes  over  to  the  zinc,  potash  which 
remains  dissolved  in  the  liquid  as  sulphate,  and  manganic  hydrate  which  gradually 
settles  to  the  bottom  as  a  black  powder.  As  an  atom  of  potash  is  set  free  for  eacli 
atom  of  zinc  galvanically  dissolved,  the  quantity  of  sulphuric  acid  consumed  is  double 
of  that  in  any  other  battery  :  hence  the  large  excess  of  sulphuric  acid  required.  The 
use  of  charcoal  instead  of  platinum  in  this  form  of  battery,  is  not  found  advantageous. 

Leclanche' s  Battery. — This  zinc-carbon  battery,  in  which  the  porous  cell  con- 
taining the  gas-coke  cylinder  is  filled  up  with  a  mixture  of  coarsely  pounded  man- 
ganese dioxide  and  gas-coke,  and  the  exciting  liquid  is  a  solution  of  sal-ammoniac 
{1st  Suppl.  655)  has,  according  to  J.  Midler  {Pogg.  Ann.  cxl.  308),  an  electromotive 
force  equal  to  0-806  of  that  of  a  Daniell's  element,  whereas  Leclanchi  himself  esti- 
mates it  at  1-38.  The  difference  between  the  two  estimations  is  probably  due,  at  least 
in  part,  to  differences  in  the  degrees  of  polarisation  of  the  elements  experimented  on  ; 
this  polarisation,  according  to  Miiller's  experiments,  being  only  partially  removed  by 
the  manganese  peroxide.  In  fact,  this  oxide,  by  giving  up  part  of  its  oxygen  to 
oxidise  the  electrolytically  separated  hydrogen,  becomes  inactive  after  prolonged  use. 

The  loss  of  power  in  this  battery  is  also  partly  due  to  the  formation  of  a  crystalline 
compound  of  ammonia  and  zinc  chloride,  (NH')-ZnCr-',  which  is  deposited  in  the  cells 
and  on  the  zinc-plate,  and  obstructs  the  action.  The  formation  of  this  compound 
arises  from  the  liberation  of  ammonia  by  the  action  of  the  manganese  dioxide  on  the 
sal-ammoniac : 

2Wm\  +  Zn  +  2MuO-  =  2W^  +  ZnCF  +  WO. 
The  ammonia  is  at  first  set  free,  and  combines  slowly  with  the  zinc  chloride  when  the 
two  are  present  in  the  liquid  in  considerable  quantity.  The  frequent  addition  of 
hydrochloric  acid  to  neutralise  the  ammonia  prevents  the  formation  of  the  ci-ystalline 
compound,  and  to  a  great  extent  the  diminution  of  power  of  the  battery  (Priwoznik, 
Pogg.  Ann.  cxlii.  467). 

Air-Battery  (Gladstone  a.  Tribe,  Proc.  Roy.  Soc.  xx.  290;  xxi.  247).— When 
pieces  of  silver  and  copper,  touching  or  connected  by  a  wire,  are  immersed  in  an 
aerated  solution  of  pure  copper  nitrate,  a  decomposition  of  the  salt  ensues,  accompanied 
by  a  deposition  of  cuprous  oxide  on  the  silver,  with  a  corresponding  dissolution  of  the 
copper,  and  a  flow  of  electricity  through  the  liquid  from  the  positive  to  the  negative 
metal. 

The  reaction  may  bo  represented  by  the  following  formulae : — • 
Before  contact : 

«iAg  +  0  -t-  Cu2N03  +  Cu2N0^  +  «Cu; 

After  contact : 

mXg  +  Cw'O  +  Cu2N0'  +  Cu2N0'  +  (m— 2)Cu. 

This  decomposition  takes  place  only  when  the  oxygenised  solution  of  copper  nitrate 
is  in  contact  with  the  silver,  and  it  is  independent  of  any  action  of  free  oxygen  on  the 
copper  ;  and  if  free  oxygen  can  be  supplied  to  the  solution  at  the  same  rate  as  it  com- 
bines to  form  cuprous  oxide,  the  action  will  go  on  at  about  the  same  rate  as  long  as 
any  metallic  copper  remains. 

To  facilitate  this  as  miich  as  possible,  the  silver  plate  is  placed  in  a  horizontal  posi- 
tion just  under  the  surface  of  the  liquid  in  the  call,  and,  in  fact,  converted  into  a  small 
silver  tray  full  of  crystals  of  the  same  metal,  which  rise  in  projections  above  the  surface. 
The  copper  plate  lies  liorizontally  under  it,  separated,  if  necessary,  b}"-  a  piece  of 
muslin,  and  connection  is  made  by  a  wire.  Holes  are  made  in  the  silver  tray  to  facili- 
tate the  movements  of  the  salt  in  solution.  The  solution  itself  may  be  contained  in  a 
shallow  trough  or  saucer,  and  the  whole  ai-rangement  put  upon  a  wooden  stand,  the 
plates  being  attached  to  two  iiprights  fixed  in  the  stand. 

An  increase  in  area  of  the  silver  plates  causes  almost  a  proportionate  incrcMSc  in  the 
current.  Heat  greatly  increases  the  activity  of  this  combination,  a  cell  giving  a  deflec- 
tion of  40°  at  20°,  gave  one  of  250°  at  50°  ;  and  the  increase  in  tlie  liiglier  degrees 
of  this  range  of  temperature  was  much  greater  in  the  lower.  The  strength  of  copper 
nitrate  which  gives  about  the  maximum  effect  is  6  p.c. 
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"  From  tlie  nature  of  the  reaction  it  niiglit  l)o  expected  that  the  current  would  gra- 
dually diminish,  on  account  of  the  using  up  of  the  oxygen  in  the  neighbourhood  of  the 
silver.  Snch  a  diminution  always  does  take  place  at  lirst,  and  consequently  agitation 
of  the  liquid  has  the  effect  of  increasing  the  action.  On  breaking  contact  for  some 
time,  so  as  to  allow  of  the  absorption  of  oxygen  from  the  air,  the  current,  upon  again 
making  contact,  is  as  strong,  or  nearly  so,  as  originally. 

On  placing  a  cell,  with  plates  connected  by  a  wire,  under  a  bell-jar  full  of  air  over 
merctiry,  the  mercury  rose  from  absorption  of  oxygen,  and  the  oxygen  was  so  completely 
removed  that  a  lighted  taper  was  immediately  extinguished  in  the  remaining  gas. 

Comparative  experiments  with  aerated  and  deaerated  solution  of  copper  nitr:ite 
showed  that  the  amount  of  action  in  the  latter  case  was  small,  a  result  clearly  attri- 
butable to  the  difficulty  of  completely  excluding  air.  Two  experiments  were  made 
alike  in  all  respects,  except  that  in  one  case  the  cell  used  was  tilled  with  a  solution 
simply  deprived  of  oxygen,  while  the  other  cell  was  filled  with  a  solution  through  wliich 
a  current  of  carbonic  anhydride  had  been  passed  for  some  time.  The  first  was  placed 
in  the  air,  and  gave  a  deflection  of  110  rising  to  115,  but  the  second  T/as  placed 
in  a  vessel  full  of  carbonic  anhydride  and  gave  a  deflection  of  20,  which  gradually 
fell  to  3.  _  _ 

The  cuprous  oxide  deposited  on  the  silver  is  compensated  by  an  equivalent  dissolu- 
tion of  the  copper-plate.  The  cuprous  oxide  is  sometimes  deposited  in  crystals  visible 
to  the  naked  eye,  and  shown  by  a  lens  to  be  regular  octoliedrons. 

One  cell  having  plates  two  inches  in  diameter  was  found  sufficient  to  decompose 
such  metallic  salts  as  the  nitrates  of  copper,  silver,  and  lead,  platinum  being  used 
for  the  negative  electrode,  and  for  the  positive  the  same  metal  as  existed  in  the  s:\lt 
experimented  on.  Six  cells  were  sufficient  to  decompose  dilute  sulphuric  acid,  and  dilute 
hydrochloric  acid  pretty  quickly,  copper  electrodes  being  employed. 

The  theoretical  interest  of  this  battery  lies  in  the  fact  that  it  differs  from  all  other 
galvanic  arrangements,  inasmuch  as  the  binary  compound  in  solution  is  incapable  of 
being  decomposed  either  by  the  positive  metal  alone,  or  by  the  two  metals  in  conjunc- 
tion, without  the  presence  of  another  body  ready  to  combine  with  one  of  its  elements 
when  set  free. 

Grove's  gas  battery  is  essentially  different  from  this,  if  the  oxygen  and  hydrogen 
condensed  on  the  platinum  plates  play  the  part  of  the  two  metals ;  but  it  closely  re- 
sembles this  battery,  if  hydrogen  acts  the  part  of  the  positive  metal,  and  platinum  that 
of  the  negative  ;  the  dilute  sulphuric  acid  will  then  be  decomposed  on  account  of  the 
simultaneous  presence  of  the  oxygen  which  can  combine  with  the  liberated  hydrogen. 
Viewed  in  this  manner,  Grove's  gas-battery  is  only  a  special  case  of  the  reaction  above 
mentioned,  and  the  formulae  will  be : — 

Before  contact : 

■ml\   I    0    I    IPSO'    1  ,iH. 

After  contact : 

;/tPt  I  H'O   I   F-SO<   1   («— 2)H. 

Electro-capillary  action.  (Becquerel,  Co7npt.  raitZ.  Ixiv.  Oli),  1211  ;  Ixv.  51, 
720,  752;  Ixvi.  77,  245,  766,  106G  ;  Ixviii.  1285;  Ixix.  1037;  Ixx.  6S.  Jahrcsb.  f. 
Chem.  1867,  Ul.;  1868,  82;  I860.  155;  1870,143). 

AVhen  a  tube  closed  at  one  end  and  having  a  crack  in  the  direction  of  its  lengtl),  is 
filled  -with  a  moderately  strong  solution  of  cupric  nitrate,  and  placed  within  another 
tube  containing  an  equally  concentrated  solution  of  sodium  monosulphide,  the  inner 
and  outer  liquids  being  at  the  same  level,  no  copper  sulphide  is  formed,  but  after  a 
short  time,  there  is  deposited  within  the  crack,  and  on  the  adjacent  inner  surfiice  of 
the  tube,  metallic  copper  of  crystnlliiie  asjioct,  which  gradually  increases  in  quantity, 
widening  the  onck.  and  nil  iiii.it.  Iy  I -ri  :iki ny-  the  tube.  AVith  dilute  solutions,  the 
action  is  the  sai Ml',  ImiI  l;ikr,,  y]:\cr  niDi-r  ^ln\vly. 

•  To  obtain  capillary  spaces  of  unitbrm  \\  idl  h,  two  plates  of  glass  or  rock-crystal  were 
laid  one  on  the  other,  and  held  together  by  threads,  or  l.iy  means  of  ebonite  provided 
with  screws.  AVhen  the  plates  were  placed  in  the  upright  position,  a  small  glass 
vessel,  containing  the  liquid  to  bo  introduced  into  the  capillary  spaces,  was  cemented 
on  to.  their  upper  ends.  When  they  were  to  be  placed  horizontally,  the  upper  plate, 
at  least  a  centimeter  thick,  was  perforated  in  the  centre  by  a  cylindrical  hole  of  d  or  5 
mm.  diameter  for  introducing  the  liquid.  Sometimes  also  this  aperture  was  sur- 
mounted by  a  glass  tube  several  centimeters  loiif  ,  so  lli.it  tin;  i  iiliiiiin  nf  lii|iii'l  iiiiLiht 
exert  a  certain  pressure  on  the  liquid  in  the  eajiill.iry  sp.iri',  wlii.  U  is  rs]i(  i  iall\  nr.cs- 
sary  when  the  entrance  of  the  liquid  is  rcnden  d  .lilliouli  by  vn-y  rinse.  .mumI  inn 
nf  the  plates.  Sometimes  also  a.  strip  of  filter-]i:i [ht  is  inlcriHised  bct\M'eii  llir  philes, 
Mhcrcliy  the  distribution  of  the  liquid  is  rendered  more  uiiiRinn.  The  width  of  the 
lad  Su]>.  G  G 
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capillary  spaces,  Loth  of  the  cracked  tubes  and  of  the  glass-plate  apparatus,  was  very 
exactly  determined  by  means  of  an  apparatus  devised  by  E.  Becquerel  for  measuring 
the  electric  resistance  of  the  liquids  contained  in  them,  this  resistance  being  compared 
■with  that  of  the  same  liquid  in  a  capillary  tube  of  known  diameter;  by  this  means  the 
width  of  a  capillary  space  may  be  estimated  down  to  a  few  thousandths  of  a  milli- 
meter. 

By  means  of  these  apparatus,  reductions  may  be  eifected  of  copper,  silver,  gold, 
nickel,  lead  and  tin.  The  result  appears  to  be  due  to  the  combined  action  of  chemical 
affinity,  molecular  attraction  and  electricity.  The  two  liquids  acting  on  one  another 
through  the  capillary  space  form  a  galvanic  couple,  the  circuit  being  completed  in  the 
first  instance  by  certain  parts  of  the  walls  of  that  space,  and  aftenvards  by  the 
separated  metallic  particles.  The  correctness  of  this  view  may  bo  shown  by  dipping 
the  ends  of  a  bent  copper-wire  into  the  tube-apparatus  above  described;  so  as  to  form 
an  ordinary  galvanic  circuit  of  two  liquids  and  a  metal.  The  end  of  the  wire  dipping 
into  the  alkaline  solution  is  then  attacked  and  forms  the  positive  pole,  while  that 
which  dips  into  the  copper  solution  forms  the  negative  pole,  and  becomes  covered 
with  metallic  copper  ;  at  the  same  time  thiosulphate  and  nitrate  of  sodium  are  formed, 
and  the  copper  nitrate  is  decomposed,  but  no  trace  of  metallic  copper  is  formed,  either 
on  the  crack  or  on  the  adjacent  portions  of  the  tube.  As  soon,  however,  as  the  wire 
is  removed,  the  crack  and  the  inner  smface  of  the  tube  become  covered  with  metallic 
copper.  This  shows  that,  in  the  absence  of  the  wire,  its  conducting  function  is  dis- 
charged by  certain  parts  of  the  walls  of  the  capillary  space. 

Effects  similar  to  the  above  are  also  produced  by  placing  the  metallic  solution  in  a 
tube  closed  at  the  bottom  with  parchment-paper,  and  immersing  this  tube  in  the 
solution  of  the  alkaline  sulphide.  With  this  arrangement,  metallic  deposits  are 
obtained  on  the  inner  svu-face  of  the  tube,  sometimes  of  the  thickness  of  several  milli- 
meters ;  but  the  reactions  are  more  violent  than  with  the  previously  described  arrange- 
ment, and  the  products  alter  more  quickly.  Ordinarj'  paper  and  other  porous  bodies 
are  altogether  unfit  for  tho  production  of  this  phenomenon.  On  the  other  hand,  the 
separation  of  the  liquids  may  be  effected  by  means  of  a  tube  tied  round  at  bottom, 
with  linen,  and  filled  to  the  height  of  4  or  5  centimeters  with  pounded  glass  or  quartz, 
lino  sand  or  gypsum,  the  interstices  of  which  form  the  capillar}'  spaces. 

By  means  of  E.  Becquerel's  apparatus  above  mentioned,  it  was  found  that  the 
reduction  of  most  metals  may  be  effected  in  capillary  spaces,  not  exceeding  a  few 
hundredths  of  a  millimeter  in  width ;  but  when  the  width  is  reduced  to  a  few 
thousandths  of  a  millimeter,  gold  and  silver  are  easily  reduced,  but  other  metals  very 
slowly.  The  metallic  precipitates  formed  in  the  plate  apparatus,  exert  so  strong  a 
pressure,  that  if  the  bands  do  not  bm-st,  plates  of  2  mm.  thick  are  sometimes  broken. 
This  action  may  explain  the  splitting  of  rocks  in  which  capillary  actions  take  place 
in  consequence  of  infiltration. 

Metallic  reductions  likewise  take  place  when  the  two  solutions  (the  alkaline 
sulphide  and  the  metallic  salt)  are  separated  by  salt  water,  or  by  water  acidulated 
■with,  sulphuric  or  nitric  acid  ;  but  if  the  alkaline  sulphide  or  sulphydrate  be  replaced 
by  other  liquids,  as  caustic  potash  or  soda,  or  a  solution  of  glycerin  in  caustic  soda,  or 
a  concentrated  solution  of  sodium  chloride,  the  reduction  either  does  not  take  place  at 
all,  or  it  is  indistinct  and  not  easily  recognisable. 

Electro-capillary  actions  may  also  be  applied  to  the  separation  of  silver  or  gold 
from  copper,  copper  from  iron,  &c.  A  solution  containing  equal  parts  of  silver  nitrate 
and  copper  nitrate  placed  in  a  tube  closed  at  bottom  with  parchment-paper,  and  im- 
mersed in  solution  of  sodium  sulphide,  first  yields  metallic  silver  in  dendrites  or 
laminae,  the  copper  not  being  reduced  till  after  a  considerable  time.  If  a  strip  of 
paper  saturated  with  a  very  strong  acid  solution  of  feiTOUS  sulphate  containing  only  a 
few  thousandths  of  copper  be  placed  between  two  glass  plates,  and  the  whole  im- 
mersed in  a  solution  of  sodium  sulphide,  black  ferrous  sulphide  is  gradually  deposited 
on  the  paper,  and  upon  it  an  extremely  thin  film  of  metallic  copper,  whicli  is  then 
completely  separated.  The  copper  does  not  proceed  from  the  paper,  for  the  same 
results  are  obtained  with  asbestos.  In  like  manner  copper  may  bo  completely  se])a- 
rntedfroma  solution- of  chromous  chloride,  or  from  solutions  of  nickel  or  cobalt. 
From  the  latter,  the  nickel  and  cobalt  may  likewise  be  precipitated,  and  nickel  separated 
from  cobalt. 

Eh'ctro-capillnry  phenomena  are  also  produced  when,  instead  of  a  strip  of  paper,  a 
metallic  plate  cnviTcd  with  a  nioistont'il  insoluble  nu  tallic  compound  is  placed  Ijetwcen 
{\yi>  ^Hass  ]il:iti  -.  'Wlii  n  iiMusti-ii.vl  inm  pyrites  is  s]'iTad  on  a  clean  copper  plate 
pliirnl  Im-i  \yvr>i  1  v,'i  L'l:i-  -  ■,  .•iiid  r  ('iMicii i 1  to  prevent  access  of  air,  the 
inin  sulphidu  is  cimiIumUv  drriiiii|Hi,r>l.  inrliillio  iron  is  ilruosited  here  and  there  upon 
the  copper,  and  copper  sulphide  is  foniud.  In  like  m.niner  with  ;i.  zinc  plate  and 
recently  prepared  copper  sulphide  rnci-teecd  with  distilled  water,  ziiie  hydrate  and 
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cupi'ous  sulphide  arc  deposited  on  tlio  zinc  plate  in  about  a  year,  provided  the  water 

does  not  evaporate.    AVitli  an  iron  iilnte,  and  s:\  n  cnpvi'-  (Mrbonate,  crystallised  ferric 

oxide  is  ulitained  anil  some:  lines  iVi-rme  eaei  lone!    .iiid  nii  l/ilie  i-opper. 

The  preeeding  methods  ni:iy  ;ilsii  In  ilic  jii-,  ;.:nMi!Mii  of  various  insohlLlo 

carbonates,  alnniiuatcs,  silieatt  s,  tVe.  in  the  crystallised  siate.  When  a  tube  closed  at 
the  l;ottom  with  parchment-paper,  or  with  a  double  layer  of  Swedish  filter-paper,  auel 
containing  a  moderately  concentrated  solution  of  calcium  chloride,  is  immersed  in  a 
solution  of  sodium  bicarbonate,  the  latter  penetrates  the  paper,  anel  forms  rhombohe- 
dral  crystals  of  calcspar.  In  like  manner,  aluminium  silicate,  lead  chromato,  barium 
Bulphate,  and  barium  carbojiato  maj  bo  obtained  in  the  crystallised  state. 

In  the  following  experiments,  the  alkaline  solution  was  placed  in  the  tube,  and  the 
nujtallic  salt  in  the  outer  vessel.  Concentrated  solutions  of  potassium  aluminate  and 
chromic  chloride  yield  on  the  surface  of  the  diaphragm  touching  the  alkaline  solution 
(the  positive  surfece)  small  hard  nodules  or  laminas  of  aluminium  monohydrate, 
Al-O^.H-0,  and  on  the  opposite  or  negative  surface  green  translucent  laminseof  chromic 
hydrate  having  a  crystalline  aspect.  The  aluminium  hycbate  appears  under  the 
polarising  microscope  to  consist  of  double  refacting  prisms  running  out  into  pyrannds. 
if  the  chromic  chloride  be  replaced  by  hydrochloric  acid  diluted  with  an  equal  vohmio 
of  water,  the  trihydrate  A1^0'.3H^0  is  deposited  on  the  positive  surface  in  translucent 
crystalline  crusts  resembling  diaspore.  With  cupric  nitrate  instead  of  chromic 
chloride,  similar  results  are  obtained  in  a  short  time,  but  the  crystals  of  blue  cupric 
hydrate  often  contain  cupric  silicate.  These  products  are  formed  with  peculiar  facility 
when  both  solutions  are  concentrated,  and  there  is  no  excess  of  acid  on  the  one  side 
or  of  alkali  on  the  other.  To  obtain  slow  action,  the  tube  must  be  closed  with  several 
layers  of  parchment-paper.  With  potassium  aluminate  and  solutions  of  metallic 
suits,  no  reduction  of  metal  takes  place,  the  electromotive  force  being  smaller  than 
when  an  alkaline  sulphide  is  used.  Similar  results  are  olitained  with  cupric  nitrate, 
and  a  solution  of  zinc  oxide  or  lead  oxide  invpota.sh;  also  with  solutions  of  anti- 
monious  chloride  and  potassium  aluminate  ;  the  oxides  separate  in  the  crystalline 
state,  the  one  dissolve  in  potash  on  the  positive  side,  the  one  combine  with  acid  on  tho 
negative  side.  AVith  silicate  instead  of  aluminate  of  potassium,  there  are  deposited  on 
the  positive  surfiice,  very  hard,  transparent,  single-refracting  laminse  of  silicic  hydrate, 
aljove  this  is  formed  a  deposit  of  transparent  gelatinous  silica,  which  gradually 
acquires  an  opaline  aspect,  but  becomes  transparent  again  when  immersed  in  water, 
and  resembles  liydrophane. 

By  the  simvdtaneous  use  of  cuprie  nitrate,  there  is  deposited  on  the  negative  side  a 
hard  blue  crust,  not  however  hard  enough  to  scratch  glass,  from  which  by  trituration 
and  washing  with  a  large  quantity  of  water,  crystalline  fragments  are  obtained,  having 
tho  form  and  composition  of  diopitase.  With  a  solution  of  free  alkali,  instead  of  an 
alkaline  salt,  crystallised  cupric  hydrate  is  deposited  on  the  negative  side.  Tha 
reactions  above  described,  alter  as  the  diaphragm  is  more  or  less  covered  with  deposits, 
and  cease  altogether  when  the  crust  has  acquired  a  certain  thickness. 

If  the  same  experiments  are  performed  at  a  temperature  of  oO°-80°.  the  form  of 
the  deposits  is  somewhat  different.  If  the  negative  plate  of  a  battery  of  five  Daniell's 
elements  be  dipped  into  tho  solution  of  potassium  aluminate  and  the  positive  plate 
into  that  of  chromic  chloride,  no  precipitate  is  produced  in  the  former,  but  in  the  latter 
chromic  hydrate  is  deposited  not  only  e>n  tlie  positive  pbitc,  but  likewise  on  the  dia- 
phragm. On  reversing  the  poles,  mi  jn i  i-i ■  ! r  is  tunned  in  the  chrome-solution,  but 
aluminium  hydrate  is  deposited  in  tie-  .ilk.irine  miIiii  mh. 

If  a,  solution  of  potassium  carboniite  be  allow(  ilto  llnw  slowly  on  to  a  plate  of  gypsum 
placed  between  two  glass  plates,  the  surface  of  the  gypsum  gradually  becomes  covered 
with  radiate  groups  of  needles  with  truncated  summits,  having  the  physical  and 
chemical  characters  of  apophyllite,  a  double  silicate  of  potassium  and  calcium. 

If  a  tube  closed  with  a  double  thickness  of  parchment-paper,  and  cimlniiilni,'  cmiIiou 
sulphide,  be  immersed  in  a  solution  of  potassium  aluminate  to  sueli  n  <lrpih  ili.it.  tho 
two  liquids  stand  at  the  same  level,  the  alkaline  solution  gradually  I'.i^'-'  s  t  liii'u eh  the 
diaphragm,  and  forms,  with  tho  c.nrbon  sulphide,  a  sulphoearbonale,  which  floats  (in 
the  surface  of  tho  latter,  wdiilst  the  alumina  is  deposited  as  crystalline  monohyilr.if  e 
on  tho  diaphr,Tgm,  and  on  tho  sides  of  the  vessel.  Tho  same  products  are  obtained 
■\iiien  the  diaphragm  is  omitted,  and  the  one  liquid  is  made  to  form  a  layer  on  the 
surface  of  the  other. 

Tho  electromotive  forces  developed  by  two  liquids  separated  by  a  capillary  fissure, 
are  usually  very  wenk.  Keiilral  snhilions  of -|«i1;is-iinn  snliiheli'.  einnicniuni  sulphide, 
sodium  chloride  and  siiilin;!!  I:'!         'V  I  .    ,  : '\ .  i  :  ,     ;  -'i  i  "   !  'Aiiter.  Sid- 

phates  give  an  evdltit inn  1  li ;■'     ;'ni.  ,  -  :  ;■     :mi  nitrate  or 

sodium  chloride.    Tie-  elect  rone  ilj  <.  '  loi  ,r  \  :i  rn  ^  \\  il  li  ili,  ,■,  i' ;i,  n  ;  r, ; ;  -  .n  nl' t  he  solutinn. 
If  that  of  a  nitric  acid  batteiy  (L'linseii's)  =  ICKJ,  tliui.      a  solution  of  eauslic  pola^li 
G  G  2 
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of  sp.  gr.  l'21o  in  contact  with  water  is  9'40;  if  the  potash-solution  bo  diluted  with 
three  times  its  bulk  of  water,  the  electromotive  force  will  be  reduced  to  3. 

The  intensity  of  the  electrochemical  action  in  capillary  spaces  depends  on  the  elec- 
tromotive force,  and  the  conducting  power  of  the  two  liquids  which  are  in  capillary 
connection.  The  electromotive  force  is  independent  of  the  density  of  the  liquids ;  but 
this  is  not  the  case  with  the  chemical  action,  inasmuch  as  this  action  is  in  direct  pro- 
portion to  the  conducting  power  of  the  circuit. 

AVhen  nitric  acid  and  solution  of  caustic  potash  are  placed  in  the  electro-capillary 
apparatus  above  described  (p.  449),  the  nitric  acid  is  decomposed,  the  oxygen,  however, 
not  separating  at  the  positive  side  of  the  diaphragm,  but  apparently  remaining  in 
solution  or  combining  with  the  potash  to  form  potassium  peroxide.  If  the  potash  be 
replaced  by  a  solution  of  potassium  plumbate,  the  electromotive  force  remains  nearly 
the  same  ( =  0-29  of  the  zinc-carbon  element) ;  but  the  chemical  actions  change  if  a 
metallic  solution,  such  as  copper  or  silver  nitrate,  or  gold  chloride,  be  substituted  for 
the  nitric  acid.  The  copper  salt  then  yields,  on  the  negative  surface  of  the  diaphragm, 
a  thick  deposit  of  anhydrous  peroxide  of  copper.  With  a  solution  of  silver  nitrate  or 
gold  chloride,  the  metal  is  reduced,  and  peroxide  of  lead  of  considerable  hardness  is 
deposited  on  the  positive  side.  Pure  potash-solution  is  not  capable  of  effecting  a 
reduction  of  the  metals  on  the  opposite  side  of  the  capillary  partition,  the  presence  of 
an  oxidisable  body  in  the  alkali  being  necessary  to  depolarise  the  positive  side  on 
which  the  oxygen  collects,  and  prevent  the  development  of  the  contrary  current  which 
interferes  with  the  reduction  {Compt.  rend.  Ixxi.  197). 

Electro-capillary  Actions  in  the  Animal  Organism. — Beequerel  has  endeavoured  to 
show  that  olectrocapillary  currents  come  into  play  in  the  'conversion  of  arterial  into 
venous  blood,  and  in  the  accompanying  chemical  reactions.  For  the  explanation  of 
respiration  and  the  nutrition  of  the  tissue  he  sets  out  from  the  supposition  that  when 
two  differently  constituted  liquids  separated  by  a  tissue  with  capillary  pores,  wet  on 
one  another  through  the  medium  of  these  peres,  the  walls  of  w-hieh  act  as  solid  con- 
ductors, they  give  rise  to  electro-capillary  currents,  the  direction  of  which  is  such, 
that  the  surface  in  contact  with  the  liquid  which  plays  the  part  of  an  acid  forms  tlie 
negative  pole,  the  other  the  positive  pole.  These  currents  not  only  produce  chemical 
combinations  and  decompositions,  but  likewise  act  as  mechanical  forces  in  transporting 
substances  from  one  pole  to  the  other  {Compt.  rend.  Ixviii.  1285  ;  Ixis.  1037). 

Beequerel  has  also  examined  the  electromotive  force  of  the  liquids  which  is  contained 
in  the  bone-tissue  of  animals.  When  a  platinum  electrode  is  introduced  into  the  marrow, 
and  another  applied  to  the  surface  of  a  bone  of  a  freshly-killed  animal,  an  electromotive 
force  is  exhibited  about  half  as  great  as  that  of  a  Daniell's  element.  The  liquid  which 
penetrates  all  the  pores  and  channels  of  the  bones,  develops,  where  it  comes  in  contact 
with  the  liquid  contents  of  the  neighbouring  tissues,  an  abundance  of  negative  elec- 
tricity, which,  when  platinum  plates  are  introduced  as  above,  unites  with  the  positive 
■electricity  developed  at  the  surface  of  the  bone.  When  the  metal  plates  are  removed 
electro-capillary  actions  at  once  set  in,  the  function  of  the  conductor  being  theu  dis- 
charged by  the  solid  substance  of  the  bone.  The  current  developed  in  musciilar  eon- 
traction,  is  attributed  by  Beequerel,  in  accordance  with  Dubois-Eeymond,  to  the 
circumstance  that  the  muscular  juice  in  the  interior  becomes  somewhat  less  alkaline 
during  contraction  than  in  the  state  of  rest.  The  main  result  of  the  investigation  is 
that  the  muscle-bone  and  nerve-currents  have  a  purely  chemical  origin,  and  are  not 
due  to  any  peculiar  electrical  organisation  of  these  tissues.  In  the  functions  of  the 
muscles  and  nerves,  electro-capillary  currents  play  the  principal  part  {Compt.  rend. 
Ixv.  68). 

In  the  substance  of  the  nerves  and  brain,  a  large  number  of  currents  are  developed, 
in  such  a  direction  that  the  inner  walls  of  the  vessels  and  nei-ves  exhibit  reduction- 
phenomena,  and  their  outer  walls  phenomena  of  oxidation.  Between  the  grey  substance 
of  the  brain  which  forms  the  outer,  and  the  white  substance  which  forms  the  inner 
part  of  the  brain,  there  is  produced  a  contact-cm'rent  =  ^  of  the  electromotive  force 
of  the  nitric  acid  (zinc-carbon)  element.  The  direction  of  the  current  is  governed  by 
the  law  above  explained  (Beequerel,  Compt.  rend.  Ixx.  345). 

Electro-capillary  Actions  in  the  Vegetable  Organism. — Tlie  development  of  electric 
currents  in  the  interior  of  growing  plants  was  observed  several  j-ears  ago  by  Beequerel 
{Compt.  rend.  xxxi.  40),  and  by  Wartmann  {Arch.  Phys.  nat.  xv.  301),  the  strength  of 
these  currents  increasing  witla  the  vigour  of  the  plant,  and  the  quantity  of  juice 
present  in  the  several  parts.  Eegarding  these  phenomena  from  the  electro-capillary 
point  of  view,  Beequerel  now  infers  from  his  experiments  that  the  pith  and  the  cellular 
tissue  in  general  arc  always  positive  at  tlieir  contact  with  the  other  tissues.  He  finds, 
also,  that  the  soil  is  always  positive  -with  regard  to  the  roots,  stem  and  leaves,  i.e.,  to 
the  liquids  Avhich  moisten  those  organs  or  nro  contained  in  them.    He  considers  tliat 
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tlu'  positive  tissues,  positive  liquids,  and  the  substances  dissulved  ii;  the  latter,  are 
richer  ill  oxygen  than  the  rest  {Compf.  rend.  Ixv.  752). 

Explanation  of  the  prcccdivg  Phenomena  without  the  aid  of  the  Electro-capillary  Hi/- 
potheais. — 0.  Ijocw  {J.  pir-  C'Iicju.  |  12]  iv.  271)  is  of  opinion  that  the  so-called  electro- 
eapillaiy  ]Oirii'aiii  a:i  may  exi 'lii i m  il  witliout  calling  in  the  aid  of  electric  currents, 
and  pi-opnsi  s  til  (li'siiiiiatr  tile  1  Ir  of  actiou  by  the  name  chcmosmosc. 

Wlieii  a  inn(|(  r,ilr->l/j.l  ri'ystal  of  cupric  sulphate  is  immersed  in  a  concentrated 
solution  of  potassium  --ulpliido  contained  in  a  test-tube,  the  formation  of  a  black  crust 
of  cupric  suiphiili'  is  ..I  is.  rvcd,  and  soon  after  a  dark  yellow  coloration  is  seen  to  ascend 
from  the  crystals,  iiidii  al  iIl^;  the  formation  of  potassium  disulphide.  After  twelve 
hours'  standing,  the  Llarl;  lump  rm-iiinl  at  thr  lioltuni,  iiiulcr  the  crust  of  cupric  sul- 
phide, is  found  to  consist  nf  im  lalla-  rii]i|ii-r.  .SiKti-  iiilralc  furnishes,  under  the  same 
conditions,  only  a  small  nuaiitily  of  nutallir  silver,  \ihilst  by  far  the  greater  part  of 
the  salt  is  not  acted  upon  at  all.  Crystals  of  cupric  sulphate  covered  with  a  concen- 
trated solution  of  potassium  hydrate  yield  a  loose  mixture  of  the  black  oxide  and  the 
hydrate  of  copper,  and  a  blue  solution  of  cupric  oxide  in  potassium  hydrate,  whilst 
crystals  of  silver  nitrate  under  the  same  coiulitions  remain,  as  in  the  other  case,  un- 
altered below  a  thin  crust  of  silver  oxide. 

Now  as  for  every  molecule  of  cupric  sulphate  a  molecule  of  cupric  sulphide  is 
formed,  whilst  the  wati  r  of  crystallisation,  haviiiij:  liocn  solid  bcforo,  p.asses  into  the 
liquid  state,  it  follows  I  liat  tla-.-i-n^f  nf  aiipria  -  iil|i!iiili'  mn-t  c-iiatain  a  i^'veat  many 
more  molecular  gaps  tha  II  iliaf  nl'  sihir  !  [iliiilr,  tnviliis  i-rasnn,  that  silver  nitrate 
contains  no  water  of  crystailisal  ion.  A  crust  uf  suljiliiilr  (uiei.'  formnl,  llir  process  of 
decomposition  will  go  on  in  the  same  manner  as  before,  only  when  thr  inulri  \ilar  traps 
are  large  enough  to  allow  of  the  passage  of  more  molecules  of  potassinni  siilpliiile,  ■ 
whilst  when  the  gaps  are  too  small,  chemosmotic  decomposition,  or  t  luci  rn-rapillary 
phenomena,  will  be  produced.  The  potassium  unites  with  the  group  SO*,  metallic 
copper  being  separated,  whilst  the  sulphur  previously  combined  with  the  potassium 
remains  outside  the  crust,  forming  potassium  disulphide.  The  crust  of  silver  sulphide, 
on  the  other  hand,  having  no  gaps,  soon  puts  a  more  or  less  complete  stop  to  the 
chemical  action. 

Loew  is  of  the  opinion  that  many  of  those  chemical  processes  which  take  place  in 
animal  and  vegetable  organisms  may  be  explained  in  a  similar  manner  by  supposing 
that  the  cellular  membranes  are  provided  with  gaps,  and  possess  a  different  molecular 
structure  for  each  species  of  cells. 

Electrolysis.  General  Laws. — G.  Quincke  {Pogff.  Aim.  cxliv.  1,  161)  has  de- 
veloped a  iii'W  tlifory  of  electrolysis,  and  of  the  conduction  of  electricity  in  liquids, 
l)ascd  iin  thr  assumption  that  to  each  of  the  two  component  moleexiles  which  make  up 
the  entire  molecule  of  an  electrolyte,  there  is  attached  a  certain  quantity  of  free  elec- 
tricity, these  quantities  e  and  t',  which  belong  to  the  two  component  molecules,  being 
either  the  same  or  different  in  sign  and  qiiantity.  The  separation  of  the  component 
molecules  arises  from  the  different  attraction  which  the  several  atoms  composing  the 
molecules  exert  on  the  two  electric  fluids. 

The  accelerating  forces  acting  upon  e  and  c'  at  a  certain  point  are  expressed  liy — 

dY  ,       dY  , 

—  6   and    —    -  6 , 

f/;i-  d.v 

where  V  denotes  the  potential  of  the  free  electricity  at  this  point  and  the  force  is 
reckoned  as  positive  in  the  direction  of  the  positive  x.  The  charges  c  and  e'  carrying, 
as  a  rule,  the  particles  to  which  they  are  attached  along  with  them,  soon  attain,  on 
account  of  the  friction  of  the  moving  particles  against  one  another,  the  constant 
velocities 

V  =  -  C  — ^  6,  and      =  -  C  e, 

d.e  dx 

where  C  and  C  are  constants  depending  upon  the  quantity  of  mass  to  be  moved,  upon 
the  friction  between  the  particles,  and  upon  the  force  with  which  f  and  e'  are  retained 
by  the  moving  atoms.  The  force  separating  the  ions  is  proportional  to  their  mean 
relative  velocity,  and  is  expressed  by 

K  =  A  (u-i-')  =  -         (Be  —  J].'), 
d.v 

where  A  and  B  =  AC  are  constants. 

If  q  represent  the  section  of  the  electrolysed  liquid,  A  its  conductivity,  and  i  tho 
current  intensity,  we  get  — 

'^;:=  --^;amlK  =  /^-^': 
tfa'  Aj  (I  A 
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from  wliieli  it  appears  tliat  the  force  tending  to  separate  the  constituents  of  ah  electro- 
lyte is  proportional  to  the  destiny  of  the  current,  that  is  the  strengtli  of  the  current 
per  unit  of  sectional  area  of  the  electrolyte.  As  long  as  this  force  is  too  small  to 
overcome  the  chemical  afBnity,  the  liquid  will  behave  as  an  insulator,  but  it  may 
become  conducting  by  an  increase  of  the  density  of  the  current. 

From  these  equations,  the  following  general  conclusions  are  deduced : — 

1.  The  force  tending  to  separate  the  ions  increases  with  the  electromotive  force  of 
the  battery  used,  and  is  inversely  proportional  to  the  length,  but  independent  of  the 
section  and  of  the  conductivity  of  the  liquid,  supposing  tlie  resistance  of  the  rest  of 
the  circuit  to  be  negligible  in  comparison  with  that  of  the  electrolyte. 

2.  The  quantity  of  the  ions  separated  is  proportional  to  the  mean  relative  velocity 
with  which  they  pass  one  another. 

3.  According  as  the  constituents  of  an  electrolyte  both  approach  to  or  recede  from 
an  electrode,  or  as  they  move  with  different  velocities  in  opposite  directions,  the  con- 
centration of  the  liquid  at  this  electrode  will  increase  or  decrease. 

Quincke's  formulae  show  further  that  the  conducting  power  of  a  liquid  increases  with 
its  temperature  and  condensation,  and  that,  under  certain  circumstances,  a  maximum 
of  conductivity  may  occur.  They  also  show,  in  accordance  with  the  results  of  experi- 
ment, that  the  quantities  of  different  substances  separated  at  the  electrodes,  and  the 
ratios  of  these  quantities  when  several  chemical  compounds  contained  in  the  same 
liquid  are  decomposed  simultaneously,  are  independent  of  the  density  of  the  current. 
Further,  that  in  a  unit  of  time,  different  numbers  of  component  molecules  may  pass 
through  the  same  transverse  section  to  the  anode  and  catliode,  these  numbers  being 
proportional  to  the  density  of  the  current  and  to  a  constant  peculiar  to  each  liquid, 
and  therefore  independent  of  the  density  of  the  current. 

In  most  salts  the  passage  of  the  electric  current  is  attended  with  a  decrease  of  con- 
centration at  both  electrodes,  whence  it  follows  that  the  component  molecides  move  in 
opposite  directions,  and  e  and  e'  have  different  signs.  In  solutions  of  Cdl^,  CdCl-, 
ZnCl-,  Znl",  however,  Hittorff  {Fogg.  Ann.  c.  542)  observed  concentration  to  take 
place  at  the  anode,  whence  it  follows  that  e  and  e'  are  in  these  cases  both  of  negative 
sign. 

Conduction  in  Liquids  without  Electrolysis. — -The  power  of  liquids  to  conduct  elec- 
tricity without  at  the  same  time  undergoing  decom.position  being  still  somewhat 
doubted,  though  the  experiments  of  Faraday  and  of  Foucault  afford  strong  arguments 
in  favour  of  its  existence,  Favre  [Compt.  rend.  Ixxiii.  1463)  has  endeavoured  to  settle 
the  question  by  experiments  made  under  conditions  in  which  electrolysis  was  impos- 
sible. 

A  Smee's  battery  of  two  cells  which,  so  long  as  its  two  poles  were  unconnected,  did 
not  evolve  a  single  bubble  of  gas,  gave  off,  when  its  poles  were  connected  through  a 
voltameter,  20  c.c.  of  hydrogen  in  24  hours,  sho-\ving  that  the  circuit  was  complete, 
and  therefore  that  conduction  took  place  through  tlie  acidulated  water  in  the  volta- 
meter. No  gas,  however,  was  evolved  from  the  voltameter,  whether  the  acid  liquid 
contained  in  it  had  been  previously  saturated  with  the  electrolytic  gases,  or  had  been 
previously  boiled  so  as  to  expel  dissolved  gas.  On  replacing  one  of  the  Smee's  elements 
by  a  Daniell's  cell,  a  quantity  of  copper  was  deposited  in  the  latter,  equivalent  to  the 
gas  given  off  by  the  Smee's  cell,  but  no  gas  came  from  the  voltameter;  and  when  solu- 
tion of  cupric  sulphate  was  substituted  as  an  electrolyte  for  the  dilute  sulphuric  acid 
it  was  found  that,  after  four  days,  though  a  deposit  of  copper  had  occurred  in  the 
Daniell's  cell,  the  negative  plate  of  the  voltameter  did  not  exhibit  a  trace  of  it. 

These  facts  indicate  a  true  conduction  in  liquids  distinct  from  electrolytic  trans- 
ference. In  fact,  according  to  previous  experiments  by  Favre  (x5.  460),  not  less  than 
three  Smee's  cells,  whose  voltaic  energy  is  expressed  by  the  number  15,000  per  coll  in 
units  of  heat  for  a  certain  amount  of  chemical  decomposition,  would  be  required  to 
effect  the  electrolysis  of  the  acid  liquor  of  the  voltameter,  in  which,  for  a  similar 
amount  of  decomposition,  about  45,000  units  of  heat  are  required. 

Electrolysis  of  Fa ier.— Gladstone  a.  Tribe  {Br.  Assoc.  Reports,  1872,  Trans- 
actions of  the  Sections,  p.  75)  find  that  pure  water  may  be  decomposed  by  zinc  in  eon- 
junction  with  a  more  negative  metal,,  the  connection  being  made  either  within  the 
liquid,  or  outside  hy  a  wire.  AVith  zinc  and  copper  the  effect  increases  slowly  as  the 
plates  are  approximiited  till  they  are  within  about  an  incli  of  each  other,  and  on  further 
diminishing  tlio  distance,  the  action  increases  at  a  rapidly  accelerating  rate.  The  do- 
composition  is  also  accelerated  by  heat.  With  two  plates  li  inch  distant  from  one 
another,  the  deflection  of  the  galvanometer  showed  that  the  effect  of  raising  tlie  tem- 
perature from  40°  to  80°  was  more  than  double  of  that  between  20°  and  40°.  In  an 
experiment  with  a  '  copper-zinc  couple,'  that  is  to  say,  zinc-foil  coated  with  finely 
divided  copper  by  immersion  in  a  dilute  solution  of  copper  sulphate,  the  Ibllowing 
quantities  of  hydrogen  were  obtained 
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Mean  tcmpeiMture 

Duration  of  exporinic-nt 

Hvdrogon  ccaiccted 

Hj-tlrogcn  pel-  lionr  | 

2-2° 

3  hours 

3'4  CO. 

1-1  CO.  1 

22-2 

2 

Il-l 

5-0 

45  minutes 

r)50 

1,) 

10-5 

62-0  i 

20-1 

7-1-6  i 

93-0 

0  ■. 

44-0 

628  0  j 

1 

The  last  column  shows  the  very  great  acceleration  due  to  heat. 

Five  other  experiments  -witli  the  copper-zine  couple  in  which  the  gas  -was  collected 
and  measured  at  the  end  of  every  2-1  or  48  hours  yielded  the  following  results  :— 

In  experiment  A,  33-4  grams  of  zinc-foil  were  employed,  2'6  meters  long  and  0  05 
wide.  The  coils  were  kejjt  apart  by  muslin.  In  experiment  B  there  was  used  one 
meter  of  similar  foil  crumpled  up.  The  two  experiments  continued  almost  pari  2:>assu 
for  months,  the  amount  of  hydrogen  gradually  diminishing.  Subjoined  are  the  results 
of  the  tirst  and  last  observations  : — 


117-1 
14-0 


49-6 
.'il 


Under  the  microscope  the  bubbles  of  gas  are  seen  to  form,  not  on  tlie  zinc,  but  among 
tlio  copper  crystals,  and  sometimes  to  make  their  appearance  on  the  glass  at  some 
distance  off. 

From  the  position  of  platinum  in  the  electro-chemical  series,  it  was  anticipated  that 
the  effect  would  be  still  more  marked  with  that  metal  in  a  spongy  state  on  the  zinc. 
The  metal  was  deposited  from  the  tetrachloride,  and  thoroughly  washed.  With  O'G 
meter  of  foil  the  following  quantities  of  hydrogen  were  obtained  :— 


Day 
1 
8 


Mean  tomp, 

11-7 
7-7 


143-6 
12-3 


."Similar  effects  were  obtained  with  water  previously  freed  from  air  by  boiling. 

Iron  and  lead,  similarly  coated  with  copper,  also  decompose  pure  water,  and  the 
action  of  magnesium  is  greatly  increased  by  conjunction  with  copper  (Proc.  Roy.  Soc. 
XX.  218). 

A  metal  less  capable  than  zinc  of  decomposing  water,  likewise  produces  a  deflection 
of  the  galvanometer  if  it  be  united  with  a  metal  still  more  negative.  The  order  for 
pure  water  seems  to  be  :  platinum,  silver,  copper,  iron,  tin,  lead,  zinc,  magnesium. 

When  the  current  of  a  single  Daniell's  cell  is  passed  tlirough  pure  water,  the  elec- 
trolysis is  more  easily  effected  between  poles  of  a  metal  which  has  a  considerable 
affinity  for  oxygen  than  between  poles  of  a  metal  which  has  but  little  affinity  for  that 
element ;  with  zinc  poles,  for  example,  the  action  is  more  than'  double  of  that  between 
platinum  poles  of  the  same  size  and  at  the  same  distance.  The  order  of  efficiency  for 
poles  in  the  electrolysis  of  water  seems  to  be :  platinum,  tin,  silver,  copper,  iron,  le.ad, 
zinc,  magnesium.  After  a  few  minutes  the  power  of  tin  was  found  to  rise  above  that 
of  copper.  The  other  metals  stand  in  the  same  order  as  in  the  previous  list,  where 
they  are  arranged  according  to  the  facility  with  which  they  produce  electricity  by  their 
joint  action  on  water. 

Heating  the  liquid  between  the  poles  accelerates  the  action.  With  zinc  poles  the 
deflection  increases  about  fourfold  between  5°  and  80°,  and  the  action  increases  nearly 
2)ari  passu  with  the  temperature. 

When  the  poles  are  formed  of  dissimilar  metals,  a  current  is  established  in  the 
electrolytic  cell  which,  according  to  its  direction,  either  adds  to  or  subtracts  from  the 
current  originating  in  the  Daniell's  cell.  Thus,  if  twn  p..lt  s  of  platinum  be  used,  the 
effect  witii  water  is  very  minute  ;  but  if  theneg.Ml  ivi'  |il:itiiiinii  polo  be  replaced  by  one 
of  zinc,  pure  water  is  decomposed  by  one  cell  of  DanieU'.s  battery  with  visible  evolu- 
tion of  hydrogen.  With  poles  of  silver  and  zinc  the  following  deflections  were  ob- 
tained : — 

Positive  N'^p.ntive  Deflection 

Silver  iSilvoi-  27 

.Silver  Zinc  7  ' 

/iuc  Zinc  33 
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When,  therefore,  the  dissimilar  metals  were  employed  as  poles,  the  decomposition  of 
the  water  ■was  not  the  mean  of  that  producible  by  silver  and  by  zinc,  viz.  30,  but 
30  +  22  when  the  forces  acted  in  the  same  direction,  and  30-23  when  they  acted 
against  one  another  {Br.  Assoc.  Ecports,  loc.  cit.) 

Eleciroli/sis  of  Alcoholic  Iodides  bij  the  Copper-Zinc  Couple. — Wh&n  zinc-foil  coated 
with  copper,  as  above,  is  heated  to  100°  witk  ethyl  iodide,  a  decomposition  takes  place 
similar  to  that  which  is  produced  by  zinc  alone  at  higher  temperatures,  a  small  quantity 
of  gas  being  given  off,  and  ethiodido  of  zinc  Zn(C'-'H^)I  produced,  which,  when 
gently  heated,  is  resolved  into  zinc  iodide  and  zinc  ethyl.  AVhen  the  couple  acts  on 
etliyl  iodide  in  presence  of  water  or  alcohol,  etlaane  C-H"  is  given  olf,  and  zinc  iodo- 
hydrate  Zn(OH)I  or  iodethylate  Zn(OC-II^)I  remains  behind. 

The  iodides  of  methyl,  propyl,  and  amyl  are  decomposed  in  a  similar  manner  (see 
tlio  several  Alcohol  Eadicles). 

Relations  between  Electricity  and  Heat.  F.  Guthrie  finds  that  the  re- 
action between  an  electrified  body  and  a  neighbouring  neutral  body,  wliereby  the 
electricity  in  the  latter  is  inductively  decomposed  and  attraction  produced,  undergoes 
a.  modification  when  the  neutral  body  is  considerably  heated. 

Under  many  circumstances  the  electrified  body  is  rapidly  and  completely  discharged, 
the  action  of  discharge  depending  mainly  upon  the  following  conditions: — (1)  the 
temperature  of  the  discharging  body,  and  its  distance  from  the  electrified  one ;  (2) 
the  nature  ( +  or  — )  of  the  latter's  electricity. 

WiXh.  regard  to  (1)  it  is  found  that  the  discharging  power  of  a  hot  body  diminishes 
as  its  distance  increases,  and  increases  with  its  temperature,  depending,  however,  not 
upon  the  quantity  of  heat  radiated  from  the  hot  body  to  the  electrified  body,  but  chiefly 
upon  its  quality.  Thus  a  white-hot  platinum  wire  connected  with  the  earth  may 
exercise  an  indefinitely  greater  discharging  power,  at  the  same  distance,  than  a  large 
mass  of  iron  at  100°,  though  the  latter  may  impart  more  heat  to  the  electrified  body. 

Neither  the  mere  reception'  of  heat,  however  intense,  by  the  electrified  body,  unless 
the  latter  has  such  small  capacity  as  to  be  itself  intensely  heated,  discharges  the  elec- 
tricity if  the  source  of  heat  be  distant ;  nor  is  discharge  effected  when  the  electrified 
body  and  a  neighbouring  cold  one  are  surrounded  by  air  through  which  intense  heat 
is  passing.  But,  for  the  discharge,  it  is  necessary  that  heat  of  intensity  pass  to  the 
electrified  body  from  a  neutral  body,  within  inductive  range. 

White-  and  red-hot  metallic  neutral  bodies  exercise  this  discharging  power  even 
when  isolated  from  the  earth,  but  always  with  less  facility  than  when  earth-cou- 
nected. 

The  hotter  the  discharging  body,  whether  isolated  or  earth-connected,  the  more 
nearly  alike  do  +  and  —  electricities  beliave  in  being  discharged ;  but  at  certain 
temperatures  distinct  differences  are  noticed.  The  —  electricity,  in  all  eases  of  differ- 
ence, is  discharged  with  gi-eater  facility  tlian  the  -I- . 

Various  flames,  both  earth-connected  and  isolated,  have  an  exceedingly  great  power 
of  discharging  both  kinds  of  electricity. 

The  effects  in  regard  to  discharge  are  similar  when  platinum  wire,  rendered  hot  by 
a  galvanic  current,  is  used,  and  also  when  the  condensed  electricity  of  a  Loyden  jar  is 
experimented  on. 

As  hot  iron  shows  a  preferential  power  of  discharging  —  over  +  electricity,  so  it 
is  found  that  white-hot  but  isolated  iron  refuses  to  be  charged  either  with  +  or  — 
electricity.  As  the  iron  cools,  it  acquires  first  the  power  of  receiving  — ,  and  after- 
wards of  receiving  .  Further,  while  white-hot  iron  in  contact  with  an  electrified 
body  prevents  that  body  from  retaining  a  charge  of  either  kind  of  electricity,  as  it 
cools  it  permits  a  +  charge  to  be  received,  and  subsequently  a  —  one. 

Many  of  these  effects  may,  perhaps,  be  attributed  to  the  existence  of  an  electrical 
coercitive  force  which,  like  the  magnetic  coercive  of  steel,  is  diminished  by  heat  {Phil. 
Mag.  [4]  xlvi.  257  ;  Proc.  Roy.  Soc.  xxi.  168). 

Thermic  Equivalent  of  Electricity.— V.  Kicchl  {Wiin.  Acad.  Ber.  Ix.  [2] 
121),  has  re-determined  the  thermic  equivalent  of  electricity,  that  is  to  say,  the 
number  of  heat-units  producible  by  the  expenditure  of  a  quantity  of  electricity  capable 
of  eliminating  1  gram  of  hydrogen  at  0°C,  and  760  mm.  from  water  at  0".  This  ■ 
quantity  of  heat  is  the  same  as  that  which  is  developed  by  the  combustion  of  1  gram 
of  hydrogen  at  0°,  and  760  mm.  in  oxygen  under  the  condition  that  the  resulting 
aqueous  vapour  is  converted  into  water  at  0°.  The  principle  of  the  determination  is  as 
follows  : — A  voltameter  and  a  rheostat  whose  water-equivalent  is  exactly  known,  are 
enclosed  in  a  calorimeter  and  traversed  for  equal  times  by  a  current  of  constant  strength. 
Wlien  the  voltameter  is  placed  in  the  circuit,  the  action  is  :  evolution  of  N  grams  of  deto- 
nating gas,  and  production  of  a  quantity  of  heat  Q  ;  when  the  rheostate  is  inserted,  the 


ELECTRICITY,  THERMIC  RELATIONS  OF. 


457 


rffoct  is  simply  ths  production  of  another  quantity  of  heat  Q,.  Tlio  difiFcreuce  Q,,— Q  is 
therefore  equivalent  to  the  decomposition  of  N  grams  of -wiitrr,  i>r  to  the  eliminatiou 
of  i  Ngram  of  hydrogen.  The  simplicity  of  the  pi-iiiriiilr  i.v  mhik  \\  li,Lt  ilistui-bedLy  the 
polarisation  of  the  electrodes,  and  by  the  circumstance  thai,  umlrr  tli''  most  favourable 
circumstances,  the  evolved  detonating  gas  leaves  tlio  caloi'lmct  rr  at  Iho  temperature  of 
tlio  latter,  which  is  not  exactly  0°,  and  under  a  pressure  more  or  less  different  from 
700  mm.  Nine  experiments  gave,  as  the  mean  value  of  the  thermic  equivalent  of 
electricity,  as  above  defined,  the  number  33591.  The  experiments  of  Andrews  on 
the  direct  combination  of  hydrogen  with  oxygen  give  33808  ;  those  of  Favre  a. 
.Silbermann  34462. 

Thermo-electric  Action  of  Liquids  and  Metals. — Gore  {Proc.  Roy.  Soc. 
xix.  324)  has  examined  the  relations  of  the  temperatui-e  and  chemical  action  of  metals 
to  their  electrical  state.  Two  shallow  copper  dishes  connected  by  wires  with  a 
galvanometer,  were  so  arranged  in  a  U-shaped  glass  vessel  with  vase-like  termina- 
tions, that  the  under  surfiices  of  both  could  be  placed  in  contact  with  any  liquid  con- 
tained in  the  glass  vessel.  One  of  the  copper  dishes  was  heated  by  pouring  hot  water 
into  it,  the  other  remaining  at  the  temperature  of  the  atmosphere.  The  general 
results  are  as  follows : — The  hot  copper  dish  was  positive  to  the  cold  one,  when  the 
active  liquids  were:  hydrochloric,  hydrocyanic,  boric,  and  orthophosphorio  acids; 
cupric  chloride  (weak  solution) ;  cobalt  chloride  ;  manganous  chloride  ;  chromic  acid ; 
chromic  chloride;  zinc  siilphate  (weak  solution);  magnesium  sulphate;  calcium 
chloride ;  strontium  nitrate  and  chloride ;  barium  chloride  ;  sodium  nitrate  (strong 
solution) ;  sodium  chloride,  iodide,  carbonate,  and  diborate;  sodium  sulphate  (strong 
solution) ;  trisodic  phosphate ;  potassium  nitrate,  chloride,  and  chlorate ;  potassium 
bromide  (strong  solution)  ;  potassium  iodide  (strong  solution) :  potassium  carbonate, 
liydrocarbonato  and  dichromate  ;  ammonium  Iiydrate  and  cliloride  ;  potassium  cyanide 
and  ferro-cyanide  ;  zinc  acetate  ;  and  sodium  acetate.  Negative  in  the  following : 
nitric,  chloric,  hydrobromic,  hydrofl-uosilicic,  and  sulphuric  acids ;  ferrous  sulpihate  ; 
cupric  chloride  (strong  solution)  ;  cupric  sulphate  ;  zinc  sulphate  (strong  solution)  ; 
sodium  nitrate  and  iodide  (weak  solutions) ;  potassium  iodate ;  clirome  alum ;  am- 
monium nitrate ;  oxalic,  acetic,  tartaric,  and  citric  acids.  In  several  instances  where 
the  hot  metal  was  negative  with  a  weak  solution,  it  became  positive  in  a  strong  one. 
The  direction  of  tlie  current  appeared  to  be  more  influenced  by  tlie  nature  of  the  acid  in 
a  salt  than  by  that  of  the  base.  The  currents  appear  to  be  due  either  (1 )  to  the  direct 
influence  of  heat,  the  effect  of  which  would  be  to  make  the  hot  copper  negative  in 
acid,  and  positive  in  alkaline  liquids ;  (2)  to  chemical  action,  which  sometimes  over- 
powers the  direct  influence  of  heat  and  reverses  the  efft'ct;  or,  (3)  to  botli  these 
influences  combined.  The  action  of  air  in  promoting  oxidation  at  the  line  where  the 
liquid  and  metal  come  in  contact  with  it,  no  doubt  influences  the  amount  of  current,  as 
duo  perhaps  the  direction.  "Wlien  the  air-line  is  long,  the  metal  becomes  electro- 
negative in  all  cases,  and  gives  stronger  indicixtions  when  the  liquid  htis  a  powerful 
chemical  action. 

To  ascertain  whether  the  quantity  of  current  was  due  to  the  difference  in  number  of 
the  molecules  of  liquid  touching  the  hot  and  cold  plates  respectively,  and  also  what 
amount  of  difference  of  strength  of  liquid  was  equivalent  to  the 
difference  of  temperature  employed,  experiments  were  made  Fig.  15. 

with  liquids  of  miequal  strength,  instead  of  unequal  tempera- 
ture. The  results  show,  that  heat  does  not  act  simply  by 
causing  a  greater  number  of  molecules  of  each  substance  to 
touch  the  hot  plate. 

Following  the  suggestions  of  these  researches,  Gore  has 
constructed  a  thermo-electric  battery  consisting  of  twelve  bent 
glass  tubes  (fig.  15),  closed  at  one  end,  and  having  a  platinum 
wire  sealed  into  that  end,  each  tube  being  filled  with  a  con- 
ducting liquid  and  having  its  outer  end  closed  by  a  cork,  in 
which  was  fixed  a  second  platinum  wire  dipping  into  the  liquid. 
The  upper  ends  of  the  tubes  are  heated  by  hot  water  contained 
in  an  oblong  tin  box,  h,a\'ing  in  its  lower  surface  a  long  semi- 
cylindrical  cavity  to  receive  them.  The  tubes  1,  3,  5,  7,  9,  11 
are  filled  with  a  dilute  sulphuric  acid,  the  alternate  ones  with 
aqueous  solution  of  potash.  The  platinum  wires  are  connected 
alternately  at  to-p  and  bottom,  by  means  of  binding  screws,  1 
and  2  at  top,  2  and  3  at  bottom,  3  and  4  at  top,  and  so  on. 
This  battery  produces  a  current  very  small  in  quantitj',  but  of 
considerable  intensity.  By  employing  electrodes  of  larger  surfa 
of  platinum,  and  more  concentrated  liquids,  the  quantity  of  the  current  miglit  be  con- 
siderably increased. 

Gore  has  also  shown  that  the  currents  produced  by  the  friction  of  a  liquid 
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ft  polar  plate  rotating  in  its  o-n-n  plane,  have  no  direct  connection  with  those  -nhich 
are  excited  in  the  same  liquids  by  heating ;  further,  that  the  thermo-electric  pro- 
perties of  liquids  are  not  dependent  on  the  molecular  structure  by  virtue  of  which 
liquids,  under  the  influence  of  magnetism,  polarise  light  circularly. 

Noii's  Thermo-electric  Battery. — In  this  battery  the  negative  metal,  an  alloy  similar 
to  German  silver,  is  drawn  into  wire  ;  the  positive  alloy,*  which  is  very  brittle  and 
somewhat  less  fusible  than  antimony,  is  cast  into  cylinders.  The  metals  are  joined 
together  by  casting  the  cylinder  round  the  thickened  end  of  the  wire,  in  such  a 
manner  that  the  wire  is  iu  the  prolongation  of  the  axis  of  the  cylinder.  Over  the 
wire  a  short  copper  cylinder  is  passed,  and  pushed  up  against  the  positive  metal,  but 
it  is  prevented  from  coming  in  actual  contact  with  it  by  the  interposition  of  a  piece  of 
mica.  Against  these  copper  cylinders  the  flames  of  either  gas  or  spirit  lamps  impinge, 
and  are  thereby  prevented  from  fusing  the  positive  alloy  or  burning  through  the 
wire.  The  elements  are  placed  in  double  parallel  series,  which,  in  the  larger  bat- 
teries, are  so  mounted  that  they  may  be  used  in  various  combinations,  either  for  quantity 
or  intensity. 

The  electromotive  power  of  one  of  these  elements  was  found  to  be  from  1-24  to 
1"36  of  the  Jacobi-Siemens'  unit,  while  the  electromotive  power  of  a  DanielFs  cell  was 
found  to  be  equal  to  12  of  these  units.  It  requires,  therefore,  9  to  10  Noe's  elements 
to  equal  1  Daniell.  With  larger  batteries  the  electromotive  power  cannot,  however, 
safely  be  raised  above  1,  otherwise  superheating  of  parts  is  not  to  be  avoided. 

The  larger  battery  examined  consisted  of  72  elements,  which  could  be  combined 
so  as  to  form  either,  I.  one  series  of  72  pairs,  or  II.  one  of  36  pairs,  or.  III.  18 
of  four  pairs  each.  With  each  combination,  the  electromotive  power,  per  element,  was 
found  to  be  one  of  the  above  units  ;  the  resistance  of  a  single  element  was  0'05.  A 
Bunsen's  element,  charged  with  concentrated  nitric  acid  and  with  sulphuric  acid  of 
1  iu  10,  has  an  electromotive  power  of  20,  and  with  a  good  porous  cell  a  resistance  of 
about  0-3  in  elements  of  the  usual  size.  With  a  groat  external  resistance,  20  of  Noii' s 
elements  will  therefore  be  equal  to  one  of  Bunsen's.  AVith  a  small  external  resistance, 
20  quadruple  elements  are  somewhat  stronger  than  one  of  Bunsen's.  One  Noe's 
element  is  about  equal  to  11  ordinary  bismuth-antimony  elements  (temperature  0° 
and  100°  C.)  Even  a  single  Noe's  element  produces  considerable  physiological 
effects  when  used  with  an  induction  apparatus. 

The  above-mentioned  battery  of  72  elements  effects,  with  combination  I.  a  copious 
decomposition  of  water ;  with  combination  II.  it  sets  in  action  middle-sized  Euhm- 
korff's  coils  ;  and  with  combination  III.  and  spirals  of  thick  wire,  it  produces  power- 
ful electro-magnets. 

In  subsequent  experiments  it  was  found  that  the  battery  could  be  safely  heated 
higher  than  was  found  expedient  on  the  former  series :  it  then  gave  a  mean  electro- 
motive power  of  1'14  per  element,  with  a  resistance  of  O'Ool  (v.  Waltenhofen,  Fogg. 
Ann.  cxliii.  113). 

A  new  form  of  this  battery  has  been  devised  by  v.  Waltenhofen,  in  which  the 
negative  wire  fused  to  the  positive  metal  is  bent  back  from  the  point  of  contact  at  an 
acute  angle.  A  small  metallic  rod  is  fused  to  the  two  elements  at  this  same  point. 
Twenty  elements  are  arranged  in  a  circle,  the  metallic  rods  just  mentioned  being  in 
the  centre.  The  space  in  the  centre  is  covered  with  a  plate  of  mica,  and  the  metallic 
rods  are  then  heated  by  means  of  a  circular  gas  flame. 

The  electromotive  power  of  twenty  such  elements  is  equal  to  19'4,  one  Bunsen  cell 
being  equal  to  20.  If  a  Daniell  cell  be  equal  to  12,  then  one  of  these  cells  is  about 
equal  to  1,    The  resistance  of  each  element  =-056  {Chem.  Centr.  1872,  530). 

Thermic  Phenomena  in  the  Voltaic  Circuit. — I'avre  (Compt.  rend.  Ixiii. 
369)  has  examined  the  heat-phenomena  accompanying  decompositions  in  the  voltaic 
circuit,  by  means  of  an  apparatus  consisting  of  two  mercury-calorimeters,  one  of  which 
served  to  measure  the  internal  work  of  a  5-pair  battery  (zinc,  platinum,  dilute 
sulphuric  acid)  enclosed  within  it,  the  other  to  measure  the  external  work.  Into  this 
second  calorimeter  were  successively  introduced:  (1)  A  sixth  couple,  identical  with 
those  of  the  first  calorimeter  ;  (2)  a  voltameter  consisting  of  a  pair  of  platinum- 
plates  of  the  same  siirface  as  the  zinc-platinum  pairs ;  (3)  a  voltameter  with  two 
copper  plates,  likewise  of  the  same  surface,  but  immersed  in  a  solution  of  cupric 
sulphate. 

In  the  following  table,  A  denotes  the  heat  (in  units  or  gram-degrees)  taken  up  by 
the  first  calorimeter ;  B,  the  heat  which  is  witlidrawn  from  the  batterj-,  and  represents 
its  external  work,  also  in  gram-degrees,  both  reckoned  for  1  equivalentof  zinc  (33) 
dissolved  in  the  battery ;  8,  the  tangent  of  the  angles  of  deflection  of  the  galvanometer ; 
C,  the  heat,  also  in  gram-degrees,  taken  up  by  the  voltameter  from  the  battery.  The 

*  The  composition  of  these  alloys  is  at  present  kept  secret. 
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dilute  sulphuric  acid  used  in  all  the  experiments  coiiUiiiiwl  in  1.000  cuIj.  ecnt.  89'21 
^r.iiiis  of  sulphuric  anhydride. 

i 


1.  Battery  alone  ..... 

!  2.  Uattery  with  Galvanometer  in  the? 
circuit  .       .       .       .       .  .\ 

3.  Battery,    Gah-a-iomcter    and  sixth) 

'         C""P''"  (' 

I  4.  Badery.  Galvanometer  and  Voltn-] 

meter  (plalinum  witli  dilute  snl-  - 

i  phuricaeid)  j 

j  5.  Battery,  Galvanometer,  Voltameter? 
j  (platinum  with  nitric  acid)  .  .  \ 
\  C.  Battery,  Galvanometer,  Voltameter? 

(platinum  with  cupric  sulphate)    .  { 

7.  Battery,  Galvanometer,  Voltameter? 

(platinum  with  cupric  nitrate)       .  \ 

8.  Battery,  Galvanometer,  Voltameter? 

copper  with  cuiwic  sulpliate).       .  j 

9.  Batter}',  Galvanometer,  Voltameter? 

(copper  with  cupric  sidphate)*.    .  ( 


^yithoutthe  current,  1  eq.  siilpburio  acid  (49)  of  the  dilution  above  stated,  and  1  eq.  zinc  (83) 
evolved  19,954  gium-degreos  of  heat ;  moreover,  1  eq.  cnprio  sulphate,  nnd  1  eq.  zinc,  evolved  L'VjSSS 
gram-degrees. 

When  a  sixth  couple  is  enclosed  iu  the  second  calorimeter,  tho  development  of  heat 
thereby  is  exactly  one-fifth  of  that  developed  by  the  5-pair  battery  in  the  first  calori- 
meter, inasmuch  as  it  proceeds  exclusively  from  this  one  couple.  When  the  second 
calorimeter  contains  tho  platinum  voltameter,  which  evolves  no  heat,  the  entire 
quantity  of  heat  proceeds  from  the  battery,  and  the  heat  of  tho  first  calorimeter  is 
diminished  by  a  corresponding  amount  {i.e.  by  the  fifth  part  of  C).  If  the  voltameter 
is  fitted  with  copper  plates,  the  heat  developed  within  the  second  calorimeter  proceeds 
partly  from  the  battery,  partly  from  the  voltameter,  the  processes  which  take  place 
separately  in  the  zinc-platinum  couple  and  the  platinum  voltameter  here  going  on 
simultaneously  (decomposition  -of  cupric  sulpha-te,  with  assumption  of  heat  from  tho 
battery,  and  formation  of  an  equivalent  quantity  of  cujjric  sulpihate  with  development 
of  heat,  which  is  added  to  that  product  by  the  current).  Whereas  therefore  (in  3),  the 
sixth  couple  in  the  second  calorimeter  develops  19.9.54  units  of  heat  for  each  equiva- 
lent of  sulphuric  acid  decomposed,  the  voltameter  (in  4)  consumes,  for  the  same  effect, 
r)9,895  units  which  it  abstracts  from  the  current.  Nearly  the  same  values  may  be 
deduced  from  the  decomposition  of  tho  copper  salt  in  (G)  and  (7).  After  deduction  of 
7,975  heat-units  (which  Favre  regards  as  required  to  overcome  the  resistance  in  tho 
voltameter),  there  remain  therefore  51.920  units,  ami  these  express  the  qtiantity  of 
heat  required  for  the  decomposil  ion  of  10  u  im  lus  nf  In  .hnireu  sulphate  (into  SO*  and 
II,  or,  on  the  other  hand,  for  the  .■..nilaii.iiina  ,,f  so'  villi  H). 

The  further  consequences  from  tlie  results  olitaiiied  n;  in  te  -iiiiiinarised  as  follows  : 
The  battery  jdelds  to  the  compounds  which  it  decompi      .  :  1 1   . ;     1 ,  i !  y  of  heat  required 

for  their  decomposition,  and  this  quantity  of  heat  is  l.ii   '!  which  the  same 

elements  in  their  ordinary  free  state  evolve  iu  coiiil'iMini;,  L(  .  .;ii-.e,  in  the  form  of 
isolated  atoms,  they  contain  an  excess  of  heat,  which  they  give  up  on  passing  into 
their  ordinary  condition  of  molecules.  The  alterations  which  the  elementary  bodies 
experience  before  entering  into  true  chemical  combination,  or  after  separation  from 
that  state,  are  therefore  characterised  by  heat-phenomena  which  have  no  connection 
w'ith  those  accompanying  actual  combination  and  decomposition.  Hence  the  stability 
of  a  compound  affords  no  measure  of  the  magnitude  of  the  affinity  of  its  elements. 
Compounds  whose  elementary  1  (instii  nents  rer|uirefor  their  separation  equal  quantities 
of  heat,  will  be  decompdsi  1  w  m  h  ui-ealer  l  ieility.  the  greater  the  amount  of  heat  which 
these  elements  evolve  in  i-.-ini;  from  I  la  n.asoont  state  (z'.f.  the  state  in  which  they 
exist  in  conililnatiou  and  separate  !Vniii  il)  into  the  ordinarj'  state. 

A  I'onsideralile  ]ii);'<  ioa  ot  llie  lieat  evulved  bythe  chemical  action  in  the  battery 
naiiains  iu  I  lie  eahji-imet er,  end  is  not  av.ailalile  for  the  performance  of  usefid  work  in 
tlie  extern.al  part  of  the  eiremt.    This  quantity  of  heat  (=  6,000  units  in  the  experi- 


A 

B 

0 

C 

19,572 

382 

— 

1.4S9 

S'48S0 

3"6069 

7.97.-. 

11,079 

0-1095 

59.895 

8,88'8 

11.06G 

0-0969 

55.330 

11,381 

0-7623 

50,905 

8,-124 

11.530 

0-8278 

57,650 

14,091 

5.863 

1-8611 

29.315 

10,557 

9,897 

0-5668 

46,985 

In  tliis  experiment  the  distance  of  the  plate?  was  30  mm.,  in  all  the  others  S  mm. 
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monts  above  described)  is  that  which  is  due  to  the  passage  of  the  liydrogen  from  the 
nascent  to  the  ordinary  state. 

Tlie  quantity  of  heat  -which  might  be  supposed  to  be  equivalent  to  the  work  ex- 
ponded  in  the  orientation  of  tlie  molecules  of  the  electrolyte  is  so  small  that  it  may  be 
neglected.  The  concentration  and  nature  of  the  liquid,  and  the  distance  between  the 
immersed  metal  plates,  likewise  exert  no  appreciable  influence  on  the  distribution  of 
heat  in  the  circuit,  and  therefore,  also,  do  not  perceptibly  alter  its  resistance.  A 
greater  influence  appears  to  be  due  to  the  size  of  the  immersed  plates. 

The  remaining  portion  of  the  heat  developed  by  the  battery,  that  is  to  say  tlie 
quantity  which  is  transferrible  to  the  connecting  wire,  and  capable  of  doing  work 
outside  the  battery,  may  be  regarded  as  the  measure  of  the  voltaic  energy  of  the 
battery. 

In  another  series  of  experiments  (Comjj?.  jtmi^.  Ixxiii.  890,  936)  Favre  has  deter- 
mined tlie  voltaic  energy,  E,  of  several  battery-combinations.  That  of  a  Smee's  couple 
was  found  to  be  equal  to  15,000  heat  units.  For  a  Grove's  battery,  in  which  the 
ordinary  nitric  acid  is  replaced  by  fuming  nitric  acid,  E  =  49,847  heat-units.  A 
zinc-platinum  pair  excited  by  a  mixture  of  permauganese  and  sulphuric  acids,  gave 
E  =  39,234  heat-units.  The  same  with  hypochlorous  acid  gave  E  =  50,806.  A 
combination,  one  pole  of  which  was  formed  of  a  plate  of  hydrogenised  palladium  im- 
mersed in  dilute  sulphuric  acid,  while  the  other  pole  consisted  of  a  platinum  plate  in 
solution  of  cupric  sulphate,  gave  E  =  about  4,000  units. 

The  results  obtained  in  the  electrolysis  of  the  principal  oxygen-acids  are  given  in 
tlie  following  table,  in  which  column  1.  indicates  the  voltaic  energy  of  these  acids  as 
directly  determined  (in  the  battery) ;  coluinn  II.  the  same  as  calculated  from  the 
number  of  heat-units  transferred  from  the  battery  to  the  acid  when  the  acid  is  electro- 
lysed in  an  ordinary  non-partitioned  voltameter ;  and  column  III.  the  same  as  deter- 
mined by  electrolysis  in  a  voltameter  divided  into  two  cells  by  a  porous  diaphragm,  so 
that  the  separated  elements  cannot  recombine. 


I. 

II. 

III. 

Chromic  acid 

30,225 

31,279 

34,176 

Permanganic  acid  . 

39,234 

42,617 

45,304 

Fuming  Nitric  acid 

49,848 

52,822 

47,646 

Concentrated  Nitric  acid 

46,447 

46,786 

44,190 

Hypochlorous  acid 

50,807 

55,754 

51,908. 

For  the  hydrogen-acids  electrolysed  in  a  partitioned  voltameter,  the  foUomng 
results  were  obtained : 

Hydrochloric  acid   173,468  heat-units 

Hydrobromic  acid  177,108 

Hydriodic  acid   173,629 

The  difference  between  the  first  and  second  of  these  numbers  is  equal  to  that 
between  the  second  and  third. 

A  Smee's  battei-y  in  which  the  sulphuric  acid  is  replaced  by  one  of  these  three 
haloid  acids,  exhibits  the  following  degrees  of  voltaic  energy : 

With  Hydi-ochloric  acid        ....       16,738  heat-units 
Hydrobromic  acid       ....       14,967  ,. 
,,    Hydriodic  acid    .....       14,584  ,, 

Electrolysis  of  the  Oxides  and  Sulphates  of  the  Alkali-metals. — These  compounds  can 
?je  decomposed  by  batteries  whose  energy  is  smaller  than  that  which  is  required  to 
produce  the  same  compounds  from  their  constituents,  because  the  energy  of  the  battery 
is  strengthened  by  that  which  is  brought  into  play  by  the  oxidation  of  the  metal. 
This  oxidation  is  a  sy nelectroly tic  effect,  i.e.,  one  which  takes  place  in  connection 
with  and  during  the  electrolysis.  The  quantity  of  heat  abstracted  from  the  battery 
by  an  alkali  subjected  to  electrolysis  is  the  same  for  all  the  alkalis.  This  quantity  of 
heat  (about  50,000  units  on  the  average)  is  made  up  of  two  portions,  namely  the  heat 
of  combination  of  the  water  =^  34,500  units,  and  the  quantity,  equal  to  rather  more 
than  1,400  units,  which  is  developed  by  the  passage  of  the  liberated  constituents  of 
the  water  from  the  active  into  the  ordinary  state  ;  this  last  change,  which  takes  place 
after  the  electrolysis,  is  called  meta- electrolytic. 

The  process  of  decomposition  in  the  salts  is  exactly  similar.  If  the  voltampter 
containing  the  salt  be  divided  by  a  porous  diaphragm,  so  as  to  ijreveut  the  recombina- 
tion of  the  acid  and  base,  the  quantity  of  heat  evolved  is  diminislied  by  tlie  heat  of 
combination,  and  amounts,  on  the  average,  to  14,000  units.  If  the  continuous  repro- 
duction of  the  oxide  be  prevented  by  pouring  mercury  into  a  porous  cell,  placing  the 
cell  in  the  solution,  and  surrounding  it  with  a  platinum  plate  forming  the  positive 
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pole,  so  that  the  metal  may  be  immediately  amalgamated  at  the  negative  quicksilver 
surface,  the  decomposition  does  not  become  rapid  unless  the  energy  of  the  battery  bo 
considerably  increased.  A  very  -weak,  slow  decomposition  does  indeed  take  place, 
because  the  amalgamated  metal  undergoes  gradual  oxidation  ;  from  the  same  cause, 
also,  the  strengthened  battery  attains  its  full  decomposing  power  at  a  degree  of  energy 
somewhat  below  that  which  is  indicated  by  theory  (Favre,  Compt.  rend.  Ixxiii.  767, 
1036). 

Electrolysis  of  various  Acids  and  Scdts. — Experiments  on  the  electrolysis  of  acetic 
acid,  zinc  acetate,  formic  acid,  cupric  formate,  oxalic  acid,  sulphiu'lc  acid,  monohydric 
phosphate  and  aqueous  phosphoric  acid,  have  led  to  the  following  conclusions  :  When 
the  electrolysis  is  difficult,  as  in  the  case  of  acetic  acid,  and  the  voltaic  energy  of  the 
battery  is  small,  the  secondary  reactions,  which  usually  take  place  after  the  true  elec- 
trolysis, and  produce  heat  not  transferrible  to  the  circuit,  always  tend  to  strengthen 
the  energy  of  the  battery.  On  the  other  hand,  the  more  the  eiiergy  of  the  battery  is 
increased  by  using  a  greater  number  of  cells,  the  less  does  it  appear  to  be  strengthened 
by  the  secoudaiyreactions  in  the  voltameter.  It  is,  therefore,  very  difiicult  to  deter- 
mine"exaetly  the  quantity  of  heat  which  is  due  to  the  battery  and  transmissible  or  not 
transmissible  to  the  circuit.  The  secondary  actions  above  spoken  of  are  such  as  are 
produced  by  the  hydrogen  and  oxygen  set  free  during  the  electrolysis,  the  first  being 
burned,  the  second  oxidising  any  combustible  substances  present  [Compt.  rend.  Ixxiii. 
1186). 

In  the  electrolysis  of  the  sulphates  of  zinc  and  copper,  and  of  copper  nitrate,  in  the 
voltameter,  the  following  quantities  of  heat  were  found  to  be  transferred  to  the  volta- 
meter from  the  battery : 

Zinc  sulphate  ....  65,510  heat-units 
Cupric  sulphate  .  .  .  39,415  ,, 
Cupric  nitrate  .  .  .  37,770  ,, 
When  mixed  saline  solutions  are  electrolj'sed,  very  dilFerent  results  are  olitaincd, 
according  to  the  proportions  of  the  mixture,  the  voltaic  energy  of  tlie  battery,  the  elec- 
tric resistance  of  the  salts,  and  the  more  or  less  rapid  course  of  tlio  operation.  Sul- 
phuric acid  behaves  like  a  salt,  SO'H-,  and  its  gradual  liberation  during  the  electro- 
lysis of  zinc  or  copper  sulphate,  consequently  exerts  a  continually  increasing  influence 
on  the  amount  of  heat  developed  in  the  decomposition.  In  fact,  a  great  part  of  the 
sulphuric  acid  set  free  during  the  electrolysis  of  zinc  sulphate  is  electrolysed  instead 
of  the  zinc  salt,  because  it  offers  less  resistance  to  decomposition,  and  consequently 
less  heat  is  withdrawn  from  the  battery  than  would  be  required  for  the  decomposition 
of  the  zinc  salt.  This  electrolysis  of  the  sulphuric  acid  instead  of  the  metallic  salt,  is 
greatly  augmented  when  the  resistance  is  increased,  as,  for  instance,  by  inserting 
the  thermorheostat.  The  disturbing  influence  of  the  sulphuric  acid  can  be  avoided  by 
employing  a  large  quantity  of  zinc  solution,  about  2  litres,  in  the  voltjimeter,  because 
then  the  sulphuric  acid  formed  during  the  operation  is  immediately  diluted  to  such  an 
extent,  that"its  electrolysis,  in  comiiarison  with  that  of  the  zinc  salt,  may  be  ne- 
glected. 

When,  on  the  other  hand,  cupric  sulphate  is  electrolysed,  which  ofTers  less  resistance 
to  its  decomposition  than  sulphuric  acid,  the  quantity  of  the  latter  increases  rapidly, 
and  it  becomes  necessary  to  employ  the  thermorheostat — (1)  in  order  to  render  the 
resistance  of  the  voltameter  small  compared  with  the  total  resistance  of  the  circuit ; 
(2)  to  retard  the  electrolysis  so  far  that  the  cupric  sulphate  may  have  time  to  approach 
the  negative  electrode  in  the  same  proportion  in  which  it  is  decomposed,  as  otherwise 
the  sulphui-ic  acid  would  be  electrolysed  in  the  place  of  copper-salt. 

In  electrolysing  a  mixture  of  the  three  sulphates  of  zinc,  cadmium,  and  copper, 
Favre  has  succeeded,  by  altering  the  condition  of  the  experiments,  in  obtaining  at 
will,  one  metal  or  two  metals  at  the  same  time,  or  all  throe  metals  in  certain  propor- 
tions. The  results  of  the  operations  vary,  1st,  with  the  voltaic  energy  of  the  battery  ; 
2nd,  with  the  electrolytic  resistance  of  the  salts  emptloyed ;  3rd,  vvnth  the  relative 
quantity  of  each  salt ;  4th,  with  the  more  or  less  rapid  progi-ess  of  the  operation, 
which  can  bo  regulated  by  means  of  a  rheostat. 

Voltameters  in  which  the  whole  of  the  hydrogen  evolved  by  decomposition  of  hydro- 
bromic  or  hydriodic  acid  is  taken  up  Ijy  free  iodine  or  bromine  dissolved  in  the  acid, 
are,  according  to  Favre,  the  only  ones  in  which  the  quantity  of  heat  consumed  in  the 
decomposition  is  equal  to  that  which  is  liberated  in  recombination.  In  the  electrolysis 
of  cupric  sulphate  between  copper  plates  this  is  not  the  case,  although  here,  also,  the 
salt  decomposed  is  immediately  reproduced,  but  a  certain  quantity  of  the  voltaic 
energy  transmitted  from  the  battery  to  the  voltameter  is  converted  into  heat,  and 
remains  in  the  voltameter  as  heat  not  transmissible  to  the  circuit.  The  conversion  of 
voltaic  energy  into  heat,  probably  takes  place  whilst  the  metal  passes  from  the  state 
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in  -wliich  it  is  present  in  the  saline  solution  into  its  elementary  state,  resuming  its 
metallic  properties.  On  the  other  hand,  the  copper  of  the  plates,  in  order  to  pass 
from  its  truly  metallic  state  into  that  modification  in  "which  it  exists  in  its  solutions, 
consumes  heat  derived  from  the  batterj'.  On  making  this  experiment,  first  with  plates 
of  rolled  copper,  then  with  plates  covered  -mtii  electrolytically  deposited  copper,  it  is 
found  that  the  rolled  copper  possesses  less  heat  than  that  which  is  deposited  by  elec- 
trolysis. 

If  from  the  10,500  heat-units  evolved  during  the  electrolysis  of  cupric  sulphate 
between  platinum-plates,  we  subtract  1,000  units  due  to  the  separation  of  copper,  we 
obtain  9,600  units  as  the  thermic  expression  of  the  change  of  state  which  the  o.^cj-gen 
undergoes  during  its  liberation. 

The  analogous  expression  for  the  liberation  of  1  equivalent  hydrogen  is  4,000  heat- 
units,  obtained  by  subtracting  9,500  from  the  13,500  units  evolved  during  the  elec- 
trolysis of  one  equivalent  of  hydrogen  sulphate  between  platinum  plates  (Favre.  Compt. 
rend.  Ixxiii.  1258). 

ESiEMSBTTS.  Tlio  relations  between  the  atomic  weights  of  the  elementary  bodies 
and  their  physical  and  chemical  characters,  already  explained  in  the  article  'Metals, 
Atomic  Weights,  and  Classification  of  (vol.  iii.  p.  975,  second  edition  of  this  Diction- 
ary), have  b6en  further  developed  by  Mendelejeff  in  an  elaborate  paper  {Ann.  Ch. 
Pharm.  Suppl.  viii.  133-229). 

I^tendelejeff  points  out  that  when  the  elements  are  arranged  according  to  the  order 
of  tfieir  atomic  weights,  from  H  =  1  to  U  =  240,  the  relations  l)etween  their  proper- 
ties and  their  atomic  weights,  exhibit  the  form  of  a  periodic  function.  If,  for  example, 
the  fourteen  elements  whose  atomic  weights  lie  between  7  and  36  be  thus  arranged  : 
Li  =7;      G  =  94;B=11;     C  =  12  ;  N  =  14 ;  0  =  16 ;  F  =  19. 
Na  =  23  ;  Mg  =  24 ;  Al  =  27-3  ;  Si  =  28 ;  P  =  31 ;  S  =  32;  CI  =  35-5 
it  is  seen  at  once  that  the  characters  of  these  elements  vary  gradually  and  regularly 
as  their  atomic  weights  increase,  and  that  this  variation  is  periodica],  i.e.  varies  in  the 
two  series  in  the  same  manner,  so  that  the  corresponding  members  of  these  series  are 
analogous  to  one  another ;  Na  aud  Li ;  Mg  and  Gr ;  Al  and  B  ;  Si  and  C  ;  S  and  0,  &c., 
forming  similarly  constituted  compounds,  or,  in  other  words,  possessing  equal  atomicity 
or  combining  capacity.    Moreover  the  combining  capacity  of  the  elements  in  eacli 
series  increases  regularly  with  the  atomic  weight,  the  first  members  forming  mono- 
chlorides,  the  second  dichlorides,  the  third  trichlorides,  &c.,  or  corresponding  oxides 
or  oxychlorides. 

The  physical  characters  of  the  elements  and  their  corresponding  compounds  likewise 
exhibit  remarkable  regularity  when  thus  arranged,  as  may  be  seen  with  regard  to 
the  specific  gravities  and  atomic  volumes  of  the  elements  in  the  second  series  above 
given : — 

Na  Mg  Al  Si  P  S  CI 

Sp.  gr.  .    .    0'97       1-75       2-G7       2-40       1-84       2-U6  1-33 
At.  volume     24         14  10         11         16         16  27 

Na=0  Mg=0=  AFO^  SrO'  P=0=  S=0'-  CPO' 
Sp.  gr.  .  ,  2-8  3-7  4-0  2-6  27  1'9  (?) 
At.  volume     22  22  25         45  55         82  (?) 

Most  of  the  other  elements  may  likewise  bo  arranged  in  groups  of  seven,  the 
members  of  which  exhibit  similar  relations,  c.ff. : — 

As  Cd  In  Sii  Sb  Tc  I 

At.  weight     .    lOS        112       113       118       122       125?  127 
Sp.  gr.  .    .    .    10-5       8-6        7-4        7'2        67        6-2  4-9 
Such  a  group  of  seven  elements  is  called  by  Mendelejeff,  a  timaU  period  or  series. 

The  elements  Avhich  can  be  thus  seriated  are  contained  in  the  first  seven  columns 
of  the  table  on  p.  463,  those  in  the  same  column  having  equal  combining  capacity,  and 
therefore  forming  oxides  of  corresponding  composition.^ 

On  comparing  the  several  series  in  this  table,  it  will  be  observed  that  the  corre- 
sponding members  of  an  even,  and  of  the  following  uneven  series  (the  fourth  and  fifth 
for  example)  differ  from  one  another  in  character  much  more  than  the  corresponding 
members  of  two  even  or  two  uneven  series  {c.ff.  the  fourth  and  sixth  or  the  fifth  and 
seventh) ;  thus  calcium  resembles  strontium  much  more  than  it  resembles  zinc.  The 
members  of  the  even  series  are  not  so  distinctly  metalloi'dal  as  those  of  the  uneven 
series  ;  and  the  last  members  of  the  even  series  resemble  in  many  respects  (in  their 
lower  oxides,  &c.)  the  first  members  of  the  uneven  series.  Thus  chromium  and  man- 
ganese in  their  basic  oxides  are  analogous  to  copper  and  zinc.  On  the  other  hand, 
strongly  marked  differences  exist  between  the  last  members  of  the  uneven  series 
(haloids)  aud  the  first  members  of  the  following  even  series  (nlkali-mctals).  Now 
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between  the  last  members  of  the  even  series  and  the  first  members  of  the  uneven  scries 
there  occur,  according  to  the  order  of  the  atomic  weights,  all  those  elements  which 
cannot  be  included  in  the  small  periods.  Thus,  between  Cr  and  Mn  on  the  one  hand, 
and  Cu  and  Zn  on  the  other,  there  come  the  elements  Fe,  Co,  Ni,  forming  the  follow- 
ing transition  scries  : 

Cr  =  52;  Mn  =  55;  Fe  =  56;  Co  =  50;  Ni  =  59  ;  Cu  =  63;, Zn  =  6c, 

In  like  manner  after  the  sixth  series  follow  the  metals  Eu,  Eh,  Pd ;  and  after  the 
tenth,  Os,  Ir,  Pt.  These  two  series  of  seven  terms  each,  together  with  the  three  inter- 
vening members,  form  a  long  period  of  seventeen  members. 

As  these  intermediate  members  are  not  included  in  either  of  the  seven  groups  of 
short  period,  they  form  a  group  of  themselves  (the  eighth),  some  of  the  numbers  of 
which,  viz.  Os  and  Eu,  are  capable  of  forming  oxides  of  the  form  EO'  or  E=0'\  This 
group  contains  nine  metals,  viz.:  — 

Fe  =    56;  Ni  =    59;  Co  =  59. 

Eu  =  104;  Eh  =  104;  Pd  =  106. 

Os  =  193?  Ir  =  195?  Pt  =  197. 

These  metals  resemble  one  another  in  many  respects  :  (1)  They  are  all  of  grey 
colour  and  difficult  of  fusion :  the  fusibility  increases  from  Fe  to  Co  and  Ni,  just  as 
in  the  following  series  Eu,  Eh,  Pd,  and  Os,  Ir,  Pt.  (2)  They  possess  in  a  high  degi-ee 
the  power  of  condensing  and  giving  passage  to  gases,  as  seen  especially  in  nickel, 
palladium,  iron,  and  platinum.  (3)  Their  highest  oxides  are  bases,  or  acids  of  little 
energy,  which  are  easily  reduced  to  lower  oxides  of  more  decided  basic  character. 
(4  )  They  form  stable  double  cyanides  with  the  alkali-metals.  Fe,  Eu,  and  Os,  form 
analogous  compounds  K^ECy" ;  Co,  Eh,  Ir,  form  salts  having  the  general  formula 
K^ECy";  Ni,  Pd,  Pt,  form  salts  having  the  composition  K-ECy^  (6)  All  these 
metals  form  stable  metallammonium  salts  resembling  one  another  in  many  of  their 
characters.  Thus  rhodium  and  iridium  form  salts  analogous  in  composition  to  the 
roseocobaltic  salts  EX^.5NH'.  (6)  Some  of  the  compounds  of  these  metals,  especially 
those  of  the  higher  degrees  of  comljination,  are  distinguished  by  characteristic  colours. 

The  metals  Cu,  Ag,  Au,  are  also,  on  account  of  analogous  behaviour,  included  in  the 
eighth  group  ;  although,  according  to  the  constitution  of  their  lower  oxides,  they  may 
also  be  included  in  the  first  group. 

The  arrangement  of  the  elements  in  the  order  of  their  atomic  Aveights  and  the  com- 
position of  the  short  and  long  periods,  is  more  clearly  seen  in  Table  II.,  in  which  the 
periods  form  vertical  columns  : — 

Table  II. 


K  =39 

Eb 

=  85 

Cs=133 

Ca  =40 

Sr 

=  87 

Ba=137 

?Yt 

^  88? 

?Di  =  138? 

Er  =178? 

Ti  =48? 

Zr 

=  90 

Ce  =  140? 

?La  =  180? 

Th  =  231 

V  =61 

Nb 

=  94 

Ta  =182 

Cr  =52 

Mo 

=  06 

W  =184 

U  --2 10 

Mn  =  55 

Typical 

Fe  =56 

Eu 

=  104 

Os  =195? 

Elements. 

Co  =59 

Eh 

=  104 

Ir  =197 

1  

Ni  =59 

Pd 

=  106 

Pt  =198? 

11  =  1 

Li=  7 

Na  =  23 

Cu  =  63 

Ag 

=  108 

.4u=199? 

G  =  9-4 

Mg  =  24 

Zn  =  65 

Cd 

=  112 

Hg=200 

B  =11 

Al  =27-3 

In 

=  113 

Tl  =204 

C  =12 

Si  =28 

Sn 

=  118 

Pb=207 

N  =14 

P  =31 

As  =75 

Sb 

=  122 

Bi  =208 

0  =16 

S  =32 

Se  =78 

Te 

=  125? 

F  =19 

CI  =35-5 

Br  =80 

J 

=  127 

In  the  members  of  the  even  series  (Table  I.),  the  metallic  or  basic  character  pro- 
dominates,  whereas  the  corresponding  -members  of  -the  uneven  series  rather  exhibit 
acid  properties.  Thus  there  is  a  decided  diflFerence  between  V,  Nb,  Ta,  from  the  even 
series  of  the  fifth  group,  andP,  As,  Sb,  Bi,  from  the  uneven  series  whose  highest  oxides 
have  a  similar  constitution  E-O*,  the  former  yielding  less  powerful  acids  than  the  latter. 
The  members  of  the  even  series  do  not,  so  far  as  is  known,  yield  volatile  compounds 
with  hydrogen  or  tlie  alcohol-radicles,  like  the  corresponding  members  of  the  uneven 
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series ;  thus  all  attempts  to  pi-cpai-o  the  compound  Ti(C-H^)'  from  TiCP  have  Leeu 
nusuccessful,  in  spite  of  the  great  resemblance  between  TiCl',  SiCl*  and  SnCl^. 

Tlie  position  of  tlie  second  series  seems  at  first  sight  to  be  inconsistent  "with  the 
general  division  of  the  elements  into  even  and  uneven  series :  for  most  of  the  members 
of  this  series  possess  acid  properties,  form  compounds  with  hydrogen  and  the  alcohol- 
radicles,  and  some  of  them  are  gaseous — in  all  which  characters  they  rather  resemble 
the  elements  of  the  uneven  series.  It  must,  however,  be  observed,  with  regard  to  this 
series:  (1)  That  it  does  not  include  an  eighth  group  like  the  other  uneven  series; 
(2)  Tliat  tlie  atomic  weights  of  the  elements  included  in  it  differ  from  those  of  the 
corresponding  elements  of  the  following  series  by  only  16,  whereas  in  all  the  other 
series  this  difference  ranges  from  24  to  28.  The  difference  between  the  atomic  weights 
of  successive  even  series  is  generally  about  46,  but  in  the  elements  of  the  second  and 
fourth  series  it  is  only  32-36. 

Li.    G.    B.  C.   N.    0.    F.     Na.  Mg.  Al.   Si.    P.    S.  C. 

K    Ca   -  Ti    V    Cr    Mn    Cu    Zu    -     -    As    Se  Br 
Diff.   32     31    -  36    37    36     36     40     41     -     -    44    46  45 

Tliese  peculiarities  explain  the  apparent  anomalies  above  mentioned,  and,  moreover, 
afford  additional  evidence  of  the  dependence  of  the  properties  of  the  elements  on  their 
atomic  weights.  To  make  the  elements  of  the  second  series  analogous  in  character  to 
those  of  the  fourth,  their  atomic  weights  should  indeed  be  smaller  than  they  actually 
are.  Similar  anomalies  may  also  be  observed  in  comparison  of  Na  with  Ca  and  of  Mg 
with  Zn,  but  they  disappear  in  cases  of  P  and  As,  S  and  Se,  CI  and  Br,  where  the 
differences  in  the  atomic  weights  conform  to  the  general  rule. 

In  consequence  of  the  peculiar  properties  of  the  elements  of  the  second  series,  Men- 
delejeff  designates  them  as  typical  elements,  to  which  category,  also,  belong  Ly- 
drogen,  and  likewise  sodium  and  magnesium  for  the  reason  just  stated.  These  typical 
elements  may  indeed  bo  regarded  as  analogous  to  the  lowest  members  of  homologous 
scries  (H-0  and  CH^O  for  example),  which,  as  is  well  known,  do  not  exhibit  all  the 
properties  of  the  higher  homologues. 

The  preceding  considerations  likewnse  explain  the  isolated  position  of  hydrogen,  the 
element  possessing  the  lowest  atomic  weight.  According  to  the  form  of  its  salifiable 
oxide  H-0,  and  of  the  salts  HX,  it  belongs  to  the  fijst  group  ;  its  nearest  analogue  is 
Na,  which  likewise  belongs  to  an  uneven  series  of  the  first  group.  More  remote  anal- 
ogues of  hydrogen  are  Cu,  Ag  and  Au. 

Mcndelejeff  also  develops  several  applications  of  the  law  of  periodicity  :  viz.  (1)  To 
the  classification  of  the  elements.  (2)  To  the  determination  of  the  atomic  weightu  of 
elements  whose  properties  are  but  little  known.  (3)  To  the  determination  of  the 
properties  of  hitherto  unknown  elements,  those,  namely,  which  might  be  expected  to 
occupy  the  blank  spaces  in  the  preceding  tables.  (4)  To  the  correction  of  the  vahies 
of  atomic  weights.  (5)  To  the  completion  of  our  knowledge  of  the  combination-forms 
of  chemical  compounds. 

For  the  details  of  these  applications  we  must  refer  to  the  original  paper.  Tlie 
proposed  corrections  of  atomic  weights  will  be  noticed  in  connection  with  the  several 
elements.    (Sec  Cerium,  Didymium,  Erbium,  Lanthanum,  Tellurium,  Yttrium.) 

EILZiACXC  ACID.  For  Schiff's  view  of  the  constitution  of  this  acid,  see  Tannic 
Acid. 

EXiVANXTE.  Analyses  of  this  rock  from  Knockmalon,  Waterfordshire,  and  of 
the  clay  slate,  in  which  it  is  imbedded,  have  been  made  by  J.  A.  Phillips  {Phil.  Mar/. 
[4],xx'six.  12).  The  elvanite  consists  of  a  bluish-grey  gi-ound-mass  containing  crystals 
of  quartz  and  oligoclase,  together  with  a  little  hornblende.  1.  Elvanite,  sp.  gr.  2-66. 
2.  Fclsitc,  sp.  gr.  =  2-64.    3.  Slate,  sp.  gr.  2-66^    4.  Altered  state,  sp.  gr.  =  2-6j. 


A1'0= 

Fe=0" 

FcO 

CaO 

MgO 

Na=0 

H'O 

X* 

72-33 

9-02 

6-34 

1-06 

1-92 

trace 

1-46 

5-83 

1-33 

0-35 

8-33 

3-44 

0-96 

1-21 

trace 

1-89 

2-12 

1-38 

0-37 

74-28 

7-78 

7-10 

0-90 

1-08 

0-46 

2-05 

5-05 

0-80 

0-34 

18-33 

10-43 

900 

1-76 

trace 

0-73 

2-12 

5-50 

0-50 

EIVtBRITHXTE.    A.  Fn  nzi  l  (./.  /-,-.  Chrm.  [2],  ii.  360)  has  analysed  the  two 

sprcii-;  .'t  Irail  Milpliaiil  inmiiit.'  IVniii  I  Ik-  A  Ii^mI scliinski  mine,  near  Ncrtscliinsk,  de- 
si-rilird  l,v  Knailiaiiiil  iiialrr  ihr  n,-  ^  phuaWtil.  (A),  and  embrithitc  (B),  and  finds 


*  Loss  in  the  watcr-batb.  No.  2  coutains  a  trace  of  mangaiious  oxiito. 
2nd  Sup.  U  H 
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Pb  Cu  Sb  S  Sp.s,T. 

A  (found)  (1).  59-64         0-88      19-49         18-04        =    08-05  6-12 

(2)  .  59-44         0-88      21-48         18-14        =     99-94  6-12 

(3)  .       not  determluod    —       21-34  not  determined  =       —  6-22 
B  (found)  (1).  59-30         0  80      21-47         18-08        =     99-65  6-32 

(2).  o9-43  not    determined  —  — 

C  (calc.)  60-59  -       21-53         17-88       =  100-00  — 

•  In  spite  of  the  difference  in  specific  gravity,  colour  (A  is  lead-grey  to  steel-grey,  Ji, 
■pare  blue-grey),  tenacity  (B  is  softer),  and  cleavage  (A  in  two  directions,  B  only  in 
one),  Frenzel  is  inclined  to  regard  plumbostib  as  the  cauliform  and  fibrous,,  embri- 
thite  as  the  fine-grained  aggregation  of  one  and  the  same  species.  The  hardness  of 
both  =  2-5. 

EHeBTISPE.  According  to  Pander  {C/iem.  Ccntralblatt.  1872,  440),  sulphuric  acid 
containing  molybdic  acid  gives,  even  with  only  ^Jg  of  a  milligram  of  emetine,  a  reddish 
coloui-  quickly  changing  to  green,  and  -with  mgm.  a  reddish  iridescence.  Potassium- 
bismuth  iodide  and  jDotassium-cadmium  iodide  give  precipitates  -with  mgm.  of  this 
alkaloid  in  solutions  dikited  25,000  times. 


The  following  preparation  is  recommended  in  Dingler's  Polytechnic 
Journal  (cciii.  499)  for  enamelling  the  insides  of  copper  vessels  used  for  cooking  fruit 
or  vegetables : — 12  parts  of  -white  fluorspar,  12  parts  unburnt  gypsum,  and  1  part 
borax  are  finely  powdered,  intimately  mixed  and  fused  in  a  crucible.  The  fused  mass 
is  then  poured  out,  and  after  cooling  is  rubbed  up  to  a  paste.  The  copper  vessel  is  then 
coated  inside  with  this  preparation,  which  is  applied  by  means  of  a  brush,  and  the 
vessel  is  left  in  a  moderately  warm  place,  so  that  the  coating  may  dry  uniformly ; 
it  is  then  subjected  to  a  gradually  increasing  heat,  till  the  preparation  melts.  On 
cooling,  the  vessel  is  found  to  be  coated  internally  with  a  white,  opaque  enamel,  adher- 
ing very  firmly  to  the  copper,  not  chipping  oflf  by  ordinary  knocking  and  rubbing,  and 
impervious  to  vegetable  acids. 

ElffSfEACHS.OIlBIsa-AS'HTHAl.EN'E,  C="H'CP.  This,  according  to  Faust, 
{Zeitschr.f.  Choa.  [2]  vi.  297)  is  the  final  product  of  the  action  of  chlorine  gas  on 
heated  chloronapthalcnos.  After  repeated  crystallisation  from  alcohol,  it  forms  soft 
white  needles,  melting  at  166°-158°  (Faiist  a.  Saame,  Ann.  Ch.  Pharm.  clx.  65). 

SOSITE.  A  vanadio-molybdate  of  lead  from  Leadhills  in  Scotland.  See  Vana- 
dates OF  Lead. 

EPZBOUZAIM'GEStX^E.  A  sulphantimonite  of  lead  occurring  on  veins  in  the 
])orgmauntrost  mine  at  Altenberg  in  Silesia,  in  dark  grey  needles,  of  sp.  gr.  6-309. 
Analysis  gave,  for  fine  levigated  needles,  the  values  A  ;  for  coarser  material,  the  values 
B ;  and  for  a  boulangerito  of  sp.  gr.  5-826,  on  which  the  epiboulangerite  rests,  the 
values  C  :— 

S  Sb  Pb  Ni  Fe  Zn 

A.  21-31       20-23  54-88         0  30         0-84  1-32  =  98-88 

B.  21-89        20-77  56-11         0-20         0-60  0-29  =  09-86 

C.  18-51       20-96  58-73  —  2-13  —   =  100-33 
Supposing  the  epiboulangerite  to  bo  mixed  with  a  small  quantity  of  zinc  blende, 
analyses  A  and  B  lead  to  the  formula  SPbS.Sb^S^  -f-  3(3PbS.Sb-S5).  (Websky 
Jahrbi'.ch  fur  Mincralogic,  1870,  351). 

EPZCHI.ORK-S'BKXIi-.    See  Chloeiivdkins.    (P.  320.) 

EFXCYASTHVISRIM-,  (C^H-'>)"' |  .—For  the  preparation  of  this  compound,  dis- 
covered by  Pazschke  {\st  Sappl.  580),  he  now  recommends  the  following  process: 
20  grams  of  epiclilorhydrin  are  added  to  a  solution  of  15  grams  of  potassium  cyanide 
in  60  grams  of  water,  the  violent  reaction  which  immediately  takes  place  being 
moderated  by  dipping  the  vessel  into  cold  water.  The  epicyanhydriu  which  separates 
on  cooling  from  the  brow'n  solution  may  be  piu-ified  by  recrystallisation  from  alcohol 
or  water.  From  -R-ater  it  crystallises  in  broad  prisms,  often  united  in  rows,  which 
melt  at  162°. 

When  epicyanhydrin  is  boiled  with  potash-ley,  a  large  quantity  of  ammonia  is. 
given  off,  but  the  solvation  turns  black,  and  does  not  yield  the  corresponding  carbon- 
acid.  Better  results  are  obtained  with  baryta;  but  a  still  more  definite  reaction  takes 
place  on  heating  the  epicyanliydrin  for  some  time  to  130°  (in  a  sealed  tube)  with 
dilute  sulphuric  acid.  The  liquid  on  cooling-  deposits  shining  colourless  needles, 
which,  when  purified  by  recrystallisation  from  hot  water,  with  addition  of  animal 
charcoal,  and  then  dried  at  100°,  exhibit  the  cojuposition  of  the  acid  C^H-'''O.CO-^H. 
This  acid  melts  at  225°  ;  its  silver  salt,  C'H^O.CO-Ag,  obtained  by  precipifcuing  the 
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ammouiuni  salt  -witli  silver  nitrate,  blackens  but  slightly  on  exposure  to  the  air,  an^l 
may  be  dried  without  decomposition  at  60°-60°. 

On  mixing  the  solution  of  the  ammonium  salt  with  lead  acetate,  the  lead  salt  is 
precipitated  after  a  while  in  broad,  colourless,  transparent  lamin;e. 

When  I'pichlorhydrin  is  added  t'j  a  s.ilutinn  of  potassium  sulphooyanatc  mixed  willi 
sul|.liurir  ih-id,  .iih'l  \\ir  li,|ni,|  w.irM-cl,  a  tdid  oil  sep.i  r;i(  cs,  wliir'li  solidifies  after  a, 
wliili'  ;iiid  M)av  i.r  (■n>l;.in>.M  Iron,  ;,lro|,ol.  Tins  roinp.iuiid  i^  prohaMv  an  addition- 
product,  C^iL"C10.(JXS      (.;'il  'CI(_>  -r  Xe^SJI  (Pazschke  ./.pr.  Chun.  [2],  i.  82). 

EPXDOTE.  The  formula  given  for  this  mineral  in  vol.  ii.  p.  490,  on  the  authority 
of  Kammelsberg,  is  Si^APCVO^"*  or  3(2CaO.SiO=)  +  2(2Ar^O-'.3SiO-),  the  alumina  being 
more  or  less  replaced  by  feri-ic  oxide.  This  formula  Kammelsberg  has  lately  sought  to 
confirm  by  an  analysis  of  tli.-  (  pidoii  of  Sulzbach  (ZcjY5e/</-.  d.  deutsch.  gcolocj.  Gcselhch. 
1872,69).  Tchermak,  on  th.'  olli.  r  h.md,  in  his  memoir  on  felspars  (Wun.  Akad. 
Bcr.  i.  585)  first  represented  {\u-  coiuposition  of  epidoto  by  the  formula  : 

Si"APCa'H20-«  or  CaO.II-O  +  3(CaO.SiO-)  +  Ar-0'.SiO=), 

and  Kenngott  (./«/»'Z'i(c/;.  ./«/•  Minrrnhifiie.  1871.  419),  by  a  comparison  of  all  the 
published  analysis  of  epidoti'.  coiii-lndi  s  llml  ,         llir.  cxccpl  ion  of  a  few  of  doubtful 

character,  they  may  all  be,  i^lndrd  m  tlic  I.iIi.t  tormiila,  tiir  ;iluiiiiiia  being  more  or 

less  replaced  by  ferric  oxide,  and  llie  iiiiK  to  a  small  extent  by  ina:i;nesia. ;  the  presence 
of  the  magnesia  appears,  however,  to  bo  due,  in  many  cases  at  least,  to  foreign 
minerals  imbedded  in  the  epidote.  In  some  of  the  analyses,  the  iron  is  calculated 
partly  as  ferrous  oxide ;  this,  however,  Kenugott  reckons  also  as  ferric  oxide,  and 
regards  it  as  taking  the  place  of  an  equivalent  quantity  of  alumina. 

To  decide  between  the  two  formulse  above  given,  C.  Ludwig  {Ann.  Ch.  Pharm.  clxv. 
217)  has  mada  a  series  of  analyses  of  perfectly  pure  specimens  of  epidoto,  free  from 
foreign  enclosed  minerals,  as  it  occurs  in  the  beautiful  transparent  crystals  from 
Sulzbach. 

This  epidote  contains  silica,  alumina,  ferric  oxide,  ferrous  oxide,  lime,  water,  and 
traces  of  manganous  oxide,  magnesia,  and  elilorine.  Tlio  quantitative  analj-sis  was 
carried  out  by  the  processes  usually  a. lo|, I  ((I  loi-  Mlie.iles,  ex.'ciiting  that  the  ferrous 
oxide  was  determined  by  deeomiioMie;-  Ihe  mnn  rnl  wiili  suljiliuric  acid  in  a  sealed 
glass  tube,  and  acting  upon  it  with  a  standard  solulion  of  dilute  potassium  perman- 
ganate. Especial  care  was  bestowei)  on  the  estimation  of  the  water,  as  it  is  chiefly  on 
this  point  that  previous  analyses  are  at  variance.  Epidote  loses  about  0'25  per  cent, 
of  its  weight  by  ignition  in  a  platinum  crucible  over  a  Bunsen's  biu-ner,  and  nearly 
2  percent,  when  heated  in  a  gas  flame  fe(l  by  a  bbisi  of  air;  after  this  strong  ignition 
it  is  reduced  to  a  sintered  mass  easily  att  n-kej  by  m  ids.  To  avoid  errors  which  might 
arise  from  reduction  of  ferric  to  ferrous  oxide  by  I  lie  llame-gases,  and  obtain  a  direct 
demonstr.'ition  of  the  presence  of  water  in  epidote,  the  mineral  previously  dried  at 
150°  was  enclosed,  in  Ludwig's  experiments,  in  a  platinum  tube  through  which  a  slow 
stream  of  dry  air  was  passed,  and  heated  to  whiteness  over  a  gas-flame  urged  by  a 
blast,  the  water  evolved  being  condensed  in  a  calcium  chloride  tube  connected  with  the 
platinum  tube.  The  mean  of  eleven  experiments  made  in  this  manner,  gave  from  178 
to  2-36  per  cent,  of  water,  the  mean  being  2-05. 

The  mean  result  of  several  analyses  of  the  mineral  is  as  follows  : — 

SiO"      Al^O"      Fo-^O^      FoO      CaO      IPO      iliiO,  MgO,  CI 
37-83    22-63     14-02    0-93    23-27    2-05  traces         =  lOO'To 

or. 

Si  Al  Fc  Cn  U  O 

I  ■  \ 

asFe^O'   as  FcO 

17-65       12-06       9-81       0-72       10-02       0-23  43-64 
The  atomic  proportions  of  the  elements  are  therefore — 

Si     .        Al  Fe  Ca  II  O 

0  630       0-ilO       0-175       0-013       0-415       0-230  2-7-'7 

O-oTo  0-428 
or,  6  5-86  4-07  2-2  25-97 

Tscliormak  and  Tvcnngott's  formula  requires — 

6  6  4  2  26 

The  result  of  the  analysis  of  perfectly  pure  epidote  is  ihcrefm-e  to  conlinn  the 
formula  Si^Al^Ca^H-O-''. 
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Epidotes  may  accordingly  be  regarded  as  mixtures  of  Uvo  isomorplious  constituents 
Si^Al'^Ca^H-'O-"  (aluminium  epidote)  and  SiTe'*Ca''H-0™  (iron  epidote). 

The  percentage  composition  of  these  two  varieties  in  the  pure  state  is  as  follows  : — 
Aliiminitun  Epidote       Iron  EpMote 

Silica   39-543  33-272 

Alumina   33-875  — 

Ferric  oxido         ....      —  44-362 

Lime   24-605  20-702 

Water   1-977  1-664 

Ludwig's  paper  contains  a  taLle  of  the  percentage  composition  of  such  mixtures 

calculated  for  1,  2,  3  up  to  45  p.c.  of  iron  epidote,  and  a  comparison  of 

these  calculated  numbers  with  all  the  actual  analyses  of  epidote  hitherto  published, — 
excluding,  however,  as  inaccurate,  those  which  take  no  accoimt  of  the  water,  and  in 
which  nevertheless  the  sum  of  the  other  constituents  is  equal  to  or  greater  than  100, 
also  those  which  indicate  a  considerable  amount  of  magnesia  or  alkalis,  these  having 
been  made  upon  impure  material. 

The  result  of  this  comparison  is  to  show  that  the  older  analyses  of  epidote  also  lead 
to  the  formula  Si^Al^Ca^H^O^". 

Epidote  from  the  Untersulzbach  valley  in  Salzburg  (sp.  gr.  3-51),  has  been 
analysed  by  F.  Kottal,  in  Lieben's  laboratory,  witli  the  following  mean  results : — ■ 

SiO'  A1=0»  Fe=0^         FeO  CaO  MgO  H=0 

37-00       22-10       13-80       0-33       25-15       0-03       0-26  =  98-67 

These  numbers  do  not  differ  much  from  those  obtained  by  Ludwig,  excepting  in  the 
water,  which  was  determined  by  igniting  the  substance,  previously  dried  at  100°,  in 
a  stream  of  carbon  dioxide.  Probably  the  degree  of  heat  applied  was  not  sufficient  to 
expel  the  whole  of  the  water  {Ami.  Ch.  Pharm.  clxv.  360). 

The  most  highly  ferruginous  epidotes  are  those  from  Switzerland  and  the  Formazza 
valley ;  in  these  the  ratio  of  alumina  to  ferric  oxide  is  5A1-0' :  IFe^O^ ;  in  the  epidotes 
from  Bourg  d'Oisans  in  Dauphiny,  Traversella  in  Piedmont,  Arendal  in  Norway,  and 
Penig  in  Saxony,  the  ratio  is  2Ar-'0' :  iFe^O^ 

EPIGENZTE.  A  cuproso-ferrous  sulphide  from  the  Neugluck  mine  near  Witti- 
chen  in  Baden,  w]iere_  it  is  found  in  short  prismatic  rhombic  crystals  exhibiting  the 
combination  ooP  .  mPoo  .  mPoo  ,  and  having  the  angle  coP  :  (»P=  110°  50'  nearly. 
Coloiu-  steel-grey  with  black  streak  and  black  and  blue  tarnish.  Hardness  =3  5. 
When  heated  in  a  tube,  it  yields  a  sublimate,  first  of  sulphur,  then  of  sulphide  of 
arsenic,  a  reaction  which  is  likewise  exhibited  by  enargite,  and  indicates  the  presence 
of  arsenic  pentasulphide.    It  dissolves  in  nitric  acid  without  separation  of  sulphur. 

Analysis  A  is  by  Petersen  {Fogg.  Ann.  cxxxvi.  502).  As  perfectly  pure  crystals 
are  free  from  bismuth,  and,  on  the  other  hand,  witticlienite  (copper-bismuth  sulphide) 
is  imbedded  in  the  baryta  of  the  gangue,  the  bismuth,  together  with  corresponding 
quantities  of  copper  and  sulphur,  has  been  deducted,  giving  the  corrected  result  B, 
Tvhich  leads  to  the  formula  6RS.As•-S^  in  which  6ES  =  3Cu=S  +  3FeS.  The  cal- 
culated numbers  according  to  this  formula  are  given  under  C.  Silver  and  zinc  were 
found  only  in  traces. 

S  As  Bi  Fe  Cu 

A  (found)  .  .  31-57  12-09  2-12  13-43  40-32  =  99-53 
B  (corr.)      .     .    32-34       12-78  14-20       40-68  ==  100  00 

C  (calc.)      .     .    33-58       14-32        —         16-03       36-07  =  100-00 

(Sandberger  Jahrbiicli  f.  Mincralogie,  1869,  205,  862). 

CH=(C«ffO 

I 

^CH 

ISPXOXYPHEirYZ.HVBRXM',  C'H"'0=  =  0<;f  |  .A  compound 

formed  by  heating  epichlorhydrin  with  a  solution  of  potassium  phenate  in  absolute 
alcohol.  On  addition  of  water  it  separates  as  an  oil  which  solidifies  after  being  heated 
to  200°,  and  may  be  purified  by  pressure  and  recrystallisation  from  alcohol.  The 
crystals  are  rhombic,  exhibiting  the  combination  OP  .  ooP,  and  having  the  axes  a  :  h 
in  the  ratio  of  0-64076  :  1  and  the  angle  ooP  :  ooP  =  65°  20'  (Lippmann,  Wieil. 
Akad.  Bei:  Ixii.  [2],  605). 

EPISTXXiBXTE.  The  crystals  of  this  mineral  from  the  almond-stone  of  the 
Finkenhiibel  nearGlatz  in  Silesia — where  it  occurs  with  other  zeolites,  viz.  laumonite, 
heulandito,  desmin,  harmotome,  and  chabasite — have  been  measured  by  AVebsky 
{Zciiscki:  d.  dci'tsc/i.  gcolog.  Geselhch.  xxi.  100),  whose  angular  measurements  agree 


ERBIUM— ERGOT. 


460 


CFSontially  with  those  of  G.  Eoso.  He  regards  opistilbite  as  a  mineral  species  distinct 
frum  heuluiiditc. 

ERBIUIKE.  The  compounds  of  this  metal  hnvc  lately  been  examined  by  Cleve 
and  Iloeglund  {Bull.  Soc.  Chbii.  [2],  xix.  193).  They  will  be  described  in  connection 
■\\ith  the  yttrium  compounds. 

ERGOT.  The  constituents  of  ergot  have  been  examined  by  J.  C.  Herrmann  {N. 
Bep.  Pharm,  xx.  283)  and  by  J.  B.  Ganser,  ibid.  301).  Herrmann,  by  thoroughly 
exhausting  finely  powdered  ergot  with  ether,  idtimately  obtained  six  ounces  of  a  fatty 
oil  which,  when  saponified  with  soda-ley,  yielded  a  distillate  containing  ammonia,  tri- 
methylamine,  and  a  liquid  from  whieli  ediiiniiin  s.ilt  scii.aviti  d  a.  sim|i.  the  aqueous 
portion  containing  glycerin.  This  >n;i|.,  iiv:!lrd  wiih  Mil|.liiirie  acid,  yiiOdcd  a  semi- 
solid oil,  and  the  aqueous  liquid  frmu  ihis  opiTalion  yirldrd,  mi  disl  11  lai um,  traces  of 
butji'ic  and  acetic  acid.  By  pressing  this  semi-thiid  oil  lutween  bibulous  paper,  a 
solid  fat  was  obtained  which,  after  several  recrystallisations  from  alcohol,  melted  con- 
stautlyat  62°,  solidified  at  57°-58°,  and  exhibited  the  composition  of  palmitic  acid. 
The  oil  was  not  a  drying  oil,  and  the  fluid  portion  treated  with  nitric  acid  yielded 
Glaidio  acid,  whence  the  ijresence  of  oleic  acid  was  inferred. 

By  treating  a  portion  of  the  extracted  oil  with  alcoholic  ammonia,  separating  the 
alcoholic  liquor  from  the  oily  portion  and  evaporating,  a  dark-brown  aromatic-smelling 
residue  was  obtained,  agreeing  in  properties  (excepting  its  solubility  in  ether)  with  the 
crgotine  of  Wiggers  (ii.  499.) 

Contrary  to  the  statements  of  Manassewitz,  the  oil  was  found  to  be  saponifiable 
with  caustic  potash,  the  soap  being  softer  than  that  obtained  with  soda. 

By  exhausting  ergot  with  water,  precipitating  with  lead  acetate,  and  treating  the 
filtrate  witli  mercuric  chloride,  a  precipit«itc  was  obtained  from  which  the  echo  lino 
of  AVonzell  was  separated,  either  by  treatment  with  lead  oxide  or  basic  load  carbonate 
or  by  Wenzell's  process,  viz.,  treatment  with  hydrogen  sulphide,  and  then  successively 
with  freshly  precipitated  silver  phosphate,  milk  of  lime,  and  ammonia  carbonate.  The 
product,  freed  by  heat  from  excess  of  ammonia  carbonate,  had  an  alkaline  reaction, 
and  gave  white  precipitates  with  mercury  cliloride,  tannic  acid,  and  potassium  cyanide ; 
yellow  with  phosphomolybdic  acid ;  orange  with  platinic  chloride  ;  red-brown  with 
iodised  potassium  iodide  ;  and  brownish  with  gold  chloride. 

The  ashes  of  ergot  were  found  to  have  the  following  composition  : — 

NaCl      K=0      Na=0    CaO     MgO    A1=0^   Fe=0»    MnO       P-0=  SiO= 

1-51    30-06    0-65    1-38    4-88    0-59    0-86    0-26    45-12    14  67  =  99-98 

According  to  Ganser,  finely  powdered  ergot  yields,  by  extraction  with  ether,  30  p.e. 
of  its  weight  of  fatty  oil,  containing  a  resin  separable  from  the  fats  l  iy  nearly  absolute 
alcohol,  and  giving  to  them  a  peculiar  bitter  rough  taste  and  brownish  tint.  With 
lead  oxide  these  fats  form  a  plaster  from  which  ether  extracts  lead  olcate  ;  with  soda- 
ley  of  1-3  sp.  gr.  a  soap  is  obtained;  no  free  ammonia  distils  over  during  the  operation, 
the  distillate  being  neutral;  on  the  addition  of  hydrochloric  acid,  however,  thick  white 
clouds  are  formed,  and  the  colourless  distillate  becomes  reddish. 

The  oil  readily  yields  elai'dic  acid  with  nitric  acid.  A  dose  of  10  grams,  given  in 
two  portions  of  6  and  4  grams  each,  only  produced  a  sensation  of  nausea,  without 
actual  vomiting ;  the  last  4  grams  increased  the  pulse  and  produced  a  slight  faintness 
and  perspiration,  all  symptoms  ceasing  in  five  hours.  The  oil  extracted  with  alcohol 
yielded  a  resin  and  a  small  quantity  of  crystals,  giving  the  eholesterin  reactions;  this 
resin  possesses  the  same  physiological  properties  as  the  oil,  but  in  a  much  more  marked 
degree. 

Pulverised  ergot  heated,  per  se,  in  a  water-bath  in  a  retort,  gave  no  volatile  bases ; 
and  the  same  was  found  on  heating  250  grams  of  ergot  with  150  of  calcium  earlionato 
and  500  of  water  ;  but  the  residue  from  the  ether-extract  of  the  fatty  acids  had  a 
strong  smell  of  herring-pickle  (trimethylamine),  and,  on  distillation  with  oxalic  ether, 
yielded  a  distillate  containing  ammonia  and  emitting  the  smell  of  animal  oils  ;  the 
residue  in  the  retort  from  this  operation,  distilled  with  water,  gave  ammonia  and  a 
smell  of  animal  oils.  Hence  neither  ammonia  nor  trimethylamine  pre-exists  in  ergot, 
but  these  bodies  are  formed  by  decomposition  of  other  substances  by  the  re-agents 
employed. 

By  boiling  with  water  the  residue  left  after  extraction  of  ergot  with  ether,  precij)i- 
tation  with  load  acetate,  and  of  the  filtrate  with  mvrenvic  chloride,  a  precipitate 
is  obtained  wliii'li.  wlieii  livalnl  sm-eessivelv  willi  fivslily  jM-ecipitated  silver 
phosphate,  milk  ol'  luae.  .and  c.rlioiil  ■  aeld,  ^  i.  his  finally,  .allrr  , ^ai jn a-ation,  a  brown, 
hygroscopic,  amorphous  powder  of  eclioline;  this  is  soluble  in  water  and  alcohol, 
insoluble  in  ether  and  chloroform  ;  on  boiling  it  with  potash,  ammonia  is  evolved  ;  it 
has  a  bitter  taste  with  sweet  after-taste,  and,  in  small  doses,  produces  nausea  and 
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vomiting.  The  filtrate  from  tlio  mercury  precipitate  of  ecboline,  on  precipitation  with 
phosphoniolybdic  acid,  and  digestion  of  the  precipitate  with  barium  carbonate,  and 
evaporation,  furnishes  ergotine  as  a  greenish-yellow,  glistening,  amorphous,  hygros- 
copic powder.  Tliis  base  forms  deliquescent  salts,  the  hydrochloride  crystallising  in 
long  slender  needles ;  given  to  a  young  dog  in  small  doses,  it  produced  symptoms  of 
nausea  without  actual  vomiting. 

On  distilling  with  sulphuric  acid  the  aqueous  extract  from  the  ergot  deprived  of  ftits 
by  etlier,  an  acid  of  peculiar  odour  was  obtained  which  reduced  silver  nitrate  (ergotic 
acid) ;  on  distilling  it  with  alcohol  and  sulphuric  acid,  formic  ether  was  found  in  the 
distillate. 

On  extracting  the  residue  deprived  of  fats  by  ether,  with  alcohol  of  80  p.c,  a  cherry- 
red  tincture  is  obtained,  which  deposits  flocks  of  a  sugar  which  reduces  a  potassio- 
cupric  solution  (identical  with  mycose  ?) 

3'2  p.c.  of  albumin  was  found  in  the  infusion  of  ergot,  also  potash,  lime,  and  mag- 
nesia, together  with  hydrochloric,  sulphuric,  and  phosphoric  acids  (Ganser). 

EIIXCACE2:.  Gaidtheria  frocumhens  and  Epigaa  repens  contain  arbutin,  ursone, 
cricolin,  tannic  acid,  a  principle  analogous  to  gallic  acid,  formic  acid  (in  EpigcBci), 
glucose,  gum  and  colouring  matter.  Arbutin,  ursone  and  ericolin  have  previously 
been  found  in  Uva  ursi  and  Chimaphila  lunhellata,  and  may,  therefore,  be  regarded  as 
common  to  plants  of  the  ericaceous  order  (J.  Oxley,  Pharm.  J.  Trans.  [3],  ii.  1050). 

ERSBVXTE.  This  mineral  occurs  at  Pargas  in  Finland,  intergrown  with  black- 
ish-green augite  (in  small  quantity)  and  brown  titanite,  in  some  parts,  also,  with 
laminar  calcspar.  It  is  colourless  when  quite  fresh,  and  does  not  exhibit  any  crystal- 
line faces.    Its  specific  gravity  is  1-723. 

Considerable  uncertainty  has  hitherto  existed  respecting  the  constitution  of  this 
mineral.  A.  E.  Nordenskjold  described  it  as  a  triclinic  felspar,  cleavable  in  two 
directions  inclined  to  one  another  at  an  angle  of  90°  22',  and,  according  to  an  analysis 
made  by  N.  A.  Nordenskjold  (o4-13  SiO-,  29-23  Al-0^  15-16  CaO,  1-07  water),  as  a 
true  labradorite  free  from  soda.  But  according  to  the  theory  of  Tchermak,  which 
regards  the  triclinic  felspars  as  isomorphous  mixtures  of  albite  and  anortliite 
there  should  be  no  such  thing  as  an  oligoclase  free  from  lime  or  a  labradorite  free 
from  soda.    (See  Felspar.) 

To  clear  up  this  doubt,  G.  vom  Eath  has  subjected  the  mineral  to  a  fresh  examina- 
tion. He  finds  that  it  cleaves  very  distinctly  and  with  equal  precision  in  two  directions 
at  right  angles  to  each  other,  has  a  specific  gravity  of  1-723,  loses  by  ignition  0-58  p.c. 
and  gives  by  analysis — 

SiO=         APO=  CaO.         MgO.        K=0.  Na=0. 

44-26       30-37       20-17       0-15       1-15       2-75    =  98-85 

If  the  loss  in  the  analj'sis  be  attriljuted  to  lime  and  the  alkalis,  these  numbers  agree 
very  nearly  with  tlie  formula  of  scapolite,  3^f^^?Q^  .  2A1=0'  .  5SiO=  (cale.  44-39 

SiO%  30-4  Al^O',  21-75  CaO,  and  3-44  Na^O)." 

Both  the  cleavage  and  the  chemical  composition  of  ersbyite  show,  therefore,  that  it 
belongs,  not  to  the  caleio-sodic  felspars,  but  to  the  scapolites  {Pogg.  Ann.  cxliv.  375). 

ERVCXC  .aCZD,  C2-H^-0=.  This  acid  has  been  obtained  by  Fitz  {Bmt.  Chem. 
Ges.  Ber.  iv.  442),  from  the  fat  oil  of  grape-seeds,  which  exists  in  them  to  the  amount 
of  15  to  18  p.c.  This  oil  was  saponified  with  potash,  and  the  acids  were  separated 
by  the  partial  precipitation  of  their  alcoholic  solution  with  lead  acetate,  the  first  frac- 
tions being  flocculent,  the  latter  semifluid.  The  flocculent  precipitate,  on  being  treated 
with  warm  ether,  left  a  small  portion  undissolved,  the  acid  from  which,  by  its  melting 
point  and  analysis,  proved  to  be  a  mixture  of  palmitic  aud  stearic  acids.  The  acid 
contained  in  the  soluble  lead  salt  crystallised  from  alcohol  in  lustrous  needles,  and  on 
analysis  was  found  to  be  erucic  acid.  The  solubility  of  its  lead  salt  varies  extremely 
with  the  temperature,  as  it  is  very  soluble  in  ether,  benzene,  or  acetone  when  hot,  and 
but  slJghtly  when  cold.  One  half  of  the  mixed  acid  contained  in  the  oil  was  found  to 
be  erucic  acid,  and  the  remainder  an  acid  yielding  a  semi-fluid  lead-salt,  together  with 
a  very  small  quantity  of  palmitic  and  stearic  acids.  By  treatment  with  nitrous  acid, 
the  erucic  acid  was  converted  into  the  corresponding  elaidic  acid  (brassidic  acid),  which 
melts  at  56°  (at  60°  according  to  Haussknecht,  \st  Siqrpl.  367).  The  lead  salt  is  almost 
insoluble  in  warm  ether. 

Erucic  acid  is  resolved  by  fusion  with  potash  into  arachidic  and  acetic  acids: 
C22H«02  +  2W0  =  C^»H"0=  +  C^H^O=  +  H=. 
This  is  the  usual  mode  of  decomposition  of  the  acids  of  the  acrylic  series. 

ERYTBRITE,  C^WO^  =  (C'H'')"(OH)-'.  Some  of  the  haloid  ethers  of  this 
alcohol  have  been  prepared  and  examined  by  P.  Champion  {^Compt.  rend.  Ixxiii.  114) 
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EnjthriticDilromh;/drin,  C'IPBr-0=  =  (G'H")''Br=(OIiy-.— When  crytlirifce  is  treated 
witli  a  saturated  solution  of  liydi'obromic  p.cicl  in  a- sealed  nd)e  fit  the  temperature  of 
110°  for  three  hours,  a  brown  liquid  is  obtained,  vhieh,  ^vhi  n  evaporated  on  the  water- 
batli  and  redissolved  in  boiling  ether,  deposits  crystals  of  crythritic  dibromhydrin. 
This  body  is  insoluble  in  -vi'ater,  slightly  volatile  at  100°,  melts  at  130°,  and  forms  a 
crj-stalline  mass  on  cooling.  In  its  composition  and  properties  it  resembles  the  ery- 
thritic  dichloi'liydrin  prepared  Iiy  Do  Lnynes  {\st  Swppl.  683). 

Enjthritic  Biniirodibromhjdrin,  C'H''Br-(NO=)=0". — When  erythritic  dibromhydrin 
in  powder  is  introduced  into  a  cold  mixture  of  1  part  fuming  nitric  acid,  and  2  parts 
concentrated  sulphuric  acid,  the  temperature  slowly  rises,  and  if,  aftir  a  cuutactof  some 
minutes,  the  whole  bo  poured  into  cold  water,  a  white  flaky  precipitate  is  formed,  which, 
after  being  washed  and  dissolved  in  boiling  alcohol,  deposits  the  dinitroln-omhydrin  in 
long  white  flexible  needles.  This  body  is  insoluble  in  w.ater  ;  melts  at  To"  ;  does  not 
detonate  when  struck,  like  nitroerythrite ;  is  decomposed  by  heat,  producing  yellow 
fumes.  A  boiling  solution  of  potash  changes  it,  the  liquid  becoming  In-own,  and  a 
nitrate  being  formed. 

Erythritic  Dimtrodiclilorhi/clrin,  C'H''CP(NO-)-0=.— Tliis  body,  like  the  preceding, 
is  obtained  by  the  action  of  a  mixture  of  nitric  and  sulphuric  acids  on  erythritic  di- 
elilorhydrin.  It  crystallises  easily  from  alcohol,  melts  at  60°,  and  resembles  the 
preceding  compound  in  its  properties. 

ERYTHKOCENTAXyRIW.  INb'liu  has  (h  monstrated  the  identity  of  tlie  erythro- 
cciit;un-i;i  pri  jiMrcd  i'mm  Fr/f/lma  Vi  niu n.ri m  {\st  Suppl.  58-1),  with  the  preparation 
olitalmd  fr(jni  Krtitlinea  c//il/'»tiis.  The  two  preparations  agree  in  their  solubilities  in 
various  liquids,  their  molting  point  (136°)  and  in  the  change  of  colour  from  white  to 
red  produced  by  the  action  of  the  sun's  rays  (J.  PJiarm.  [4],  xi.  454). 

ESEIffBEiCKZA.  The  bark  of  EscnhecJcia  febrifuf/a  (Martins)  contains,  togctlier 
with  mu.-li  chlorophyll,  sugar,  gum,  and  pectous  substances  (no  starch),  two  very 
cli:si  !y  allitd  resinous  substances,  namely,  an  acid  called  esenlieckic  acid,  resem- 
bling quinonic  acid,  and  a  nitrogenous  base,  csenbeckine,  whicli  crystallises  in 
octohedrons  (0.  am  Ende,  Arch.  Pharm.  [2],  cxliii.  112). 

ESERXIffE.  To  prepare  the  neutral  sidphate  of  this  base,  the  liydro-alcoholic 
extract  of  (  he  Calabar  bean  {I'hjs-ostigma  vcncnosum)  is  dissolved  in  a  small  quantity 
of  distilled  water,  and  filtered.  To  the  filtrate  is  added  1  gram  of  potassium  bicar- 
bonate for  every  20  gTams  of  extract  dissolved,  and  the  solution  is  agitated  with  a 
considerable  quantity  of  ether.  After  allowing  the  ether  to  separate,  it  is  decanted, 
and  the  aqueous  liquid  again  f  I'l  ati  il  witli  dlirr,  until  t!ii'«  li(jlo  of  the  alkaloid  is 
completely  removed.  The  illni'cid  s(.Iril  icn.  li  :r  llir  .nlJilinn  of  a  little  distilled 
v/ater,  is  carefully  neutralised  with  dilute  sul}iluiric  acid  cniit.-iining  40  grams  of  the 
monohydrated  acid  per  litre,  the  ]joint  of  saturation  being  ascertained  by  the  aid  of 
good  litmus  paper.  The  ether  is  then  gently  evaporated  or  decanted,  and  the  solution 
of  eserine  sulphate  concentrated  to  crystallisation.  The  first  crop  of  ci^stals  is  suffi- 
ciently pure  for  medicinal  use,  but  it  is  preferable  to  treat  the  alkaloid  again  with 
alkali"  and  ether,  which,  after  a  second  crystallisation,  will  render  the  salt  perfectly 
white  and  pure. 

In  preparing  a  solution  of  the  allcaloi'd,  if  as  many  grams  of  liquid  are  obtained  as 
it  was  found  necessary  to  employ  drops  of  the  standard  sulphuric  acid,  I'O  gram  of 
the  solution  will  contain  O'Ol  gram  of  eserine.  Por  general  purposes,  one  part  of  the 
aljove  solution  may  be  diluted  wth  4  or  5  parts  of  distilled  water  (A.  Petit,  J.  Plinrm, 
[4],  xiv.  255). 

Blue  Colourinfi  Matter  from  Eserine. — Eserine,  exactly  neutralised  with  dilute  sul- 
phuric acid,  then  treated  with  excess  of  ammonia  and  evaporated  to  dryness  in  a 
water-bath,  yields  a  residue  of  m.agnificent  blue  colour,  soluble  in  water  and  alcohol, 
and  crystallising  in  the  form  of  elongated  prisms.  This  residue  stains  the  skin,  nails, 
&c.,  and  strongly  dyes  silk  blue  without  the  aid  of  a  mordant ;  acids  change  the 
colour  to  a  fine  violet  purple. 

Eserine  treated  with  ammonia,  without  previous  saturation  with  sulphuric  acid, 
yields,  on  evaporation,  a  greenish  residue,  much  less  soluble,  and  turned  red  by  acids 
(A.  Petit,  C'oi.ipt.  rend.  Ixxii.  569). 

ESSBSTTIAIi  OXXiS.    See  Oils,  Volatile. 

ETHABTE,  C'll".    On  the  iiitro-derivatives  of  this  Iiydrocarbon,  see  Niteo-cok- 

POUNDS. 


ETHEHTK,  C-ir,    Sec  E  nilLENE. 
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ETK-S'I.  AX.COKOI.,  C=H«0.  Formation  from  Acetic  Acid  (Saytzefif,  J.  pr.  Ckcm. 
[2]  iii.  76.  Acetic  acid  cannot  be  directly  converted  into  ethyl  alcohol  by  the  action 
of  reducing  agents,  but  by  first  converting  it  into  acetyl  chloride  by  distillation  with 
phosphorus  pentachloride,  and  subjecting  this  chloride  to  the  action  of  nascent  hjxlro- 
gen,  ethyl  alcohol  is  produced.  The  reduction  is  effected  by  the  action  of  sodium 
-amalgam  on  a  mixture  of  acetyl  chloride  and  glacial  acetic  acid,  the  sodium  amalgam 
decomposing  the  acetic  acid  and  evolving  hydrogen,  -which  then  acts  on  the  acetyl 
chloride,  apparently  changing  it  first  into  aldehyde :  C-H^OCl  +  H'-  =  HCl  +  C-H-'O, 
^hich,  by  the  further  action  of  hydrogen,  is  converted  into  alcohol ;  a  fresh  quantity 
of  acetyl  chloride  then  converts  this  alcohol  into  acetic  ether,  which  is  the  final  pro- 
duct of  the  reaction.  Simultaneously  with  this  process  another  reaction  occurs, 
"whereby,  at  the  expense  of  the  acetyl  chloride  and  the  sodium  acetate,  acetic  anhy- 
dride is  formed,  and  this  by  the  nascent  hydrogen  is  also  converted  into  alcohol,  which,' 
as  in  the  first  case,  is  obtained  as  acetic  ether.  This  is  shown  by  treating  a  mixture 
of  either  propionyl  chloride  or  butyryl  chloride  and  acetic  hydrate  with  sodium 
amalgam,  when,  besides  the  particular  alcohol,  etliyl  alcohol  is  also  obtained,  which 
can  only  be  formed  from  the  mixed  anhydrides  generated  by  the  reaction,  since 
acetic  acid  cannot  be  directly  changed  into  ethyl  alcohol  by  deoxidising  agents.  The 
details  of  the  process  are  as  follows  : 

Solid  sodium  amalgam,  finely  divided,  and  consisting  of  100  parts  mercury  and  3 
parts  sodium,  was  placed  in  a  flask  fitted  to  the  lower  end  of  a  condenser,  and  im- 
mersed in  ice- water.  To  1^  molecules  of  the  sodium  a  mixture  of  1  molecule  of  acetyl 
chloride  and  2  molecules  of  acetic  hydrate  was  taken,  and  gradually  poured  upon  the 
amalgam,  keeping  the  flask  constantly  agitated,  or  stirring  its  contents  briskly  with  a 
glass  rod  passing'  through  the  cork.  After  running  in  all  the  mixture,  the  flask  was 
still  kept  in  motion  until  its  contents  had  become  a  solid  mass,  and  the  whole  was  then 
sot  aside  till  the  next  day.  Water  was  then  added,  and  the  mixture  distilled  until 
oily  drops  ceased  to  come  over  with  the  water.  The  distillate  consisted  of  two  layers, 
the  upper  of  which  had  a  strong  odour  of  acetic  other,  and  when  distilled  with  potash 
yielded  ethyl  alcohol.  In  this  way,  8  grams  of  alcohol  were  obtained  from,  60  grams 
of  acetyl  chloride. 

On  the  formation  of  Ethyl  Alcohol  from  Acetic  Anhydride,  see  1st  Buppl.  592. 

Preparation  from  Lichens. — The  large  quantity  of  amylaceous  matter  contained  in 
certain  lichens,  renders.them  available  for  the  preparation  of  spirit,  the  starch  being 
^rst  converted  into  glucose  by  the  action  of  hydrochloric  or  sulphuric  acid,  and  the 
glucose  fermented  in  the  ordinary  way.  8.  Stenberg  (J",  pir.  Chem.  civ.  441)  prepares 
alcohol  in  this  manner  from  reindeer  moss  {Cladonia  rangcferina).  The  lichen,  if 
impure,  is  treated  with  7  p.c,  if  pm'e  and  dry,  with  10  p.c.  of  hydrochloric  acid  of  sp. 
gr.  1'165,  to  convert  it  into  sugar;  the  acid  is  neutralised  with  chalk,  or  better  with 
sodium  carbonate  (so  that  the  refuse  of  the  operation  may  be  used  as  fodder  for 
cattle) ;  and  the  mash  is  diluted  till  it  contains  only  5  p.c.  of  sugar,  which  is  found  to 
be  a  good  strength  for  fermentation.  By  this  latter  process,  to  ^  of  the  glucose 
present,  which  amounts  to  60-68  p.c.  of  the  dry  lichen,  is  converted  into  alcohol.  The 
spirit  obtained  by  distilling  the  fermented  liquor,  has  a  faint  taste  of  almonds,  unless 
the  lichen  used  is  contaminated  with  pine  cones  and  needles,  in  which  case  it  has  a 
flavour  of  gin.  The  fusel  oil,  which  is  quite  different  from  that  of  corn  or  potatoes, 
may  be  easily  removed  with  charcoal,  and  the  spirit  obtained  yields  by  oxidation  very 
good  acetic  acid.  Observations  on  this  process  have  been  published  by  Stahlschmidt 
{Dingl.  polyt.  J.  cxcvii.  177;  Jahresb.  f.  Chem.  1870,  1212). 

Befuselation  of  Spirit. — W.  Artus  {Bingl.  polyt.  J.  exci.  175)  removes  the  fusel  oil 
from  spirit,  without  distillation,  by  repeated  treatment  with  lumps  of  charcoal  of  the 
size  of  peas,  previously  impregnated  with  pure  alumina  (by  soaking  them  in  solution 
of  alum  and  sodium  carbonate)  and  then  ignited. 

On  the  composition  of  the  '  first  runnings'  of  crude  spirit,  see  Aldehyde  (p.  32). 

Freparation  of  Absolute  Alcohol. — Mendelejeff  (Ze?V«eAr. /.  Chem.  1865,  260),  who 
has  found  quick  lime  superior  to  all  the  other  substances  in  use  for  dehydrating 
alcohol,  states  that,  to  obtain  the  alcohol  absolute,  spirit  of  sp.  gr.  not  above  0'792 
must  be  taken,  and  its  digestion  over  the  quick  lime  continued  for  not  less  than  two 
-days,  or  else  for  a  few  hours  at  50°-60°.  Even  then,  on  distilling,  only  the  middle 
portions  are  found  to  be  anhydrous. 

Erlenmeyer  {Ann.  Ch.  Pharm.  clx.  249)  finds  that  when  the  spirit  is  boiled  with  the 
lime  in  a  vessel  fitted  with  inverted  condenser,  for  J-l  hour  and  then  distilled,  the 
whole  product  obtained  is  anhydrous.  If  the  spirit  contains  more  than  5  per  cent,  of 
water,  it  is  only  necessary- to  repeat  the  treatment  with  lime  two  or  move  times.  But 
with  weak  spirit,  care  must  be  taken  at  first  not  to  fill  more  than  half  the  space  occu- 
pied by  the  spirit  with  lime,  as  otherwise  the  vessel  may  be  broken  by  the  slaking  of 
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the  liino.  In  this  way  several  litres  of  spirit  may  be  converted  in  a  few  hours  into 
absolute  alcohol. 

Beactions. — 1.  With  Sulphuric  Acid. — Erl6nmeyer(^?),M.  C/i.PZ!«r»2.clxii.373)has 
examined  the  action  of  sulphuric  acid  on  alcohol  and  ether,  with  results  agreeing  in 
the  main  with  those  of  former  experimenters  (ii.  437),  though  differing  in  certain 
particulars. 

(a).  Formation  of  Ether  from  Alcohol,  and  vice  versa,  hi  presence  of  dilute  Sulphuric 
acid,  iif  hiijli  /'  ,nperaturcs.  Ether,  heated  in  a  sealed  tube  to  180°  with  4  A-oluraes  of 
water  ami  1  ce.  dilute  sulphuric  acid,  gave  a  considerable  quantity  of  alcohol.  Alcohol 
heated  iu  sealed  tubes  with  water  only,  gave  no  ether.  Alcohol  heated  with  dilute 
fculphiu-ie  acid  (1  :  3,  1  :  5,  and  1  :  10)  to  226°-230°  yielded  ether,  etliylene,  and.  under 
certain  conditions,  ethylsulphurio  acid. 

Hence  Erlenmeyer  concludes  that — 

(1)  .  Alcohol  or  ether  heated  with  sulphuric  acid  and  water  at  a  high  temperature, 

forms  ethylsulphurio  acid. 

(2)  .  At  a  certain  temperature,  and  with  a  given  proportion  of  alcohol  in  the  solution, 

ethylsulphurio  acid  is  decomposed  into  sulphuric  acid  and  alcohol. 

(3)  .  At  a  higher  temperature,  or  by  having  a  larger  proportion  of  alcoliol  in  the 

solution,  ethylsidphuric  acid  and  alcohol  react  so  as  to  form  ether. 

(4)  .  A  part  of  the  ethylsulphuric  acidis  decomposed,  forming  ethylene  and  sulphuric 

acid,  another  part  forming  ethylene,  sulphur  dioxide  and  -water. 

(i8).  Formation  of  Ether  from  Alcohol  v.iidcr  the  influence.of  Neutral  Ethylic  Sulphate 
and  Ethylsidphuric  acid.  Ethylic  suli'hate  heal  i  d  with  the  proper  proportion  of  alcohol 
yields  ether  when  distilled,  and  ethylsuiplmi  le  aeid  together  with  free  sulphiu'ic  acid 
in  the  residue ;  this  residue  heated  to  1  lo'-',  aleohol  being  allowed  to  flow  on  it,  yields 
ether.  Erlenmeyer  therefore  thought  that  tlio  formation  of  ethylic  sulphate  might 
probably  precede  that  of  ether.  But  by  experiment  it  was  found  that  alcohol  distilled 
with  sulphuric  aeid,  at  a  temperature  at  which  ethylic  sulphate  could  not  form  (96°), 
gave  a  large  percentage  of  ether  in  the  distillate,  no  ethylene  or  sulphurous  acid  being 
produced.  The  formation  of  ether  at  tliis  temperature  was,  however,  much  slower 
than  at  140°. 

2.  With  Salts  (Kraut,  Ann.  Ch.  Phurm.  clvi.  323).  Zinc  acetate  acts  on  alcohol,  in 
the  absence  of  water,  at  ordinary  temperatures,  but  very  slowly ;  on  leaving  together 
for  7j  months  a  mixture  of  1  mol.  zinc  acetate  with  25  mols.  alcohol,  about  8  per  cent, 
of  the  zinc  acetate  was  decomposed.  A  mixture  of  1  mol.  of  the  acetate  with  10  mols. 
alcohol,  lieated  for  10  hours  to  100°,  showed  a  separation  of  64-75  per  cent,  of  the 
ZnO  employed.  From  a  similar  mixture  heated  for  10  hours  to  200°-220°,  97'1  per 
cent.  ZnO  liad  separated. 

1  mol.  zinc  acetate  heated  with  10  ecpiivs.  alcoliol  to  100°,  gave  in 
5  10  l.i  :;n  .00  hours. 

52-2  64-75  77-4  90-2  93-5  per  cent.  ZnO. 

1  mol.  :inc  valerate  heated  with  10  equivs.  alcohol  to  100°,  gave  in 
1(1  20  UO  .10  hours. 

36-  4  01-1  71-2  78-9  >  ,  „  ^ 

37-  8  62-4  71-8  y^.g  [  por  cent.  ZnO. 

The  formation  of  ethyl  formate  was  observed  in  the  action  of  alcohol  on  zinc  formate, 
but  the  difficulty  of  di-ying  the  zinc  salt  completely,  without  some  decomposition, 
rendered  it  unsuitable  for  comparative  experiments. 

Alcohol  was  found  to  act  on  the  acetates  of  ammonium,  magnesium,  mercurosum, 
and  silver,  with  formation  of  ethyl  acetate.  At  100°,  it  had  no  action  on  sodium 
.ncetate. 

3.  With  the  Chlorides  of  Sulphur. — Absolute  alcoliol  treated  with  either  of  tlie  chlor- 
ides S-'Cl-  or  SCP,  is  couverted  into  ctliylsulphuric  acid.  The  product,  diluted  witli 
water,  and  saturated  with  barium  hydrate,  yields  bariimi  ethylsulphate  (C-H*)-Ba'S-0'' 
+  2H''0  (W.  Heusser,  Ann.  Ch.  Pharm.  cli.  249). 

4.  With  Carbon  Tetrahromidc. — Alcohol  heated  with  carbon  tetrabromide  to  100° 
for  twelve  hours,  yields  bromoform  amounting  to  about  three-fourths  of  the  carbon 
tetrabromide,  together  with  aldehyde  and  hydrobromic  acid. 

CBr'  +  C-WO  =  CHBr^  +  O^H'O  +  HBr 
(Bolas  a.  Groves,  Chem.  Soo.  J.  [2],  ix.  784). 

Detection  of  Alcohol. — Tlie  presence  of  alcohol  when  mixed  with  a  large  quantity  of 
water  may  bo  detected  by  means  of  benzoyl  chloride,  which  is  very  slowly  decomposed 
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liy  water  eidier  cold  or  liJie'n-ariii,  but  is  immediatoly  converted  into  othyl  benzoat? 
by  any  alcoliol  that  may  be  present.  The  etliyl  benzoato  remains  mixed  with  the 
excess  of  benzoyl  chloride,  but  may  be  detected  by  heating  a  drop  of  the  chloride  with 
aqueous  potash,  which  dissolves  the  chloride  almost  immediately,  without  at  fir^t 
acting  on  the  ethyl  benzoate,  which  may  then  be  recognised  by  its  odour.  The  reac- 
tion is  very  distinct  in  working  with  20  to  25  c.c.  of  water  containing  a  hundredth 
part  of  alcohol.  Even  Avith  a  thousandth  part,  the  smell  of  the  benzoic  ether  is  very 
apparent  when  several  cubic  centimeters  of  liquid  are  used  (Berthelot,  Comjpt.  rend. 
Lxxiii.  496). 

For  the  detection  of  alcohol  by  Lieben's  method  of  converting  it  into  iodoform 
{\st  Suppl.  593),  the  following  mode  of  proceeding  is  recommended  by  H.  Hager, 
{Zcitschr.  anal.  Chem.  ix.  492).  The  reagents  used  are  a  solution  of  potassium  iodide 
in  five  or  six  times  its  weight  of  water  supersaturated  with  iodine,  and  a  solution  of 
potassium  hydrate  of  the  strength  of  10  per  cent.  The  clear  liquid  is  heated  to  40°- 
•50°  with  five  or  six  drops  of  the  potash-solution,  and  the  iodine-solution  is  then 
added,  with  gentle  agitation,  till  the  liquid  becomes  somewhat  yellowisli-brown.  If 
this  colour  does  not  disappear  ou  agitation,  a  drop  or  more  of  the  potash-solution  is 
added  with  a  glass  rod  till  complete  decoloration  takes  place.  The  resulting  iodoform 
is  then  deposited  at  the  bottom  of  the  test-tube  in  yellow  crystals. 

If  the  body  to  be  tested  is  not  soluble  in  water,  it  must  be  shaken  up  with  5  to  10 
times  its  volume  of  lulcewarm  water,  the  liquid  filtered,  and  the  filtra  te  tested  as  above. 

To  detect  alcohol  in  chloroform,  the  latter  is  briskly  shaken  with  about  5  times 
its  volume  of  water,  then  warmed  to  30°  or  40°,  again  shaken  till  the  liquid  appears 
milk}'  from  finely  divided  chloroform,  and  the  chloroform  is  separated  from  the  watery 
liquid  by  filtration  through  a  wet  filter. 

A.  Blachez  {J.  PJiarm.  [4],  ix.  289)  detects  alcohol  in  chloroform  by  introducing  a 
few  grams  of  the  liquid  into  a  test-tube,  adding  a  stick  of  potash  as  dry  as  possible, 
agitating  for  five  minutes,  then  removing  the  potash,  shaking  the  chloroform  with  an 
equal  volume  of  water,  and  adding  a  small  quantity  of  solution  of  cupric  sulphate.  If 
alcohol  is  present,  a  precipitate  of  cupric  hydrate  is  formed  by  the  potash,  which  the 
alcohol  dissolves.  Pure  chloroform  does  not  give  this  reaction,  inasmuch  as  potash  is 
not  dissolved  by  it.  A.  Vogel  {Zeitschr.  anal.  Chem.  viii.  473)  adds  pyrogallic  acid  to 
the  potash-solution  decanted  from  the  chloroform  ;  if  a  yellowish  or  brownish  colour 
is  then  produced  on  exposure  to  the  air,  the  presence  of  alcohol  may  be  inferred.  A 
simpler,  though  perhaps  less  delicate  method,  is  to  place  a  few  drops  of  the  chloroform, 
after  agitation  with  potash,  on  red  litmus-paper,  the  presence  of  alcohol  being  then 
indicated  by  tlie  production  of  a  blue  spot. 

Mixtures  of  Alcohol  and  Water. — The  specific  heats,  heat  of  combination,  boil- 
ing point,  cnpilliirily,  ex[i.iiision  by  heat,  and  compressibility,  of  mixtiu-es  of  water  and 
absolute  alcohol  in  various  proportions,  have  been  determined  byDuprea.  Page  {Phil. 
Trans.  18G9,  591-614.;  Froc.  lioij.  Soc.  xvii.  333;  Phil.  Mag.  [4],  xxxviii.  158;  Pong. 
Erffdnzmigsband,  v.  221  ;  Jahresb.  1869,  95). 

The  results  are  given  in  the  following  tables,  in  which  the  '  calculated  values  '  of 
the  several  physical  properties  are  determined  on  the  supposition  that  the  effect  of  each 
constituent  of  the  mixture  on  the  property  in  question  is  proportional  to  its  weight. 

The  greatest  differences  between  the  observed  and  calculated  values  take  place  in 
mixtures  containing  between  30  and  45  p.e.  of  alcohol;  30  p.c.  corresponds  nearly  with 
the  formula  C^H^O  +  6H-0  (=  29-87  p.c);  45  p.c.  nearly  with  C-ffO  -i-  3H-0  (  = 
46  p.c.)  The  excess  of  the  specific  heat  of  any  mixture  above  its  calculated  amount  is 
i'.pproximately  equal  to  the  quotient  obtained  by  dividing  the  number  of  heat-units 
evolved  in  the  formation  of  the  same  mixture  by  3'411,  and  the  depression  of  the 
boiling  point  is  approximately  equal  to  the  quotient  obtained  by  dividing  the  coefficient 
of  capillary  elevation  by  3'6. 

Heat  of  Mi.xtv.re  of  Alcohol  and  Water. 

Weight  per  cent,  of  Heat.uiiits  for  5  grams 

Absolute  Alcohol  of  Mixture 

90    7-7025 

80    12-4775 

70    18-8200 

60    27-2620 

50    35-5850 

45    38-8095 

40   44-8630 

30    47-9800 

20    43-9545 

10    26-6850 
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Specific  lie  at  of  Mixtures  of  Alcohol  and  Water. 


\\  L'iglit  pcf  cent,  of 

Specific  Heat  rerencd  to  "Water  =  100 

Absolute  Alcohol 

found 

calculated 

Difference 

101-O02 

10 

103  576 

96-043 

+  7-533 

20 

104-302 

92-086 

12-276 

;io 

102-602 

88-129 

14-473 

40 

96-805 

84-172 

1  2-633 

-1.) 

94-192 

82-193 

11-999 

.")() 

90-633 

80-215 

10-41S 

(iO 

84-332 

76-258 

8-074 

78-445 

72-301 

6-144 

«0 

71-690 

68-344 

3-346 

!;o 

65-764 

64-387 

1-377 

100 

60-430 

Boil  til  ff  Points  of  Mixtures  of  Alcohol  and  Water. 


Weight  per  cent,  of 
Absolute  Alcohol 

Boiling 

observed 

Point 

calculated 

Difl'crcuce 

0 

99-4° 

10 

90-98 

97-25° 

—  0-27 

20 

86-60 

95-10 

8-00 

30 

84-01 

92-95 

8-54 

40 

82-52 

90-90 

8-38 

45 

81-99 

89-72 

7-73 

50 

81-33 

88-00 

7-27 

6l( 

80-47 

80-50 

G-03 

70 

79-01 

84-35 

4-7-1 

SO 

78-84 

82-20 

3-36 

90 

78-01 

80-05 

2-04 

100 

77-89 

Capillary  Heigliis  of  Mi.r  tares  of  Alcohol  entd  Wcdcr  in  a  ttdjc  of 
0'584  mm.  diameter,  at  16°. 


AVeipht  per 
cent,  of 
Alcohol 

Ileifjht 

,  ,  ,         i-cferred  to 

obser\ed       -\vatcr  =  100 

Eelative  Mole- 
cular Attraction 

Ifel^'ht 
calculated 

Difference 

0 

49-47 

100 

100 

100 

10 

34-22 

69-17 

68-07 

93-11 

—  25-04 

20 

27-92 

56-43 

54-83 

86-22 

31-39 

30 

23-84 

48-19 

46-15 

79-34 

33-19 

40 

22-41 

45-30 

42-56 

72-45 

29-89 

45 

21-64 

43-74 

40-64 

69-00 

28-36 

50 

21-24 

42-93 

39-43 

65-56 

26-13 

60 

20-93 

42-30 

37-89 

58-68 

20-79 

70 

20-66 

41-76 

36-42 

61-79 

15-37 

80 

20-43 

41-29 

36  03 

44-90 

9-87 

90 

20-06 

40-54 

33-35 

38-02 

467 

100 

19-40 

39-21 

3113 

31-13 
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Exp  an  sio  71  of  ^fixtures  of  Alcohol  and  Water  deduced  from  the  observed  Specifio 
Gravities. 


Weight  p.c.  of 
Alcohol 

Volnnie  at  10° 

Volume  at  20° 
found          1  calculated 

Difference 

0 
10 
20 
30 
40 
4o 
50 

59-77 
69-70 
79-81 

89-89 
100-00 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

100-154 
100-212 
100-405 
100-632 
100-783 
100-827 
100-868 
100-914 

100-  980 

101-  020 
101-052 
101-088 

100-154 
100-272 
100-386 
100-489 
100-601 
100-652 
100-700 
100-789 
100-874 

100-  954 

101-  084 
101-088 

-  0-060 
+  0-019 
0-143 
0-182 
0-175 
0-168 
0-125 
0-106 
0-066 
0-018 

Compressibility  of  Mixtures  of  Alcohol  and  Water  for  Pressure  of  One  Atmosphere 

Weight  p.e.  of 
Alcohol 

Temperature 

Compr 
observed 

ssion 

calculated 

Difference 

0 
10 

20 
30 
40 
45 
50 

50-77 
69-70 
79-81 
89-89 
100-00 

9° 
11-2 
11-5 
10-2 

9 

8 

9 
10 
10-1 

9-6 
IM 

9-7 

0-00004774 
0-00004351 
0  00003911 
0-00003902 
0-00004347 
0  00004608 
0  00004878 
0  00005620 
000006159 
000006942 
0-00007950 
0-00009349 

0-00004774 
0-00005387 
0-00005998 
0-00006584 
0  00007118 
0-00007364 
0-00007600 
000008029 
0-00008426 
0-00008775 
0-00009140 
0-00009349 

-0-00001036 
0-000020S7 
0-00002682 
0-00002771 
0-00002756 
0-00002722 
0  00002409 
0  00002267 
0.00001833 
0-00001190 

Determinations  of  tlie  s  pe  c  i  11  c  gravity  of  mixtures  of  alcohol  and  waterat  different 
temperatures  have  also  been  made  by  Mendelejeff  {Pogg.  Ann.  cxxxviii.  103,  230), 
from  -which  he  infers  that  bet-ween  the  temperatures  of  0°  and  30°,  the  maximum  of 
contraction  takes  place  in  mixtures  corresponding  -with  the  formula  C-H^O  +  3H-0. 


Weight  p.c.  of  Ab- 

Specific Gravity,  referred  to  Water  at  4°  =  100,000 

solute  Alcohol. 

nt  0" 

at  10° 

at  20° 

at  30° 

0 

99988 

99975 

99831 

99579 

5 

99135 

99113 

98945 

98680 

10 

98493 

98409 

98195 

97892 

15 

97995 

97816 

97527 

97142 

20 

97566 

97263 

96877 

96413 

25 

97115 

96672 

96185 

95628 

30 

96540 

95998 

95403 

94751 

35 

95784 

95174 

94514 

93813 

40 

94939 

94255 

93511 

92787 

45 

93977 

93254 

92493 

91710 

50 

92940 

92182 

91400 

90577 

55 

91848 

91074 

90275 

89456 

60 

90742 

89944 

89129 

88304 

65 

89595 

88790 

87961 

87125 

70 

88420 

87613 

86781 

85925 

75 

87245 

86427 

85580 

84719 

80 

86035 

82515 

84366 

83483 

85 

84789 

83967 

83115 

82232 

90 

83482 

82665 

81801 

80918 

95 

82119 

81291 

80433 

79553 

100 

80625 

79788 

78945 

78096 
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The  specific  heats  of  mixtures  of  alcohol  ■with  water,  carbon  bisulphide,  chloroform 
and  benzene,  have  been  determined  by  J.  H.  Schiiller  {Pogg.  Ann.  Ergiincungsband,  v. 
116.  192).  The  specific  heats  of  these  several  liquids  in  the  pure  state  were  first 
determined  with  the  following  results : 


Alcohol 

Carbon  Bisulphide 

Cliloroform 

Benzene 

Temp. 

.Sp.  Heat 

Temp. 

Sp.  Heat 

Temp. 

Sp.  Heat 

Temp. 

Sp.  Heat 

16-30° 

0-6019 

14-29-5° 

0-2468 

16-35° 

0-2337 

19-5-30-6° 

0-4518 

16-3.5° 

0-6067 

18-30° 

0-2331 

19-5-35-5° 

0-4104 

16-40.5° 

0-6120 

20-41° 

0-4237 

From  the  observed  specific  Jieats  of  absolute  alcohol  and  benzene  above  given,  the 
specific  heats  for  other  temperatures  may  be  calculated  by  the  formulae : 

for  alcohol,  c  =  0-5585  +  0-00093195  i  +  0  0000003463 
for  benzene,  c  =  0  3798  +  0-00072  t 

The  specific  heat  of  the  carbon  liisulphide  actually  used  for  the  mixtures  was  0-2142 
for  an  interval  of  temperature  15°  to  30°. 

In  the  following  tables,  c  denotes  the  observed  specific  heat  of  the  mixtures,  c,  tlie 
mean  specific  heat  of  the  mixture  calculated  from  those  of  its  constituents : — 


8-pecifio  Heat  of  Mixtures  of  Alcohol  and  Water. 


Alcohol  in  100  parts  of 

Mixture 

0 

c, 

c, 

14-90 

1-0391 

0-9424 

1-1026 

20-00 

1-0456 

0-9227 

1-1331 

22-56 

1-0436 

0-9128 

1-1433 

28-56 

1-0354 

0-8896 

1-1639 

35-22 

1-0076 

0-8638 

1-1665 

44-35 

0-9610 

0-8285 

1-1599 

49-46 

0-9162 

0-8103 

1-1307 

49-93 

0-9096 

0-8061 

1-1284 

54-09 

0-8826 

0-7909 

1-1159 

54-45 

0-8793 

0-7895 

1-1139 

58-17 

0-8590 

0-7251 

1-1082 

73-90 

0-7771 

0-7172 

1-0771 

83-00 

0-7168 

0-6817 

1-0515 

Specific  Heat  of  Mixtures  of  Alcohol  and  Carbon  liisulphide. 


Alcohol  in  100  parts  ot 

c 

Mixture 

c 

c, 

16-04 

0-3371 

0-3016 

1-1177 

20-06 

0-3560 

0-3160 

1  1266 

30-06 

0-3989 

0-3517 

1-1342 

35  00 

0-4133 

0-3693 

1-1164 

40-53 

0-4237 

0-3881 

1-0917 

48-64 

0-4471 

0-4162 

1-0742 

59-30 

0-4808 

0-4564 

1-0535 

70-90 

0-5138 

0-4966 

1-0346 

Specific  Heat  of  Mixtures  of  Alcohol  and  Chlo  rofornt. 

Alcohol  in  100  parts  of 

c 

Mixture 

c,. 

16-75 

0-3348 

0-2962 

1-1303 

28-77 

0-3919 

0-3410 

1-1495 

33-92 

0-4130 

0-4602 

1-1466 

39-78 

0-4315 

0-;i.S21 

1-1290 

47-00 

0-4539 

0-4090 

1  1098 

56-46 

0-4841 

0-4443 

1-0896 

72-80 

0-5331 

0-5052 

1  0552 
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Sjpccific  Heat  of  Mixiurcs  of  Alcohol  and  Benzene. 


Alcohol  in  100  parts  of 
Mixture 


20-43 
24--15 
32-5-t 
48-74 
57-85 
66-89 
80-15 


0-6022 
0-5112 
0-5268 
0-5465 
0-5565 
0-5666 
0-5862 


0-4574 
0-4646 
0-4816 
0-5139 
0-5283 
0-5455 
0-5712 


1-0979 
1-1003 
1-0939 
1-0634 
1-0534 
1-0387 
1-0271 


111  all  these  alcoholic  mixtures  the  observed  specific  heat  is  greater  than  the  mean 
value  obtained  by  calculation  from  the  specific  heats  of  the  constituents,  and  it  may 
even  exceed  the  specific  heat  of  that  constituent  -which  has  the  greater  specific  heat. 
As  the  proportion  of  alcohol  becomes  greater,  the  ratio  of  the  true  to  the  mean  specific 
heat  increases  also,  rapidly  at  first  till  it  attains  a  maximum,  then  diminishes  some- 
■^vhat  quickly  at  first,  afterwards  more  slowly,  and  gradually  approximates  to  the  firL=t 
value. 

In  the  case  of  mixtures  of  alcohol  and  water,  the  excess  of  the  observed  over  the 
calcidated  mean  specific  heat  is  confirmed  by  the  experiments  of  Dupre  and  Page 
already  cited,  also  by  those  of  Jamin  a.  Amaury  {Compt.  rend.  Ixx.  1237),  wlio  explain 
it  on  the  hypothesis  that  the  specific  heat  of  a  body  increases  as  its  density  diminishes, 
i\nd  must,  therefore,  be  greater  in  a  mixture  in  v/hich  each  of  the  constituents  is  dif- 
fused through  the  entire  volume. 

ETKirii  BR09XXDS,  C-H''Br.  Bcconqwsition  hy  the  Co]ppcr-Zinc  Couple  (p. 
454). — The  action  of  zinc  coated  by  precipitation  with  fi.nely  divided  copper  on  ethyl 
bromide  at  100°  is  in  the  main  similar  to  that  which  it  exerts  on  the  iodide  (p.  479), 
giving  rise  to  zinc  cthylobromide,  Zn  j-^^  or  Zn(C-H^)^.ZnBr-.  It  varies, 
however,  greatly  in  different  experiments,  apparently  depending  on  small  differences 
in  the  conditions,  the  nature  of  which  has  not  yet  been  determined  ;  in  some  experi- 
ments no  action  took  place,  even  when  the  ethyl  bromide  was  heated  with  the  dry 
couple  for  thirty-six  hours.  When  the  ethyl  bromide  is  mixed  with  a  little  ethyl 
iodide,  the  reaction  always  takes  place,  and  with  comparative  facility,  the  ethiodide 
at  first  formed  appearing  to  facilitate  the  formation  of  the  ethylobromide. 

Zinc  ethylobromide  melts  at  62°  and  crystallises  on  cooling  in  white  pearly  scales. 
When  heated  it  yields  zinc-ethyl,  a  great  part  of  which,  however,  is  decomposed, 
yielding  ethane,  ethylene,  and  metallic  zinc,  Zn(C-ff)"  =  Zn  +  C-H^  +  C'-H",  appa- 
rently in  consequence  of  the  high  temperature  required,  so  that  the  quantity  of  zinc- 
ethyl  obtained  is  only  about  a  third  of  that  which  is  theoretically  producible. 

The  action  of  the  couple  on  ethyl  bromide  in  presence  of  water  or  alcohol  is  very 
slow  at  ordinary  temperatures,  but  proceeds  much  more  rapidly  on  application  of  heat, 
ethane  being  evolved  and  bromhydrate  or  bromethylate  of  zinc  remaining  in  the 
flask  :- 


C^H^Br  +  H-0  +  Zn  =--  C-H"  +  Zn 


(OH 

Br  ' 


C-ffBr  +  C^H»0  +  Zn  =  C=H»  +  Zn  j^f'"' 

(Gladstone  a.  Tribe,  Chem.  Soc.  J.  [2],  xii.  410-415). 

Bromethyl  bromide,  C-H''Br-  (obtained  by  tlie  action  of  bromine  on  ethyl  bromide  at 
170°)  treated  with  sodium  ethylate  yields  sodium  bromide  and  bromethyleue  (?together 
with  alcohol :  C^H^Br-  +  C-IPNaO  =_  NaBr  +  C-H^O  +  C^H^Br).— The  same  pro- 
ducts are  obtained  by  the  action  of  sodium  ethylate  on  the  addition-product  of  mono- 
bromethylene  and  dilute  hydrobromic  acid,  C'-H^Br.HBr,  which  agrees  also  in  its  other 
properties  with  bromethyl  bromide,  and  is  therefore  probably  identical  therewith 
(Eeboul,  Ann.  Ch.  Pharin.  civ.  29). 

Ethyl  bromide  trea.ted  with  bromine  yields  monobromethyl  bromide  C'-H'Br.Br. 
ethylene  bromide  C'-II'.Br-,  and  dibromethyl  bromide  C'-H'Br-.Br.  The  two  former 
may  be  separated  by  treatment  with  an  alcoholic  solution  of  potassium  sulphydratc, 
which  converts  the  ethylene  bromide  into  the  compound  C-H'^S-.  Monobromrfhi/l 
bromide  treated  with  aramoni/i  yields  collidine,  CH'^N,  boiling  at  181°.  Mouo- 
bromethvl  bromide  and  potassium  acetate,  heated  together  in  alcoholic  solution,  yield 
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aldehyde  and  aeetal.  Oxidation  of  monoljrometliyl  bromide  by  means  of  lead  dioxide 
and  water,  leads  to  the  production  of  aldehyde. 

Bthromelhi/l  broiiiide  maybe  produced  by  the  action  of  bromine  ou  ethylene  bromide, 
an  l  when  the  product  thus  obtained  is  treated  -with  sodium  ethylate,  two  substances 
liavinij  the  composition  C-ffBr-  are  produced,  one  boiling  at  91°  the  other  at  101°. 
The  pro  lucts  of  the  action  of  bromine  on  ethylene  bromide  contain  a  small  proportion 
of  a  substance  containing  C-H^Br',  and  boiling,  with  partial  decomposition,  at  209°. 
This  substance  remains  fluid  at  —20°,  but  the  isomeric  body  obtained  by  the  action 
of  bromine  on  acetylene  forms  crystals  melting  at  185°  (Tawildarow,  Beut.  Chem. 
Ges.  Bet:  vi.  1459). 

TtTHUli  CHIiOIiXSE,  C'-H'Cl.  The  easiest  method  of  preparing  this  compound 
is  to  pass  liydrurblnrir  acid  gas  into  a  boiling  solution  of  zinc  chloride  in  1-J-  times  its 
weight  of  alcnhnl  of  !),)  p.c,  contained  in  a  flask  connected  with  an  inverted  condenser 
and  a  wash-ljottlo  containing  water.  Nearly  the  whole  of  the  alcohol  is  thus  converted 
into  ethyl  chloride  (Groves,  Ckcm.  Soc.  J.  [2]  xii.  637). 

CMor'matcd  Bcrlmtives. — It  has  hitherto  been  supposed  that  of  the  various  bodies 
C'CHiCl)"*  produced  by  passing  chlorine  into  ethyl  chloride  mily  the  final  product 
C'-'Cl'*  is  identical  with  the  siniilarlv  composed  product  fornii  il  I  In- ari  i.m  of  chlorine 
on  ethylene  chloride.  AoM.i-.liii.-  to  ( louthcr  a.  Stapff,  \wwv\  .v  r.,.:.  hr  Zcitschnft, 
vi.  228),  this  view  is  not  cditih:!,,  the  two  scries  from  C-JI-ri'  ( lurlusive)  to  C-'Cl" 
uniting  into  one.  According  to  Eegnaidt,  the  clilorination  of  ethyl  chloride  yields  the 
bodies — 

C^H'CP  C-H=CF  C^IPCl'  c-ncp 

boiling  at  64°  75°  102°  145°. 

On  the  other  linnd,  according  to  Geuther,  the  action  of  chlorine  ou  chloride  of  ethylene 
yields  the  compounds— 

C-H^Cr-  C-H^'Cl^  C^H-CH  C-CP 

boiling  at  82'5°  115°  135°  153-5°. 

Geuther  a.  Stapff,  by  fractionally  distilling  a  large  quantity  of  crude  chlorinated 
ethyl  chloride  (the  portions  boiling  at  62°-72°  and  at  75°  being  subjected,  after  further 
chlorination,  to  the  same  treatment)  obtained,  of  products  not  further  alterable  liy 
fractionation,  and  in  addition  to  the  constantly  occurring  C-Cl'',  onli/  bodies  boiling 
respectively  at : 

II.  II  a.  III.  Illcr.  IV.  V. 

58°-64°  81°-84°  76°  115°  135°  153°. 

The  portion  wliieli  originally  passed  over  at  102°  or  146°,  always  split  up  into  bodies 
of  this  series  (and  C^Cl").  A  portion  of  III  a.  l^oiling  at  115-6°  (corr.),  gave,  on 
analysis,  numliers  agreeing  with  the  formula  C-'IPCl*.  The  product  II  a.  was  ob- 
tained, in  sniiiU  quantity  oidy,  by  very  careful  fractional  distillation  of  aproduct  boil- 
ing between  75°  and  100°  ;  it  exhibited  the  composition  of  a  Tiiixlure  oF  C'-'H^Cr-  and 
C'-'II^CP.  If,  then,  we  admit  with  Geuther  that  in  the  gronp  (  " I h< '1"  - equality  of 
boiling  point  and  elementary  composition  indicate  chemical  id.niiiy,  ihe  preceding 
facts  must  be  regarded  as  establishing  the  proposition  aliovo  .^tattd,  viz.,  that  the 
corresponding  bodies  produced  by  chlorination  of  ethyl  chloride  and  of  ethylene 
chloride  belong  to  the  same  series.  According  to  Stapff,  the  body  aliove  designated  as 
II.  yields,  by  further  distillation,  a  liquid  having  exactly  the  composition  C'H-'Cr-, 
and  boiling  between  57°  and  59°  ;  identicnl,  therefore,  with  ethylidene  chloride. 

Stsedel,  by  submitting  5000  grams  of  the  crude  product  of  the  action  of  chlorine 
on  ethyl  chloride  to  a  very  large  number  of  fractional  distillations,  found  that  ulti- 
mately only  3  or  4  grams  were  obtainable  boiling  between  .Sl)°  and  90°;  whence  he 
infers  that  ethylene  cljloride  does  not  occur  aiuon'."-f  lli.'  produ'  l^  of  Ihe  reaction,  the 
small  quantity  wliich  Geuther  obtained  being  iirol.ably  lornn  d—as,  indeed,  Geuther 
also  supposes — from  alcohol  contained  in  the  ethyl  chloride.  Small  quantities  of  pure 
mono-  and  di-chlorinated  etlijd  chloride  were  separated,  boiling  respectively  at  62° 
and  74-5°, 

Eegnault  found  the  boiling  point  of  monochlorethyl  chloride  (ethylidene  chloride, 
CIP.CIICF)  to  be  64°,  Geuther  57°-69°,  Beilstoin,  and  also  Kramer,  60°.  Of  these 
results  Kramer's  is  perhaps  the  most  trustworthy,  as  he  operated  on  larger  quantities 
of  liquid. 

ETHVXi  IODIDE,  C=H''I.  This  compound,  treated  with  suliiluiric  anlii/drkJc, 
yields,  with  si  paration  of  iodine,  an  acid  isomeric  with  ethyl-sulphuric  acid,  (C-'IP") 
HSO>.  Sniplnmc  cMorliz/drafe,  S0-(H0)C1,  acts  strongly  on  ethyl  iodide,  converting 
it  into  ethyl-sulphuric  acid  (Wroblewsky,  Zcitschr.  f.  Chcm.  [2],  'iv.  563;  v.  280). 
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When  a  solution  of  ■phosphinc  in  ethyl  iodide  is  heated,  either  alone  or  mixed  with 
an  ethereal  solution  of  zinc  iodide,  the  iodides  of  triethyl-  and  tetrethyl-phosphoniuiu 
are  produced  (Hofmann,  Dcvt.  Cliem.  Ges.  Ber.  iv.  372). 

Bccomposition  by  the  Copper-Ziyic  Couple. — Zinc-foil  coated  with  metallic  copper  by 
immersing  it  in  a  1  p  c.  solution  of  cupric  sulphate,  decomposes  ethyl  iodide  at  100°, 
yielding -white  crystalline  ethiodide  of  zinc,  Zn(C'-ff  )I  or  Zn(C-ff)^ZnI=,  which,  when 
gently  heated,  is  resolved  into  zinc-ethjd  and  zinc  iodide,  together  with  more  or  less 
of  combustible  gas  consisting  of  ethane  and  ethylene,  resulting  from  decomposition  of 
the  ethyl.  The  reaction  is,  in  fact,  the  same  as  that  which  takes  place  when  ethyl 
iodide  is  strongly  heated  with  zinc  alone  in  sealed  tubes  (ii.  524). .  At  ordinary  tem- 
peratures, or  at  100°,  pure  zinc  has  no  action  on  ethyl  iodide.  The  ethiodide  of  zinc 
is  resolved  by  gentle  heating  into  zinc  iodide  and  zinc-ethyl,  Zn(C^H')''',  the  quantity 
of  the  latter  obtained  being  about  two-thirds  of  the  total  quantity  theoretically  pro- 
ducible  from  the  materials  employed;  this  reaction  affords,  therefore,  an  easy  method 
of  obtaining  zinc-ethyl  in  considerable  quantity. 

Ethiodide  of  zinc  may  be  viewed  ei&er  as  Zn  jj >  formed  by  direct  combina- 
tion, or  as  a  compound  of  zinc-ethyl  with  zinc  iodide,  Zn(C"H^)-.ZnI^  The  latter  view 
is  perhaps  the  more  probable,  inasmuch  as  the  especial  function  of  a  galvanic  couple 
appears  to  be  the  resolution  of  a  binary  compound  into  its  elements. 

When  the  couple  acts  on  ethyl  iodide  in  presence  of  water,  ethane  is  abundantly 
given  off,  and  zinc  iodhydrate  remains  in  the  flask  ;  in  presence  ofalcohol  the  pro- 
ducts are  ethane  and  zinc  iodethylate  ; 

C^ffl  +    H-0    +  Zn  =  C=H°  ^-  Zn  j^^; 


C=ffl  +  C-WO  ^-  Zn  =  C-H^'  +  Ze 


( OQ-W 

(Gladstone  a.  Tribe,  CJicm.  Soc.  J.  [2],  xi.  445). 

ET»X-£  OSUDE  or  ETHYI.IC  ETHBR  (C-H')-O.  Pure  ether,  wlien 
shaken  with  water,  docs  not  communicate  to  the  water  anything .  capable  of  yielding 
the  iodoform  reaction  (indicating  the  presence  of  alcohol)  when  treated  with  iodine 
and  potash  ;  such  ether  can  bo  obtained  by  distilling  purified  ether  two  or  three  times 
over  sodium,  the  entrance  of  moisture  being  prevented  by  means  of  a  chloride  of 
calcium  tube.  Ether  thus  purified  does  not  give  the  iodoform  reaction  even  after 
standing  l\  year  in  well  closed  vessels ;  if,  however,  it  be  mixed  with  water  or  dilute 
sulphuric  acid,  and  heated  to  100°  for  a  day,  a  strong  iodoform  reaction  is  obtained, 
and  when  it  is  kept  in  contact  with  water  at  the  ordinary  temperature  for  three  or 
four  months,  the  same  result  ensues. 

Pure  ether  sealed  up  with  fragments  of  sodium,  caustic  potash,  or  potassium  cnr- 
bonate,  was  unaffected  even  after  many  months ;  but  in  contact  with  calcium  chloride, 
sodium  chloride,  or  copper  sulphate  (anhydrous),  decomposition  took  place,  and  a  body 
which  yielded  the  iodoform  reaction  was  produced. 

It  appears  therefore  that  bases  do  not  cause  this  change  in  ether,  while,  neutral 
salts  and  acids  do  ;  possibly  ethylates  are  formed  thus : 

O.SO'.OC^ff  ' 


Cuso'  +  c-W'O.cm"  =  Cu 


or  possibly  the  ether  splits  into  alcohol  and  ethylene  (Lieben,  Ann.  Ch.  Pharm.  clxv. 
134). 

On  the  formation  of  alcohol  from  ether,  and  of  ether  from  alcohol,  by  the  action  of 
water  and  dilute  sulphuric  acid,  see  p.  473. 

Action  of  Ether  on  Iodides. — When  a  concentrated  solution  of  an  iodide  is  mixed 
with  starch-paste  and  then  shaken  with  ether,  part  of  the  iodine  is  separated,  and  the 
starch  is  turned  blue.  If  the  solution  is  dilute,  the  blueing  does  not  appear  till  after 
two  or  three  hours,  and  in  extremely  dilute  solutions  not  till  after  two  or  three  days. 
On  filtering  from  the  blue  starch  and  adding  more  ether,  a  blue  colour  is  again  pro- 
duced, and  so  on,  till  at  length  all  the  iodine  is  removed  from  the  compound.  Mineral 
waters  containing  iodides  exhibit,  when  thus  treated,  the  same  reactions  as  artificially 
prepared  solutions  (E.  Ferrifere,  J.  Pharm.  Chim.  [4],  xvi.  107). 


Chlorinated  Derivatives  of  Ethyl  Oxide. 

Monochloretbyl  oxide,  C'H'CIO,  the  first  product  of  the  action  of  chlorine  on 
ether,  is  identical  with  the  body  which  Wurtz  a.  Frapolli  obtained  (i.  3,  107)  by  the 
action  of  hydrochloric  acid  on  an  alcoholic  solution  of  aldeliyde.    Pure  mouochlor- 
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ethyl  oxide  boils  at  97°-08°.  With  sodium  ethylate  it  forms  aectal ;  sulphuric  acid 
decomposes  it,  with  formation  of  ethyl-sulphuric  acid,  hydroclilorie  acid,  and  aldehyde. 

These  reactions  show  that  its  constitutional  formula  is  CH^.CH  jQQ2jj5  •  When 
treated  with  water  it  yields,  besides  hydrochloric  acid,  a  liquid  which  boils  a  little 
below  50°,  has  the  composition  CH'.CH  |oC2H^  '  ""'^  ^'■'^"^  'inalogy  to  chloral 
alcoholate  may  be  called  aldehyde  alcoholate.  Condensation-products  are  formed 
at  the  same  time,  the  first  of  which,  boiling  between  80°  and  84°,  appears  to  have  tho 
CHICH(0C=H5) 
I 

constitution        O  (0.  Jacobscn,  Dent.  CIicm.  Gcs.  Bo:  iv.  21.3). 

i 

CniCH(OC=H») 

Dichlorethyl  Oxide,  C*H'C1=0  (Jacobsen,  loc.  cit. ;  Abeljanz,  A)i,i.  Chcm.  P/mnii. 
clxiv.  197).  Lieben  has  shown  that  both  the  chlorine-atoms  of  this  compound  are 
situated  in  one  ethyl  group,  as  represented  by  the  formida  C-H^'Cl-.OC-H^  {1st  Snppl. 
596) ;  but  he  lias  not  determined  which  of  the  three  following  formulae,  included  in 
the  preceding,  viz., 

fCHCP  fCH'Cl  fCff 

jcH-  JcHci  Jeer-  , 

(oc^ff  loC^H^  (oC-ff 

nmst  be  accepted  as  the  true  representative  of  its  constitution,  though,  for  a  reason  to 
be  mentioned  hereafter,  he  gives  the  preference  to  the  third.  But  the  reaction  of  the 
compound  with  sulphuric  add,  by  which  it  is  easily  and  completely  resolved  into 
ethyl-sulphuric  acid, hydrochloric  acid,  and  monoehloraldehyde,  CH-Cl.CHO.  and 
with  sodium  cthylatc,  whereby  it  is  converted  into  monochloracetal,  CH-Cl. 
CH(OC-H^)-,  identical  with  Lieben's  ethylchlorinated  ethyl  oxide  {\st  Suppl.  597) 
show  that  it  is  correctly  represented  by  the  second  of  the  formulfe  above  given  : — 

(1.)    CH-ei-CH  |qq2jj5  +  H=SO'  =  H(C=H^)SO<  -f  HCl  +  CH^CI— CIIO. 

(2.)    ClPCl— CH  jQc-,H5      NaOC^H^  =  NaCl  +  CH-C1-CH(0C=H»)=. 

By  tho  action  of  wailtfr,  dichlorethyl  oxide  is  converted  into  the  alcoholate  uf 
monoehloraldehyde,  CH-'Cl— CH  |oh^''  boiling  at  95°-96°,  together  with 
condensation-products  (especially  on  warming),  the  first  of  which  distils  at  about 
CH^ei-CHCOC-H^) 

165°,  and  has  tho  composition  0 
1 

CH^Cl— CH(OC2H5) 

This  body  ia  analogous  to  Glinsky's  m  o  n o  c  h  1  o r  a  1  d  e  h  y  d  o  li  y  d  r  a  t  e,  C-n-''f '10  + 
.^H-O,  or  C-'H«Cr^O-  +  H-0  {Dcut.  Chcm.  Gcs.  Bcr.  iii.  870),  the  constitution  of  whicli 
CffCI.CHOH 

may  be  represented  by  the  formula  0  (Jacobsen). 

ClPCl.eHOlI 

The  formula  cf  dichlorethyl  oxide  deduced  from  the  preceding  reactions  is  corroljo- 
rated  by  the  experiments  of  Abeljanz  on  the  action  of  phospliorus  trichloride  on  this 
compound. 

The  two  substances  lirought  together  in  molecular  proportion  react  pi'ctty  briskly, 
the  temperature  rising  to  65°  or  70°.  The  experiment  was  iM  i-lMniinl  in  .i  vi  tdrt  con- 
nected with  an  upright  condenser,  and  this  again  with  a  series  i.f  Wcml  irV  l.ii  t  lis,  load- 
ing finally  to  a  well-cnoled  laebig's  condenser,  terminatiiis;  in  n  U-tulM;  surrounded  by 
ice  and  salt.     A  snnill  4u;intitv  ,.f  hv.li-orlilu,-i,'  acid  ^v,ls  .■nlUrted  in  the  Woulfe's 

bottles,  ;in.l  in  the  l"-lnl.r     ron-M,Tni nn,.  t  ol'  pn.vrtliv!  rhloride.    The  residue 

contaim^d  phusphm-us  Iriclilornlc  an.l  uxychloridr,  and  «li,-n  .Mibniitted  to  distillation 
gave,  below  130°,  a  liquid  which,  when'treated  willi  wit.  r,  yn  blcd  a  lar-o  .|uaiitity 
of  hydrochloric  .acid  and  a  solution  having  a  peculiar  aldiliydic  snidi.  'J'n  ivnl:ii u  t  liis 
aldehydie  body,  the  solution  was  neutralised  by  boiling  with  bad  i>\iili-,  and  dislillcd. 
A  colourless  oil  was  deposited  from  tho  distillate,  but  as  it  was  dcconipused  by  re- 
distillation, tho  whole  was  oxidised  by  heating  it  with  excess  of  silver  oxide.  After 

2nd  Sup.  I  I 
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removal  of  the  reduced  silver  aud  the  silver  chloride,  which  had  been  simultaneously 
produced,'  the  acid  was  converted  into  zinc  salt  and  analysed.  The  physical  pro- 
perties and  composition  of  this  compound  showed  tliat  it  was  zinc  glycollatc, 
Zn(C-ffO^')'- 

The  products  of  the  action  of  phosphorus  pentachloride  boiling  above  130°  con- 
sisted chiefly  of  uuchanged  diclilorethyl  oxide. 

The  principal  reaction  between  phosphonis  pentachloride  and  dichlorethyl  oxide 
may  be  represented  by  the  following  equation : — 

cHci^  +  POP  =  POOP  +  c^K^ci  +  5^^!^;!. 

OC-H'  iCRCl- 
Tho  last  body,  by  boiling  with  lead  oxide,  yields  monochloraldehyde: — 
PbO  =  PbCP 


<CH=C1  p,       -p,  p,j  ^  <CH=C1 

]CHCP  +  ^^^0  =  ^^^^    +  JCHO  ' 


and  this,  wheu  oxidised  by  silver  oxide,  gives  silver  chloride,  metallic  silver,  and  silver 
glyeollatu : — 

j^H^Cl  ^  ^^gojj  ^  ^gci  +  Ag^  +  2H=0  +  {C^OH 

Beaction  of  Dichlorethyl  Oxide  with  Water  and  with  Alkalis. — Dichlorethyl  oxide 
heated  in  sealed  tubes,  with  seven  or  eight  times  its  volume  of  water,  to  11&°-120°, 
but  not  higher,  gives  a  colourless  homogeneous  solution  containing  hydrochloric  acid, 
ethyl  alcohol,  aud  a  mixture  of  aldeliydes,  among  which  chloraldehyde  may  be  iden- 
tified by  treating  it  with  silver  oxide,  whereby  it  is  converted  into  glycollie  acid. 
Another  portion  of  the  watery  solution  of  the  aldehyde,  exposed  for  a  week  to  the  air 
and  then  evaporated,  yielded  a  mixture  of  two  kinds  of  crystals  which,  when  separated 
and  recr3-stallised,  proved  to  be  monochloracetic  acid  (from  the  chloraldehyde)  and 
glycollie  acid.    The  latter  could  only  have  resulted  from  the  oxidation  of  the  hitherto 

unknown  oxaldehyde,  |  qjjq^"'^.  ""'hich  may  be  regarded  as  the  aldehyde  of  glycollie 

acid. 

The  oily  body  wliich  -was  produced  in  small  quantity  bj'  distillation  of  the  original 
acid  solution,  is  probably  a  hj-droxyl-chlorothyl  oxide,  | q  C-H^^'^^''" 

From  these  results  the  principal  reaction  between  water  and  dichlorethyl  oxide  may 
be  represented  as  follows  ; — 


rOH^CL 


•I  CHCl  +  H=o  =  [^^^y^  +  Hoc-ff  +  nci. 


lOC^ff 


)  COH 


Diclilorethyl  oxide  Cliloraldehycle  Alcohol 

The  oxaldehyde  results  from  the  subsequent  decomposition  of  the  chloraldeliyde  by 
water— 

J  COH    +  ^  °  =  ]C0H  + 
Oxaldehyde 

Witli  alkalis  dichlorethyl  oxide  yields  products  similar  to  those  obtained  iu  its 
decomposition  by  water,  viz.,  alcohol,  chloraldehyde,  aud  two  other  chlorinated 
bodies.    One  of  these  has  the  composition  of  a  liydroxyl-chloretliyl  oxide, 

1  CH(OH)(OC-H'>)  '  at  about  153°;  the  other  is  a  condensation-product, 

rCfH'Cl.OC^H* 

\  0  ,  boiling  at  163'-165^,  and  identical  with  the  body  obser%-ed  by  Jacob- 

iC=ffC1.0C-H' 

sen  as  a  product  of  the  decomposition  of  dichlorethyl  oxide  with  water. 

Besides  the  reaction  in  which  the  hydroxyl-chlorcthyl  oxide,  just  described,  is  the 
principal  product,  another  which  jdelds  an  isomeride  of  tliat  body  occurs  at  the  same 
time,  viz.  : — 

f  CH-Cl  fCH-(OH) 
J  CHCl    -I-  KOH  =  KCl  +  I'CHCI  . 
iOC-H^  yOC-iP 
This  latter  sul>.stancc  is  not  su;-ccptibIo  of  condensitioii.  1  ut  wlicn  treated  with  coiv 
contrated  suliihuric  acid,  it  yields  hj-drocliloric  acid,  ethyl-sulphuric  acid,  and  oxakie- 
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!cHCl^+  ir-SO'  =  H(C-H')SO'  +  HCl  +  jcfj" 


OC-IV 


togothev  with  a  small  quantity  of  a  body,  C'lITl-O',  Avhioli  is  tlic  aiialop:iie  of  ctliy- 
lidone  oxyeliloride,  and  results  from  a  secondary  reaction  between  the  hydrocliloric 
acid  and  the  oxaldehydc  : — 

2  Irwn^  +  2HC1  =  H-"0  +  Jo  \ 
ICH-OH 

The  condensation-product,  C^H'^Cl-O^,  obtained  from  dichloretliyl  oxide  liy  tho 
iiction  of  potash,  gives  scarcely  any  hydrochloric  acid  when  treated  with  sulphuric  acid, 
but  forms  chloraldehyde,  water,  and  ethylsulphuric  acid. 

Tlie  chloraldehyde  cannot  be  pm-ified  by  fractional  distillation,  but  when  oxidised 
by  silver  oxide  it  gives  glycoUie  acid  ;  on  exposure  to  the  air  it  leaves  crystals  of 
nionochloracetic  acid.  It  unites  with  bisulphite  of  soda,  and  ammonia  passed  into  its 
ethereal  solution  produces  a  compound  which  crystallises  in  large  pearly  tables  melting 
at  about  1 36°. 

Lieben,  by  treating  dichlorethyl  oxide  with  potash,  obtained  indications  of  the  form- 
ation of  acetic  acid,  a  result  which  w^ould  imply  that  dichlorethyl  oxide  should  lie 
represented  by  the  third  of  the  preceding  formuhe,  CH^.Cl-.OC^ff  ;  thus  - 


fCH 

Cl- 


CH'  <CH^ 
+  3K0H  =  2KC1  +    H-0  -  wnr-nrs  , 

cm' 


or  at  all  events  that  this  modification  was  present  in  the  substance  operated  on.  But 
if  this  were  the  case,  acetic  acid  should  also  have  been  found  in  the  final  product  of 
the  series  of  reactions  described  by  Abeljanz,  who  prepared  his  dichlorethyl  oxide 
exactly  according  to  Lieben's  directions,  but  not  a  trace  of  acetic  acid  could  be  dis- 
covered. Neither  could  acetic  acid  be  detected  in  the  saline  residue  obtained  by  the 
action  of  potash  on  dichlorethyl  oxide,  that  residue  consisting  of  potassium  chloride 
with  a  small  quantity  of  formate. 

CH-X'l 

Dichlorethyl  oxide  being  then  represented  liy  the  formula  |  ,  the  coni- 

CHCl.OC-H^ 

pounds  formed  from  it  by  tho  action  of  sodium-ethylate.  zinc-ethyl,  &c.  {1st  Stippl. 
507)  must  be  represented  by  analogous  formulae,  viz.  oxetliyl-chlorethyl  oxide 
CH'^CIO-,  the  first  product  of  the  action  of  sodium  ethylate,  by  either  of  the 
formulse 

CH'Cl  CH=(OC-H'') 

i  'H-  I  ; 

CH(OC-ffO)=  CHCl(OC=ff) 

and  dioxcthyl-cthyl  oxide,  C''n'''0-,  the  product  obtained  by  the  further  action  of 
the  same  reagent,  by  tho  formula 

Cir-XOC-H')  —  CH(OC-ff)^ 

Ethylelilorothyl  oxide,  C'H'^CIO,  tho  first  product  of  the  action  of  zinc-ethyl  on 
diclilorethyl  oxide,  may  be  represented  by  either  of  the  formulce 

CH^Cl  CYL-{Qm^) 

1  I 
CH(C-H-')(OC-H^)  CHC1(0C-H5) 

more  probably  however  by  the  fornii  r,  which  is  in  accordance  with  the  transformation 
of  this  compound  into  secondary  butyl  ioditlc  or  methyl-ethyl-carbonyl  iodide  by  the 
action  of  hydriodic  acid : 

CH^Cl  CII'' 
i'H(OC^lP)  +  nil  =  nci  i   II^O  +  C-H'I  +  1-  +    ''HI  . 

I  ~  i 

c=ip  cnv' 

Hicthylatod  ethyl  oxide,  CMl'Nl,  (lie  second  pvoduct  the  aeLioii  of  zinc- 
ethyl  on  dirhliTethyl  oxide,  has  tho  constitution 
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CH"-(C-H^) 
I 

CH(C=H5)(OC=H0 

and  the  hexyl  alcohol  obtained  by  treating  it  with  hydriodic  acid  and  saponifying  tlio 
resulting  iodide,  is  represcutod  by  the  formula 

I 

CHOH 

1 

that  is  to  saj',  it  is  ethyl-butyl  carbinol. 

Tricbloretbyl  Oxide,  Cn'CFO,  is  also  formed  by  the  action  of  chlorine  on  ether, 
but  it  cannot  be  separated  in  the  pure  state  by  fractional  distillation,  dichlorethyl 
oxide  being  the  most  highly  chlorinated  product  that  distils  unchanged.  The  presence 
of  the  trichlorinated  ether  may  however  be  proved  indirectly,  namely,  by  the  action  of 
sodium  ethylate  on  the  residue  obtained  in  the  distillation  of  the  crude  dichlorethyl 
oxide  after  the  temperature  has  risen  above  155°.  A  mixture  of  chlorinated  acetals 
is  thus  obtained,  which,  when  submitted  to  fractional  distillation,  yields  moderately 
pure  dichloracetal.  This  reaction  establishes  the  constitution  of  trichlorethyl  oxide, 
as  shown  by  the  equation 

CHCl=.CHj^J,,jj,  +  NaOCm^  =  NaCl  +  CHCP.CH{°g|t 

Trichloretliyl  oxide  Dichloracetal 
TetraeWorethyl  Oxide,  C'II''C1^0  =  CCP.CH  |qq2jj5  •     This  compound,  pre- 
pared by  the  action  of  phosphorus  pcntachloride  on  chloral  alcoholate  (Henry's  pro- 
cess, p.  313), 

CCP.CH  jjg.jjs  +  PGP  =  POCl'  +  HCl  +  CCP.CH  j  QC^ff  ' 

boils  at  1897°  under  the  pressure  of  (reduced  to  0°)  857'5  ram.  and  has  a  density  of 
1-4370  at  0°,  1-4182  at  15'2°,  1-3055  at  99-9°.    Heated  with  alcohol  for  several  hour 

in  a  bath  of  salt  water,  it  yields  the  trichloracetal,  CCP.CH  j  qqjjjs  »  discovered  by 

Wurtz  a.  Frapolli  (p.  2), 

CCP.CH  +  HOC=H^  =  HCl  +  CCP.CH  j^ggj. 

The  same  transformation  is  effected,  though  less  sharply,  by  sodium  ethylate,  or  by  a 
very  strong  alcoholic  solution  of  potash.  If,  however,  the  tetracblorinated  ether  be 
treated  with  a  10  p.c.  solution  of  potassium  hydrate  in  absolute  alcohol,  a  totally 
different  reaction  takes  place,  a  molecule  of  hydrochloric  acid  being  eliminated,  and  a 
compovind  formed,  which  appears  to  have  the  composition  CCl-  CCl  — OC'-'H^ 
(Paterno  a.  Pisati,  Gazzetta  chimica  iialicma,  ii.  333). 

Tetrachlorethyl  oxide  is  likewise  formed,  together  with  lower  chlorinated  products, 
by  the  action  of  chlorine  on  ether  at  90°.  If  the  action  be  not  pushed  too  far,  a 
liquid  is  obtained  which,  when  treated  with  sulphuric  acid,  yields  a  considerable 
quantity  of  chloral  CCP.CHO,  and  therefore  contains  trichlorethyl  oxide  (Jacobscn). 

Pentachloretbyl  Oxide,  C'H^CPO,  is  the  end-product  of  the  action  of  chlorine 
on  rtbyl  oxidf  in  ililFuscd  daylight.  It  is  a  rather  thick  colourless  liquid  of  sp.  gr. 
r64r!.  Its  riai'Liun.s  .show  that  it  still  retains  one  of  the  ethyl-groups  of  ethylic  oxide 
intact,  and  therefore  that  its  constitution  is  represented  by  the  formula  CCP.CCl- 
(OC^ff). 

To  extend  the  chlorination  to  the  second  ethyl  group,  the  influence  of  sunshine  is 
necessary.  In  that  case,  perchlorinatcd  ether  C'C1'"0  ^  CCP.CCP.O.CCP.CCP  is 
produced  (ii.  541). 

The  order  in  -which  the  hydrogen  atoms  in  the  first  ethyl  group  are  suecessivelv 
replaced  by  chlorine,  mny  be  represented  by  tlie  formula  CHHH.CHH.O.C-'H^ 
(.Jacobsen,  loc,  cil.) 

ETB-Srii  SVX.PHZBES.    (M.  Miillcr,  J.  ^w.  CT-m.  [2],  iv.  89).  Morcaptan 
heated  in  a  sealed  tube  for  six  iiours  to  150'^  with  sulphnr  in  the  proportion  of  2 
molecules  to  1  atom  of  the  latter,  is  decomposed  according  to  the  eqiiation, — 
2(C=IP)1I,S     S  =  (C=H5)-'S-  +  n-s. 
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Sdvnluiii  is  \\  itliMut  ,u  linii  oiiniciT,i!it;i:t.  J",t  hyl  monos  ulpliide,(C-H^)'S,  is  entirely 
uuactcil  (HI  liy  siiliihiir.  iii;iy,  wlirii  mixed  with  mercaptan,  be  readily  obtained 
pure,  l.y  licidn-  tli.'  niixiiii'i  \\  \\\\  Milpliiir,  whereby  the  mercaptan  is  converted  into 

Ethyl  disulphido,  (r-li'rs'',  IiimI.-I  witli  tml phirr,  yields  the  trisulphide 
(C-II^)-,S'',  as  a  yellow  oil,  luinirr  tluii  w:iiii'.  wlii.'k  cannot  bo  distilled  alone 
but  may  be  obtained  pure  liy  sbuvly  dist  illiiiLi,  it  in  a  I'un-ent  of  steam.  This  compound 
may  also  Ije  prepared  by  distillini;  liver  nC  .sulphur  and  potassium  sulphovinate  from 
a  retort,  with  frequent  addition  of  water,  so  loni;-  as  oily  drops  pass  over.  The  oil 
tluis  obtained  is  a  juixture  of  t  tliyl  <li-  and  tri -sulphides,  and  to  convert  it  entirely  into 
the  latter,  it  is  heated  witli  sulpliur  in  scilr.j  I  ubes  for  some  hours  at  150".  The  con- 
tents of  the  tubes  arc  tluii  ciix'fully  (iistillid  in  a,  current  of  steam. 

On  shaking  ethyl  1  risulpliido  with  nirrciiri/,  the  third  snlphur-atom  is  slowly 
removed;  also  on  heating  with  copper  turnings  in  a,  scaL'.d  tub(^  to  150°  for  a  day. 
AVhen  the  product  is  suspended  in  water  and  carefully  oxiili-nl  by  fuming  nitric  acid, 
an  amount  of  sulphuric  acid  is  produced  exactly  equiv.ili  nl  to  llio  third  sulphur-atom, 
two  molecules  of  ethylsidphurous  acid  being  formed  at  the  s.ime  time.  The  above- 
mentioned  mixture  of  di-  and  tri-sulphides  may  therefore  be  employed  with  advantage 
for  the  preparation  of  ethylsulphurous  acid,  C-H^.SO-.OH.  Aqueous  fotash,  shaken  for 
a  long  time  with  ethyl  trisulphide,  removes  the  third  sulphur-atom  ;  alcoholic  potash 
seems  to  act  diiferently.  The  trisulphide  heated  with  potassium  cyanide  yields 
potassium  sulphocyanate  and  ethyl  disulphide.  Many  metallic  salts  remove  the  third 
sulphur  atom,  with  simultaneous  formation  of  metallic  sulphide.  Silver  oxide  forms 
silver  sulphide  and  et  hylsulphurous  acid  ;  silver  acetate  a,cis  similarly,  acetic  acid  being 
set  free, 

C— CffCH^ 

E!TKYSi-ACETy3.BXrB,  OTP  =  1 1 1  ,  see  Crotoxylexk. 

C— H 

ETHYXiAIVIXNES.  The  volatile  by-products  rich  in  ethyl  chloride,  obtained  in 
the  nuuiufacture  of  chloral,  have  been  applied  by  A.  W.  Hofmann  (Dcuf.  Chcm.  Ges. 
Ber.  1870,  109  and  776)  to  the  preparation  of  ethyl-bases  on  the  largo  scale.  These 
products  are  heated  to  100°  for  an  hour  in  a  wrought-iron  digester  with  three  times 
their  volume  of  95  p.e.  alcohol  previously  s.aturatcd  with  ammonia  at  0°;  thi'  liquid 
is  filtered  from  the  separated  sal-anunoiiiae  ;  llir  alrolml  dislilliM  otT;  and  thr  n-siduo 
evaporated  to  dryness.  This  ri'-idnr,  wlin-li  eonlains  IIh'  liydi'n.-hl.ifidrs  i.t'  the  three 
ethyl-bases,  is  decomposed  by  a  concentrateil  solution  of  caustic  soda,  and  the  bases 
which  separate  are  removetl  and  separated  from  one  another  by  treatment  with  oxalic 
ether  (ii.  554).  With  reference  to  this  method  of  separation,  Hofmann  observes 
that  the  diothyloxamide  and  ethylic  diethyloxamate  must  be  separated  by  filtration 
at  0°,  anil  not  by  treatment  with  hot  water,  since  ethylic  diethyloxamate  is  resolved 
by  boiling  with  water  into  al.  -ihol  aii.l  diethyloxamic  acid.  The  chief  product  of  the 
action  of  ammoni.a  on  ethyl  I'hlorido  is  il  iethylamino. 

Tetrethi/hniiiiinniuiii  hromide,  (C-lPj^NEr,  unites  very  e.asily  wIiIl  bromiin'.  forming 
polybromides,  among  which  the  tribromide  is  the  lu  si  slaMe.  Win  n  an  aqueous 
solution  of  tetrethylammonium  bromide  is  mixed  with  In-innini  -walrr,  a.  lighl  rt  d-preci- 
pitate  oftlietribromideisimmediately  formed,  which,  on  fui-ther  addition  of  bromine, 
turns  crimson-red  and  is  converted  into  the  pentabromide.  The  latter,  however, 
on  exposure  to  the  air,  gives  oif  1  mol.  bromine,  and  is  reconverted  into  the  tribromide. 
The  same  result  is  obtained  when  alcohol  or  chloroform  is  used  as  the  solvent,  the 
red  crystalline  mass  which  separates  quickly  losing  bromine,  and  yielding  the  tri- 
bromide. 

Tctrctliylammoniim  trihromide,  (C-H'^)^NBr',  crystallises  from  alcohol  in  beautiful 
light  orange-red  needles  which  melt  at  78°.  It  dissolves  easily  in  alcohol  and  carbon 
sulphide;  in  chloroform  only  in  certain  proportions,  an  excess  of  chloroform  floating 
in  the  solution  without  becoming  coloured.  On  mixing  a  saturated  alcoholic  solution 
of  the  tribromide  with  an  alcoholic  solution  of  iodine,  small  ein  slals.  resembling  iodine, 
and  probably  consisting  of  the  tri  -  i  odide,  separate  at  first,  1  o^etlier  w  i(h  the  tri- 
bromide. On  adding  a  solution  of  iodine  in  potassium  iodide  to  the  aleoliolic  solution 
of  tlie  tribromide,  a  brown  precipitate  is  formed  consisting  of  the  tri-iodide  (G-H^)'Nr. 
(Clamor-.^Iarqiiiirt,  ,7.  yv.  Che,,,.        i.  429). 

ETHYiATE  OF  SOBZUM,  C'-'IPONa.  The  constitution  of  this  compound  may 
be  represeuted  by  three  different  formuhe,  viz  : 

CIP  CH-Xa  CH' 

I  I  i 

CH-  CH'^  CHNa 

I  I  I 

0\a  OH  on 
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If  tlie  first  formula  he  tho  true  one,  the  action  of  ethyl  iodide  on  sodium  ethylalo 
ought  to  yield  ethyl  oxide,  C'^ff  —  0  —  C-H^ ;  if  the  second  is  correct,  normal  biitylic 
alcohol  UffCH-Cff-CH-OH,  should  be  obtained;  and  finally,  if  the  third  formula 
correctly  expresses  the  constitution  of  sodium  ethylate,  the  action  of  ethyl  iodide  on  it 
should  give  secondary  butylic  alcohol,  CH^-CH(C-ff  )-0H. 

Now  the  action  of  ethyl  iodide  on  sodium  ethylate  is  well  known  to  yield  ethyl 
oxide,  and  according  to  Laubenheimer  {Ann.  Ch.  Pharm.  clxiv.  280),  it  j'ields  nothing 
else,  excepting  a  small  quantity  of  ethylene,  probably  arising  from  a  secondary  reaction 
according  to  the  equation, 

C'-=H^ONa  +  C-Wl  =  Nal  +  C-H^  +  C-ffOH. 

This  action  is  analogous  to  the  decomposition  of  ethyl  iodide  hy  sodium  hydrate,  and 
to  the  formation  of  butylene  by  the  action  of  alcoholic  potash  on  butyl  iodide. 

From  these  results  Laubenheimer  concludes  that  the  true  formula  of  sodiimi  eth3'lato 
is  C-ff  ONa,  and  not  C-H-'Na.OH,  as  proposed  by  Wanklyn  {\st  Suppl.  244,  1028). 

Reactions  of  Sodium  Ethylate  with  Chlorides. — Geuther  a.  Brockhoff  {Jenaische 
Zeitschrift.  vi'i.  359). 

1.  With  phosx^horus  pentachloride.  When  4  mol.  sodium  ethylate  are  acted 
on  by  1  mol.  PCP,  the  products  obtained  are  triethylic  phosphate,  ethyl  chloride,  and 
sodium  chloride,  together  with  a  little  alcohol,  the  reaction  probably  takingplace  in  two 
stages,  thus : 

(1.)  PCI-'  +  C-ffONa  =  POOP  +  C=ffCl  +  NaCl 
(2.)       POCP  +  SC^ffONa  =  POCOO^H^)'  +  3NaCl. 

2.  With  perehlorcthylene  C-Cl'. — The  action  of  sodium  ethylate  on  perchlor- 
ethylene  has  been  studied  by  Fischer  and  Geuther,  who  found  that,  besides  sodium 
chloride,  sodium  ethylglyoxalate,  and  ethyl  dichloracetate,  there  were  also  produced 
two  substances  having  the  composition  G^H^GPO  and  CH'^Gl-C.  These  substances 
have  since  been  proved  to  be  trichlorethoxyl-ethylene  and  triethylic  dichloracetate. 
Geuther  a.  Brockhoff  consider  that  trichlorethoxyl-ethylene  is  the  primary  product  of 
the  reaction,  and  that  it  is  derived  from  perehlorcthylene  by  the  replacement  of  one 
atom  of  chlorine  by  one  atom  of  ethoxyl : — 

GC1=  CCP 
II  +  C-ffONa  =11  +  NaCl. 

GOP  CGl(OG=ff) 
Tho  triethylic  dichloracetate  may  be  derived  from  the  above  compound  as  follows, 
the  sodium  ethjdate  originally  employed  ha^Tng  contained  alcohol : 
CCP  CCP 
(1.)       II  +  C-nm^a  =11  +  NaCl. 

GCl(OG-IP)  G(OG-ff)= 
CCP-  CHOP 
(2.)       II  +  G=IPOH  =11 

C(OG'ff)=  C(OC-IP)^ 
The  ethyl  dichloracetate  may  arise  from  the  action  of  water  on  tribasic  ethyl  dichlor- 
acetate, the  water  being  partly  hygroscopic  and  partly  derived  from  secondary  reac- 
tions : 

CHCP  CHCP 
1  +  H'-'O  =  I  +  2C^ffOH. 

G(OC-H-')'  GO(OC'-ff) 
The  action  of  sodium  ethylate  on  this  ether  gives  rise  to  ethj'l  di ethylglyoxalate, 
this  compound  being  subsequently  decomposed  by  sodium  hydrate  into  alcohol  and 
sodium  diethyl-glyoxalato : 

CHCI--  CH(OG^ff)^. 
(1.)       I  +  2C"-IP0Na  =  I  +  2NaCl. 

G0(0C2H^)  GO(OG^H0 
CH(OG-^tt')=  GH(OG-H=^)- 
(2.)       I  +  Na  =  I  +  C=n^OH. 

GO(OC'^ff)  COONa. 
The  above-mentioned  intermediate  reactions  were  confirmed  by  experiments  in  which 
the  action  of  the  sodium  ethylate  was  to  some  extent  limited. 

The  action  of  sodium  ethylate  free  from  alcohol  on  perehlorcthylene  gave  rise  to  tho 
products  enumerated  above,  but  in  smaller  quantities,  also  to  a  gas  burning  with  a 
blue  flame,  and  some  brown  products. 

3.  AVith  perchlorethane  G-GP,— When  an  ethereal  solution  of  porchlorethane 
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was  heated  to  106'^-110°  with  sodium  cthylate,  an  energetic  action  took  place,  ethane 
lieing  evolved  as  a  gas  burning  with  a  non-luminous  flame.  On  distilling  the  products 
of  the  reaction.  perchlorethjdeTic  was  found  in  the  distillate,  accompanied,  as  might  be 
expected,  by  those  substances  which  are  formed  by  the  action  of  sodium  ethylate  on  it. 
Besides  sodium  chloride  and  resinous  substances,  the  residue  contained  sodium  ethyl- 
glyoxalate  and  sodium  acetate.  The  latter  appears  to  be  formed  by  the  action  of 
chlorine  on  sodium  ethylate,  the  chlorine  being  yielded  by  the  perchlorethane : 
SC'^ffONa  +  CP  =  G'^H^NaO-  +  C-H«  +  C^ffO  +  2NaCl. 

4.  With  trichlorethylene  chloride  C-HCP.Cl-.— These  substances  act  readily 
on  one  another,  perchlorethylene  being  produced.  Similar  results  were  obtained  when  the 
triclilorethylene  chloride  was  dissolved  in  ether  and  then  treated  with  sodium  ethylate. 

!).  AVith  dichlorethylono  chloride. — This  chloride  was  digested  for  some  time 
with  sufficient  alcoholic  sodium  ethylate  to  replace  all  the  chlorine  by  etlioxyl.  The 
product  was  then  distilled,  and  by  the  addition  of  water  to  the  distillate,  an  oil  was 
ol it ai ncd  which  had  the  composition  of  d  i  c  h  1  o r  e  t  h  o x  y  1  -  e  t h  y  1  u  n  e,  C-HC1-(0C'''H''). 
This  substance  is  a  colourless  liquid  having  a  peculiar  aromatic  odour.  It  boils  at 
r28-2  (corr.),  and  has  a  specific  gravity  of  1-08  at  10°.  Moisture  acts  slowly  on  it, 
hydroclilorie  acid  and  ethyl  chlovido  being  formed.  Heated  in  a  sealed  tube  to  180° 
with  excess  of  water,  it  is  enl  ircly  doromposed,  with  formation  of  glj'collic  acid,  hydro- 
cJiIoric  acid,  and  ethyl  chloride  : 

CHCl  cH-on 

II  +  2H-0  =1         r  HCl  +  cm'ci 

CCl(OC-'H^)  COOH 

Excess  of  alcoholic  sodium  etliylate  conc  erts  dichlorethoxyl-ethjdene  into  the  sodium 
salt  of  ethyl-glyeollic  acid,  ethyl  monochloracetate  being  probably  formed  as  an  inter- 
mediate product.  A  small  quantity  of  tlic  latter  was  apparently  formed  during  the 
action  of  sodium  ethylate  on  dichlorethylene  chloride,  and  it  may  be  also  formed, 
together  with  ethyl  chloride,  by  the  action  of  sodium  ethylate  on  excess  of  dichlor- 
elhoxyl-othylene. 

6.  With  monochlorethylene  chloride  C^H^Cl.Cl-.— When  this  chloride  is 
treated  with  excess  of  sodium  ethylate,  an  action  takes  place,  resulting  in  the  forma- 
tion of  dichlon  thyleno  and  a  small  quantity  of  sodium  acetate. 

7.  Wilh  pt  rchlorometliano  C-Cl''. — One  molecule  of  this  compound  was  diluted 
with  two  vobniiis  of  ether  and  treated  with  4  molecules  of  sodium  ethylate,  the  whole 
being  then  digested  for  about  4  hours  under  a.  slightly  increased  pressure.  After  the 
reaction,  during  which  no  gas  was  evolvdl,  h.  d  li  rmiiiated,  the  product  was  distilled, 
and  the  distillate  was  foimd  not  to  contain  any  pni  tion  boiling  above  75°.  The  residue 
in  the  retort  contained  a  brown  substance  insuluMc  in  M  ater,  which,  after  washing  with 
hydrochloric  acid,  contained  63-6  p.c.  of  carbon,  and  72  p.c.  of  hydi'ogen.  This  sub- 
stance contained  no  chlorine  and  yielded  no  ash. 

The  alkaline  liquor  obtained  by  heating  the  residue  with  water  yielded,  when  treated 
with  hydrochloric  acid,  a  brown  resinous  precipitate,  soluble  in  alkalis  and  alcohol. 
It  contained  60-8  p.c.  C,  and  6'2  p.c.  H.  The  alkaline  liquor  also  contained  traces  of 
carljonic  acid  and  oxalic  acid. 

On  tlie  reaction  of  sodium  ethylate  with  acdamldc,  see  page  3 

ETHYliCYAWOPHOSPHlBE.    See  Cvanethyl-phosphide  (p.  405). 

3STHYX.-BXACETXC  ACIB,  C'H'^O^  (Geuther,  Jcnaische  Zcitachrift.  vi.  560, 
575  :  -A  /')•.  Chi'in.  [2],  iv.  431,  450).  In  preparing  the  sodium  salt  of  this  acid  by  the 
artioa  lu'  I-  (lima  on  i  thyl-acctate  (\st  SuffL  601j,  Geuther  recommends  the  use  of  a 
la.rgo  exci'ss  of  the  acetic  ether,  so  that  all  the  sodium  may  dissolve  without  any  great 
rise  of  temperature,  which  would  cause  the  formation  of  resinous  products,  dehydraeetic 
acid,  &c.  By  using  4  pounds  of  etliyl  acetate  to  60  grams  of  sodium,  he  obtained  165 
grams  of  ethyl-diacetic  acid  corresponding  very  nearly  with  the  theoretical  amount. 

Actio;,  ,;/'  r]„,sphoriis  I'rntachhinjh-.  Wlnai  tlie  pentachlorido  (33  parts)  is  gradually 
ailde  l  to  .-thyl-'liac/tic  acid  (10  p,:fN)  it  ilis-.ilves  without  much  evolution  of  heat, 
fdrniinir  a  n-iKlisli  la-oMii  li(|nid  ;  ai  tla'sauie  time  large  quantities  of  hydrogen  chloride 
and  ethyl  ehlori<h'  arr  i\nl\aM.  iial  no  .irctyl  chloride.  The  product,  which  consists  of 
lihosphoi-us  oxy,-hlnriclr  and  I  In'  rldoralrs  of  several  acids,  cannot  be  separated  by  frac- 
tional distillation,  ami  must  I reiore  bi'  gradually  added  to  water  kept  at  a  low  tem- 
jierature,  in  which  it  readily  dissolves.  On  distilling  the  aqueous  solution,  there  passes 
over  at  first,  with  the  vapoxir  of  water,  an  oil  which  does  not  solidify  ;  then  a  milky 
liquid  which  deposits  crystals  on  cooling,  after  which  the  distillate  becomes  clear.  The 
milky  liquid  contains  the  mouochlorinated  derivative  of  liquid  crotonic  acid  ;  called  by 
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Geuthei;  quartonylic  aci  d  ;  the  residue  in  the  retort  contains  the  correspondinp; 
derivative  of  solid  crotouie  acid  (Geuther's  tetracrylie  acid:  1st  Siqjpl.  oil):  and 
the  neutral  oil  is  a  mixture  of  the  ethylic  ethers  of  these  t-wo  chlorinated  acids. 

Hence  it  appears  that  the  action  of  phosphorus  pentachloride  on  ethyl-diacetic  acid 
gives  rise  to  the  chlorides  of  the  two  modifications  of  monochlorocrotonyl,  C^H'CIO, 
and  the  ethers  of  the  corresponding  acids,  together  with  ethyl  chloride,  hydrogen 
chloride,  and  phosphorus  oxychloride  ;  according  to  the  equations : 

C«H'»0'  +  2PC1=  =  C^H^CIO.CI  +  C-ffCl  +  HCl  +  2P0CP. 
CWO^  +  PCP  =  C^H^CIO.C-H^  +  HCl  +  POCP. 

Action  of  Ammonia  on  Ethylic  Ethyl-diacetate.  The  action  of  concentrated  ammonia 
on  this  ether  at  ordinary  temperatures  gives  rise  to  two  compounds,  a  soluble  amide, 
C''H"NO^  which  is  the  amide  of  ethyl-diacetie  acid,  C"H=0'.NH-,  and  an  insoluble 
amide,  C'H'^NO'-,  which  might  be  regarded  either  as  the  amide  of  diethyl-diacetie  acid 
CH'^O^.NH-,  or  as  the  ethylamide  of  ethyl-diacetic  acid  C''H'-'0-.NH(C-H^). 

The  insoluble  amide  is  decomposed  by  moisture,  and  more  quickly  by  acids,  am- 
monia being  liberated  and  the  crystals  being  converted  into  an  oily  liquid  which  is 
nearly  pure  ethylic  ethyl-diacetatc,  whence  it  maybe  inferred  that  the  insoluble  amide 
is  the  ethyl  amide  of  ethyl-diacetic  acid  : 

C4P0^.NH(C^ff)  +  H-0  +  HCl  =  NH^Cl  +  CH^O^OC-H^ 

Wlieathe  insoluble  amide  is  heated  with  water  to  100°  in  a  sealed  tube  for  several 
days,  and  the  contents,  after  acidulation  with  sulphuric  acid,  are  distilled,  an  oily 
liquid  passes  over  between  78°  and  208°,  consisting  of  methyl-propyl  ketone  (ethyl- 
acetone)  C^H'^O,  together  with  a  little  alcohol,  and  afterwards  between  200°  and 
215°,  the  ethylic  ether  of  diethyl-diacetie  acid,  G"'H'*0'.  The  residue  from  the  first 
distillation  contains  the  soluble  amide  of  ethyldiacetic  acid  C''H"NO'-'.  The  insoluble 
amide  is  therefore  resolved  into  the  soluble  amide  and  alcohol : 

C'H'^NO^  +  WO      C=H«0  +  C»H'>NO^• 
and  the  soluble  amide  is  further  resolved  into  methyl-propyl  ketone,  carbon  dioxide, 
and  ammonia : 

C«H"NO=  +  W-0  =  C^H'»0  +  C0=  +  NRK 
Ethylic  diethyl-diacetate  C'°H'*0^  is  more  easily  obtained  by  heating  ethylic  ethyl- 
diacetate  with  four  or  five  times  its  volume  of  strong  aqueous  ammonia  for  several 
days  to  120°-130°.  The  resulting  oil,  after  being  carefully  dried,  yields  by  fractional 
distillation,  metliyl-propyl  ketone  boiling  at  about  100°,  unaltered  ethylic  ethjd- 
diacetate  boiling  between  190°  and  200°.  and  ethylic  diethyl-diacetate  boiling  between 
200°  and  215°. 

From  these  results  it  would  appear  that  in  the  decomposition  of  ethylic  ethyl- 
diacetate  by  ammonia  at  a  high  temperature,  and  also  that  of  the  insoluble  ethylamide 
of  ethyldiacetic  acid  by  water,  the  soluble  amide  of  ethyldiacetic  acid  is  obtained 
together  with  a  small  quantity  of  ethylic  ethyl-diacetate,  as  represented  by  the  follow- 
ing equations : 

2C«H»0^  -I-  NH^  =  C'^H'^O^  -i-  C^H^'NO^  +  H^O 
2C»H'='N02  +  H-0  =  C-H'^O'  +  C«H"N02  -i- 

ETHYlfiXTE.  Oxidation. — According  to  E.  Ludwig  (Ann.  Ch.  Pharm.  clxii.  4"), 
ethylene  heated  with  concentrated  solution  of  chromic  acid  in  sealed  tubes  is  completely 
oxidised  to  carbonic  acid  and  water  ;  but  at  ordinary  temperatures,  intermediate  pro- 
ducts, viz.  formic  acid  and  perhaps  also  acetic  acid,  are  likewise  produced.  Berthelot, 
on  the  other  hand,  found  that  ethylene,  heated  with  concentrated  chromic  acid,  in  sealed 
tubes,  was  oxidised  to  aldehyde  \\st  Suppl.  602). 

Ethylene  is  not  taken  up  by  sulphuric  acid  at  ordinary  temperatures,  biit  at  100°, 
and,  still  better,  between  160°  and  175°,  the  gas  is  rapidly  absorbed,  and  by  subse- 
quently diluting  and  distilling  the  acid  liquid,  a  considerable  quantity  of  alcohol  may 
be  produced.  Elevation  of  temperature,  then,  being  necessary  to  the  absorption  of 
ethylene  by  sulphuric  acid,  it  appears  not  improbable  that,  in  Berthelot's  well-known 
experiment,  the  violent  and  continued  shaking  serves  not  only  to  bring  the  gas  into 
intimate  contact  with  the  acid,  but  to  develop  the  heat  necessary. 

Contact  of  ethylene  with  sulphuric  acid  at  the  temperatures  above  mentioned,  does 
not  give  rise  to  condensation  of  the  hydrocarbon.  Neither  does  a  still  further  elevation 
of  temperature,  or  the  employment  of  fuming  sulphuric  acid  or  of  fluoride  of  boran 
jiroduee  signs  of  polymerisation.  This  remarkable  stability  in  circumstances  under 
which  its  higher  homologues  are  easily  affected,  indicates  that  the  constitution  of 
ethylene  is  symmetrical,  and  not  analogous  to  that  of  propylene,  isobutylene,  &o. 
(.Gorjaiuow  a.  Butlerow,  Ami.  Ch.  Pharm.  clxix.  196). 
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Ethylene  Sromide,  C-II'Br-.  Carius  (ibid.)  by  hwiliiig  this  compound  with 
•water  1 1)  1  oO°-l 60°  obtained  liydi'obromie  acid  and  aldehyde;  Kriwaxin  {Zcihclir.  f. 
Chem.  [2]  vii.  263)  obtained  no  aldehyde  and  only  a  doubtful  trace  of  a  condensed 
aldehyde. 

Ikwimpositioii.hy  the  Copxycr-zinc  Couple. — Tlie  dry  cciii,!!' lias  but  litth'  action  on 
ethylene  bromide,  even  at  its  boiling-point,  ilie  [n-nducis  brin;^  .ihylciic,  and  zinc 
bromide.  In  presence  of  water,  however,  theliromiile  is  easily  (I.thimikisimI  at  ordinary 
temperatures — zinc  alone  acts  but  slowly,  the  reaction  in  liDthcases  being  tlie  same  as 
with  the  dry  couple  : 

C=lI'Br-  +  Zii  =  ZnBr-  +  C'^II'. 

In  presence  of  alcohol,  the  couple  acts  with  great  violence,  the  products  being  still 
the  same.  With  nncuated  zinc-foil  in  presence  of  alcohol,  no  action  takes  place  for 
half-an-hour,  but  it  then  proceeds  ra])idlv  and  is  terminated  in  about  twenty  min\ites. 
The  nature  of  tlie  reaction  hcini;' 1 1.,' san'ie  wliel  her  the  cciuph'  isnse-l  in  1  li^  d  ry  state 
or  moistened  with  watei-  (jr  alenhol,  ii  a|.|KMn!.l  iinil.al.le  lhal  Ihc  sliiijuishii--s ',.|'  the 
action  in  the  lirstcase  might  be  due  in  the  insnlulnlity  of  the  zinc  lnvaunle  in  ctliylene 
bromide.  But  wlien  the  ethylene  bronii.le  w  as  iHlnted  with  twice  its  bulk  of  etlier,  the 
action  was  found  to  be  much  more  sluL'uish  Ih  in  u  ith  water  or  alcohol:  hence  it  ap- 
pears that  the  natiu-e  of  the  solvent  exeiis  some  iullueuco  on  the  reaction  (Gladstone 
a.  Tribe,  Chem.  Soc.  J.  [2],  xii.) 

Bromethylcne,  C-H^Br. — The  reactions  of  this  compound  with  haloid  acids  have 
been  examined  by  Eeboul  {Ann.  Ch.  Pharm.  elv.  29,  212).  When  aqueous  hi/cho- 
bromic  acid  saturated  at  -f  6"^  acts  tipon  monobromethyleuc  boiling  at  +18°  (3  to 
J:  vols,  of  the  former  to  1  vol.  of  the  latter),  ethylene  bromide,  C-Ii'*Br-,  is  formed 
slowly  in  the  cold,  more  cjuickly  at  100°  ;  but  if  the  acid  be  diluted  with  ^  vol.  water 
(its  density  then  being  r).')°  I'm.),  eoinliiiiat  ion  takes  place  but  slowly  even  atlOO°,  and 
the  ]ii'nilii.'l  is  III  I  ethylene  limniiile.  but  bromethylcne  hydrobromido 
C-Il-'lbv  11  llr,  idi  Hi  ie  il  with  t!ie  liinnietliyl  I'romide  formed  by  the  action  of  bromine  on 
ethyl  bromide  (\st  S/qipl.  Mi). 

Hi/drobromic  acid  saturated  at  +  6°  docs  not  act  on  this  latter  compound  even  at 
100°. 

Hydriodic  acid  acts  on  bromethylcne  in  the  same  way  as  hydrobromic  acid,  excepting 
that  the  formation  of  isomeric  compounds  l>y  it  is  determined,  not  by  difference  of 
concentration,  but  by  difference  of  temperature. 

Hydriodic  acid  saturated  at  +4:°  combines  somewhat  rapidly  with  nionobrom- 
ethy'lene,  the  transformati(jn  being  nearly  complete  in  6  or  7  days :  the  product  consists 
of  monobromethylene  hydriodido  C'^H^Br.HI,  which  boils  at  141°-142°  under 
a  pressure  of  735  mm.  and  has  a  specific  gravity  of  '2'.)  at  1'-.  When  treated  M  ith 
aleoholic  potash  or  sodium  ethylate,  itgivesup  hydriixbe  arid  aiel  yiehls  b,-ianethylene. 
When  hydriodic  acid  acts  on  bromethylene  at  KM)"  .■niul li nal ion  lal.rs  plaee  (|niekly. 
the  products  being  the  hyilrindide  just  meiii  imied,  and  the  isomeric  cniiipnunds 
ethylene  iodobromide  C-'JlMJrl.  whieli  ni.iy  be  sc  pa  rain!  by  fractional  distillation. 
Ethylene  iodobromide  boils,  wilh  |iarlial  deeoiii|iiisii  am.  at  160°  and  has  a  speeifii' 
gravity  of  270  at  1°.  If  the  hj  driodi,'  .a  id  be  d.iluted  uith  J  vol.  water,  it  acts  at  100° 
in  the  same  manner  though  nion;  slowly. 

Hydrochloric  acid  saturated  at  o^,  does  not  ap-pear  to  act  on  monobromethylene 
in  the  cold,  but  at  100°  reaction  takes  jilaee,  and  whether  acid  of  26-5°  or  of  22°  Bm. 
be  used,  the  product  is  the  same,  namely  monobromethylene  hydrochloride 
C-H''Br.HCl.  This  compound  boils  at  81°-82°  and  has  a  specific  gravity  of  1-61  at 
14°.  Alcoholic  potash  or  sodium  ethylate  withdraws  the  hydrochloric  acid,  leaving 
monobromethylene. 

Slid  III  III  /»<^/;^to/c  acts  on  bromethylene  (also  on  iodethylone)  at  ordinary  tempora- 
tiu-es,  even  when  shaded  from  sunlight;  the  products  are  the  same  as  whc.i  the  action 
takes  place  at  a  higher  temperature,  being  acetylene,  sodium  bromide,  methyl  alcohol, 
.and  a  trace  of  a  substance  which  may  be  allyl  alcohol,  as  it  gives  rise  to  an  odour 
exactly  rcsriubling  that  of  acrolein  when  treated  with  dilute  sulphuric  acid  and  potas- 

I'urc  puia^-siiiiii  cyanide  (prepared  by  saturating  alcoholic  potash  with  gaseous 
liydrncyaiiic  acid)  and  silver  cyanide  have  practically  no  action  on  bromethylene,  even 
after  several  hours'  heating  at  140°-150°. 

When  bromethylene  is  kept  in  a  sealed  tube  in  the  dark,  no  change  ensues,  even 
after  several  weeks ;  but  if  exposed  to  direct  suidight.  it  becomes  changed  into  an 
isomeric,  solid,  non-crystalline,  porcelain-like.  elastic  sulistance;  tliis  change  taken 
place  more  rapidly  with  moist  bromide  than  with  the  perfectly  dry  substance  ;  the 
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prL'senco  of  a  small  quantity  of  alcohol  neither  accelerates  nor  retards  the  change. 
This  solid  substance  has  the  sp.  gr.  2'70.5,  whereas  the  liquid  bromide  has  the  sp.  gr. 
l'o2  (Eeguault).  It  begins  to  decompose  at  125°-130°,  and  is  but  little  acted  on  by 
boiling  alcoholic  potash  ;  twelve  hours  heating  to  180°-200°,  with  this  reagent,  how- 
ever, forms  a  brown-black  substance,  insoluble  in  all  menstrua,  all  bromine  being 
removed  from  it  without  any  evolution  of  gas.  Sulphuric  acid  carbonises  the  snbstanco 
on  being  heated  with  it;  boiling  nitric  acid  has  but  little  action  ou  it;  bromine  dis- 
solves it,  forming  a  loose  compound,  which  splits  up  into  bromine  and  the  original 
substance  on  treatment  with  water,  alcohol,  or  alkalis  (E.  Baumann,  Ann.  Ch.  Fharm. 
clxiii.  308). 

Bihromethylcjie  C-H'^Br=. — In  the  preparation  of  this  compound  by  digesting 
bromethylene  bromide,  C^H'Br.Br-,  with  alcoholic  potash  (ii.  570)  the  formation  of 
acetylene  and  bromacetylene  may  be  completely  prevented  by  keeping  the  liquid  cool, 
adding  the  potash  to  the  bromide  by  drops,  and  not  using  more  of  it  than  is  necessary 
to  keep  the  mixture  permanently  alkaline.  The  resulting  dibromethylene  is  separated 
by  water,  and  then  distilled  on  the  water-biith,  whereupon  it  distils  almost  wholly 
.Tt  75°.  Dibromethylene  heated  with  alcoholic  potash  in  an  open  vessel  yields  large 
quantities  of  bromacetylene,  C-HBr ;  but  when  it  is  heated  with  a  largo  excess  of 
alcoholic  potash  in  a  digestion  tube,  the  product  consists  only  of  acetylene  (Fontaine, 
Co'.rqjt.  rend.  Ixx.  1361). 

Sttayleue  Chloride,  C-H^CP,  is  not  attacked  by  common  sulphuric  acid,  either  at 
ordinary  tempcraUires  or  at  100°,  but  at  130°  complete  decomposition  takes  placo 
attendrd  with  separation  of  carbon  (Oppenheim,  Beut.  Chcm.  Ges.  Bcr.  ii.  441). 

Ethi/lciic  Chloride  is  obfciined  in  large  quantity,  together  with  some  of  its  chlori- 
nated derivatives,  from  the  by-products  of  the  manufacture  of  chloral.  At  Schering's 
factory  in  Berlin  these  by-products  are  collected  by  causing  the  vapours  which  issue 
from  the  alcohol  retort,  together  with  hydrochloric  acid  and  excess  of  chlorine,  to  pass 
first  through  water,  then  through  a  series  of  condensers.  The  crude  liquid  thus 
obtained  has  been  examined  by  Kramer  (Beut.  Cliem.  Ges.  Ber.  iii.  257).  After  a 
preliminary  distillation  to  separate  the  ethyl  chloride  present,  tho  residue  (about  5 
kilos)  was  submitted  to  fractional  distillation,  and  the  separate  fractions  were 
examined,  either  by  further  fractionation,  or  by  first  treating  them  with  alcoholic 
pbtasli  (which  acts  especially,  with  separation  of  potassium  chloride,  on  the  higher 
boiliiig  portions),  and  again  separating  them  by  distillation.  In  this  manner  the 
following  compounds  were  isolated  : — 

1.  Ethylidene  Chloride,  CH'.CHCP,  was  obtained  in  pounds,  as  a  liquid  boiling  at  60° 
(according  to  Eognault  it  boils  at  64°)  not  decomposed  by  cold  alcoholic  potash. 
Vapour-density,  obs.  =  49-54  ;  calc.  49-5. 

2.  Ethylenc-chloride,  CH^Cl.CH-Cl,  was  obtained  in  considerable  quantity.  Boiling 
point  85°,  vapour-density,  obs.  =  49*9,  and  60'3. 

3.  MonocMorethi/lene  Chloride,  C^H^Cl.Cl-,  boiling  at  1 15°.  Vapour-density  66-6 
and  68'1  (calc.  66-75).  Easily  resolved  by  alcoholic  potash  in  the  cold  into  potassium 
chloride  and  the  following  compounds  : 

4.  Bichlorethylene,  C'-H-Cl-. — This  compound  after  purification  boiled  at  35°  (Eeg- 
nault  gives  35^^-40°)  and  exhibited  the  characteristic  property  of  changing,  after  a 
while,  into  a  solid  polymeric  modification.  On  account  of  this  transformation,  the 
vapour-density  came  out  somewhat  higher  than  the  calculated  value :  49-35  instead 
of  48-5. 

Eegnault's  chlorinated  ethyl  chloride,  C'-H^Cl^  and  the  final  product  C-Cl",  were  not 
found  in  the  liquid  examined  by  Kramer. 

Monochlorethyiene  is  changed  by  the  action  of  sunshine  into  an  isomeride  similar 
in  appearance  and  properties  to  the  solid  modification  of  bromethylene.  Its  sp.  gr.  is 
1-4  06.  It  boars  a  heat  of  130°  without  decomposition,  but  melts  to  a  brown  black 
mass  at  a  higher  temperature.  It  is  not  dissolved  by  bromine.  Dichlorethylene  is 
also  changed  by  light  into  a  solid  isomeride  which  has  been  described  by  Eegnault. 

Etbylene  Cyanide,  C'^H'.C-N^,  or  CIPCN.CH-''CN,  appears  to  be  formed  in  the 
eloctrolj'sis  of  cyanacetic  acid  (p.  10). 

Etbylene  Xodide,  C-H'I^  Wlien  this  compound  is  heated  to  85°-95°  in  sealed 
tubes  for  5  or  6  hours  -with  aeetylide  of  copper  suspended  in  ether,  and  the  other  is 
evaporated,  an  iodised  compound  is  obtained,  crystallising  in  broad  concentrically 
grouped  prisms  and,  after  recrystallisation  from  alcohol,  in  pale  yellow  glistcnirg 
prisms.  It  has  an  intensely  alliaceous  odour,  quite  different  from  that  of  acetylene, 
is  not  acted  on  by  a  mixture  of  strong  nitric  and  sulphuric  acids  in  the  cohl.  but  dis- 
solves in  hot  sulphuric  acid,  forming  a,  colourless  liquid.  Its  composition  has  not  yet 
been  determined  (Carstanjen  a.  Schortel,  J.  fr.  Chcm.  [2],  iv.  47). 
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lo(h:lhj/lene,  G-Wl,  is  formed,  thougli  only  in  small  quantity,  by  the  action  of 
alrohcjlic  potash  on  ethylene  iodide;  it  is  not  produced  by  that  of  potassium  iodide  on 
brumethylono.  Sunlight  decomposes  it,  liberating  iodine,  wliich  probably  prevents  the 
isonicric  transformation  of  the  unaltered  iodethylene  (Baumann). 

lodot'i-ompf  lit/lcurg,  C-H-IBr.  Eeboul,  by  treating  bromethylene  with  hydriodic 
acid,  obtained  hvo  pio.hi.  fs  liaving  this  composition,  one  boiling  at  142°,  the  other  at 
102°;  and  L.i^^vi'inarlc  { J  hut .  Chcm.  Ges.  Ber.  vi.  1211),  by  passing  ethylene  through 
a  mixture  of  bromine  and  iodine  in  equivalent  proportions,  has  obtained  a  third  isome- 
ride  melting  at  2u°  and  boiling,  with  partial  decomposition,  at  150°.  Mixed  with  an 
(ilco]i(-)lic  solution  of  sodium  acetate  it  yields  iodethyl  acetate,  qo^sq}  0.  A  fourth 
isomw-ide  appears  to  be  produced  by  the  action  of  hydrobromic  acid  on  iodethylene. 

SulpbetUers  of  Ethylene  (Ewerlof,  Deut.  Chem.  Ges.  Bar,  iv.  716).  Tlie  follow- 
ing bodies  have  been  obtained  by  the  action  of  ethylene  bromide  on  sodium  mcrcap- 
tide ; — 

Ethi/lenc-sulfhomeihyl,  C-W  {'^Qga .  boiling  at  183°;  proljaljly  ccnvorted  Ijy  fum- 
ing nitric  acid  into  metliyletliylene-sulphin  nitrate. 

Ethjlcne-sulfhethyl,  C^H*  {sQsgs,  boiling  at  210°-313°;  oxidised  by  nitric  acid  to 
C'-H*|gQQ2^5 '  which  forms  glistening,  crystalline  scales,  melting  at  170°. 

Ethyleno-sulfhamyl,  C'-'H*  {sC^H" '  ^'^'^'"S  2-15°-255°,  formed  in  liico  manner, 
is  converted  by  oxidation  into  ^"2^{soq5Jjii  >  which  is  obtained  in  thin  plates  melt- 
ing at  45°-l  50°. 

Ethylcnc-sulphophenyl,  G-W  ||^qsjj3  >  white  needles,  insoluble  in  water,  melting  at 
63°.    By  oxidation  with  chromic  acid,  it  yields  the  compound  C-H-"  |,^oqsjj5- 
By  the  action  of  bromine  the  compound  C-II^  {sBi'-C''ff     probably  formed. 

ETHYliBWB  BASES.  The  by-products  of  the  manufacture  of  chloral  contain, 
ns  already  observed,  largo  quantities  of  the  dichlorides  of  ethylene  and  ethylidene. 
Now  tlio  latter  compound  is  not  attacked  by  alcoholic  ammonia  under  160°,  and  con- 
sequently the  mixture  of  the  higher  boiling  chlorides  furnishes  an  excellent  material 
for  the  preparation  of  the  ethylene  bases.  On  heating  the  fraction  boiling  between 
70°  and  100°  for  eight  or  ten  hours  to  110°  with  excess  of  alcoholic  ammonia,  the 
ethylene  chloride  is  decomposed ;  and  on  filtering  to  remove  sal-ammoniac,  distilling 
and  crystallising  the  residue  from  water,  a  large  quantity  of  ethylene-diamine 
hydrochloride  is  obtained,  crystallising  in  large  shining  needles.  The  mother- 
liquors,  distilled  with  caustic  soda,  first  yield  ethylene-diamine,  and  the  latter  fractions 
contain  the  higher  diamines  and  triamines  (Hofmann,  Detit.  Chcm.  Ges.  Ber.  iv.  666). 

Ethylene-diamine  Sulphate  crystallises  in  the  quadratic  system,  but  nevertheless 
exhibits  the  jiroperty  of  circular  polarisation,  a  property  not  hitherto  observed  in  any 
other  body  belonging  to  that  system,  except  sulphate  of  strychnine.  The  circular 
polarisation  of  the  ethylene-diamine  salt  is  about  three-foiu-ths  that  of  quartz.  The 
crystals  examined  were  partly  dextro,  partly  Isevogyrate,  but  no  hemihedral  or  liemi- 
symmetric  forms  were  observed  in  them  (V.  v.  Lang,  Chein.  Centr.  1872,  178). 

Ethylene-diamine  Sulphocyanatc. — Ethylene-diamine  hydrochloride  and  silver  sul- 
phocyanate  have  no  action  on  one  another,  but  ethylene-diamine  sulphoeyanate 
can  be  readily  prepared  by  saturating  ethylene-diamine  with  sulphoeyanic  acid.  It 
crystallises  in  large  transparent  prisms,  which  soon  become  opaque.  It  is  insoluble 
in  ether,  very  soluble  in  aleohob  and  still  more  so  in  water.  Even  below  its  melting 
Ijoint,  which  is  about  1  15-'.  ii  ^j  lits  up  into  ammonium  sulphoeyanate  and  ethylene 
sulphoearbamide,  no  Milplvir  ii'liiiiiide  being  formed.  This  decomposition  is  quite 
analogous  to  that  which  aniline  sulpliocyanate  undergoes  when  heated  (Hofmann,  Ann. 
Ch.  Pharm.  Ixx.  143). 

Tctrethylcne-iriamine. — A  mixture  of  ethylene  bromide  and  alcoholic  ammonia 
h'ft  to  itself  f)r  several  months,  deposits  considerable  quantities  of  a  white  substance 
ediitnliiin--.  t..^',  llier  with  ammonium  bromide,  an  amorphous  substance  nearly  in- 
.snliilili-  ill  w.iier.  jleiihol,  and  other.  This  body  appears, from  analysis  of  the  products 
>>i  Sever,'}  ]irep.iral  ions,  to  consist  of  the  hydrobromidos  of  one  .and  the  same  etliylens 
base,  probably  belonging  to  the  highest  order  of  polyamines.    The  simplest  atomic 


492 


ETHYLENE-SULPHOCARBAJillDE. 


relations  may  bo  expressed  by  the  formul.-e  (C=H')'H2^MIBr,  (C-H*)'HN^2HBr,  and 
(C-'H'')''HN^3HBr,  -vvliicli  represent  the  hydrobromides  of  tetrethyleue-triamine.  By 
prolonged  boiling  -ivith  ammonia  the  hydrobromic  acid  is  removed  and  the  correspond- 
ing hydroxides,  resembling  the  hydrobromides  in  being  amorphous  and  uncrystal- 
lisable,  were  produced  (Hofmann,  Deut.  Chcm.  Ges.  Ber.  iii.  141). 

ETHVXiSiri:  DXASXZDES,  A  mixture  of  benzoyl  chloride  and  ethylene- 
diamine,  after  it  has  become  cool,  solidifies  to  a  crystalline  mixture  of  ethylene-diamine 

(C'^H^)"  1 

hydrochlorido  and  ethylene-dibenzoyl-diamide,  C"'H'«N=0=  =  (C'H='0)- 1 

which  crystallises  in  needles  slightly  soluble  in  alcohol,  but  insoluble  in  water. 
(C=H<)") 

Ethylene-diformyl-diamide,  (CHO)-r  N',  is  formed,  with  elimination  of 

chloroform,  by  the  action  of  chloral  on  ethylene-diamine : 

2(CCP.CH0)  +  (C'H^)"H^N=  =  2CHCP  +  (C"-ff  )"(CHO)=H-N-. 

It  is  a  transparent  syrup,  easily  decomposed  into  ethylene-diamine  and  formic  acid  by 
the  action  of  alkalis  or  acids.  In  a  similar  manner  ethyl-f ormamido,  boiling  at 
199°,  may  be  obtained  from  chlorine  and  ethylamine. 

A  mixture  of  ethyl  oxalate  and  a  strong  alcoholic  solution  of  ethjiene-diamine  be- 
comes almost  solid,  from  deposition  of  ethylene-oxamide,  (C^H')"(C20-)"II-N'-,  an 
amorphous  substance  nearly  insoluble  in  alcohol  and  in  water.  The  mother-liquors  yield, 

on  evaporation,  ethylic  ethylene-oxamate,  C'»H"'N'^0«  =  0=, 

which  crystallises  in  white  scales  very  soluble  in  alcohol  and  water  (Hofmann,  Dcut, 
ClicM.  Ges.  Bcr.  V.  240). 

ETKYXiEia'B.GI.YCOSi  DZH'XTIiXM'.    ,'^cc  Nitbins. 

ETHYIiEITE-ZRZBZUnX  COnSPOTTN'SS.    Sec  IiilBiUJl. 

ETKYIiEn'E-XIlOM'  SROiaXOE.    See  Ikon. 

ETHYI.EWE-PXATIWUBS  COKXPOVM'BS.    See  Platinum, 

ETKYIENE-PROTOCATECHUXC  ACXS.    See  Pkotocatechtjic  Aero, 

ETUYXiSN-E-SUXiPHOCARBAnSXSE  or  ETHYXiEM'E-SVZ.PKVREA, 

(C^H')") 

CH^N-S  =     (CS)"  -  N'^    An  alcoholic  solution  of  ethylene-diamine  mixed  witli 
I-P) 

carbon  bisulphide  deposits  in  a  short  time  a  white  and  nearly  amorphous  compound, 
having  the  composition  C^H^N^S-  =  (C-H'')H''N-.CS-.  This  compound  is  almost  in- 
soluble in  alcohol  and  ether,  but  dissolves  in  warni'water  with  partial  decomposition, 
and,  provided  the  solution  has  not  been  boiled,  is  again  deposited,  on  cooling,  in  pris- 
matic crystals.  It  does  not  3neld  ethylene-diamine  when  treated  with  alkalis,  and  is 
therefore  not  the  ethylene-sulphocarbonate  of  ethylene-diamine.  On  boiling  it  with 
water,  hydrogen  sulphide  is  given  off,  and  ethylene-  sulphocarbamide  is  formed  : 
C^H^N-S^  =  C^H^N^S  +  H'^S.  This  amide  is  sohible  in  water,  and  separates  from 
its  aqueous  solution  in  prismatic  crystals  having  an  extremely  bitter  taste.  It  is  only 
slightly  soluble  in  ether,  but  dissolves  readily  in  alcohol.  It  melts  at  194*^,  and  is 
decomposed  at  a  higher  temperature.  It  is  also  formed  by  the  action  of  dilute  acids 
on  solutions  of  metallic  salts.  A  mercury-compound,  2C'II''N-S.3HgCl-,  and  a  bright 
yellow  amorphous  platinum-compound,  2C'H'^N-S.PtCl*,  have  been  prepared.  On 
heating  the  urea  with  strong  sulphuric  acid,  diluting  with  water,  and  adding  platinum- 
chloride,  a  second  salt  is  obtained,  crystallising  in  long  needles,  2(C'II''N'^S.HCl).PtCP. 
When,  however,  this  salt  is  decomposed  by  sulphuretted  hydrogen  and  platinum 
chloride  is  added  to  the  hydrochloric  acid  solution,  the  original  amorphous  platinum 
compound  is  precipitjvted.  Ethylene-sulphocarbamide,  which  is  intermediate  between 
ethylene-diamine  and  ethylene-disulphocarbamide, 

C"-W\  C-HM  C-Hn 

H-    N--  CS  \  K=  CS  N=, 

H-j  H=j  CSJ 

is  very  stable,  not  being  altered  by  long  digestion  at  a  high  temperature  with  carlion 
disulphide  or  with  carbon  disulphide  and  lead  oxide  (Hofmann,  Dad.  Chcm,  Ges.  Bcr, 
V.  240). 
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ETH7I.-GX.VCIBE,  C^H>»0=  =  C'ff  Iq*^"-^' ,  is  produced  by  distilling  monox- 

ethyl-chlorhydrin,  C''^HC1(0H)(0C=H*),  the  product  of  the  action  of  cold  dilute  hypo- 
chlorous  acid  on  allyl-ethyl  oxiilo  (p.  49)  -with  caustic  potash.  It  is  a  colourless 
mobile  liquid  having  an  agreoalilc.  udonr  niul  very  pungent  taste;  soluble  in  water, 
and  combining  readily  with  thr  li.ilm.l  ■.\r\ils.  Phosphorus  pentachloride  converts  it 
into  C''H*(OC-'H^)CP,  a  body  wliirh  is  .ilso  produced  by  the  action  of  chlorine  on  allyl- 
ethyl  oxide  (L.  Henry,  Dciit.  Chan.  Gcg.  L'cr.  v.  449). 

ETHVX.XSEN'E  COMPOUM'SS.  Bromide,  CH'.CHBr^.— Chlorinated  ethyl 
chloride  is  known  to  be  ideiilieal  with  ethylidene  chloride  {1st  Suppl.  606),  whereas 
brominated  ethyl  bromide  differs  entirely  from  the  so-called  ethylidene  bromide  which 
Wurtz  and  FrapoUi  (Ann.  Ck.  Phtjs.  Ivi.  144)  obtained  by  the  action  of  phosphorus 
pentabromide  on  aldehyde.  Hence  there  has  existed  considerable  doubt  whether  the  latter 
compound  is  really  the  bromide  nt'  ethylidene.  This  question  has  lately  been  examined 
by  Paterno  a.  Pisati  {Gazzetta  fli'mn,  n  Unliana,  i.  596).  By  treating  dichloraldehyde 
with  phosphorus  pentachloride,  ibi  y  have  obtained  results  which  seem  to  show  that 
the  product  of  the  action  of  phusph(jrus  pentabromide  on  aldehyde  is  an  oxybroniido 
of  ethylidene  analogous  to  the  oxychloride  described  by  Lieben.  On  adding  aldehyde 
to  phosphorus  hromochloridc,  PCPBr^,  treating  the  product  with  water,  and  distilling 
in  a  current  of  steam,  an  oily  product  is  obtained  which,  by  rectification,  gives  a  liquid 
of  the  formula  C^H^Br-,  boiling  at  110°-112°.  Its  mode  of  formation  shows  it  to  bo 
the  true  ethylidene  bromide,  and  from  its  boiling  point  it  would  seem  to  be  identical 
with  the  brominated  ethyl  bromide  obtained  by  Hofmann  and  Caventou  by  the  action 
of  bromine  on  ethyl  bromide,  and  by  Eeboul  ( Compt.  rend.  Ixx.  .399)  by  that  of  hydrogen 
bromide  on  brominated  ethylene.  The  less  volatile  portion  of  the  product  appears  to 
contain  more  highly  brominated  derivatives  of  ethylidene,  an  analysis  of  the  portion 
boiling  at  about  180°  corresponding  very  nearly  with  the  formula  C-H^Br^ 

Ethylidene  Chloride,  CH' — UHC1-,  is  obtained  in  considerable  quantity  from 
the  by-products  of  the  manufacture  of  chloral  (p.  490). 

Trichlor ethylidene   Glycol,  CCP— CH  is  identical  with  chloral  hydrate, 

and  its  ethylie  ether,  CCP— Ch|q^;jp,  with  chloral  alcoholate  (p.  314). 

ETKYX..METKYX.  CABBIITOI.,  (C=H^)(CH^).CHOH.  See  Butyl  Alcohols 
(p.  218). 

ETHYXiOXY-OXAIiVX.  CHX.ORXDE,  COCl— C0(0C-H5).  See  Oxalic 
Ethkks. 

&THYI.-PHOSPHINr£S  }  . 

EfHYX-PHOSPHINIC  ACXB  i '    ■  H"^l'l"><l^*- 

ETHYa.-PHOSPHOPI.ATZNOUS  COMPOUIO'DS.    ,See  PhosphoplatlnL'm 

ETHYI.-TUIOSVI.PHU»XC  ACXS,  C'-H'S-O^  =  |  S-0^  Ethyl-hypo- 

sidphurous  acid. — This  acKl  is  prmlnred  ],y  treating  ethyl  .sulphide  (boiling  at  81°) 
with  an  equal  volume  of  stroiii;  siilphiirii-  acid.  On  adding  water,  saturating  with 
barium  carbonate,  and  concent ra I  i nu.  tlir  1  i.juid  deposits  colourless  rectangular  tables 
with  truncated  summits,  having  the  eomposition  C^H"BaS^O'*  or  (C'-H^S-O-')'-P.a  + 
2H-0  ;  this  salt  is  easily  soluble  in  water,  less  soluble  in  alcohol.  The  copper  salt 
prepared  from  it  forms  small  quadratic  tables  very  soluble  in  water.  The  .■iilvcr  suit 
crvstallises  in  small  shining  laminse.  The  hydrogen  salt  or  free  acid  does  not  appear 
to  have  been  obtained  (R.  H.  Smith,  C'hcm.  Soc.  J.  [2],  vii.  302). 

SVCAX.YPTOX.,  C'^H-'O  (Cloez,  Ann.  Ch.  Pharm.chx.  372).— This  compound  is 
contained  in  large  quantity  in  the  volatile  oil  of  Eucalyptus  globulus,  a  tree  indigenous 
in  Tasnumia,  and  much  eultivali  d  in  tlie  siiiitli--\vr>t  of  Europe.  The  crude  oil  con- 
tains also  a  number  of  prnilnets  l  oiline  hi  tween  ls,S°  and  190°,  and  above  200°,  the 
eucalyptol  being  contained  in  (he  [lortion  which  passes  over  between  170°  and  178°, 
from  which  it  may  lie,  ol.iained  pure  by  contact,  first  with  solid  potassium  hydrate,  then 
with  calcium  ehhu-ide.  an. I  sulisequent  distillation. 

Eucalyptol  b(  a  N  at  IT.)  ,  has  a  specific  gravity  of  0-905  at  8°,  and  turns  the  plane  of 
polarisation  to  the  right.  Its  iiioleeuhir  rotatory  power  is  + 10-42°  for  a  length 
of  100  mm.  It  is  slightlj-  solulih'  in  wain-  and  dissolves  completely  in  alcohol  ;  the 
dilute  solution  has  an  odour  of  roses.    \  a  |ioin'-(h'nsity,  obs.  =  5-92,  calc.  =  6-22. 

Ordinary  nitric  acid  slowly  attaeks  lUealyptol,  forming,  amongst  other  products,  an 
aeid  probably  analogous  to  camphoric  acid.    Strong  sulphm-ic  acid  blackens  eucalyptol. 
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and  -water  separates  from  the  product  a  tarry  body  whidi  yields  by  distillation  a  volatile 
hydrocarbon. 

Eucalyptol  heated  with  phosphoric  anhydride  gives  up  water,  and  yields  eucalyp- 
teue,  C'-H"'  (vapour-density  -  o-3)  which  boils  at  165°,  and  has  a  specific  gravity 
of  0-836  at  12°.  At  the  same  time  there  is  formed  another  liquid,  eucalyptolenc, 
which  has  the  same  composition,  but  boils  above  300°.  Eucalyptol  absorbs  a  large 
quantity  of  dry  hydrogen  chloride,  the  liquid  first  solidifying  to  a  crystalline  mass, 
which,  however,  afterwards  lii|ucfies,  with  separation  of  water,  and  formation  of  a  body 
apparently  idciitioal  with  eucalyptone. 

EU'DXA.XiTTS  and  BVKOIiITB.— From  the  analysis  of  eudialyte  from  Green- 
land (A),  and  of  eukolite  from  the  zircon-syenite  of  Norway  (B),  Nylander  (Jakrb.  f. 
Minerahqie,  1870,  488)  concludes  that  both  these  minerals  are  included  in  the 
fornnda,'E0.2(SiO'.ZrO-)  given  by  Eammelsborg  for  the  former. 

SiO"        ZrO'        CcO         FeO      MnO       CaO       Na'O  CI 

A.  51-8G      li-67       —        6-51:      1-46     0-82      12-32      1-37      1-43  =  99*47 

B.  50-47     14-26*    4-30        5-42      3-67     9-68      10-46      1-68      1-57  =  10r41 

*  Loss  by  ignition.  t  Together  witli  TirO=. 

(OH 

EVGBSO'OX.  or  EITGEKTIC  ACES,  C'"ir-0-.    The  formula  C«H^joCH•^  as- 

signed  to  this  body  on  account  of  the  formation  of  metliyl  iodide  by  heating  it  with 
hydriodic  acid,  and  of  protocatechuic  acid,  C''H'(OH)'-'.  COOH,  by  fusing  it  with  potash, 
{\st  Sup'pl.  609),  is  further  supported  by  the  fact  recently  observed  by  Graebe  a. 
Borgmann  {Ann.  Ch.  Pharm.  clvhi.  282),  that  methyl  eugenate,  C»H^(OCH^)=C-''II'', 
when  o.xidisod  by  chromic  acid,  is  converted  into  dimethoxybenzoic  acid  C''H'(OCH-')- 
CO-H.  The  methylie  ether,  obtained  by  heating  sodium  eugenate  with  methyl 
iodide,  was  dissolved  in  glacial  acetic  acid  a  nd  heated  for  two  or  three  days  on  a  water- 
bath  with  2  parts  of  powdered  potassium  diehromate ;  the  liquid  was  then  diluted  witli 
■water,  and  ether  added  to  separate  any  unchanged  methyl  eugenate ;  the  ethereal 
solution  was  shaken  with  a  solution  of  ammonium  carbonate  ;  and  the  alkaline  liquid 
concentrated.  On  addition  of  an  acid,  a  crystalline  substance  separated,  which,  after 
rccrystallisation  frbm  hot  water,  exhibited  the  composition  of  dimethoxybenzoic 
acid. 

Ethyl  eugenate  (which  boils  at  251°  and  not  at  240°,  as  stated  by  Cahours)  is  con- 
verted by  oxidation  into  the  corresponding  diethoxybenzoic  acid.  Eugenol  itself 
gives  by  direct  oxidation  merely  a  brownish  non-cryst<dline  mass,  not  soluble  in 
water,  alcohol,  benzene,  or  any  other  solvent,  and  not  yielding  any  definite  chemical 
compound.  When  heated,  it  gave  off  carbonic  anhydi-ide  and  water,  while  the  residue 
smoiddercd  away  on  exposure  to  the  air,  leaving  pure  chromic  oxide. 

EUKOIilTB,   Sec  ErDiAiATE. 

EXESiTTE  and  B-JTSSiYTE.  These  names  were  given  by  Baup  to  two  suljstnnccs 
which  he  obtained  hy  the  action  of  strong  nitric  acid  on  citraconic  acid,  the  more  soluble 
being  called  eiih/tc,  the  less  soluble,  dyslyte  (ii.  606).  They  have  lately  been  more 
fully  examined  by  Bassett  {Chem.  Soc.  J.  [2],  x.  98). 

To  prepare  them,  crystallised  citraconic  acid  was  treated  with  nitric  acid  of  sp. 
gr.  1-45,  using  10  grams  of  the  former  to  15  grams  of  the  latter — larger  quantities 
being  found  to  cause  a  too  violent  reaction.  The  mixture  was  gently  heated  until 
action  commencod,  and  the  lamp  then  removed.  ASter  completion  of  tlie  reaction, 
when  most  of  the  nitric  acid  was  decomposed  or  driven  off,  the  solution  deposited  an 
oil,  the  quantity  of  which  was  increased  by  adding  a  certain  quantity  of  wiiter.  The 
oil  was  then  washed  two  or  three  times  with  fresh  quantities  of  water.  It  remains 
fluid  occasionally  for  days,  unless  touched  with  a  glass  rod,  when  it  crystallises  in  a 
short  time.  The  acid  mother-liquor  contains  a  large  quantity  of  oxalic,  and  some  mesa- 
conic  acid. 

The  oily  product,  the  quantity  of  which  is  very  small,  consists  of  a  mixture  of  tvo 
neutral  crystalline  substances,  and  a  small  quantity  of  a  yellow  oil.  The  complete 
separation  of  these  is  a  matter  of  considerable  diiRculty,  notwithstanding  their  grent 
difference  in  solubility  in  alcohol,  from  the  fact  that  the  less  soluble  substance  is  easily 
taken  up  and  obstinately  held  in  solution  in  presence  of  the  more  soluble  body, 
which  is  the  main  product  of  tlie  reaction.  They  may,  however,  be  obtained  pure  by 
numerous  fractional  recrystallisations. 

EtiUji'!,  CH^N^O',  the  more  soluble  substance,  agrees  perfectly  in  character  with  the 
eulyte  of  Baup.  It  is  best  crystallised  from  warm  chloroform,  which  deposits  it  on 
cooling  in  hirge  crystals  belonging  to  the  quadratic  system,  with  very  perfect  and 
brilliant  faces.    It  molts  at  90-5°  (corr.).  but  its  solidifying  point  is  very  uncertain,  as 
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it  occasionally  remains  fluid  for  hours  unless  touched  with  a  hard  body.  By  very 
careful  heating,  it  appears  to  sublime  unchanged,  but  decomposes  at  a  higli  tempera- 
ture with  evolution  of  nitrous  fumes,  and  if  in  somewhat  large  quantity,  with  violent 
combustion. 

Eulyte  gives  by  analysis  (mean),  29-26  p.c.  carbon,  2'61  hydrogen  and  22-60  nitro- 
gen, the  formula  requiring  29-27  C,  2-52  H.,  and  22-76  N.  Heated  with  alcoholic 
potash,  it  is  decomposed,  with  formation  of  a  nitrite,  and  a  brown  resin  soluble  in 
alkalis.  AVhen  moderately  heated  with  tin  and  hydrochloric  acid,  it  yields  ammonia, 
and  a  volatile  base  smelling  like  picoline.  In  one  experiment  a  solid  base  was  also 
obtained,  precipitated  by  ammonia,  soluble  in  potash,  and  forming  an  oily  hydro- 
chloride almost  insoluble  in  cold  water,  but  soluble  in  alcohol. 

Dyslytc,  C'ffN^O",  separates  from  boiling  alcohol,  in  which  it  is  sparingly  soluble, 
in  long  needles  melting  at  189°  (corr.)  On  cooling  it  solidifies  suddenly,  but  at  tem- 
peratures varying  betw-een  135°  and  165°.  It  gives  by  analysis  37'80  p.e.  carbon, 
2-50  hydrogen  and  21-97  nitrogen,  the  formula  requiring  37-80  C,  2-36  H.,  and  22-05 
N.    It  is  decomposed  by  alcoholic  potash,  with  formation  of  brown  resinous  products. 

The  fluid  product  accompanying  the  two  solid  substances  was  precipitated  by  water 
from  the  last  mother-liquors  of  the  crude  product,  and  purified  as  far  as  possible  by 
distillation  in  a  current  of  steam  (a  small  quantity  of  the  solid  products  coming  over 
also),  and  the  distillate  shaken  xip  with  ether.  On  evaporation  of  the  clear  ethereal 
solution,  a  small  quantity  of  a  yellow  oil  remained,  having  the  characteristic  smell  of 
volatile  nitro-compounds.  On  the  application  of  a  strong  heat,  it  exploded  violently. 
On  reduction  it  gave  apparently  nothing  but  ammonia,  and  some  tarry  matter. 

EUPHORBIA.  The  flowers  of  Euphorbia  Cyparissias  yield  a  yellow  colouring 
matter  called  lutcic  acid,  which  has  been  prepared  and  examined  by  H.  Hohn  {Arch, 
nam.  [2]  cxl.  218).  The  fresli  flowers  are  exhausted  with  alcohol  of  60  p.c,  the 
greater  part  of  the  alcohol  distilled  off,  and  the  residual  liquid  filtered  and  precipitated 
with  basic  lead  acetate.  The  well-washed  precipitate  is  suspended  in  warm  water, 
decomposed  by  hydrogen  sulpliide,  and  the  filtrate  is  evaporated  and  loll  to  stand  over 
sulphuric  acid.  Yellowish  green  crusts  then  separate,  an  additional  quantity  of  which 
may  be  obtained  by  evaporating  the  mother-liquor,  dissolving  the  residue  m  alcohol, 
precipitating  with  ether,  and  evaporating  the  filtered  solution.  A  furtlier  quantity  of 
the  same  product  may  also  be  obtained  in  greenish-yellow  crusts  or  warty  aggrega- 
tions by  exhausting  the  precipitated  lead  sulphide  with  liot  alcohol,  and  distilling. 
The  colouring  matter  thus  produced  may  bo  purified  by  washing  it  thoroughly  with 
cold  water,  then  digesting  with  a  little  ether,  to  remove  a  green  soft  resin  and  chloro- 
phyll, dissolving  in  ether-alcohol,  leaving  the  solution  to  evaporate  slowly,  and  recrys- 
tallising  the  residue,  which  is  then  tolerably  pure,  several  times  from  hot  water  mixed 
■with  3  or  4  p.c.  of  alcohol ;  five  kilos,  of  fresh  flowers  yield  about  3  grams  of  pure  sub- 
stance. 

The  colouring  matter  is  pure  yellow,  and  crystallises  in  slender  needles  which  appear 
under  the  microscope  as  four-sided,  or  more  rarely  as  six-sided  prisms  with  perpendicu- 
lar or  less  frequently  with  oblique  end-faces.  It  sometimes  separates  from  a  hot 
aqueous  solution  in  granular,  amorphous,  or  spherical  warty  groups.  It  is  scentless ; 
has  a  bitterish,  somewhat  astringent  taste  ;  sublimes  at  about  220°  in  yellow  flocks 
made  up  of  shining  needles;  melts  at  273°-274°  ;  dissolves  in  11,000  parts  of  cold, 
and  3,400  parts  of  boiling  water,  in  23-7  parts  of  cold  absolute  alcohol,  and  in  27'2 
parts  of  ether.  The  solutions  have  an  acid  reaction,  and  the  body  exhibits  generally 
the  characters  of  an  acid.  The  name  luteic  acid  has  been  given  to  it  by  Hohn,  because 
it  exhibits  considerable  resemblance  to  luteolin,  and,  like  the  latter,  yields  proto- 
catechuic  acid  when  fused  with  potash.  It  dissolves  in  caustic  and  carbonated  alkalis 
with  a  dark  yellow  to  reddish-yellow  coloui-,  the  solutions  yielding  green  or  yellow- 
brown  precipitates  with  metallic  salts.  It  reduces  silver  nitrate,  mercurous  nitrate, 
and  alkaline  cupric  solutions,  wlien  heated  therewith.  With  ferric  chloride,  it  forms  a 
solution  having  a  fine  green  colour,  changing  after  a  while  to  red-brown  on  further 
addition  of  the  iron  solution.  Strong  sulphuric  acid  dissolves  tlie  colouring  matter 
with  yellow  colour,  and  water  separates  it  again  in  yellow  floclcs.  It  is  not  altered  by 
boiling  with  dilute  sulphuric  acid,  and  is,  therefore,  not  a  glucoside.  It  dissolves 
easily  in  acetic  and  in  strong  nitric  acid,  and  is  oxidised  to  oxalic  acid  b}'  boiling  with 
the  latter.  By  distillation  with  potassium  chromate  and  dilute  sulphuric  acid,  it 
yields  an  acid  distillate  which  reduces  silver  solution  and  therefore  probably  contains 
formic  acid.  By  evaporation  of  the  arjueoiis  solution,  the  colour  becomes  continually 
darker,  and  a  red  residue  is  liii:ill  v  nl,t:nncd.  no  longer  poluble  in  water  or  in  alcohol. 
Hohn  assigns  to  this  eoldui-i  11-  hmIIi  i-  tlu'  formula  C-''H-'"^'-,  but  the  analyses  from 
which  it  is  deduced  dilllr  consiili  r.il'ly  IVoni  one  another. 

SUXEiriTE.    The  following  analyses  of  this  mineral  have  lately  been  published  : 
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a.  From  Hitterii  (Jehu,  Pogg.  Ann.  elxiv.  004);  b.  From  Alvii  near  Aiendai,  sp.  gr. 
4-984-0  Tol.  (Eammelsberg,  Chcm.  Soc.  J.  [2],  x.  200);  c.  From  the  same  (Forbes  a. 
Dahll,  ibid.-  293)  ;  d.  'From  Morefjar  near  Arendal,  sp.  gr.  =  4-672  (Eammelsberg,  loc. 
cit.) ;  c.  From  Eydlaud,  Liudornas,  sp.  gr.  =  5-058-5-103  (Eammelsberg,  loc.  cit.) ; 
f.  From  the  same.  sp.  gr.  o'lOS  (Behrend,  Vcut.  Cliem.  Gcs.  Bcr.  i.  224): 


a. 

6. 

J. 

t/. 

. 

Niobic  oxide 

18-37 

35-09 

32-58 

34-59 

33-39 

3198 

Titanic  oxide  . 

34-96 

21-16 

14-36 

23-49 

20-03 

19-17 

Alumina  . 

0-41 

3-12 

Ceric  oxide 

8-43 

— 

3-31 

— 

— 

Cerous  oxide  . 

3-17 

2-26 

3-50 

2-84 

Yltria 

13-20 

27-48 

29-36 

16-63 

14-60 

18-23 

Erbia  . 

3-40 

9-06 

7-30 

Uranous  oxido 

;  1  7-75 

4-78 

5-22 

8-55 

12-12 

19-52 

Ferrous  oxide  . 

.  1  2-54 

1-38 

1-98 

3-49 

3-25 

4-77 

Magnesia. 

.  !  3-92 

6-19 

Lime 

1-63 

1-37 

1-36 

1-19 

Potash  . 

0-82 

Water  . 

2-87 

2-63 

2-88 

3-47 

2-40 

2-40 

1  99-08 

99-09 

100-37 

101-54 

98-77 

100-10 

The  composition  of  the  euxenite  of  Hittero  differs  considerably  from  that  of  all  the 
rest,  especially  in  the  predominance  of  the  titanic  over  the  niobic  acid,  and  in  the 
large  proportion  of  the  cerum  oxide. 

EVERSrXC  ACZD,  C'-1I'«0'.  This  acid  is  obtained,  together  with  usnic  acid,  by 
macerating  Evernia  prunastri  with  milk  of  lime,  and  precipitating  the  filtered  solution 
with  hydrochloric  acid :  it  is  extracted  from  the  dried  precipitate  by  repeated  treat- 
ment for  a  short  time  with  boiling  alcohol,  precipitated  by  water,  and  rocrystallised, 
without  further  digestion,  from  strong  alcohol.  It  forms  groups  of  small  needles 
which  melt  at  164°  ;  does  not  decompose  solutions  of  sodium  bicarbonate  in  the  cold; 
its  calcium  salt  is  decomposed  by  carbonic  acid.  AVlien  treated -with  potash  or  baryta, 
it  yields,  as  formerly  stated  (ii.  611),  only  one  fixed  product,  -viz.  everninic  acid 

Tctrabromevernic  acid,  C"H'-Br*0',  is  obtained  by  treating  perfectly  dry  finely 
pulverised  evernic acid  with  a  slight  excess  of  anhydrous  bromine,  washing  with  carbon 
sulphide,  and  repeated  crystallisation  from  boiling  alcohol,  from  which  it-  separates, 
after  long  standing,  in  small  colourless  prisms.  It  is  insoluble  in  water  and  in  carbon 
sulphide,  slightly  soluble  in  hot  benzene,  easily  in  ether,  melts  at  161°  (Stenhouse, 
Proc.  Roy.  Soc.  x^dii.  222). 

EXCREnXEIfTS.  The  excrements  of  the  common  bat,  and  of  the  Egyptian  bat, 
have  been  examined  by  0.  Popp  {Ann.  Ch.  Pharm.  civ.  351  ;  clviii.  115).  Those  of 
the  Egyptian  bat  are  found  in  caves  in  stalactitic  masses.  Tliey  dissolve  easily  and 
almost  completely  in  water  and  in  alcohol,  have  an  acid  reaction,  and  yield  by  analysis 
37-2  p.c.  nitrogen.  They  contain  77-80  p.c.  urea,  1-25  uric  acid,  2-55  creatine,  13-45 
sodium  phosphate,  Na'^HPO',  3-66  water  given  oiF  at  100°,  and  0-675  insoluble 
residue  (=  99-285) ;  they  appear  also  to  contain  a  little  xanthine.  From  this  compo- 
sition it  is  evident  that  these  excrements  consist  of  the  urine  of  the  animal.  It  is  not 
known  what  becomes  of  the  faeces,  or  why  the  urine  should  be  free  from  them.  Tlio 
non-decomposition  of  the  urea  is  due  to  the  dryness  and  warmth  of  the  climate. 

The  excrement  of  the  common  bat  {Ehinolophiis  Hipposidcrus)  was  collected  from 
a  locality  where  it  had  accumulated  to  the  thickness  of  three  inclics.  It  was  in  the 
form  of  dry,  small,  long,  granular  masses,  of  a  dark  brown  coloiu-,  and  was  obviously 
composed  of  the  fceces  of  the  animal  intermingled  -ndth  the  decomposition-products  of 
the  in-iiie,  viz..  aiiimnnia  salts.  It  contained  not  a  trace  of  urea,  and  no  uric  or  oxalic 
;K-iils.  Tlir  cliirf  iK.rlioii  .sicmiMl  Id  be  made  up  of  the  undigested  wing-cases  of 
ins.rLs.  (.'mM  M'luii(,:i  (,!'  suda  cxti-.irifd  a  browu  humus-like  body,  with  abundant 
evolution  of  aniiuonia.  Dried  at  100^  the  excrement  yielded  8-25  per  cent,  of  nitro- 
gen, and  6-25  per  cent,  of  ash,  containing  potassium,  sodium,  calciimi,  magnesium, 
ferric  oxide,  chlorine,  sulphuric,  silicic,  and  36  per  cent,  of  pho.sphoric  acid. 

EXCKETXSI'.  Marcet,  -who  discovered  this  body,  assigned  to  it  the  formula 
CTKni56SO'  (ii.  614).    But,  according  to  Hinterberger  {Ann.  Ch.  Pharm.  clxvi  213), 
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the  body  thus  formulated  is  .a  mixture.  Pure  exeretin  contains  no  sulphur,  and  has 
t!ie  composition  C-''H''"0.  It  is  obtained  by  exhausting  fresh  cxi-roments  with  boiling 
alcohol,  and  leaving  the  solution  to  stand  for  a  -week.  A  blnck  precipitate  then 
separates  out,  containing  exeretin  and  the  salt  C^"H»'MgNO".  The  filtrate  is  precipi- 
tated with  milk  of  lime,  and  the  dried  precipitate  treated  with  a  hot  mixture  of  ether 
and  alcohol.  On  exposing  the  solution  during  a  week  to  a  temperature  below  0°, 
craJe  exeretin  crystallises  out  in  semi-globular  masses  consisting  of  yellow  needles. 
It  is  purified  by  crystallising  it  repeatedly  from  alcohol,  with  addition  of  blood-' 
charcoal,  the  temperature  being  kept  below  0°.  Bromine  converts  it  into  dibrom- 
cxcretiu,  C=''H^'Br-0,  which  separates  from  a  mixture  of  ether  and  alcohol  in  hard 
brittle  crystals  grouped  in  globular  masses.  A  crystalline  chlorine-conipound  could 
not  be  obtained.    100  pounds  of  fresh  excrements  yielded  8  grams  of  pure  exeretin. 

SXPZiOSSON*.  The  conditions  which  determine  the  explosive  force  of  gun- 
powder and  (Kiicf  detonating  substances  have  been  discussed  by  Berthelot  (Moniteur 
Sciciiiijiqiw,  ]  871.  -10).  He  points  out  that,  for  the  expression  of  explosive  force,  four 
data  arc  necessary,  viz.  1st.  The  composition  of  the  substance.  2ud.  The  composition 
of  the  products  of  the  explosion.  3rd.  The  quantity  of  heat  disengaged  in  the  reaction. 
■1th.  The  volume  of  gas  produced. 

The  composition  of  the  products  of  the  explosion  may  be  predicted  in  all  cases  when 
the  substance  contains  sufficient  oxygen  to  form  stable,  completely  oxidised  compounds. 
But  if  the  quantity  o'f  oxygen  is  less  than  this,  the  nature  of  the  products  will  vary 
with  tlie  pressure,  temperature,  work  done,  &c.,  and  cannot  be  predicted  :  in  the  cal- 
culations under  consideration,  Berthelot  adopts  the  simplest  expressions  consistent 
with  known  facts. 

The  quantity  of  heat  disengaged  may  be  experimentally  determined,  and  if  the  re- 
action be  acciu'ately  known,  it  may  also  be  calculated.  The  maximum  work  that  can 
be  eifected  by  any  explosive  material  is  proportional  to  the  heat  evolved. 

The  volume  of  gas  produced  may  be  experimentally  determined,  and  may  also  be 
calculated,  if  the  reaction  be  accm-ately  known. 

With  these  data  the  pressure  produced  might  easily  be  calculated  if  Boyle's  law 
lield  good  imder  the  conditions  of  the  experiment,  and  if  the  specific  heat  of  the  gases 
remained  constant;  but  this  latter  probably  varies  with  the  temperature  and  pressure, 
and  is  entirely  unknown,  whilst  the  laws  of  Boyle  and  Gay-Lussac  are  wholly  inap- 
plicable to  gases  under  a  pressure  of  several  thousand  atmospheres.  As,  however,  it 
is  necessary  to  use  some  comparative  expression  for  the  pressure  produced  by  different 
explosive  substances,  the  product  of  the  volume  of  the  gases  (reduced)  into  the 
quantity  of  heat  in  units  is  employed  for  that  purpose,  not  as  being  an  exact  measure 
of  the  true  pressure,  but  as  being  obtained  from  two  characteristic  and  experimental 
elements. 

To  gain  a  complete  notion  of  the  reactions  occurring  at  the  explosion,  it  is  necessary 
to  l)ear  in  mind  the  phenomena  of  dissociation,  according  to  which,  the  products  found 
after  cooling  do  not  exist  at  the  high  temperatiu-e  produced  by  the  explosion,  but  are 
replaced  by  more  simple  compounds.  Hence  it  follows  that  the  quantity  of  heat  cor- 
responding with  the  actual  reactions  is  less  than  the  quantity  calculated  from  the  pro- 
tlucts  found  after  cooling. 

Under  the  enormous  pressure  produced  by  the  explosion,  it  is  probable  that  the 
pressure  varies  much  more  rapidly  -with  the  temperature  than  is  admitted  by  Boyle's 
law,  and  as  the  combinations  of  elements,  other  conditions  being  the  same,  advance  in 
complexity  with  the  pressure,  as  shown  by  Berthelot's  experiments  on  the  decomposi- 
tion of  acetylene  at  various  pressures  by  the  electric  spark  {Ann,  Ck.  Phys.  [4],  xviii. 
196),  it  will  be  seen  that  considerable  modifications  of  the  phenomena  of  dissociation 
inust  ensue.  This  increased  influence  of  pressm'e  may,  therefore,  be  supposed  to  com- 
peasate  the  decomposing  influence  of  heat. 

The  phenomena  of  dissociation  doubtless  appear  at  the  very  commencement  of  the 
expansion  of  the  gases  ;  for  as  the  gas  expands,  it  cools,  and  its  elements  re-arrango 
themselves  in  more  complicated  compounds ;  this  produces  a  fresh  disengagement  of 
heat,  and  this  action  contimies  during  the  whole  time  of  expansi(jn.  The  actual 
pressure  will,  therefore,  always  be  higher  than  the  pressure  calculated  from  the  quan- 
tity of  heat  disengaged  at  the  moment  of  maximum  temperature,  and  at  first  it  -will  be 
hjwer  than  thf  pressure  calculated  from  the  results  given  by  the  calorimeter ;  but  as 
tlie  volume  increases,  this  difference -will  diminish,  and,  finally,  disappear,  the  reactions 
being  gradually  completed  with  constant  disengagement  of  heat. 

The  total  quantity  of  heat,  and,  consequently,  the  maximum  work  done  by  burning 
(hu  substance  in  a  knowji  space  may  bo  calculated  without  regard  to  dissociation,  if 
I  lie  final  temperature  and  state  of  combination  of  the  elements  of  the  products  are 
exactly  known. 

'ind  Sup.  K  K 
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The  following  taWe  exhibits  the  heat  evolved  in  the  combiistion  of  various  explosive 
compounds,  the  volume  of  gas  produced,  and  the  product  of  these  two  numbers  : — 


Product  o£  these 

Qnantity  of 

Volume 
of  gas 
formed 

two  numbers,  to 

heat  evolved 

serve  as  a  term 

by  1  kilu. 

of  comparison 

in  units 

of  the  pressures 
produced 

cub.  cent. 

Sporting  powder  

644900 

0-216 

139000 

622500 

0-225 

140000 

380000 

0-355 

135000 

Powder  with  excess  of  charcoal  . 

429000 

0-510 

219000 

Powder  made  with  sodium  nitrate 

769000 

0-252 

194000 

„                 potassium  chlorate . 

972000 

0-318 

309000 

Chloride  of  nitrogen  .... 

316000 

0-370 

117000 

1282000 

0-710 

910000 

700000 

0-801 

560000 

,,         with  nitre  .... 

1018000 

0-484 

492000 

,,         Avith  potassium  chlorate 

1446000 

0-484 

700000 

Potassium  picrate  .... 

872000 

0-585 

510000 

„          ,,      with  nitre 

957000 

0-337 

323000 

Picrate  with  potassium  chlorate  . 

1405000 

0-337 

474000 

Ordinary  Gunpowder. — On  comparing  the  actual  products  of  the  explosion  with  the 
results  of  the  theoretical  equation,  2N0'K  +  S  +  3C  =  SCO-  -i-  K-S  +  N=,  it  appears  that 
the  quantity  of  heat  developed  in  the  theoretical  reaction  is  much  less  than  that  ac- 
tually produced :  hence  it  may  be  inferred  that  those  products  are  most  readily  pro- 
duced, in  the  formation  of  which  the  gi-eatest  quantity  of  heat  is  evolved,  the  pressure, 
represented  by  139,000,  being  the  same. 

Powder  containing  sodium  nitrate  was  largely  employed  in  excavating  the  Suez 
Canal,  and  with  considerable  economy  :  for  experiment  shows  that  the  substitution  of 
sodium  for  potassium  in  any  definite  salt  occasions  a  nearly  constant  disengagement 
of  heat.  As  the  alkaline  metal  exists  as  a  salt,  both  before  and  alter  the  explosion, 
this  influence  is  eliminated  if  the  quantity  of  heat  be  calculated  for  equivalent  weights 
of  sodium  and  potassium  salts  ;  but,  with  equal  weights,  the  volume  of  gas  and  the 
heat,  consequently  the  total  work  done,  will  be  greater  in  the  case  of  sodium  nitrate, 
the  equivalent  of  sodium  being  lower  than  that  of  potassium. 

Powder  containing  potassium  chlorate. — The  extreme  rapidity  ■\vith  which  this 
powder  explodes  is  due  to  the  enormous  quantity  of  heat  evolved  by  the  explosion  of 
the  particles  first  ignited,  to  the  low  specific  heat  of  the  products,  and  the  compara- 
tively low  temperatures  at  which  the  chlorate  decomposes.  As  the  products  are  the 
most  simple  and  stable  possible,  being  binary  compounds,  the  progi-essive  effects  of 
dissociation  are  less  marked,  and  the  variations  of  pressure  dm-ing  the  expansion  of  the 
gases  are  not  affected  by  recombinations  of  the  elements  successively  produced  during 
cooling.  Hence  the  great  detonating  quality  of  this  pow-der.  Similar  remarks  are 
applicable  in  a  still  higher  degree  to  chloride  o  f  nitrogen. 

Niirogli/cerin  combines  the  properties  of  chloride  of  nitrogen  and  ordinary  gunpowder. 
This  is  explicable  by  considering  the  effects  of  dissociation.  At  the  first  moment  the 
elements  of  watei;  and  carbon  dioxide  are  separated ;  but  as  they  recombine  during 
expansion,  fresh  quantities  of  heat  are  evolved,  and  regulate  the  fall  of  the  pressure  ; 
therefore  during  expansion  nitroglycerin  behaves  as  ordinary  gunpowder ;  but  the 
effects  of  dissociation  are  less  evident,  because  the  products  are  more  simple,  and  tlie 
initial  pressiire  is  higher. 

Berthelot  also  discusses,  from  the  thermodynamic  point  of  view  the  experiments  de- 
scribed by  Abel  (1st  Suppl.  486),  on  the  detonation  of  nitroglycerin  and  gun-cotton. 
Taking  the  case  of  the  explosion  of  nitroglycerin  produced  by  a  falling  weight,  Berthelot 
calculates  that  the  impact  of  a  weight  of  several  kilos,  falling  througl^  0-5m.  would 
raise  the  tempei-aturr  of  a  mass  of  nitroglycerin  but  a  fraction  of  a  degree,  if  the  heat 
were  distribiitnl  ripiallv  llii-oughout  the  mass;  but  the  conversion  of  motion  into 
heat  is  too  sudilm  allow  of  this  distribution  ;  tbo  particles  struck  may  therefore 
attain  the  exploding  point,  190°  ;  a  large  quantity  of  gas  is  suddenly  produced,  and 
this  produces  a  second  and  more  violent  shock  on  the  adjacent  particles  before  they 
have  had  time  to  escupe  from  the  sphere  of  action.    Tlie  force  so  developed  is  also 
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converted  into  heat,  and  in  tliis  vcixy  a  continuous  succession  of  changes  is  cstaLlished 
throughout  the  whole  mass.  The  -violence  of  the  initial  decomposition  will  increase 
w  ith  tlie  intensity  of  the  first  shock,  and  consequently  tlie  pressures  produced  through- 
out the  entire  series  of  decompositions  will  rise  in  equal  proportion.  Henco  one  and 
the  same  explosive  substance  will  behaye  in  different  ways,  according  to  tlie  manner 
of  its  inflammation. 

These  effects  are  less  marked  in  the  case  of  loose  gun-cotton,  on  account  of  the  largo 
quantity  of  air  interspersed  through  its  bulk.  As  compressed  gun-cotton  is  less  rom- 
pact  than  nitroglycerin,  it  should  follow  that  it  is  less  easily  detonated  than  niti'o- 
glycerin  ;  and  this  is  found  to  be  the  case.  Nitroglycerin  may  be  detonated  by  the 
fall  of  a  weight  from  a  moderate  height,  by  a  gun-cotton  fuse,  or  by  a  mixture  of 
potassium  chlorate  and  fulminate  of  mercui-y.  Gun-cotton  detonates  only  with  pure 
fultninate  of  mercury,  and  the  best  results  are  not  obtained  unless  the  fulminate  be 
enclosed  in  a  rather  thick  case  of  sheet-tin,  and  placed  in  contact  with  the  gun-cotton, 
conditions  which  realise  the  greatest  initial  pressure.  The  quantity  of  force  thus  con- 
verted depends  on  the  suddenness  of  the  shock,  and  on  the  amount  of  work  which  it  is 
capal)le  of  doing.  These  elements  vary  with  the  detonator,  and  Abel  has  found  that 
chloride  of  nitrogen  is  not  very  efficacious,  and  that  iodide  of  nitrogen,  which  explodes 
by  the  slightest  friction,  is  incapable  of  exploding  gun-cotton.  But  chloride  of  nitrogen 
develops  less  heat  than  any  other  compound  hero  treated  of  (see  table),  therefore  a 
larger  quantity  of  it  must  be  employed,  and  judging  by  analogies  drawn  from  other 
iodine  substitution-substances,  iodide  of  nitrogen  should  develop  less  heat  and  work 
tlian  the  same  weight  of  chloride  of  nitrogen  :  hence  its  inactivity  in  this  respect. 

Dynamite  is  found  to  possess  loss  bursting  or  breaking  power  than  nitroglycerin  ; 
this  is  explained  by  the  intervention  of  the  inert  material,  which  shares  with  the 
nitroglycerin  the  heat  developed  by  the  exploding  shock.  Thus  silica  and  alumina 
have  nearly  the  same  specific  heat  as  the  gaseous  products  of  the  explosion  of  nitro- 
glycerin, the  volume  being  constant;  if  tlierefore  equal  weights  of  nitroglycerin  and 
cither  of  these  substances  be  fired  in  a  space  filled  by  the  mixture,  the  silica  or  alumina 
will  absorb  half  the  heat,  and  proportionally  reduce  the  pressure. 

On  comparing  nitroglycerin  with  gunpowder,  it  will  he  seen  that  if  a  given  weight 
of  nitre  were  converted  into  the  exactly  equivalent  weight  of  nitroglycerin,  it  would,  in 
a  blast,  devolojj  three  times  as  great  a  pressure  as  would  be  produced  by  the  gun- 
powder made  with  the  same  quantity  of  nitre. 

Gim-coiton  does  not,  like  nitroglycerin,  contain  sufficient  oxygen  for  its  compilete 
combustion  ;  the  products  formed  on  explosion  are  therefore  highly  complex.  It 
differs  from  other  explosive  substances  rather  by  gi'cater  initial  pressure  than  by 
maximum  work  ;  and  the  empirical  results  of  Piobert  [Traiie  d'Artillcrie,  partie  iki'o- 
rique,  496]  agree  with  the  calculated  result  (see  table).  Theory  shows  the  desirability 
of  causing  gun-cotton  to  explode  in  the  smallest  possible  space,  as  practised  by  Abel 
in  compressing  it. 

More  werk  may  bo  obtained  from  gun-cotton  by  adding  to  it  nitre  or  potassium 
chlorate  ;  but  as  the  combustion  is  then  complete,  the  effects  of  dissociation  during  ex- 
pansion of  the  products  are  less  evident,  and  the  mixture  acquires  greater  bursting 
power. 

Tvtassium  pkratc  docs  not  contain  sufficient  oxygen  for  its  perfect  combustion,  and 
is  intermediate  between  gun-cotton  and  gun-cotton  mixed  with  nitre  (see  table).  Mixed 
with  potassium  chlorate  it  should  develop  more  force  than  any  other  solid  explosive 
substance. 

Temper atrirc  of  Explosion. — The  temperatures  required  for  the  detonation  of 
various  explosive  compounds  have  been  determined  by  League  and  Champion  {Compt. 
rend,  Ixxiii.  1478),  with  tlie  following  results  : — 


Priming  powder  for  Chassopot   1!>1 

Fulminate  of  mercury  .........  -00 

Powder  formed  of  potassium  chloiMtu  1  pari  ,  sulphur  1  part.        .  L'dO 

-A-bel's  protoxide  (paper-pulp)      .       .       .       .       .       .       .  '2tl'> 

Gun-cotton  ...........  '.'20 


Powder  formed  of  antimony  sulphide  1  part,  potassium  cldonite 


1  part  '280 

Shooting  powder  .       .........  28S 

Gunpowder   20.3 

Picrate  of  mercury  ) 

Picrate  of  lead    "    r  (ictou  - U' at  206 

Picrate  of  iron  J 

Picrate  powder  for  torp.'i'.ocs       .       .       .       ,       .       .  .31.} 
K  K  2 
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Picrate  musket-powder  

Picrate  gunj^owder  .  

Artificial  saffron  

Pierie  acid,  picrate  of  maguesiam,  of  ammonium,  of  potassiui 

Nitroglycerin  detonates  at  .  

Inflammation  of  sulphur  in  the  air  


O60 

256-257 
.  246 


o 

358 
380 
315 
336 


L.  Blekrode  (Phil.  Mag.  [4],  xvi.  39)  finds  that  a  flame  may  be  applied  to  gun- 
cotton  -which  has  been  previously  wetted  with  carbon  sulphide,  without  explosion 
taking  place.  Only  tlie  latter  substance  takes  fire  immediately,  the  gun-cotton  re- 
maining apparently  intact  amidst  the  burning  sulphide,  presenting  almost  the  aspect 
of  a  mass  of  snow  slowly  melting  away.  Ether,  alcohol,  and  benzene  may  be  employed 
with  the  same  result.  Blekrode  regards  this  slow  combustion,  which  takes 
place  when  the  cotton  is  moistened  with  carbon  sulphide  or  any  other  volatile 
liquid,  as  a  most  direct  and  satisfactory  proof  iu  favour  of  the  conclusion  to  which 
Abel  was  led  by  his  researches,  viz.,  that  if  the  gases  resulting  from  the  first  action 
of  heat  on  gun-cotton  upon  its  ignition  in  open  air,  are  impeded  from  completely  en- 
veloping the  burning  extremity  of  the  gun-cotton  twist,  their  ignition  is  prevented: 
and  as  it  is  the  comparatively  high  temperature  produced  by  their  combustion  which 
effects  the  rapid  combustion  of  the  gun-cotton,  the  momentary  extinction  of  the  gases, 
and  the  continuous  extraction  of  heat  by  them  as  they  escape  from  the  point  of  com- 
bustion, renders  it  impossible  for  the  cotton  to  continue  to  burn  otherwise  than  iu  a 
slow  and  imperfect  manner,  undergoing  a  transformation  similar  in  character  to  de- 
structive distillation.  A  piece  of  phosphorus  placed  in  the  moistened  mass  of  gun- 
cotton,  is  melted  and  even  boils  during  the  combustion,  but  does  not  burn,  as  it  is 
prevented  from  coming  in  contact  with  the  oxygen  till  all  the  gun-cotton  has 
disappeared.  Blekrode  suggests  that  gun-cotton  should  be  preserved  under  carbon 
sulphide  or  benzene,  to  obviate  the  danger  in  case  of  fire.  Should  the  liquid  become 
ignited  the  cotton  will  be  only  slowly  destroyed. 

Dependence  of  Explosion  011  Vibration. — Transmission  of  Explosion  at  a 
Distance. — Champion  a.  Pellet  {Compt.  rend.  Ixxv.  110)  have  made  a  series  of  experi- 
ments with  the  object  of  following  out  Abel's  theory,  that  for  the  explosion  of  deto- 
nating compounds  a  certain  kind  of  mechanical  excitement  is  necessary,  the  nature  of 
which  depends  on  the  nature  of  the  compound  itself  {1st  Suppt.  487).  These  ex- 
periments tend  to  show  that,  at  least  in  certain  cases,  the  heat  and  the  shock  of  an 
explosion  at  a  distance  operate  in  producing  a  second  explosion,  only  by  producing  a 
certain  vibratory  motion,  which  may  also  be  obtained  by  other  means. 

The  first  experiments  tried  were  on  explosions  produced  by  means  of  a  previous  ex- 
plosion at  a  distance.  The  detonator  employed  was  iodide  of  nitrogen,  which  was 
found  particularly  suitable  for  delicate  experiments.  A  tube,  at  fii'st  over  two  meters, 
and  afterwards  seven  meters  long,  was  constructed  of  two  lengths  joined  together  by  a 
paper  band.  Small  quantities  of  the  iodide  were  placed  at  each  end,  and  it  was  found 
that  an  explosion  produced  at  one  end  of  the  tube  immediately  caused  tlie  explosion 
of  the  iodide  at  the  other  end.  A  pith-ball  pendulum  suspended  within  the  tube  re- 
mained quite  motionless,  showing  that  tlie  second  explosion  was  not  caused  by  the 
pressure  of  the  air  in  the  tube,  due  to  the  sudden  production  of  gas  by  the  first  explo- 
sion. If  the  tubes  are  not  joined  together  by  the  paper  band,  but  separated  by  an 
interval  of  five  or  six  millimeters,  the  second  explosion  is  not  produced,  or  can  be 
obtained  only  by  using  a  comparatively  large  quantity  of  the  iodide  for  the  first  ex- 
plosion. 

Experiments  were  also  tried  on  producing  explosion  by  means  of  other  Idnds  of  ex- 
citement. Iodide  of  nitrogen  was  fastened  by  means  of  a  morsel  of  gold-beater's  skin 
to  the  strings  of  a  double-bass.  It  was  found,  on  bowing  the  strings,  that  the 
iodide  which  was  jslaced  on  the  two  lower  strings  did  not  explode,  while  that  placed 
on  the  string' giving  the  highest  note  exploded.  The  lowest  number  of  vibrations 
that  would  produce  an  explosion  was  found  to  be  about  60*  per  second. 

Experiments  on  the  vibrations  of  metallic  plates  and  of  two  small  Chinese  gongs 
yielded  similar  results  :  vibrations  which  gave  deep  sounds  had  no  effect ;  but  those 
giving  the  higher  sounds  readily  produced  an  explosion. 

The  experiments  above  described  illustrate  the  effect  of  vibrations  in  causing  ex- 
plosion of  a  detonator.  The  following  show  that  heat,  unless  it  is  accompanied  with 
mechanical  vibrations  of  the  proper  kind,  does  not  readily  produce  explosion. 

Iodide  of  nitrogen  was  placed  at  the  focus  of  a  parabolic  mirror,  and  at  the  focus  of 
a  second  similar  mirror,  nitroglycerin,  fulminate  of  mercury,  and  gunpowder  were  ex- 

*  According  to  ordinary  EDglisIi  reckoning,  30  per  ?cc.  The  French  count  half  vibrations  instead 
itf  complete  vibrations  from  one  eud  of  the  range  to  the  other,  and  back  again. 


EXPLOSIOK 


j.loded  Tlio  results  sliowcd  (bat.  to  cause  the  cxplosiou  of  the  iodide  of  nitrogen  in 
tho  otlier  focus,  as  much  gnupowih  i-  was  required  as  would  produce  ten  times  the 
heat  given  out  in  the  burniii'j;  nl'  ih^  i-i '|uired  quantity  of  nitroglycerin.  The  mirrors 
were  afterwards  covered  witli  laiiij-ljlark,  and  then  even  this  largo  quantity  of  powder 
would  not  cause  the  iodide  of  nitrogen  to  oxpilode.  On  tho  other  hand,  the  lamp-black 
covering  did  not  in  the  least  prevent  the  nitroglycerin  in  one  focus  from  exploding  the 
iodide  of  nitrogen  in  the  other. 

A  further  set  of  experiments  was  made  to  determine  tlio  difterence  between  the 
vibratory  motions  excited  by  various  detonants,  and  thus  to  account  for  the  diflference 
in  their  power  of  causing  by  means  of  the  intervening  air,  the  explosion  of  other  de- 
tonants placed  at  a  distance.  l''(jr  this  purpose  a  series  of  sensitive  flames  was  ar- 
ranged corresponding  witli  the  comploto  scale  of  g  major,  care  being  taken  to  tune  the 
flames  exactly  to  tlie  proper  pitch.  Small  quantities  of  various  detonants  were  then 
exploded  at  small  distances  from  the  flames.  In  the  case  of  iodide  of  nitrogen  and 
mercuric  fulminate,  0-03  gram  of  each  being  exploded  ;  the  former  produced  no  eiFect 
upon  the  flames,  while  excitement  of  the  flames,  «,  c,  c,f.g,  was  noticed  on  the  explo- 
sion of  the  latter.  Tliis  seems  to  show  that  the  vibrations  excited  by  the  two  explo- 
sions are  very  different,  and  that  the  vibrations  excited  by  mercuric  fulminate  act  on 
the  flames  belonging  to  some  notes  of  the  scale  to  the  exclusion  of  others. 

Secondly,  exploding  these  bodies  at  a  shorter  distance  from  the  flames,  it  was  found 
that,  while  tho  iodide  of  nitrogen  affected  tho  flames  corresponding  witli  the  higher 
notes  of  tho  scale  and  those  only,  the  mercuric  fulminate  acted  on  all  the  flames. 
Two-tenths  of  a  grain  of  iodide  of  nitrogen  placed  at  a  short  distance  from  the  flames 
was  found  to  influence  them  all. 

The  above  experiments  seem  also  to  indicate,  from  the  diflference  observed  with  the 
same  amount  of  the  same  detonant  placed  at  diflferent  distances,  that  acute  sounds  pre- 
dominate in  explosions. 

Tho  flames  above  described  were  not  affected  by  tho  explosion  of  nitroglycerin, 
nitroglycol,  nitroerytlirite  or  nitrodulcite.  It  is  probable  that  this  negative  result  was 
due  to  the  small  range  of  the  apparatus,  and  that  by  constructing  a  set  of  flames  graver 
than  those  employed  in  these  experiments,  tho  upper  sounds  of  tho  explosion  duo  to 
these  bodies  might  bo  reached  {Compt.  rend.  Ixxv.  712). 

The  transmission  of  detonation  through  tho  agency  of  tubes  has  lately  been  made 
tlio  subject  of  an  elaborate  series  of  experiments  by  Abel  {Proo.  Boy.  Soc.  xxii.  160 — • 
171),  in  which  the  explosive  agents  used  were  less  highly  susceptible,  and  more 
uniform  and  constant  in  composition  than  iodide  of  nitrogen,  such  as  gun-cotton  in 
different  mechanical  conditions,  dynamite,  mercuric  fulminate,  and  preparations  con- 
taining the  latter  as  an  ingrodient. 

The  following  are  some  of  tho  points  established  by  these  experiments: — 

1.  The  distance  to  which  detonation  may  be  transmitted  through  tho  agency  of  a 
tube  to  a  distinct  mass  of  explosive  substance  is  regulated  by  the  following  con- 
ditions : 

(a)  by  the  nature  and  the  quantity  of  the  substance  employed  as  the  initiative  de- 
tonator, and  by  the  nature  of  the  substance  to  be  detonated,  but  not  by  the  quantity 
of  tho  latter,  nor  by  ihc  mechanical  condition  in  which  it  is  exposed  to  the  action  of 
tho  detonator. 

(i)  by  the  relation  which  the  (/iVwiefer  of  the  '  detonator,' and  of  the  charge  to  be 
detonated,  bear  to  that  of  the  tube  employed  ; 

(e)  by  the  strength  of  the  material  composing  the  tube,  and  tlio  consequent  resis- 
tance which  it  offers  to  the  lateral  transmission  of  the  force  developed  at  tho  instant  of 
detonation  ; 

{d)  by  the  amount  of  force  expended  in  overcoming  the  friction  between  the  gas 
and  the  sides  of  the  tubes,  or  other  impediments  (such  as  loose  tufts  of  cotton-wool) 
introduced  into  the  latter; 

(c)  by  the  degree  of  completeness  of  the  channel,  and  by  the  positions  assigned  to 
tho  detonator  and  the  charge  to  be  detonated. 

2.  The  nature  (apart  from  strength  or  power  to  resist  opening  up,  or  disintegration) 
of  the  material  composing  the  tube  through  which  detonation  is  transmitted,  generally 
appears  to  exert  no  important  influence  upon  the  result  obtained.  At  any  rato  the 
differences  with  respect  to  smoothness  of  the  interior  of  the  tubes  far  outweigh 
tliose  which  may  prove  traceable  to  differences  in  the  nature  of  the  materials  composing 

In  the  tube  experiments  with  gun-cotton,  many  instances  occurred  in  which  tho 
mass  operated  upon  was  exploded,  \mt  with  comparatively  little,  if  any,  de.structivo 
clfeet,  portions  of  the  gun-cotton  l)eing  at  tlie  same  time  dispersed  and  occasionally 
inflamed.  Similarly,  the  mercuric  fulminate  ^i-as  frequently  exploded,  through  tho 
agency  of  a  transmitted  detonation,  in  a  manner  qiiite  distinct  from  the  violent  detona- 
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tions  at  other  times  dovoloped.  Even  silver  fulminate  which,  iinJor  all  ordinary  cir- 
cumstances, detonates  violently,  and  even  when  only  one  particle  of  a  mass  is  subjected  to 
a  sufficient  disturbing  influence,  was  on  one  or  two  occasions  exploded  by  the  transmitted 
cflFeet  of  a  detonation  of  mercuric  fulminate  without  the  usual  destructive  action. 

The  dilution  of  a  liquid  and  of  a  solid  explosive  body  by  inert  solid  substances  pro- 
duces very  different  results  on  the  susceptibility  of  the  compound  to  detonation.  If 
tlie  dilution  does  not  affect  the  continuity  of  the  explosive  body,  as  when  an  explosive 
liquid,  like  nitroglycerin,  is  diluted  with  an  inert  solid,  there  appears  to  be  no  loss  of 
sensitiveness  to  detonation  ;  but  if  the  continuity  of  the  explosive  be  interrupted,  as 
happens  when  a  solid  explosive  is  mixed  with  an  inert  body,  the  susceptibility  to  de- 
tonation is  much  diminished  if  the  mass  is  loose  and  unconfined ;  but  by  compressing 
the  diluted  explosive,  or  strongly  confining  it,  detonation  may  be  much  more  easilj- 
produced.  Thus  mixtures  of  gun-cotton  with  potassium  chloride,  or  still  better  with 
the  chlorate  or  nitrate  of  potassium  compressed  with  addition  of  water  and  then  dried, 
were  found  to  be  more  susceptible  to  detonation  by  nitroglycerin  than  undiluted  gun- 
cotton  itself. 

The  dilution  of  a  solid  explosive  by  a  liquid  greatly  reduces  its  sensitiveness  to  de- 
tonation. Damp  gun-cotton  can  be  exploded  only  by  large  charges  of  merciu-ic  fulmi- 
nate ;  it  is,  however,  much  more  easily  exploded  by  an  initiative  detonator  of  dry  gun- 
cotton. 

Gun-cotton  made  up  into  a  pidp  with  w^ater  is  not  susceptible  of  detonation,  even  by 
dry  gun-cotton,  unless  the  escape  of  force  be  retarded  at  the  instant  of  the  first  detona- 
tion ;  but  if  this  condition  be  fulfilled,  either  by  the  resistance  of  the  material  of  the 
case,  or  by  the  pressure  of  a  considerable  column  of  water,  the  detonation  may  be  ac- 
complished with  certainty.  By  confining  the  gun-cotton  lightly  in  sheet-tin  cases  or 
bags,  or  even  in  fishing  nets,  and  sinking  it  to  a  sufficient  depth  under  water,  or  by 
placing  the  pulp  in  a  shell  and  filling  up  the  interstices  with  water,  the  whole  can  be 
detonated  with  a  small  charge  of  dry  gun-cotton,  Eemarkable  results  were  likewise 
obtained  by  detonating  small  charges  of  compressed  gun-cotton  in  shells  filled  up  with 
water.  A  qiiarter  of  an  ounce  of  compressed  gun-cotton  detonated  in  a  shell  filled 
with  water,  broke  it  up  into  nearly  eiglit  times  the  number  of  fragments  obtained  by 
exploding  a  shell  of  the  same  kind  full  of  gunpowder  (13  oz.) 

Velocity  of  Transmission  of  Detonation. — A  series  of  experiments,  in  which 
the  time  was  measured  by  Noble's  electric  clirouograph,  showed  that  w'ith  dr}'  com- 
pressed gun-cotton  the  rate  of  transmission  is  between  17,500  and  20,000  feet  per 
.second  when  the  masses  are  arranged  so  as  to  touch  one  another.  The  separation  of 
the  masses  retards  the  transmission  to  an  extent  depending  on  the  size  of  the  masses 
and  the  distance  between  them.  When  gun-cotton  saturated  with  water  was  employed, 
a  marked  increase  in  the  rate  of  transmission  was  observed.  Nitrated  gun-cotton 
gaA'e  a  slower  rate,  15,500  to  16,000  feet  per  second.  Dynamite,  in  continuous  ma.sses, 
gave  19,500  to  21,600  feet  per  second  ;  but  separation  of  the  masses  reduced  the  rate 
to  a  greater  extent  than  was  the  case  with  gun-cotton.  Nitroglycerin,  contained  in 
V-shaped  troughs,  gave  a  velocity  of  only  5,500  feet  per  second. 

New  Class  of  Explosives. — A  class  of  explosives  which  are  non-explosive 
during  manufacture  and  transport  has  lately  been  introduced  by  Dr.  Sprengel  {Chem. 
Soc.  J.  [2],  xi.  796).  These  explosives  are  mixtures  of  a  combustible  and  an  oxidising 
substance  which  can  be  kept  separate  during  transport  and  mixed  only  when  required 
for  use.  The  examination  of  a  considerable  number  of  such  mixtures  showed  that  the 
most  effective  w^ere  mixtures  of  nitric  acid,  sp.  gr.  I'o,  and  nitro-compounds  of  tlie 
hydrocarbons,  fired  by  a  detonating  cap.  A  mixture  of  nitrobenzene  or  picric  acid 
with  nitric  acid  explodes  witli  the  greatest  violence,  comparable  with  that  of  the  ex- 
plosion of  nitroglycerin.  Porous  cakes  of  potassium  clilorato  saturated  with  a  com- 
bustible liquid,  such  as  carbon  sulphide  or  nitrobenzene,  were  found  to  be  five  times 
as  effective  in  open  granite  quarries  as  an  equal  weight  of  gunpowder. 

Experiments  on  the  composition  and  tension  of  the  products  of  combustion  of  gun- 
powder, when  fired  in  a  closed  vessel,  and  in  the  bore  of  a  gun,  have  lately  been 
published  by  Captain  Noble  and  Mr.  Abel  {Proc.  Boi/.  »Soc.  liii.  187-1).  See' Gun- 
powder. 
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FAHXi-ORE.  The  separation  of  copper-pyrites  and  copper-glance  from  tlio  fiihl- 
oi-eof  AV..liIl';ich  liasLoenobservorlliy  F.  &\m\ha-gcv  (Jrihrh.  f.  Mineralogie,  1869,  301), 
sliii\vs  l.y  I'.Llculatiiiii  liiiw  tliis  fnhl-oro  yields,  in  aililitioii  to  f  hi'.  two  minerals  just 
iiu'iitiniir,!,  /,nh'-lilrii(1f,  1  ,ri  1 1 1 ,  •  SI  I V  r  i'  ,irr.  sliliiiili'.  wliicli  :  1 1  s,  ■  ( „  •, -1  IT  at  Wohlfacii  in 
a  iiiaiiiiri'in.liraliii-  \W  |  Tuba  M 1 1 1  y  .  .1' I  liri  r  Innnatinii  In.ai  \\u-  lahl-oiv.  The  weather- 
iii.n'  (if  liiis  saiiir  lahl-iiiv  yu-lds  a iii inioiiy-ljlooiii  coloiii'i'tl  Yi'llow  by  stibnito,  besides  a 

r,l-<iiiiiih  l''(t/i/-iircr—\it:\\yM'H  of  two  specimens  of  this  mineral  have  been  published 
liy  I'eturseii  (Jtihrli.f.  MnicralcyU;  1870,  464,  590) :  A.  From  Neubulach  in  the  Wurtem- 
bui-g  Schwarzwald,  in  crude  lumps  intimately  intergrown  with  the  quartz  gangue,  and 

only  once  found  crystallised  in  the  form  ^  .  --^  .  ooO  ;  sp.  gr.  =  4-908  ;  analysed 

bj'  R.  Senfter.  B.  Occurring  with  heavy  i<par  and  quartz  at  Cromez  in  the  Emfisch- 
tluil  (Val  d'Anniviers)  in  the  canton  Wallis  ;  analysed  by  Brauns,  who  names  it 
Bionite.  The  quantities  of  the  metals  found  by  audysis  require  only  2o'13  p.c. 
sulphur.  Petersen  found  26'67  p.c,  which  ho  regards  as  too  high,  because  copper 
pyrites  is  mixed  with  the  mineral  too  intimately  to  allow  of  complete  separation. 
Petersen  is  therefore  inclined  to  refer  the  analysis  to  the  general  formula  3ES.RS'', 
which  he  regards  as  the  typical  formula  of  the  fahl-ores : — 

S  As         Sb      Bi         Cu        Ag       Pb      Zn        Te       Co  Ni 

A.  24-8.5    13-53    4  28    6-33   41-43   trace    Vo'l    3-82    3  74   trace   trace  =  99-00. 

B.  29-10   11-44    2-19  13-07   37-52   0-04     --     --     6-51    1  20     —  =  101-07. 

FATi  The  Storing  up  of  Fat  in  the  Animal  Ovganism. — Experiments  have  been 
made  by  V.  llnfinaiiii  (Zeitschr.  ,/'.  Biologie.  viii.  153)  to  determine  in  Avhat  way  fat 
Ijecomes  drjiur-iled  ill  ill,,  body,  whether  it  is  derived  directly  from  the  fsitty  elements 
of  the  food,  ni-  whellirr,  as  Toldt  and  Siibbotin  hold,  it  is  derived  from  the  splitting 
\\\>  of  albuniimad.s  ;  or  whether,  aceording  to  the  views  of  Padziejewski,  all  fats  must 
be  lir^l  saiKMiitird,  and  again  undergo  sviitln  sis  inlo  ni'iiiral  fat  in  the  organism.  To 
tliis  lattn-  l  oiielusion  Kadziejewski  ^^.ls  Jrd  1  y  liis  (  xiieriinents  on  the  feeding  of 
animals  with  fats  which  do  not  normally  exist  in  tlie  body.  Hofmann,  however,  is  of 
opiTiion  that  Eadziejewski's  conclusions  are  much  wider  than  his  premises,  as  his 
experiments  merely  i>rovo  that  foreign  fats  are  not  stored  up.  The  same  is  shown  by 
Subbotin's  experiments  with  spermaceti. 

Hofmann's  method  consisted  in  starving  dogs  till  all  the  body-fat  was  used  iip,  and 
then  feeding  them  with  large  quantities  of  fat,  mixed  with  as  small  a  proportion  as 
possible  of  lean  meat.  After  a  few  days  the  animals  were  killed,  and  the  whole 
quantity  of  fat  in  the  body  determined.  The  fixt  found  was  regarded  first  as  that 
derived  from  albuminoids.  If  the  quantity  found  is  not  greater  than  might  possibly 
be  derived  from  albuminoids,  it  is  considered  that  all  the  fat  of  the  food  has  been 
burnt  and  none  deposited.  If,  on  the  other  hand.  a.  larger  proportion  of  fat  is  found 
than  can  be  accounted  for  in  this  way,  it  e.iii  lady  li:ive  come  from  the  food.  This 
would  not.  however,  decide  the  question  ^v  liellier  tlie  fat  was  stored  up  in  the  cells, 
for  it  might  exist  in  the  blood.  If,  howe\'er,  not  more  than  usual  is  found  in  the 
blood,  and  an  amount  corresponding  with  tlio  quantity  absorbed  is  found,  this  quantity 
may  be  considered  as  fat  really  deposited  in  the  tissues  of  the  body. 

i'ho  first  point  to  determine  was  when  the  whole  of  the  fat  of  the  body  had  been 
used  up  by  the  process  of  starvation.  ConsideralJe  difieiveei  s  in  time  are  observed, 
according  as  the  animal  has  or  has  not  a  large  store  nf  .ilbniuinoids,  as  well  as  fat,  in 
its  system.  In  general  it  is  found  that  the  fat  of  the  b^dy  is  almost  entirely  absorbed 
when  the  excretion  of  urea  suddenly  becomes  greatly  increased  after  a  long  period  of 
starvation.  This  indicates  that  the  wants  of  the  organism  require  the  combustion  of 
a  large  amount  of  nitrogenous  constituents  to  make  up  for  the  fat  which  has  now  dis- 
appeared. 

A  dog  so  starved  was  found  capable  of  assimilating  considerable  quantities  of  fat 
wlien  mixed  with  a  small  proportion  of  flesh.  At  the  end  of  a  few  days,  however, 
dyspeptic  svniiitonis  appeared,  and  almost  pure  fat  was  passed  as  excrement.  This 
-vvas  aitriba'trd  to  tlie  f.allv  eoediii'm  .>f  Ibr  iiver  wliieli  w.is  indnecd.  Tlit-  animal  in 
live  days  iiierraMMl  in  uviLliI  mniv  lli.m  'J  1  p.e.  of  its  wrl^bt  -mi  the  last  d,ay  of  .star- 
vation."    This  increase  was  shown  nut  to  be  duo  to  water  alone,  or  to  the  small 
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amount  of  lean  meat  of  the  food.  Analysis  of  the  blood  likowse  proved  tliat  this  did 
not  contain  more  than  the  usual  proportion  of  fat. 

The  -wliolii  amount  of  fat  in  the  body  was  determined  by  thorougiily  mincing  th" 
whole  animal,  and  reducing  all  its  tissues  to  a  uniform  mass.  Practional  analysis  of 
this  mass  gave  uniform  results,  and  allo-ived  of  easy  estimation  of  the  whole  fat  in  the 
body. 

The  results  show  that  in  five  days  a  dog  had  absorbed  1854-0  grams  of  fat.  If 
130-7  grams  betaken  as  the  amount  derived  from  albuminoids,  a  total  of  1984-7  grams 
represents  what  was  used  by  the  organism.  The  quantity  foxmd  in  the  body  by 
analysis  was  1352-7  grams,  giving  632-0  grams  as  the  quantity  which  had  undergone 
combustion.  These  figures  show  that  a  very  large  amount  of  fat  may  be  absorbed 
from  the  food  and  deposited  in  the  tissues.  The  deposit  takes  place  principally  in  the 
liver  and  mesenterj^ 

Hofmann  questions  whether  it  will  be  possible  by  the  above  method  to  determine 
whether  fatty  acids  may  iiudergo  synthesis  into  fat,  as  it  is  impossible  to  give  large 
quantities  of  soaps  to  animals  without  inducing  serious  derangement  of  the  alimentary 
canal. 

That  fats  are  deposited  in  the  organism,  and  not  all  burnt  off,  is  also  shown  by  the 
experiments  of  Pettenkofer  and  Voit,  which  prove  that  the  amount  of  carbon  given  off 
by  an  animal  receiving  a  large  proportion  of  fat  in  its  food  is  far  below  what  would 
be  reqTiired  to  cover  the  amount  of  fat  consumed. 

Extraction  and  Purification  of  Fats. — The  following  process  is  described  by 
H.  Pohl  {Bingl.  'polyt.  J.  cel.  254)  :— 

The  fresh  raw  fat,  freed  as  far  as  possible  from  fleshy  matters,  is  cut  into  thin  slices 
and  washed  free  from  blood,  &c.,  with  pure  cold  water.  The  washed  fat  is  then  placed 
ia  a  cylindrical  stoneware  vessel  about  4  feet  high  and  18  inches  ^ride,  standing 
in  a  water-bath  which  can  be  heated  by  steam.  A  cock  of  wood  or  stoneware  at  the 
bottom  of  this  vessel  enables  it  to  be  emptied  without  removal  from  the  water-bath. 
After  the  cylinder  has  been  three-fourths  filled,  a  kind  of  sieve  of  stoneware  is  laid  on 
the  surface  of  the  fat ;  10  per  cent,  of  fure  highly  diluted  hydrochloric  acid  is  added 
(3  lbs.  acid  of  sp.  gr.  1-12  to  100  lbs.  water),  and  a  well-fitting  cover  of  stoneware  is 
laid  over  the  top.  On  warming,  as  the  fat  melts  in  the  cells,  the  acid  dissolves  the 
membranous  portions,  and  the  sieve  gradually  sinks  to  the  lower  part  of  the  cylinder, 
carrj-ing  with  it  the  skinny  matters  and  unmelted  fat,  while  tlie  pure  melted  portion 
collects  in  the  upper  part  of  the  vessel.  Wien  all  the  fat  is  melted,  the  dilute  acid 
solution  is  run  off  at  the  bottom,  and  the  fat  is  washed  two  or  three  times  with  boiling 
water,  to  the  last  portion  of  which  a  little  magnesium  carbonate  is  added  to  ensure 
perfect  naturalisation. 

The  washed  fat  is  dissolved  in  an  eqiial  volume  of  Canadian  oil,  which  separates  a 
nitrogenous  matter.  The  solvent  is  then  recovered  by  distillation.  The  resulting 
fat  is  scentless  and  tasteless,  almost  colourless,  and  absolutely  neutral.  It  contains  no 
trace  of  water  or  of  nitrogenous  matter,  and  therefore  remains  free  from  all  tendency 
to  become  rancid  when  kept. 

The  rancid  odour  which  fats  often  acquire  by  keeping,  arises  from  the  presence  of 
volatile  fatty  acids  and  other  volatile  products,  which  do  not  exist  in  the  fresh  fat,  but 
are  produced  by  decomposition.  These  substances  may  be  removed  by  heating  the 
fat  to  a  certain  temperature.  According  to  Dubrunfaut  (Corapi.  rfrat?.  Ixxi.  37)  fish- 
oils  are  entirely  deprived  of  their  odorous  principle  by  simply  heating  them  to  330°, 
and  fiitty  acids  distil  over  with  steam  when  heated  above  100°,  whereas  neutral  fats 
are  fixed  under  these  conditions,  but  behave  like  the  fatty  acids  when  submitted  to  a 
current  of  steam  at  300°-330°.  "When  fat  is  melted  in  a  frying-pan  at  140°-150°  and 
then  cautiously  sprinkled  with  water,  the  steam  thus  evolved  carries  off  witli.it  all  the 
offensive  matters,  and  leaves  the  fat  sweet. 

Sa2}onification. — A  method  of  saponification  was  described  some  years  ago  by 
Mege-Mouries  (Compi.  rend.  Iviii.  8G4),  depending  on  the  property  of  fats  in  the  state 
of  emulsion  {etat  c/lohidaire)  to  take  up  soda-ley  containing  sodium  chloride  without 
dissolving  in  it.  Melted  tallow  is  brought  into  this  state  by  heating  it  to  45°  witli  a 
5  to  10  per  cent,  of  aqueous  soap-solution  ;  and  if  soda-ley  containing  common  salt  be 
then  added,  and  the  action  promoted  by  assiduous  mixing,  the  tallow  is  completely 
saponified  at  the  same  temperature  in  a  few  liours  (2,000  kilo,  in  three  hours).  At  a 
somewhat  higher  temperature,  a  little  above  60°  C.  (140°  F.),  the  globules  of  soap 
thus  formed  unite  into  a  semi-fluid  transparent  layer,  which  floats  on  the  salt-liquor 
containing  glycerin;  and  by  decomposing  this  layer  with  the  exact  quantity  of  dilute 
sulphuric  acid  required,  and  pressing  the  mixture  of  fatty  acids  thereby  separated, 
stearic  acid  melting  at  58°-59°  is  obtained,  together  with  nearly  colourless  oleic  acid. 
The  process  js  said  by  its  inventor  to  be  recommended  by  the  rapidity  of  the  operation, 
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tlio  liciiuty  of  tlio  products,  and  the  avoidance  of  loss  (tlio  product  of  fatty  acids 
amounting  to  06-07  p.c.  of  the  calculated  quantity).  According  to  Do  Milly,  on  the 
other  baud  {Bingl.  foJyt.  J.  clxxvi.  145),  this  method  of  saponilication  is  less  advan- 
tageous than  that  commonly  practised,  being  more  costly  and  not  yielding  any 
glycerin.  Legrand  also  (iiic^.  151)  finds  it  disadvanfcigeous,  at  least  for  the  manufac- 
ture of  soaps,  chiefly  on  account  of  imperfect  combination  of  the  fatty  acids,  and  the 
consequent  too  great  solubility  and  want  of  diu-ability  of  tlie  soap. 

E.  Knapp  {Binc/l.  iwlyt.  J.  clxxs.  309)  has  obtained  the  following  results  in  accord- 
ance -with  those  of  Mego-Mouriis.  When  melted  tallow  is  triturated  in  a  mortar  with 
starch-paste  and  water,  a  uniform  mobile  emulsion  is  formed,  from  which  on  standing 
the  tallow  separates  on  the  surface  as  a  creamy  layer.  On  freeing  it  from  adhering 
staroh-paste  by  agitation  with  water,  the  milky  mixture  appears  under  the  microscope 
as  an  aggregate  of  very  small,  globular,  transparent  bodies,  with  somewhat  ragged  sur- 
face and  having  iisually  a  diameter  not  exceeding  that  of  the  starch -granules  of  legu- 
minous fruits.  Tallow  in  the  form  of  this  emulsion  is  quite  permanent.  When 
dilfused  in  soda-ley,  either  concentrated  or  dilute  (3  p.c),  it  forms  in  a  few  hours  at 
4.")°-60°  in  a  somewhat  longer  time  at  ordinary  temperatures,  a  coherent  floating  layer 
of  soap,  small  quantities  of  unsaponified  fat  remaining  however  enclosed  in  it.  Micro- 
scopic examination  shows  that  a  rapid  interchange  of  constituents  is  going  on  between 
each  individual  globule  of  tallow  and  tlie  surrounding  ley,  and  that  the  attack  of  the 
ley,  even  when  it  is  rather  concentrated  and  therefore  forms  a  soapy  envelope  round 
each  granule  of  tallow,  nevertheless  penetrates  by  difl^usion  into  its  interior.  The  easy 
and  rapid  saponification  of  fats  in  the  utricular  state  depends  therefore  on  their 
microscopic  division  :  it  takes  place  in  the  same  manner  in  ethereal  solutions,  and  in- 
stantly in  lii|uiil^  ciiiif  lining  fat,  alkaline-ley,  and  soap  uniformly  dissolved,  or  when 
the  base  cinpioyrd  i'orins,  not  a  gelatinous,  but  a  pulverulent  or  flocculent  soap.  In 
the  ordinary  soap-bnilcr's  process,  tho  fat  is  likewise  emulsionatod  at  the  beginning, 
and  almost  completely  sapionified  by  prolonged  contact  in  the  cold  with  the  alkaline- 
ley;  and  if  tho  saponification  afterwards  proceeds  but  slowly  when  heat  is  applied, 
this  arises  from  the  circumstance  that  the  soapy  envelopes  melt  the  individual  fatty 
globules,  and  thus  destroy  the  minute  division  of  the  fat.  The  further  action  is  then 
brought  about  chiefly  by  the  sobi.bility  of  the  fats  in  the  hot  soap  already  formed.  It 
appears  therefore  advantageous  in  all  eases  that  tho  fat  emulsionatod  by  the  alkaline 
ley  should  first  be  left  to  itself  for  some  time  at  a  moderate  heat. 

i'urther  experiments  by  Knapp  {Dingl.  folyt.  J.  cxcii.  498)  have  led  to  the  following 
results:  Tho  soap  produced  from  emulsionated  fats  by  digestion  in  the  cold,  separates 
on  till'  surfaci'  uf  llir  liquid  in  the  form  of  a  cake,  which,  according  to  the  strength  of 
the  li  V  enipl'iVrd,  i-^  suinetimes  hard  and  brittle,  sometimes  soft  and  more  or  less 
hydrjtrd.  ,\lii'r  viqu  Mtcd  rinsing  the  cakes  do  not  dissolve  completely  in  boiling  dis- 
tilled water,  Init  a  few  drops  of  the  alkaline-ley  suffice  to  render  the  turbid  boiling 
liquid  perfectly  clear.  Cakes  prepared  from  tallow  dissolve  completely  in  warm  strong 
alcohol,  after  the  subjacent  liquid  has  been  satxirated  with  carbonic  acid,  with  excep- 
tion of  a  residue  of  sodium  carbonate.  Tho  filtered  and  evaporated  soap-solution 
gives,  on  decomposition  with  sulphuric  acid,  a  quantity  of  sodium  sulphate  equivalent 
toll  p.c.  of  anhydrous  sodium  oxide,  that  is  to  say,  an  amount  not  differing  much 
from  that  of  ordinary  soap,  showing  that  the  saponification  is  complete.  In  carrying 
out  the  process  on  the  large  scale,  it  would  be  necessary,  after  removing  the  excess  of 
ley,  to  dissolve  the  soap-cako  at  tho  boiling  heat,  without  previously  rinsing  it,  so  as 
to  obtain  a  clear  solution  at  once.  For  tho  preparation  of  the  emulsion,  mucilaginous 
substances,  such  as  gum,  would  be  too  costly  ;  soap  is  better  adapted  for  the  purpose, 
but  the  change  is  most  advantageously  eiFected  by  means  of  the  caustic  lej"-  which 
serves  for  the  saponification.  It  must  be  diluted  with  very  pure  water,  which  may  be 
added  to  it  in  any  quantity  without  producing  turbidity,  whereas  water  containing 
common  salt,  acids.  &c.,  immediately  causes  the  separation  of  white  flocks  which  rise 
to  the  siirface  like  a  thick  cream.  Excess  of  ley  must  especially -be  avoided,  as  it 
drives  the  fat  immediately  to  the  siirface.  In  saponifying  solid  fats,  the  containing 
vessel  and  the  water  must  of  course  be  raised  to  the  melting  points  of  tho  fats. 

Fat  of  Seeds  and  Fodder. — The  quantity  and  elementary  composition  of  the 
fat  of  various  seeds,  and  of  hay,  straw,  &c.,  has  been  determined  by  J.  Konig  {Laiid- 
vmrischaftliche  Versuchs-Stationoi.  xiii.  211).  The  fat  was  extracted  by  ether,  and 
in  the  case  of  drying  oils  which  oxidise  quickly,  both  tho  seed  and  tho  ethereal  extract 
were  dried  in  a  stream  of  hydrogen.  The  ethereal  extracts,  except  in  the  case  of  tho 
oil-seeds,  wore  freed  rr(  m  chlorophyll  by  means  of  animal  charcoal.  This  treatment 
involves  a  slight  losis,  rs  the  charcoal  obstinately  retains  a  small  quantity  of  fat: — 
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Table  A.    Qiumtitij  of  Fat  In  Seeds,  ^-c.  (Konig.) 


Fat  per 
cent,  in 

stance 

Pat  per 
cent. in 

stance 

Fat  per 
cent. in 

stance 

Fat  per 
cent,  in 
dry  sub- 

Linseed  .... 

R  e 

1-3.3 

Rape  seed 

1  "on 
3^-3 

wneat  .... 

1-14 

1-23 

Hemp  seed  . 

3o'25 

4-04 

4-53 

Poppy  seed  .    .  . 

40-07 

43-39 

Barley  .... 

1-51 

1-59 

Beech-nut    .    .  . 

23-08 

28-18 

Maize  .... 

4-47 

4-85 

Palm-nut  kernel  . 

48-07 

52-85 

Lupine  .... 

5-20 

6^10 

Eartli-nut    .    .  . 

ol-ol 

55-25 

Peas  

•81 

•93 

White  sesame  .  . 

49-31 

52-60 

Beans  .... 

•83 

•96 

Black  sesame    .  . 

46-02 

49-28 

Grass  hay    .    .  . 

1-39 

1-52 

Cocoa-nut    .    .  . 

04-48 

67-76 

Clover  hay  .    .  . 

1^43 

1-61 

Madia  seed  .    .  . 

37-32 

40-44 

Rye  straw    .    .  . 

•76 

•83 

Cotton  seed      .  . 

19-49 

21-72 

Oat  straw    .    .  . 

•81 

•88 

Tlic  fat  obtained  from  the  purified  ethereal  extract  is,  in  the  case  of  hay,  a  mi.Kture 
of  fat  and  wax.  These  may  be  separated  with  tolerable  accuracy  by  dissolving  the 
crude  fat  in  hot  absolute  alcohol,  the  wax  then  separating  on  cooling  ;  it  is  washed 
with  cold  alcohol,  and  weighed.  Among  the  seeds  examined,  rye  alone  contained  an 
appreciable  amount  of  wax.  Dry  fodder  gave  the  following  percentages  of  fat  and 
wax  :  — 

TiBLEB.  (Konig.) 


Fat 

Wax 

Fat 

Wax 

Meadow  hay  (mean') 
of  fi.ve  samples  J 
Clover  hay  .    .  . 

1-23 

•45 
•38 

Rye  straw    .    .  . 
Oat  straw    .    .  . 
Rye  grain    .    .  . 

•52 
•55 
1-35 

•31 
-33 
•09 

The  elementary  composition  of  the  various  fats  was  determined  from  fats  puri- 
fied by  treating  their  ethereal  solution  with  animal  chnrcoal.  The  lupine  fat  w:is 
further  treated  with  hydrochloric  acid,  and  again  exhausted  with  ether,  to  separate 
tlie  alkaloid  which  it  contains.  In  table  C  (page  507),  the  fluid  or  solid  nature  of 
the  fat  is  indicated  by  the  letters /and 

The  percentage  composition  of  the  various  fiits  agrees  in  most  cases  with  that  of  a 
mixture  of  the  three  glycerides  : — 

Triolein  ....    77-38  carbon.    11-76  hydrogen.    10-86  oxj-gen. 
Tristearin       .       .       .    76-85      „         12-36  10-79 
Tripalmitin    .       .       .    75-93      „         12-16       ,,  11-91 

Rape  oil  gives  an  unusually  high  proportion  of  carbon  ;  this  arises  from  its  contain- 
ing the  glyceride  of  brassic  acid.  Earth-nut  fat  apparently  contains  fatty  acids  low 
in  the  series,  as  the  fats  known  to  be  present,  namely,  palmitin,  arachin.  and  hypo- 
gsein,  have  all  more  carbon  than  was  found  on  analysis.  Palm-nut  kernel  fat  is  pro- 
bably rich  in  some  of  the  lower  fatty  acids,  as  indeed  is  suggested  by  its  odour. 
Cocoa-nut  fat  is  known  to  contain  the  glycerides  of  capric,  eaprylic,  andcaproic  acids; 
the  presence  of  these  accounts  for  the  low  amount  of  carbon  found.  The  specimens 
of  oat,  maize,  and  lupine  oil  had  become  somewhat  oxidised  by  exposure  to  air.  The 
oil  of  maize  is  apparently  a  drying  oil. 

The  fats  of  the  seeds  of  oats,  rye,  tares,  and  linseed,  have  been  further  examined 
by  Konig,  Kiesow  a.  Aronheim  {Landw.  Versnchs-Stationcn,  xvii.  1).  The  fats  were 
saponified  -^vith  lead  oxide  to  remove  glycerin,  &c.;  the  watery  extract  was  evaporated; 
the  lead  plaster  treated  with  ether  to  remove  lead  oleate  ;  and  the  residual  lead  salts 
were  decomposed  with  acid  and  extracted  with  ether  to  obtain  the  solid  acids.  By 
this  treatment  100  parts  of  the  several  fats  were  found  to  yield  : — 

Oats  Rye  Tares  Linseed 

Oleic  acid                                               60-5  91-6  96-3) 

fJolid  acids                                              36-7  8-1  2-1)  ^""^ 

Soluble  in  water,  glycerin.  6cc.       .       .      2-8  I'o  1-6  5-2 
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Table  C.    E'etncHfarij  Composition  of  I'  t/eiahle  Fu/s.  (Kuiiig.) 


-^1 
■|  o 

5 

— 

Source  of  fat 

C. 

H. 

0. 

Consistence 
of  fat 

Source  of  fat 

C. 

H. 

0. 

/ 

Linseed  .    .  . 

"7-40 

11-10 

11-50 

 .   

Cocoa-nnt  .  . 



74-16 



11-72 

14-12 

Poppy  seed.  . 

76-57 

11-41 

12-02 

Eye  .... 

76-71 

11-79 

11-60 

Hemp  seed .  . 

76  00 

11-30 

12-70 

Wlieit  .    .  . 

77-19 

11-97 

10-84 

Kape  seed  .  . 

78-04 

12-04 

9-92 

Barley    .    .  . 

76-29 

11-77 

11-94 

Beech-nut  .  . 

76-6o 

11-47 

11-88 

11-77 

12-56 

Madia  seed 

77-23 

11-41 

11-36 

Maize    . '  .  . 

75-79 

11-43 

12-78 

White  sesame  . 

77-38 

11-59 

11-03 

Lupine  .    .  . 

75-9-1 

11-59 

12-47 

Black  sesame  . 

76-17 

11-44 

12-39 

Peas  .... 

76-71 

11-96 

11-33 

Cotton  seed 

76-40 

11-53 

12-27 

Beans     .    .  . 

77-50 

11-81 

10-69 

A' 

Earth-nut   .  . 
Palra-nut  ker- 

75-73 

11-57 

12-70 

Potatoes     .  . 
Mangolds   .  . 

76-17 
76-12 

11-85 
11-69 

11-  98 

12-  19 

nel  : — ■ 

f 

Eico  meal  .  . 

76-17 

11-51 

12-32 

/ 

ja,  sol.  in  cold  j 
\    alcohol  .  ./ 

73-03 

11-64 

- 

15-33 

{  /),  little  sol.  in] 
I     cold  alcohol) 

76-23 

11-83 

12'94 

Portion  soluljle  in  cold  ale 

ohol  :- 

Portion  scarcely 
alcohol: — 

soluhle  in 

cold 

/ 

Meadow  liay  . 

76-43 

11-17 

12-40 

Meadow  hay  . 

81-70 

13-70 

4-60 

Clover  hay 

77-14 

12-78 

10-08 

-' 

Clover  hay  .  . 

S2-50 

13-2-6 

4-21 

s 

Eye  stiviw  .  . 

77-39 

12-30 

10-31 

Eye  straw  .  . 

80-17 

12-46 

7-37 

Oat  straw  .  . 

78-60 

12-39 

9-01 

Oat  straw  .  . 

83-54 

13-85 

2-61 

Pea  straw  .  . 

79-29 

12-77 

7-94 

Pea  straff-  .  . 

83-51 

14-24 

2-25 

No  glycerin  could  he  detected  in  the  first  three  fats,  and  the  quantity  of  solid  acids 
in  linseed  oil  was  but  small.  The  elementary  composition  and  melfing  point  of  the 
solid  acid  indicated  in  each  case  a  mixture  of  palmitic  and  stearic  acids.  The  acids  in 
the  fat  of  oats,  rye,  and  tares,  must  be  present  almost  entirely  in  the  free  state,  a 
small  portion  being  probably  combined  with  ehloresterin ;  and  linseed  oil  must  contain 
a  considerable  proportion  of  free  acid,  as  5-2  p.c.  glycerin  is  equivalent  to  only  42-7  p.c 
of  linoleic  acid,  if  present  as  trilinoleate. 

The  fat  of  meadow  hay  extracted  by  ether  m.ay  be  separated  by  cold  alcohol  into 
a  fluid  soluble  portion,  and  a  solid  -waxy  matter  which  is  insoluble.  Both  these  fats 
saponify  in  great  part  when  treated  with  alcoholic  potasii ;  and  the  resulting  .soaps 
decomposed  in  the  usual  "way,  yield  cerotic,  palmitic,  and  oleic  acids. 

The  unsaponified  portion  of  the  waxy  matter  heated  Avith  benzoic  acid  to  200°  in  a 
sealed  tube  for  several  hours,  is  resolved  into  a  hydrocarbon  and  the  benzoic  ethers 
of  several  fatty  alcohols,  viz.  ceryl  alcohol  C-'ff^O.  an  alcohol  of  the  same  species, 
probably  C"H"0.  cliolesterin'  C-'-lP'O,  and  a  fluid  alcohol  C™H«0,  which  forms 
with  benzoic  acid  an  ether  liquid  at  ordinary  temperatures  and  easily  soluble  in 
absolute  alcohol ;  tlie  fluid  alcohol  is  readily  oxidised  by  chromic  acid  mixture  to 
acetic  acid  and  an  acid  which  melts  at  20°  and  contains  73-57  p.c.  carbon  and  12-41 
hydrogen.  The  hydrocarbon  gave  by  analysis  84-96  p.c.  carbon  and  15-28  p.c.  hydro- 
gen, agreeing  most  nearly  with  the  formula,  C^°H^-,  but  not  improbably  consisting  of 
ceroterio  C-'£P'. 

Tlu^  fat  of  oa  t  straw  contains  the  same  acids  as  that  of  hay.  The  portion  soluble 
in  .■ilr.ilii.l  (■  .111  iins  the  same  fluid  and  solid  alcohols  as  hay-fat  but  not  the  hydrocarbon 
(K.miiv  Kir-.,.\v,  Lanclw.  Vcrsuchs-St.  xvi.  47;  Beitt.  Chem.  Gcs.  Ber.  vi.  500, 
Kciiii.'.  IvirsMW  a.  Aronheim,  loc.  cit.) 

On  the  Digcstibilitv  of  the  I'iit  of  Meadow  Hav,  see  E.  Schulze  (Lcinchv.  Vcrsuclis-St. 
XV.  81  ;  xvi.  329  ;  Chcm.  Soc.  J.  [2],  x.  1037  ;  xii.  85). 

On  the  Influence  of  tlie  Addition  of  Fat  to  the  Food  on  its  Digestibility,  see  Hof- 
moister (ift^f/w.  Vir^iuU-fit.  xvi.  347;  Clicm.  Soc.  J.  [2],  xii.  83). 

PATTY  ACXBS.  Occurrence  in  Wood  Vinegar.— AccovAmg  to  Barre  {Compt. 
rciul.  Ixviii.  1222).  the  crude  acid  obtained  liy  tlie  dry  distillation  of  wood,  contains, 
be^iilis  acetic  acid,  small  qiuuitities  of  formic  and  larger  quantities  nf  propionic, 
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butyric,  valeric  and  caproie  acids,  these  latter  separating  as  an  oily  layer  on  adding 
sulplniric  acid  to  tlie  difficultly  crystallisable  mother-liquor  of  the  sodium  acetate. 

In  Hungarian  Fusel-oil. — A  samplo  of  vino  fusel-oil  from  Pesth  having  a  dark  hock 
colour  and  a  strong  nauseous  odour,  -when  freed  by  distillation  from  water,  ethyl 
alcohol  and  amyl  alcohol,  left  an  acid  residua  (a  little  more  than  half  the  original 
liquid)  wliich  -was  found  to  contain  capric  acid  together  with  a  little  caprylic  and 
perliaps  cenanthylic  acid ;  no  pelargonic  acid  (Grimm.  Ann.  Ch.  Phai'm.  clvii.  264). 

I'or  the  mode  of  separation  see  Capeic  Acid  (p.  249).  The  same  acids  were  found 
by  Fischer  in  crude  cenanthic  ether  (iv.  174).  Capric  acid  has  also  been  found  by 
Eowney  in  the  fusel-oil  of  the  Scotch  distilleries  (ii.  753). 

Preparation  from  the  Soapy  Waters  obtainfd  in  the  washing  of  Wool. — These  wash- 
waters  are  acidulated  with  sulphmie  acid — on  the  average  50  lbs.  sulphuric  acid  of  66° 
Bni.  to  7,000  litres  of  liquid.  The  separation  of  the  fatty  acids  is  facilitated  by  warming. 
Tho  fatty  mud  thus  obtained,  containing  on  the  average  400  lbs.  of  solid  matter  to 
7,000  litres  of  water,  is  pressed  after  draining  off  tho  water,  first  while  cold  then  when 
hot.  The  quantity  of  fat  thus  expressed  amounts  to  only  100  lbs.  to  7,000  litres  of 
water,  while  200  lbs.  of  the  mud  remains  as  press-cake.  Tho  fat  is  clarified  by  boil- 
ing with  dilute  sidphuric  acid  and  subsequent  washing  -nnth  water,  and  bleached  by 
treatment  with  potassium  chlorate  or  with  potassium  chromate  and  sulphuric  acid. 
The  mixed  product  of  solid  and  liquid  fat  may  be  used  as  such  for  soap-making  ;  or  it 
may  bo  separated,  by  slow  cooling  after  fusion,  into  the  solid  and  liquid  portion,  and 
the  two  used  separately  for  lubrication,  soap-making,  &c.  The  press-cake  still  contains 
3474  p.c.  fat  and  22-37  p.c  of  other  organic  substances  ;  it  is  said  to  bo  applicable 
chiefly  for  gas-making  (Marker  a.  Sch-alze,  Dingl.  polgt.  J.  cxcv.  173). 

Preparation  of  solid  fatty  acids  vjithoiit  distillation. — Solid  fatty  acids  may  be  pre- 
pared in  a  short  time  without  distillation,  by  treating  neutral  fats  with  2  p.c.  of  sul- 
phuric acid.  Tho  black  mass  thereby  formed  is  soluble  in  oleic  acid  and  may  bi> 
separated,  together  with  this  latter,  by  pressure.  If  the  fatty  substances  be  mixed 
with  ^vater,  the  addition  of  the  acids  produces  at  first  a  slight  coloration  which  after- 
wards disappears ;  and  if  the  addition  of  acid  be  continued  till  the  colour  becomes 
permanent,  a  solid  perfectly  white  mass  separates,  from  which  the  acid  may  be 
separated  by  decantation.  Further  addition  of  acid  and  heating  converts  this  solid 
mass  into  charcoal,  no  longer  soluble  in  tho  fatty  bodies,  which  melt  and  float  on  tho 
water  (Bouis,  Deut.  Chein.  Ges.  Ber.  ii.  79). 

FEX.SPAR.  Orthoclasc  and  Allnte.~The  following  analyses  of  these 
minerals  from  the  granites  of  Scotland  are  given  by  S.  Haughton  (^Phil.  Mag.  si.  59). 
a.-d.  Orthoclasc ;  a.  From  Stirling  Hill,  Peterhead:  sharp  opaque  flesh-coloured 
crystals  with  a  coating  of  albite.  b.  From  Rubislau,  Aberdeen :  flesh-coloured  opaque 
crystals  associated  with  white  mica,  from  a  granite  not  containing  albite,  which  in 
contradistinction  to  the  eruptive  granite  of  Stirling  Hill,  is  designated  as  'metamor- 
phic'  c.  Peterculten,  Aberdeen  :  large  white  transparent  crystals  from  '  metamorphic ' 
granite,  d.  Callernish  on  the  west  coast  of  Lewis  :  large  grey  crystals  with  a  tinge  of 
flesh-colour  from  metamorphic  granite,  e.  Albite:  clearly  translucent,  spotted  on 
the  surface  with  ferric  oxide ;  occurs  as  a  coating  on  the  orthoclasc  a. 

SiO=  AFO'  Fe=0"  CaO  MgO  Na=0  'k=0  H=0 

a.  65-40  19  04  trace  0-22  trace  3-63  11-26  0-20  =  99-75 

b.  64-44  18-64  0-80  0-66  trace  2-73  12-15  0  80  =  100-22 

c.  64-48  20-00  —  1-01  trace  1-72  12-81  0-64  =  100-60 

d.  64-48  20-00  —  0-78  —  2-19  12-10  0  08  =  99-63 
c.  68-00  20-00  —  0-35  trace  10-88  0-68  —  =  99-01 

Albite  and  Orthoclasc  from  Harzbiivg.  [A.,  ^timg,  Jahrbuch  f.  Miiicralogic,  1871. 
715.) — These  two  minerals  occur  in  the  graphic  granite  of  the  Eadaut'hal,  near 
Harzburg.  The  albite  is  found — 1.  Crystallised  in  druses,  mostly  implanted  on 
orthoclase  in  parallel  rows.  2.  Imbedded  in  tho  orthoclase  in  distinct  layers,  partly 
parallel  to  oP,  partly  to  coPoo .  3.  Intorgrown  -with  orthoclase  in  lamellae,  recog- 
nisable only  by  tho  microscope,  the  lamellae  being  partly  parallel  to  ooPoo ,  partly 
to  (  ooPco  ).  4.  As  an  independent  constituent  of  the  graphic  granite,  but  in  this 
case  also  intorgrown  with  small  quantities  of  orthoclase.  Thin  slices  of  both  minerals, 
when  examined  by  the  microscope,  are  seen  to  be  interspersed  with  very  minute,  blue 
or  greyish-blue,  granular,  and  extremely  thin  brown-red  lamellifi  of  some  foreign 
mineral  or  minerals.    The  lamelte  probably  consist  of  iron-glance  or  mica. 

The  albite  crystals  are  mostly  twins,  having  their  axis  of  combination  perpen- 
dicular to  the  brachypinacoi'd  ooPoo ,  very  rarely  parallel  to  the  principal  axis. 
Simple  crystals  are,  however,  also  found,  not  exhibiting  any  re-entering  or  projecting 
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edges.  The  crystals  are  mostly  combin.ations  of  the  faces  co  P/,  co  /P,  oo/P3,  oo  P/3, 
uP,  coPco  ,  2Poo  (occurring  as  a  truncation  of  the  acute  edge  oP/ :  ooPoo  ),^P^  oo  2,P,co  , 
and  P^. 

TIk)  iaccs  oP  and  ooPco  are  mostly  predominant,  the  prismatic  faces  subordinate, 
sometimes,  however,  equally  developed  with  the  other  faces.  The  eight  prismatic 
faces  are  never  present  altogether.  The  crystals  are  wliito  to  colourless,  have  a  strong 
lustre,  and  are  translucent  to  transparent.    Sp.  gr.  =  2-609  at  12°. 

The  analysis  of  this  albite  showed  that  it  is  a  mixture  20  niol.  pure  albite  (sodic 
felspar),  and  1  mol.  anorthite  (calcic  felspar),  or  94-85  p.c.  albite  and  6-15  anorthite. 


SiO-  . 

C'alo. 

round 

Calc. 

Found 

.  67-40 

67-7.) 

Or: 

Si    .  . 

.  31-69 

31-86 

AFO^ . 

.  20-43 

18-42 

Al  .  . 

.  10-92 

9-85 

Fe=0' . 

2-08 

Fo   .  . 

1-52 

CaO  . 

1-03 

0-92 

Ca   .  . 

]  0-74 

0-66 

MgO  . 

0-14 

Mg  .  . 

0-08 

K-0  . 

0-38 

K    .  . 

0-32 

Na'O  . 

.  11-14 

11-81 

Na  .  . 

".  8-26 

8-76 

100-00 

100-00 

The  orthoclase  occurs  in  drusy  cavities  of  the  graphic  granite,  in  crystals  from 
1  to  2  inches  long,  and  of  simple  form,  exhibiting  mostly  only  the  prismatic  face  coP 
and  the  three  pinacoi'ds.  P  co  is  rarely  visible.  The  mineral  is  greyish  white,  opaque, 
and  dull.    Analysis  gave — 

SiO=      APO'      Fc=(V  CaO  M-0  X-0 

6.5-21    20-40     1  04  0-o5  0  06     9-27     4-77  =  101-10 

Or, 

Si  AI         Fe        Ca  Jl-        K        Na  () 

30-66    10-91    0-81  0-39  O'Ol  7-78    3-54    47-37  -  101-40.. 

These  numbers  give— 

E"E'- :  E'i :  Si  =  1  : 1-15  :  5-84, 

showing  that  tlio  orthoclase  in  question  is  very  impure,  since  for  pure  orthoclase  tlio 
ratio  is  1  :  1  :  6.  If  the  impurities  bo  regarded  as  iron-glance,  and  the  iron  be  accord- 
ingly left  out,  the  ratio  becomes  1  :  1-07  :  6-84,  wliich  does  not  differ  much  from  that 
of  pun^  orthocbiso.  The  ratio  of  the  alkalis  and  alkaline  earths  shows  that  the  mineral 
is  a  mixture  of  about  6  molecules  of  pure  orthoclase  with  5  molecules  of  a  sodio-caleic 
felspar  containing  but  a  small  proportion  of  calcium. 

The  mineral  from  the  augitic  granite  of  the  Eadauthal  described  by  Fuchs  {Lconh. 
Jahrh.  1862,  789)  as  oligoclase,  and  containing  65-83  p.c.  SiO-,  20-46Ai-O^  with  a  trace 
of  Fe-O^  0-7lCaO  with  trace  of  MgO,  6-94K'-'0,  and  5-89Na-0,  appears  rather  to  be 
an  albite  rich  in  potash,  since  the  proportion  of  lime  is  much  too  small  for  oligoclase. 

Orthoclase  from  Elba,  in  which  G.  vom.  Eath  found  3-40  p.c.  Na-0  to  11-93  X-0, 
was  also  found  by  Streng,  on  microscopic  examination,  to  be  intersected  by  lamellae  and 
small  crystals  of  albite. 

The  following  orthoclases  and  mixed  orthoclastic  felspars  have  been  descrilicd  and 
analysed  liy  G.  vom  Eath  {Jahi-b.  f.  Mincralogic,  1870,  890  ;  Fogg.  Ann.  cxliv.  375, 
594). 

(1)  .  While  or  Ydluwkh  OrtJwclase  from  8.  Piero  in  Elba. — Characteristic  forms: 
aP  .  ooPoo  .  <xPo,  and  ^Poo .  The  crystals  are  mostly  simple,  but  twins  likewise 
oecui'.  Interposed  laminae' of  albite  give  the  crystals  the  appearance  of  perthite,  and 
produce  peculiar  phenomena  of  weathering,  resulting  in  a  corroded  appearance. 
Selected  material  was  used  for  analysis  since  the  orthoclase  is  usually  intergrown 
with  quartz  in  the  manner  of  graphic  granite.  Sp.  gr.  =  2-540  ;  after  ignition  (loss 
0-35  p.c),  2-515;  after  repeated  ignition  at  a  higher  temperature,  2-506. 

SiO=  Al^O'  K=0  Na=0 

64-64  19-40  11-95  3-40  =  99-39 

Tliis  felspar  was  found  by  >Streug  {loc.  cit.),  on  microscopic  examination,  to  be  inter- 
sected with  lamellae  and  small  crystals  of  albite. 

(2)  .  Orthoclase  from  Bolton  in  Massachusetts. — This  mineral  is  accompanied  liy 
large  crystals  of  green  augite  and  brown  titanite.  The  surface  of  the  crystal  is  rough, 
drusy,  and  of  a  yellowish  colour,  the  interior  pure  white,  semi-transparent.  Tho 


510  FELSPAR. 

cleavage  faces  Ol?  and  ( ccPoo  )  are  slightly  curved,  but  -without  any  trace  of  twin 
striation  or  albite  lamcllfe  ;  colour  and  lustre  similar  to  those  of  adularia.  iSp.  gr. 
2-586.    Loss  by  ignition  0-05  p.c. 

A  very  similar  felspar,  accompanied  by  fine  crystals  of  augite,  scapolite,  and  tita- 
nite,  is  found  in  the  ueiglibourhood  of  Diana,  Lewis  City,  Ne-w  Jersey. 

(3).  From  Vargas  in  Finland,  also  accompanied  by  augite.  The  crystals  are  some- 
times 2  centimeters  long,  but  mostly  much  smaller.  Tliey  are  -white,  and  covered 
with  a  dull  -whil  e  crust  of  milky  aspect.  The  edges  are  rounded.  Sp.  gr.  2-576.  Loss 
by  ignition  0-13  p.c. 


SiO^  APO^  CaO  ilgO  K=0  Xa=0 

(1)  .      .    .    6-1-64  ,    19-40  —  —  11-05  3-40  =  99  30 

(2)  .      .    .    65-23  19-26  0-42  —  11-80  2-98  =  99-69 

(3)  .      .    .    64-96  19-40  0-49  0-25  12-80  2  32  =  100-22 


All  three  analyses  agree  nearly  -with  the  composition  of  an  orthoclase  containing 
3  at.  K  to  1  at.  Na  (or  a  mixture  of  3  mol.  potash  felspar  to  1  mol.  albite),  which 
requires  65-58  SiO=,  18-73  APO^  12-87  K=0,  and  2-82  Na-0. 

The  two  folio-wing  orthoclastic  felspars  exhibit  abnormal  composition,  and  should 
perhaps  be  regarded  as  mixtures  of  orthoclase,  albite,  and  anorthite. 

(4)  .  Felspar  from  the  Syenite  of  Laiirvig. — This  mineral  is  the  principal  constituent 
of  the  remarkable  rock  -which  extends  along  the  const  of  Norway  from  the  Langesund 
fjord  to  the  Christiania  fjord.  The  crystals  are  liluish  to  bro-\vnish  grej-,  and  exhibit 
a  composite  structure.  A  thin  section  parallel  to  OP  appears,  even  by  ordinary  light, 
as  an  intimate  combination  of  curved  laraellse,  exactly  like  the  intergrowth  of  ortho- 
clase and  albite  exhibited  in  perthite.  In  polarised  light  this  striation  of  the  surface 
is  much  more  evident,  the  lamellae  which  are  inserted  nearly  parallel  to  the  ortho- 
pina,coid  exhibiting  a  variety  of  brilliant  colours.  Sp.  gr.  2  619.  Loss  by  ignition 
0-31.  Analysis  gave  numbers  agreeing  approximatsly  with  a  mixture  of  1  mol.  ortho- 
clase, 3  mol.  albite,  and  2  mol.  anorthite : — 

SiO=  Al-O'         CaO         MffO        K=0  Na=0 

Analysis  .       .    62-81       23-21       2-60       0-07       4-23       7-54  =  100-46 
Calculation'     .    62-48       22-94       4-16         —         3-50       6-92  =  100 

(5)  .  Felspar  from  the  Syenite  of  Monte  Momoni  (Toal,  near  Eizzoni),  Fassa. — 
This  felspar  forms  the  predominating  constituent  of  the  beautiful  coarse-grained  syenite 
w-hich  in  some  places  may  be  regarded  as  of  more  or  less  pure  felspathic  constitution. 
The  light-grey  felspar  occurs  in  grains  ^  to  2  centimeters  in  diameter,  together  with 
small  quantities  of  black  hornblende  and"  a  very  few  small  granules  of  tit.anite.  Micro- 
scopic examination  in  polarised  light  showed  that  this  felspar  also  contained  a  quantity 
of  small  grains  of  plagioclase  imbedded  in  its  substance.  No  striation  was,  however, 
visible,  the  granules  of  plagioclase  being  merely  intergrown  with  the  orthoclase  in 
parallel  directions,  but  other-wise  irregularly.  Sp.  gr.  2-56o.  Loss  by  ignition  0  89 
p.c.  (the  mineral  splits  when  ignited). 

Analysis  gave  the  following  numbers,  agreeing  closely  with  tho  composition  of  a 
mixture  of  5  mol.  orthoclase,  4  mol.  albite,  and  2  mol.  anorthite  : — 

SiO"  A1=0»         CiiO  K^O  Na'O 

Analysis  .  .  63-36  21-18  1-66  8-89  4-91  =  100 
Calculation  .       .    63-96       20-78       2-06       8  65       4-65  =  100 

.  The  somewhat  considerable  quantity  of  lime  is  accompanied,  as  in  the  Laurvig 
felspar,  by  an  increase  in  the  proportion  of  alumina  and  a  decrease  in  that  of  the  silica, 
which  is  in  accordance  with  the  supposition  that  the  plagioclase  mixed  with  these 
felspars  is  a  mixture  of  albite  and  anorthite.  Other  orthoclastic  felspars,  loxoclasc  for 
example,  containing  lime  Avith  a  large  proportion  of  soda,  are  probably  constituted  in 
a  similar  manner. 

Triclinia  (sodio-calcic)  Felspars. — Those  felspars,  viz.,  albite,  oligoclaso, 
nndesin,  labradorite.and  anorthite,  form  an  isomorphous  gi-oup.  tho  end-terms  of  wliicli 
are  albite  and  anorthite,  the  former  being  a  pure  soda-felspar,  tho  latter  a  pure  lime- 
felspar,  whilst  the  others  are  isomorphous  mixtures  of  these  two,  approximating  in 
physical  properties  and  chemical  composition  to  the  one  or  the  other  aecordinp:  as  tlio 
soda  or  the  lime  predominates.  This  view,  first  suggested  by  Sartorius  v.  Waltcrs- 
hausen  {Ucbcr  die  imlkanischcn  Gestcine  in  Sicilicn  u.  Island,  1853),  and  furtlicr 
developed  by  Tseherniak  {Wicn.  Akad.  Ber.  7  [1  abth.].  566  ;  Jahresh.  1865.  883).  has 
lately  been  corroborated  by  the  observations  of  Strong  (Jahrb.  f.  Mincraloyic,  1871, 
508  and  715)  and  of  G.  vom  Eath  {Poyg.  Ann.  cxliv.  219). 
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Streng.olisei'ves  tliat  the  composition  of  albite  and  anorthite  may  bo  represented  as 
follows : — • 

Anorthite        .        .       .    Ca"Al''*.  Ca"Ai'i  .  .SiiO'" 


the  atomic  group  CaAl  in  anorthite  being  equivalent  to  the  group  Na-Al : 
the  second  group  CaAl  in  the  former  to  Si"  in  the  latter. 

The  formulae  of  the  two  minerals  may  also  be  ■written  as  follows  : — 


albite,  and 


Anorthite 
Albite 


Ca"'Ai''.A4Si'0"'. 
Na'=Si"^AlSi'0'^ 


The  general  formula  of  a  sodio-calcic  felspar  may  then  be  written  in  the  form 
Na=°Si^"Ca-~=''Al'"°AlSi*0'°,  in  which  n  is  a  fraction  intermediate  between  0  and  ], 
whoso  denominator  shows  the  number  of  molecules  of  albite  which  are  present  in  the 
number  of  molecules  of  any  other  triclinic  felspar  denoted  by  the  numerator. 

These  formulae  must  not  be  looked  upon  as  constitutional  formulae,  but  merely  as  in- 
dicating that  equivalent  groups  Ca^Al,  Na-Si-,  play  an  analogous  part  in  the  two  com- 
pounds. Analysis  shows  indeed — and  this  is  the  cliief  chemical  argument  in  favour  of 
tlie  theory — that  an  increase  in  the  proportion  of  lime  in  a  sodio-calcic  felspar  is  at- 
tended with  an  increase  of  the  alumina  and  a  decrease  of  the  silica,  while,  on  the  other 
hand,  an  increased  proportion  of  soda  is  attended  witli  a  diminution  of  the  alumina 
and  an  increase  of  the  silica ;  also  that  a  definite  proportion  of  lime  to  soda  corresponds 
in  all  c<ises  with  a  definite  amount  of  silica. 

The  crystallographic  differences  between  the  three  most  important  members  of  the 
series  of  sodio-calcic  felspars,  viz.,  albite,  oligoclase,  and  anorthite,  are  sliown  in  the 
following  table,  in  which 

c  denotes  the  principal  axis  ) 

A  the  inclination  of  tho  axial  pianos  ab,  uc  I 

B  .,  „  a!,,  he  I   in  the  right 

C  .,  ,,  uc,  be  }■  upper 

o  the  angle  between  tlie  axes  h,  e  \  octant. 

-8  .,  „  a,c  I 

7  „  „  a,  b  J 


6   :  c 

1  ^ 

B 

C 

fi 

y 

()-6281 

1  :  O-odoG 

Ij  93°36' 

Albite. 
116°18' 

89°18' 

;  94°22' 

116°24' 

87°26' 

0-6322 

1  :  0-o52,5 

Oliijodasc  from  Vesuvius. 
II  93°28'  1  116°13'  1  91°36;;'  ||  93°4^' 

116°23'  i  90°-l' 

0-63-11 

1  :  o-ooOl 

jl  94°10' 

Anorthite 
.  116°3' 

92°34' 

■j  93°13' 

1  115°55i'j91°12' 

Tlio  values  of  A  and  B,  as  also  those  of  a  and  0,  are  nearly  the  same  in  the  three 
minerals,  the  chief  differences  lying  in  tho  values  of  C  and  y.  These  differences,  how- 
ever are  not  greater  than  those  exhibited  by  many  other  isomorphous  substances  whicli 
are  capable  of  crystallising  together.  It  must  be  observed  also  that  tho  magnitudes  of 
the  angk'S,  and  therefire  also  the  ratios  of  the  axes,  are  not  constant,  even  for  one 
and  the  same  crystal,  but  vary  witli  the  temperature,  and  tliat  bodies  are  comparable 
with  one  another,  as  regards  their  physical  properties,  not  at  the  same  temperatures, 
but  at  temperatures  equally  distant  from  their  melting  points,  which  differ  greatly  for 
the  different  felspars.  AVhon  a  triclinic  crystal  is  heated,  not  only  the  angles  of  tlie 
faces,  but  likewise  their  parametric  relations,  are  altered,  as  also  the  angles  of  tlie 
axial  planes  and  of  the  axes.  If  the  angle  of  tlie  axes  a  b  in  oligoclase,  which  is  nearly 
90°,  is  altered  in  either  direction  by  heating,  it  will  bo  altered  in  the  opposite  maniif-r 
on  cooling,  tlie  angle  in  question  becoming  in  tho  one  case  more  acute,  and  causing  tho 
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form  of  the  crystal  to  approximate  to  that  of  albito,  while  in  the  other  case  it  v/ill  Lo- 
como  more  obtuse,  and  nearer  to  that  of  anorthite. 

Lastly,  the  mode  of  formation  of  its  twin  crystals  shows  that  oligoclase  is  inter- 
mediate between  albite  and  anorthite.  In  anorthite  the  axis  of  combination  is 
parallel  to  the  macrodi agonal ;  in  albite  it  is  perpendicular  to  the  brachydiagonal ; 
while  in  oligoclase  it  is  sometimes  in  the  first  direction,  sometimes  in  tiie  second. 

This  view  of  the  constitution  of  triclinic  felspars  is  further  supported  by  the  crystallo- 
graphic  description  and  chemical  analysis  of  nine  of  those  minerals  from  cUfiferent 
localities  lately  published  by  G.  vom.  Eath  {Poyg.  Ami.  csliv.  219). 

a.  Andesinfrnm  Vesuvius:  identical  in  crystalline  form  with  the  formerly-described 
oligoclase  from  the  same  locality.  - 

b.  Oligoclase  from  Niedcrmcndig.. 

c.  Oligoclase  from  a,  tourmalin  rock  in  the  Veltlin,  from  a  coarse-grained  mixture  of 
black  tourmalin  and  quartz.  The  oligoclase  appears  in  crystalline  grains  an  inch  in 
diameter,  having  a  bluish-white  colom*  and  a  fine,  distinct  striation  on  the  face  P. 

d.  Andesinfrnm  the  hornblende-melaphyre  of  Monte  Mulatto,  near  Predazzo :  very 
distinctly  striated  on  oP. 

c.  Andcsin  from  the  diorite  porphyry  of  Frejus  (Dep.  du  Var). 

./'.  Lahradorite  from  the  diorite  of  the  Veltlin  :  a  coarse-grained  mixture  of  distinctly 
striated  plagioclase  and  blackish-green  hornblende.  The  labradorite  is  bluish-white, 
and  translucent  when  fresh  ;  snow-white  when  somewhat  decomposed. 

g.  Labradorite  from  tlie  porphyrite  of  the  Tannbergthal  (near  Schoneck  in  the  Saxon 
Voigtland).  Nearly  transparent  and  colourless  crystals,  sometimes  3  ceutim.  long, 
accompanied  by  red  orthoclase,  roundish  red  quartz-grains,  and  iron  pyrites. 

h.  Labradorite  from  the  dolerite  of  Hafnefjord  in  Iceland.  This  mineral  which,  to- 
gether with  augite,  constitutes  a  doleritic  lava,  the  so-called  Klottlava  of  Iceland,  was 
called  Hafnefjorditc  by  Forchammer,  who  regarded  it  as  a  distinct  species :  but  his 
analysis,  which  gave  61 '2  p.c.  silica  to  8'8  p.c.  lime,  appears  to  have  been  made  on  an 
impure  specimen. 

i.  Plagioclase  (oligoclase)  from  the  basalt  of  the  Hartenberg  in  the  Siebengebirge. 
This  felspar  which  contains  a  mucli  larger  proportion  of  potash  than  any  of  the  pre- 
ceding, may  be  regarded  either  as  a  mixture  of  albite  (8  mol.),  anorthite  (3  moL),  and 
orthoclase  (3  mol.),  or  of  3  mol.  of  an  albite  rich  in  potash  and  1  mol.  anorthite. 

The  following  table  contains  the  results  of  the  analyses  of  the  nine  sodio-calcic  fel- 
spars above  specified.  The  small  figures  denote  the  percentages  of  sihca,  &c.,  as  cal- 
culated from  the  formulae  : — 


Comj)ositio7i  of  Sodio-calcic  Fels2)ars.  ! 


>, 

Specific  gra-sii 

Silica, 

s 

Potash 

1 

Total 

Ratio  of  molec 
of  Albite  : 
Anorthite 

Formula 

a 

2C47 

58-53 

53-48 

26-55 

2G-40 

6-43 

8.02 

0-89 

7-74 

7-01 

100-14 

4  5 

Na'^Ca^Al'^Si^O'''^ 

b 

2-611 

63-06 
63-23 

23'27 

23-2-2 

4-16 
4-22 

0-62 

8-93 
9.33 

100-03 

2  1 

Na'CaAPSi'^0". 

c 

2-63264-68 

23-08 

3-49 

0-62 

8.98 

100-65 

5  2 

Na'»Ca^Al>'Si3^0==. 

.il-12 

22-62 

3-52 

0-74 

d 

2-663 

60-35 
09-73 

25-45 
25-59 

5-14 
C-97 

1-21 

7-63 
7-71 

0.03 

99-81 

1  1 

Na-CaAl<Si^O=^ 

e 

2-636OS-03 

26-64 

8-07 

0-97 

6-16 

99-87 

4  5 

Na»Ca^Al"'Si=JO''»', 

58-48 

■26-49 

8-02 

7-01 

f 

2-690 

55-25 

29-15 

9-90 

0-80 

5-23 

100-23 

1  2 

Na^Ca^Al^Si-'O^^. 

55-43 

28-49  1  10-35 

5-73 

a 

2-711.')3-61 

22-68;i0-96 

1-15 

4-36 

99-76 

2  5 

Na'Ca^il"Si--0--'. 

54-02 

29-45 

11-4C 

5-07 

h 

2-729:5'l-23 

29-64  12-01 

trace 

4-41 

0-11 

100-40 

2  5 

Na^Ca^Al"Si2=0--. 

54-02 

29-45 

11--1C 

i 

2-632 

63-58 

21-811  2-32 

3-65  ,6-84:0-95:0-66 

99-81 

3  1 

K^Na'CaUl'^Si't'O"-. 

.  63-;)3 

21-90 

7-45 
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The  composite  nature  of  these  felspars  is  indicated  by  the  striation  of  some  of  their 
fiices,  which  would  natiu-ally  result  from  the  juxtaposition  of  a  number  of  thin  lamoUse 
of  two  diflferent  minerals. 

Two  sodio-calcic  folspiirs  from  ilio  Ural,  analysed  by  vom  Eath  {Pogg:  Ann.  cxlvii. 
274),  exhibit  a  similar  .■niislitiiii.m  ;^ 

«.  Oligoelase  froni  ,Si  hi  il,iiii-k  near  Mursinsk,  where  it  occurs  in  clefts  in  the 
granite  which  formerly  yirli In  1  I  he  ^^■(H -known  red  tourmalines.  The  crysbil  examined 
measured  3  or  4  centimeters  in  ii  s  ^rv,  r,il  dimensions  ;  it  is  terminated  at  botii  ends 
by  the  cleavage-faces  oP.  It  is  I  [mm^i  in  ul,  and  colourless,  which  is  seldom  the  case 
with  sodio-calcic  felspars,  and  is  luori'  like  adularia  and  some  varieties  of  sanidine,  in 
not  exhibiting  the  twin-striation  parallel  to  the  brachydiagonal  which  is  usually  seen 
in  triclinic  felspars.    Sp.  gr.  2-642  (at  18°).    Loss  by  ignition  0-38 

SiO=  APO'         CaO         MgO         K^O  Na=0 

63-83       22-58       3-42       0-06       1-02       8-86  =  9'J'77 

Oxygon  ratio:  (CaO  -f  K-0,  Na'-'O)  :  APO' :  8iO-  =  0-985:3  :  9-687.  In  com- 
position this  mineral  is  more  nearly  related  to  the  oligoclasi-  from  the  tournialino-rock 
of  the  Veltlin  than  to  any  other  of  the  nine  triclinic  felspars,  .iinl,  like  the  latter,  may 
be  regarded  as  a  mixture  of  5  parts  by  weight  of  alliil  r  aiul  1  y.ivl  of  auorthite. 

h.  Andesin  from  the  Uvelka  mountain  near  Orenburg  :  a,  iragment  7  centimet"rs 
long  and  broad,  centimeters  thick,  marked  on  the  very  perfect  cleavage-faco  oP. 
with  an  extremely  fine  striation,  which,  however,  does  not  cover  the  whole  face.  The 
mineral  is  fresh,  translucent,  white,  reddish  in  some  parts  from  admixture  of  a  small 
quantity  of  iron-glance.  The  felspar  is  intergrown  with  grey  quartz  and  black  mica, 
the  latter  being  sometimes  interlaminated  in  a  peculiar  manner  parallel  to  oP.  ,Sp. 
gr.  2-654.    Loss  by  ignition  0-33  : — 

SiO=  Fe=0^        CaO  K=0  Na=0 

60-34       24-39       0-18       5-56       0  73       8-44  =  99  01. 

Deducting  the  ferric  oxide,  which  probably  belongs  to  the  iron-glauee,  the  oxj'gen- 
ratio  is  1  025  :  1  :  8-478. 

This  andesin  is  most  nearly  related  to  that  from  the  melaphyre  of  Monte  Mulatto 
near  Predazzo  (p.  612),  and,  like  the  latter,  cannot  be  exactly  represented  in  com- 
position by  a  mixture  of  albiteand  anorthite.  If  we  start  from  the  proportion  of  lime 
and  alkalis  shown  by  the  analysis,  the  proportion  of  silica  comes  out  rather  too  high 
for  such  a  mixture ;  and  if,  on  the  other  hand,  we  start  from  the  observed  quantity  of 
silica,  the  calculated  quantity  of  the  lime  is  too  great  in  proportion  to  that  of  the 
soda. 

Kammelsberg  has  lately  pointed  out  that  the  analysis  of  every  sodio-calcic  felspar 
yields  two  atomic  ratios,  namely,  that  of  Al-  :  Si  and  I  hat  of  Na  ;  Ca.  He  designates 
as  normal  analyses  those  in  which  these  two  rati'.s  Irad  to  the  same  result.  It  is  only 
however,  in  about  10  p.c.  of  the  analyses  disniss.  d  lliai  this  condition  is  exactly  ful- 
filled ;  in  40  p.c.  the  two  ratios  lead  to  iirarly  lln'  sainr  ]n'oiiiii'tioii  of  alliito  and 
anorthite,  while  in  the  remaining  50  yx.  Ilic  .  alnilatinii  fnundd  .ai  the  ratio  Ca  :  Na 
leads  to  a  result  essentially  difierent  iVom  that  which  is  inuiMrd  on  Uir  ratio  Al-  :  8i. 

The  analysis  of  the  Scheitansk  felspar  gives  Al-  :  Si  =^  rtS  t,  corresponding  witli 
a-  mixture  of  5  mol.  albite  and  2  vol.  anorthite,  which  requires  Ca  :  Na  =  1-5.  Now 
tlie  analysis,  after  conversion  of  the  potash  into  its  equivalent  quantity  of  soda.,  gives 
Ca  :  Na  =  1-502,  showing  that  this  mineral  has  the  normal  constitution  of  a  sodio- 
calcic  felspar. 

In  the  (Orenburg  mineral,  Al-  :  Si=  1-425,  corresponding  with  5  mol.  albite  -f  4  mol. 
anorthite,  which  requires  Ca  :  Na  —  1-25,  whereas  the  analysis,  after  conversion 
of  the  potash  into  the  equivalent  (piaiility  of  soda,  gives  Ca  :  Na  =  1-290.  If,  on  the 
other  hand,  we  start  from  this,  tln  ratio  Al-  :  Si  br  comes  =1  :  4-367-  The  Orenburg 
mineral  belongs,  therefore,  to  iln  sr  sodio-caU  ic  irlspars  in  which  calcxdation  from  the 
two  ratios  leads  approximately  to  the  same  result. 

Petersen  (J.  pr.  Chcm.  [2],  vi.  197)  objects  to  the  mixture  theory  of  the  sodio-calcic 
felspars,  chiefly  for  the  following  reasons: — 1.  The  striation  peculiar  to  plagio- 
clastic  felspars  is  not  always  observed  where  it  niiglit  ]h:  expected  to  occur;  orthoclas'^ 
from  the  sveiiile  of  Laurvig  in  Norway,  e.ail  aini n--  a  large  ainouiil  n\'  ^oda,  does  not 
show  il  :  iieiilirr  does  the  plagioclase  li-.aii  lli,-  liasall  nt'  the  Ilarl.  nberg  in  the 
Siebengcbirge,  though  very  rich  in  potash,  exliiliit  any  trace  of  adinixl  lu-e  of  ortho- 
clase.  2.  Admitting  the  possible  isomorphism  of  albite  and  anorthite,  it  is  nover- 
theloes  difficult  to  im.agine  the  replacement  of  Si-  by  Ca.W-,  or  of  Ca-Al-  by  N;i-,Si-, 
and  it  appears  scarcely  necessary  to  admit  special  bi.ws  of  isomorphism  in  the  case  of 
the  felspars,  when  no  such  supposition  is  made  in  other  cases  of  similar  character.  A 
well-detin('d  Irausparent  crystal  of  calcspar,  for  examiile.  cnlaiiiing  a  considerabls 
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proportion  of  magnesium,  is  still  regarded  as  calcspar,  and  not  as  a  mixture  of  calcspar 
and  bitter  spar.  Garnet  also,  though  sometimes  riclicr  in  ferrous  or  nianganous  oxide, 
sometimes  in  lime  or  magnesia,  novertholess  forms  "'.vcU-defincd,  transparent,  homo- 
geneous crystals,  which  can  searcelj-  be  regarded  as  mixtures.  The  same  is  the  case 
with  the  hyalophane  of  Binnenthal,  whieh  has  the  composition  RO.Al-0^  .  4SiO- 
(R  =  jBa  +  iK-,Na-),  and  shows  that  a  large  proportion  of  potash  renders  felspars 
monoclinic.  There  are  also  numerous  cases  of  artificially  prepared  crystals  containing 
several  isomorphous  elements,  which  cannot  easily  be  regarded  as  mixed  crystals. 
Weltxicn's  experiments  hare  shown  how  much  copper  can  be  introduced  into  rhombic 
zinc  sulphate,  ZnSO^  +  7H-0,  or  into  monoclinic  ferrous  sulphate,  FeSO'  +  7H-0, 
without  altering  the  crystalline  form  or  the  amount  of  water.  This  could  scarcely 
be  the  ease  if  the  crystals  containing  copper  were  mixtures.  3.  Anorthite  is  easily 
and  completely  decomposed  by  strong  hytlrochloric  acid,  whereas  oligoclase  is  scarcely 
attacked  :  hence,  according  to  themixtm-e  theory,  hydrochloric  acid  might  be  expected 
to  dissolve  out  the  lime-constituent  of  sodio-calcic  felspars  more  easily  than  the  soda- 
constituent,  but  such  is  not  the  case.  i.  Oligoclase  from  the  diorite  of  Ilof  and  from 
the  diabases  is  free  from  lime  ;  that  from  the  gneiss  of  AschafFenburg  contains  only  a. 
trace  of  lime.  In  all  these  oligoclases  the  oxygen-ratio  of  the  alk.-dis,  the  aluniii;a 
and  the  silica  is  as  1  :  3  :  10.  whereas  in  albite  and  orthoclase  it  is  as  1:3:12. 
6.  Although  crystals  of  albite  are  found  intergrown  with  those  of  orthoclase  and 
vice  versa,  nevertheless  transparent  orthoclases  rich  in  soda  are  perfectly  homogeneous, 
and  probably  therefore  contain  soda  as  an  essential  constituent.  Since,  then,  these 
orthoclases  rich  in  soda,  and  transparent  albites  rich  in  potash,  must  be  regarded,  not 
as  mixtures,  but  as  individual  bodies,  the  same  is  most  probably  the  case  with  oligo- 
clase, labradorite,  and  andesin,  which  last  Petersen  regards  as  only  an  oligoclase  rich 
in  lime. 

Decomposition  of  Felspar  hij  Saline  Solution's. — Birker  a.  Ulbricht  {Annalen  dcr  Laad- 
wirthschdft,  1871,  170)  have  examined  the  influence  of  saline  solutions  and  other 
agents  on  the  weathering  and  decomposition  of  felspar.  For  this  purpose  1  kilogram 
of  powdered  felspar  and  2J  litres  of  distilled  water  were  placed  in  a  flask,  together 
with  the  substances  mentioned  below,  the  amount  of  dissolved  ingredients  being 
determined  after  the  materials  had  remained  bogether  for  about  2i  years. 

In  the  cases  in  which  air  or  carbonic  anhydride  was  used,  the  g.is  was  passed  to  the 
bottom  of  the  flask  at  intervals  of  from  2  to  4  weeks ;  in  the  other  cases  the  flasks 
were  made  air-tight,  and  shaken  at  the  same  intervals. 

The  felspar  used  contained  8-51  p.c.  K-'O,  3-37  Na-0,  1'3  BaO,  16-03  A1=0»,  and 
6.5-52  SiO-. 

In  the  following  table  the  cpiantities  of  ingredients  found  in  solution  are  given  in 
grams : — 


Experiments 

K=0 

Na=0 

CaO 

MgO 

SiO 

1.  Distilled  water 

•051 

•078 

-058 

•006 

•044 

-049 

2.     Ditto,  with  air  . 

•037 

•064 

-044 

•005 

•044 

? 

3.     Ditto,  with  CO-  . 

•071 

•114 

•076 

•004 

-046 

-069 

4.  Caustic  lime  . 

equivalent 

-209 

•17* 

•067 

•003 

•041 

-061 

5.  Calcium  carbonate  . 

1 

•042 

-073 

•112 

•009 

•040 

-019 

6.     Ditto,  with  CO-  . 

1 

-067 

-094 

-018 

•041 

-034 

7.  Calcium  sulphate  . 

-053 

-074 

1-906 

-016 

2-840 

•033 

8.      Ditto,  with  CO-  . 

-068 

•097 

1  -958 

•016 

2-084 

-062 

9.  Calcium  nitrate 

1 

•041 

•062 

•016 

-048 

-036 

10.     Ditto,  with  C0=  . 

i 

•017 

•048 

•045 

11.  Ammonium  sul-"\ 
phate .       .  / 

•161 

-094 

•122 

-035 

•066 

12.     Ditto,  with  CO-  . 

.1 

-162 

•107 

•147 

-015 

•056 

13.  Magnesia 

-359 

•315 

•013 

•004 

•065 

•159 

14.     Ditto,  with  CO-  . 

1 

-312 

•255 

trace 

•111 

•048 

15.  Potassium  carbonate 

trace 

trace 

•048 

•026 

16.     Ditto,  with  CO-  . 

i 

-029 

-007 

-040 

•029 

17.  Sodium  nitrate 

i 

•089 

•049 

•003 

•043 

•060 

18.     Ditto,  with  CO-  . 

•096 

•120 

•008 

•037 

•032 

19.  Sodium  chloride 

1  " 

-163 

•091 

•008 

-040 

•032 

20.     Ditto,  with  C0=  . 

-183 

•123 

•006 

-034 

•057 

21.  Ferrous    hj-drate,  1 

!' 

-086 

•069 

•040 

•004 

•052 

-036 

with  air    .  / 
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Vi-om  these  numbers  it  is  seen  thnt  the  action  of  distilled  -ffatcr  ^vitIl  and  without 
i'.ir  -was  imictically  the  same.  Calcium  carbonate,  calcium  nitrate,  -with  and  without 
Ci'.rbonic  acid,  gypsum  -with  and  withcut  carbonic  acid,  potassium  carbonate  and  bi- 
ciirlir)uato,  and  ferrous  hydrate,  had  little  moro  action  than  water  alone.  Carljonic 
:^  1  I,  .iiid  calcium  carbonate  with  carbonic  acid,  showed  an  increased  action  on  the 
'  and  silica.  In  the  experiments  with  limo  a  much  larger  quantity  of  alkidis 
\,  1  -  iissolvod,  the  limo  at  the  same  time  entering  into  combination  with  the  silica. 
Siil|i!iato  of  ammonia  h.nl  ■iii  cncn'm  tic  action,  more  especially  on  the  potash  ;  only  in 
the  experiments  with  ihis  >:i\t  :'iid  in  tliat  with  lime,  was  potash  dissolved  in  larger 
quantity  than  soda.  In  tin-  caso  ui'  l  Uc  ammonia  sulphate,  the  base  had  entered  into 
.sonn^  c<)iiiI>inr,tion  with  the  silica,  ■\^hich  was  not  decomposed  either  by  washing  until 
all  suliiliiiric  acid  wns  removed,  or  by  heating  to  100°  C.  Eichhorn  {Jahrcsb.  f.  Agri- 
ciiliiirckfiiiir,  l,So9-60,  16)  has  already  shown  that  silicates  which  are  decomposed 
ly  hyiliM.  lilniac  acid,  such  as  chabazite,  absorb  ammoniafrom  its  salts.  Magnesia  acted 
more  ciii  i'L;vli(  nlly  lliau  any  other  agent,  seven  times  more  alkalis  and  three  times 
moro  silica  lu  iia;  M-^sdlvcd  with  its  aid  than  with  water  alone.  Its  somewhat  slower 
action  in  cnmliinal ion  with  carbonic  acid  was  probably  due  to  the  crystallising  of  bi- 
carbonate on  the  sides  of  the  vessel. 

Sodium  nitrate  dissolved  about  double  the  quantity  of  potash  that  water  did,  Ijut 
its  action  was  less  than  that  of  sodium  chloride.  These  comparative  residts  are  in 
unison  with  those  of  Dietrich  on  basalt  (./.  in.  Cimn.,  Ixxiv.  12,  and  Jahrcsb.  f.  Agri- 
cultiirvJir„iii\  18G2-G;J,  14). 

rEBMEKTTilTIOBS'.  Liebig  {Ann.  Ch.  Pharm.  cliii.  137)  has  continued  his 
experiments  with  reference  to  Pasteur's  germ-theory  of  Fermentation  (\st.  Sitppl.  612). 
Pasteur  regards  the  formation  of  acetic  acid  from  alcohol  in  the  ordinary  process  of 
vinegar-making,  as  essentially  dependent  on  the  presence  of  a  peculiar  fungus,  the 
M;/coderma  accti.  According  to  Liebig,  on  the  other  lia ml,  it  is  a,  simple  process  of 
oxidation.  Many  organic  substances  possess,  as  observed  li\-  Srh.  in,  the  power  of 
absorbing  oxygen  from  the  air,  just  like  finely  divided  iilal  iiaim,  the  oxygen  thus 
taken  up  being  transferable  to  other  bodies  and  capablo  of  oxidising  them.  This 
indeed  was  shown  thirty  years  ago  by  Do  Saussure,  who  oxidised  hydrogen  by  contact 
with  organic  matters  in  a  state  of  putrefaction  or  decay.  In  the  same  manner  vapour 
of  alcohol  is  oxidised  in  contact  with  decaying  wood,  the  latter  being  used,  as  is  well 
known,  in  the  quick  method  of  vinegar-making.  Awo'i.!-'-li,;vl;;.j  wliich  bad  1 -con used 
in  a  vinegar-work  for  twenty-five  years,  did  not  exhibit,  nn  iMii  i'uscn|iir  ex aminatioii, 
the  shghtest  trace  of  a  fungus.  Mother  of  vinegar  may  in  like  mainier  bring  about 
the  oxidation  of  alcohol,  but  the  process  is  not  a  physiological  one,  and  the  acetic  acid 
is  a  product,  not  of  a  fungus,  but  of  oxidation. 

The  processes  of  decomposition  of  organic  matters  may  be  divided  into  three  groups, 
the  first  including  alcoholic,  lactic  and  butyric  fermentation  ;  the  second  and  third,  the 
formation  of  acetic  and  of  nitric  acid,  and  the  termentation  of  urine.  Fermentations  of 
the  first  class,  when  once  set  up,  do  not  require  the  further  aid  of  oxygen,  whereas  m 
those  of  the  second  and  third  class,  oxygen  plays  a  definite  part,  tfrinary  fermen- 
tation is  determined  by  the  two  processes  going  on  simultaneously,  a.nd  the  same  is 
true  with  regard  to  the  putrefaction  of  animal  bodies  and  to  the  fermentation  of  dextrin 
in  beer-wort. 

Pasteur  on  the  other  hand  {  Compt.  rend.  Isxiii.  1419)  defends  his  views  on  alcoholic 
and  acetic  fermentation,  and  maintains  the  exactness  of  the  experiments  on  which  they 
are  based.  He  states  that  he  has  been  able  to  produce  fermenting  media  by  bringing 
together  only  three  kinds  of  substance,  namely  a  fermentable  body,  properly  selected 
mineral  salts,  and  fermentative  germs.  If,  for  example,  to  a  very  pure  solution  of 
crystallised  calcium  lactate  there  bo  added  the  phosphates  of  ammonium,  magnesium, 
and  calcium,  together  with  small  quantities  of  ammonium  sulpliatc,  ami  linally  vibrio- 
gorms  or  fully  developed  vibrios,  tlie  lactate  will  disappear  in  a  t'l  wday,-,  and  an  im- 
mense mimbcr  of  new  vibrios  will  be  developed.  As  long  as  .an\  calciuiii  lactate  re- 
mains, the  vibrios  multiply  and  move  about  in  the  liquid  ;  but  wlii'u  the  v,  liolo  of  the 
lactate  is  decomposed,  tlie  vibrios  fall  dead  to  the  Ijottom,  Moreover  not  ihc  smallest 
qtiaiitity  of  wine  ever  turns  sour  in  contact  with  the  air,  M-ithout  the  ptrcvious  presence 
of  Mycodcrma  accti. 

Pasteur  moreover  finds  {Compt.  rend.  Ixxv.  784)  that  if  a  saccharine  liquid  suitable 
for  fermentation  be  put  in  a  vessel  in  which  it  can  be  sown  with  a  particular  organism, 
without  r.'  ir  (ifaiiy  other  getting  into  it  spontaneously  from  thi'  air,  and  then  a  trace 
ofpm-i'  .1;  '  ■  '/ be  .sown  iu  it,  the  liquid  will  in  a  frw  ilays  be  lomplrt,  ly 
covoiTil  I  :  ,  I  V  ,  !,■  of  the  fungus,  which  can  bo  shown  to  Lirnv.-  al  i 'ic  r\pi>nsi  nt' 
the  iiir,  alis.naai  ;  ii-  uxygcu,  and  giving  out  nearly  the  same  voliiiac  .if  cariHju  iliiL\idr, 
and  lu  prudurc  uo  alcohol  in  the  liquid.    If  now  the  pellicle  be  subuu-igrd  in  the  liquid. 
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bubbles  of  carbon  dioxide  soon  begin  to  rise  from  it,  and  alcohol  is  formed ;  at  tlio 
same  time  its  cells  swell  up  and  cease  to  multiply,  and  the  internal  structure  of  their 
plasma  becomes  very  greatly  modified.  Thus  the  same  cells  acquire  or  lose  the  po-n-cr 
of  acting  as  a  ferment,  according  as  they  are  deprived  of  air,  or  exposed  to  its 
action.  This  experiment  also  succeeds  vnth  the  true  fungi,  such  as  PcnicUUtim 
glaucum. 

Yeast  and  other  ferments  therefore  differ  from  the  other  lower  organisms  only  in 
posssssing  the  faculty  of  living  and  multiplying  regularly  and  continuously  -without 
contact  with  the  atmosphere.  These  observations  appear  to  remove  the  mystery  of 
fermentation.  Instead  of  requiring  free  oxygen  to  burn  the  materials  which  serve  for 
their  nutrition,  they  obtain  the  heat  necessary  to  their  existence  by  living  upon  oxy- 
genated bodies  like  sugar,  -which  cau  furnish  heat  by  their  decomposition. 

Vie-wing  fermentation  in  this  light,  all  living  bodies  maj-  become  ferments  under 
certain  conditions.  Thus,  when  an  animal  is  suddenly  killed,  life  does  not  at  once 
cease  in  the  organs  of  the  body,  or  in  the  physiological  elements  of  these  organs,  and 
•when  this  goes  on  in  them,  without  the  influence  of  free  oxygen,  it  does  so  at  the  ex- 
pense of  the  surrounding  materials  from  which  the  necessary  heat  is  obtained,  and 
they  behave  like  ferments  to  these  materials. 

Berard  has  shown  that  when  fruits  are  exposed  to  the  air,  they  absorb  oxj-gen  and 
replace  it  by  carbon  dioxide,  but  that  -when  placed  in  an  inert  gas,  like  carbon  dioxide 
itself,  they  also  evolve  carbon  dioxide.  The  gas  evolved  under  the  latter  circumstances 
he  considers  to  be  a  product  of  a  sort  of  fermentation.  Pasteur  confirms  this  view,  for 
he  finds  that  alcohol  is  formed  even  when  the  fruit  is  placed  in  an  inert  gas.  AVhen 
this  experiment  is  made  with  suitable  precautions,  no  beer-yeast  or  other  ferment  is 
produced. 

Grapes  thus  exposed  to  carbon  dioxide  acquire  at  the  same  time  exactly  the  odour 
and  flavour  of  expressed  grape-juice,  quite  distinct  from  that  of  the  fresh  grape. 

Dumas  {Compt.  rend.  Ixjh'-.  277)  regards  fermentation  as  the  chemical  decomposition 
of  sugar  by  the  vital  force  of  yeast-cells,  and  considers  that  Pasteur's  researches  have 
placed  the  matter  beyond  dispute.  He  has  himself  made  a  number  of  experiments, 
the  results  of  which  are  opposed  to  the  views  of  Berzelius  and  of  Liebig,  and  show  that 
fermentation  is  not  merely  set  going  by  the  ferment,  but  is  continuously  dependent 
upon  it,  and  susceptible  of  measurement  and  modification  like  any  other  chemical 
phenomenon. 

In  one  series  of  experiments  he  endeavoured  to  transmit  the  movements  of  a  fer- 
menting solution  of  sugar  to  a  solution  of  pure  sugar  separated  from  it  either  by  various 
liquids  or  by  a  septum  of  collodion,  or  else  resting  upon  it  in  direct  contact,  and  failed 
in  every  case  to  do  so,  or  even  to  cause  the  inversion  of  the  sugar. 

Berzelius  having  attributed  the  fermentation  of  sugar  to  the  contact-action  of  the 
yeast,  Dumas  tried  the  elFect  upon  sugar  of  another  chemical  phenomenon  also  attri- 
buted to  contact,  namely,  the  liberation  of  oxygen  from  hydrogen  dioxide  and  man- 
ganese dioxide.  This  was  effected  in'  a  solution  of  sugar,  and  produced  no  change 
whatever  in  it.  Various  other  chemical  actions  excited  in  a  solution  of  sugar  were  also 
found  to  be  without  any  effect  upon  it ;  so  that  its  alcoholic  decomposition  cannot  ap- 
parently be  produced  by  another  chemical  action. 

Schonbein  has  shown  that  ozone  and  hydrogen  dioxide  are  formed  during  slow 
combustions,  and  among  these  Liebig  classes  fermentations  ;  but  Dumas  does  not  find 
that  either  ozone  or  hydrogen  dioxide  is  produced  during  fermentation.  Oxygen 
passed  through  a  fermenting  liquid  does  not  appear  to  affect  it  in  any  way. 

By  dinding  a  mixture  of  yeast  and  -water  equallj^  among  solutions  of  sugar,  the  yeast 
being  always  in  excess,  it  -^vus  found  that,  under  similar  circumstances  as  regards 
pressure  and  temperature,  the  duration  of  the  fermentation  was  proportional  to  the 
quantity  of  sugar.  Cane-sugar  requires  twice  as  long  for  its  fermentation  as  glucose  ; 
so  that  as  much  time  is  required  to  invert  the  sugar  as  to  ferment  it.  It  is  estimated 
that  about  400  milliards  of  yeast-cells  are  required  to  ferment  a  solution  of  one  gram 
of  pure  cane-sugar  in  one  hour.  Fermeutatiou  proceeds  more  slowly  in  darkness,  and 
in  a  vacuum. 

Neutral  gases  do  not  affect  the  power  of  yeast.  Sulphur,  iii  a  fermentiug  liquid,  is 
converted  into  hydrogen  sulphide  h;iving  an  odour  of  onions,  and  appears  to  be  the 
only  substance,  besides  suljihurcl  I  nI  cniniKninds,  that  entersinto  reaction  -ndth  ferments. 
Yeast  is  by  this  reaction  shn-«  ii  lo  br  ;i  riMiucing  agent.  Sulphur  does  not  appear  to 
hinder  fermentation,  as  it  has  burn  ^l;lird  to  do.  Very  dilute  adds  do  not  affect  fer- 
mentation :  larger  doses  destroy  it.  Wry  dilulo  aJlnlis  rctnnl  fermontition :  larger 
doses  arrost  it.    Alkaline  carbonates  IuihIt  il         in  very  l^rur  duses. 

S(d  ammoniao  causes  yeast  to  preciiiit.il  r  almn.'-l  :l^  r.iiiidly  as  p  itato-stiirch  deposits 
from  water.  Potassium  silica/e  and  Imiv.c  coagulate  il.  .•^o  that  it  becomes  clotted  like 
silver  chloride. 
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Wliuu  fresli  ytast  is  placed  in  a  saturated  solution  of  nexdral  potassium  tartrule. 
110  eli;iii£!;i'  is  iicrct  ived,  and  on  removing  the  yeast  to  a  solution  of  sugar,  fermentation 
almost  instantly  commences,  and  rapidly  follows  its  course.  But  the  liquid,  after  tlio 
fermentation,  presents  all  the  characters  of  a  solution  of  ordinary  albumin.  When 
the  tiirtrate,  the  yeast,  and  the  sugar  and  water  are  mixed  together  at  once,  no  such 
effect  is  produced ;  so  that  it  must  be  caused  iu  the  other  case,  1st,  by  the  absorp- 
tion of  the  saline  solution  by  the  yeast,  and  2ndly,  by  the  displacement  of  this  by  tho 
sugar  solution.  The  action  of  the  neutral  tartrate  and  of  such  salts  as  potassium  sili- 
cate, borax,  soap,  &c.,  can  therefore  effect  a  phj'siological  analj'sis  of  yeast,  similar  to 
that  of  blood  by  the  action  of  certain  neutral  salts. 

The  acid  tartrate  of  ijotassium  and  some  other  salts  seem  ratlier  to  faA'our  fermenta- 
tion ;  others  retard  it ;  others,  again,  such  as  common  salt,  permit  inversion  of  the 
sugar  to  occur,  but  prevent  its  ferhientation,  while  others  altogether  prevent  both  in- 
version and  fermentation,  these  being  potassium  cyanide,  potassium  monosulpliide,  anil 
strange  to  say,  potassium  acetate. 

Sodium  siiljiliifr  nnd  thiosulpJiatr,  und  potassium  sulphoci/anaie  furnish,  by  a  fermen- 
tation whii/li  siinii  liiiH  s  s'liin  ceases,  and  sometimes  continues  to  its  natural  termina- 
tion, an  alcolioli.-  r.i|ni'l  which,  when  distilled  with  solution  of  potash,  j-ields  aJi 
alcoliol  contiiiuiiip:  aldehyde  and  a  matter  exhaling  a  very  agreeable  fruity  odour.  The 
alcohol  becomes  milky  when  mixcfl  with  water.  The  potash-solution  deposits  much 
aldeliyde-resin  on  cooling,  and  yields  on  evaporation  salts  having  special  characters. 

Potassium  thiosulphate  disengages  hydrogen  sulphide  during  the  whole  of  the  fei'- 
mentation,  and  the  product  which  accompanies  the  alcohol  exhales  an  odour  of 
garlic. 

Lastly,  with  regard  to  the  action  of  salts  as  bearing  upon  the  theory  of  fermentation, 
it  may  1)0  mentioned  tliat  when,  as  in  the  presence  of  the  acid  potassium  tiirfrate,  fer- 
mentation proceeds  actively,  the  yeast-cells  are  clear,  well  defined,  and  fidlof  aplastic 
matter  containing  lirilliant  and  very  active  corpuscles,  and  send  out  numerous  off- 
shoots ;  whereas,  when  the  fermentation  languishes,  as  in  the  presence  of  salts  of  iron 
or  manganese,  the  cells  appear  contracted,  tuberculated,  granular,  and  shrivelled,  and, 
without  recent  offshoots. 

A  solution  of  borax  coagulates  yeast,  and  the  supernatant  liquid  cannot,  like  yeast- 
water,  invert  cane-sugar.  Borax  prevents  the  action  of  yeast-water  upon  sugar,  of 
synaptase  upon  amygdalin,  also  tliat  of  diastase  upon  starch,  and  the  action  of 
myrosin.  (Dumas.) 

According  to  Bechamp  {Compt.  rend.  Ixxv.  1036),  two  yeasts,  apparently  identical 
and  pure,  do  not  always  yield  the  same  results.  Under  the  same  conditions,  yeast  from 
the  same  lot  always  produces  an  equal  quantity  of  acetic  acid  ;  but,  other  things  being 
0  ,ual.  one  sample  of  j'east  may  produce  four  times  as  much  acid,  ormay  require  atimo 
four  or  five  times  as  long  to  complete  the  fermentation,  as  anotlier.  Contact  with  the 
air,  oven  with  a  large  surface,  far  from  augmenting  the  quantity  of  acetic  acid,  dimin- 
ishes it,  but  generally  shortens  the  period  required  for  the  fermentation. 

In  experiments  made  in  apparatus  where  the  air  was  displaced  by  a  current  of  car- 
bonic anhydride,  from  two  to  four  times  as  much  acetic  acid  was  produced  as  in  simihir 
experiments  made  under  exposure  to  the  air.  It  is  possible  to  produce  in  a  saccharine 
solution  a  weight  of  acetic  acid  greater  than  the  dry  weight  of  the  yeast  used  ;  the  acid 
cannot  therefore  come  from  the  yeast.  The  better  the  yeast  is  nourished  in  the  solu- 
tion, the  less  is  the  amount  of  acid  produced.  An  increase  of  temperature  shortensi 
the  duration  of  the  fermentation,  and  augments  the  amount  of  acid.  IPressure  increases 
the  quantity  of  acid. 

Influence  of  Pressure  on  Fermentation. — Experiments  on  this  subject  have 
been  made  by  H.  T.  Brown  {GJiem..  8oc.  J.  [2],  x.  570  ;  xi.  973).  He  finds  that  dm-ing 
the  alcoholic  fermentation  of  grape-juice  or  malt-wort,  besides  carbonic  anhydride, 
there  are  evolved — nitrogen,  hydrogen,  and  hydrocarbons  of  the  paraffin  group,  and 
sometimes  nitric  oxide;  that,  moreover,  the  proportion  of  the  gases  unabsorbed  by 
potassium  hydrate  is  largely  increased  when  the  operation  is  carried  on  xmder 
diminished  pressure.  At  the  ordinary  pressure,  by  far  the  larger  proportion  of  these 
gases  is  nitrogen  (70  to  00  p.c),  but  under  diminished  pressure  (4U0  to  450  mm.),  tlie 
hydrogen  preponderates  (60  to  90  p.c.)  Nitrogen,  however,  does  not  occur  -when  tlio 
solutions  are  free  from  albuminoids,  even  if  ammonium  salts  are  present  in  consider- 
able quantity.  The  increase  of  the  proportion  of  hydrogen,  resulting  from  diminution 
of  the  pressure,  is  accompanied  liy  formation  of  a  comparatively  large  amount  of  acetic 
acid  and  aldehyilo,  so  that  it  would  soem  that  water  is  decomposed  during  the  alcoholic 
fermentation,  and  th:it  ibis  result  is  facilitated  by  the  diminution  of  tlie  pressure. 
The  pres  Mii'c  of  •ili  ri,-  nxi.l,-  in  tlii'  evolved  gases  was  found  to  be  due  to  the  reduction 
of  nitrates  oriijinally  pi-v>r]it  in  the  solutions. 
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DimiinsIioJ  preh:suiv  ix-tfirds  the  prosi-ess  of  the  alcoholic  fcniientatiun  in  a  rc-marK- 
ablo  vra.y,  althoiifth  there  docs  not  seem  to  bo  any  simple  relation  between  them.  It 
IS  certain,  liowever,  tliat  under  dirainisliod  pressure  less  suQar  is  decoiaposcd  than 
(hiring  an  equal  time  at  the  ordinary  pressure,  and  that  iho  proportion  oi  tlie  carbonic 
auliydnilo  to  the  alcohol  produced  is  Greater.  This  difference  is  not  due  to  any  -iniurv 
1  tl  e  >  11  1    t  t      1 1  1         1  1  ui 

exomplihr,!- :         >.■.■--!.!  v,-,  ■  t  i\rr  :  i  ji'jil!'  ■  ^        ,r.    ;  ,"t|,,ity. 

accordino- '   in-l  ■  r  m  l.:'.Min'  (,i   ili:-r:i,.;.  i  voi'in,'  :    ,.  :.i-ila 

decided  cuiii  :;  III  v-Jum-.'  iiimiiL'  iiii-  iil«'Mli<)h-  I.  .•iiii-;:t  ilioi!.     I  :.        •  .;•     :  :  pro- 

duced is  derived  directly  tnjm  the  sugar. 

Influence  of  I'c  m'per  at  urc.—A.Kovd\n%  to  I.  Pierre  {CompL  raid.  Ixxih.  SIT), 
t lie  more  rapid  iermeuiation  ot  sus.ar  whien  takes  place  at  ccinparatively  hitrli  tem- 
peratures is  attended  -with  a  more  abundant  formation  of  the  higlier  alcohols,  butyhc 
and  amylic.  and  consequently  with  a  diminished  production  ot  ethylic  alcohol.  AV  hen 
the  temperature  is  kept  down  to  the  lowest  point  at  whien  iermeutation  can  co  on. 
scarcely  any  butylic  or  amylic  alcohol  is  ootained.  but  propyhc  alcohol  is  formed, 
which,  in  testina-  hy  the  alcohohmetric  process,  is  reckoned  as  common  .ilcohol. 

Alcoholic  Fermentation  hy  means  of  Mucor  Muecdo.  (A.  iit^;.  Bcm. 
Cham.  Ges.  Bcr.  vi.  -iS-u8). — De  Bary  in  18o7.  and  afterwards  Eees.  discovered  tii.it 
the  mould-iungus.  Mucor  Mucedo.  immersed  in  saccharine  solutions,  is  capable  of  set- 
ting up  the  alcoholic  fermentation,  the  spores  of  the  fungus  multiplying  by  gemmation 
after  tlie  manner  ol  beer-yeast.  The  mucor  cells,  llo^YCYe^,  are  easily  distinguished 
from  yeast  cells  by  their  enormous  size  and  by  the  red  coloration  produced  by  zinc 
chloride  in  their  cellulose  enyclope.  In  tho  presence  of  air,  mucor  abjo  develops  a 
luxuriant  mycelium.  Fitz  also  finds  that  the  spores  of  this  fungus  develop  differently 
according  to  tho  presence  or  absence  of  oxygen.  In  tho  absence  of  oxygen,  they 
multiply  by  gemmation,  and  alcoholic  fermentation  is  set  up,  but  in  tho  presence  of 
ail',  a  luxuriant  reticulated  mass  is  produced,  no  fermentation  occurring  at  first,  but 
only  oxidation  of  the  sugar  tlirough  tho  agency  of  the  mycelium.  This  continues  till 
tlie  oxygen  is  consumed,  when  the  mycelium  lireaks  up  into  isolated  cells,  and  fermen- 
tation commences. 

Mucor  fermentation  proceeds  best  at  a  temperature  between  25°  and  28='.  Tho  gas 
evolved  is  piu'o  carbonic  anhydride. 

Mucor  yeast  is  very  sensitive  to  the  presence  of  alcohol,  and  tho  fermentation  soon 
comes  to  an  end.  Mucor  can  oalj'  be  employed  for  the  fermentation  of  solutions  con- 
taining less  than  7  per  cent,  of  sugar,  and  is  therefore  useless  for  tho  fermentation  uf 
wine. 

Succinic  acid  is  formed  in  the  mucor  fermentation,  but  no  glycerin  has  been  detci  t;d 
in  the  product  of  the  reaction. 

Dextrin,  inulin,  and  milk-sugar  do  not  ferment  under  the  influence  of  mucor. 
Alcoholic  Fcrmeniation  of  Milk-sugar. —  Blondlot finds  th::t  milk,  uiulor 
favourable  circumstances,  produces  a  special  alcoholic  ferment,  which  differs  from 
ordinary  yeast  in  requiring  agitation  to  enable  it  to  become  active,  in  oreratiiig  in  aa 
intermittent  manner,  requiringrest  and  agitation  alternatoly,  and  in  not  maniie.sliiig  any 
action  below  20°,  A  temperature  of  30°  to  35°  is  the  best  for  the  purpose.  Ko  car- 
bonic acid  gas  is  evolved  until  the  milk  is  shaken,  and  the  quantity  diminishes  gradu- 
ally as  the  fermentation  approaches  completion,  "When  the  fermentation  has  ceased, 
an  addition  of  millc-sugar  or  of  ordinary  glusoso  causes  it  again  to  become  active. 
The  alcohol  produced  has  an  agreeable  taste,  but  is  npp-.rently  contaminated  with  a 
little  butylic  alcohol. 

New  Theory/  of  Alcoholic  F  ermcni  aiion.—.\.'Sct\t{Compi.  rend,  lxxiii.207) 
supposes  tliat  in  a  solution  of  sugar  containing  globules  of  yeast,  water  is  decomposed, 
the  oxygen  uniting,  at  least  for  a  moment,  with  tlio  substance  of  tlie  globules,  while 
the  hydrogen  in  the  nascent  state  attaches  itself  to  a  molecule  of  sugar,  and  causes  its 
decomposition,  the  products  being  .alcohol,  carbonic  anhydride,  and  one  molecule  of 
liydrogon,  which  decomposes  a  farther  molecule  of  sugar,  and  so  tho  reaction  jn'o- 
ceeds ; — ■ 

2cqii=0«  4-  H=  =  4C=H''0  +  4C0-  +  H=. 

A  single  molecule  of  hydrogen  should  therefore  theoretically  decompose  an  indofinita 
quantity  of  sugar,  were  it  not  tliat  secondary  reactions  occur,  the  principal  of  wliicii 
consists  in  flie  roriualion  of  glycerin  :  — 

C''dl'-0«  +  111  =  2C'H'=0^ 
Tho  reason  for  considcrinc;- tho  hydrogen  thcpvime  agent — although  the  oxygen  might 
equally  well  be  so  regarded,  and  notliiiig  proves  th;\*.  -I'vleT  cevMiin  cenditicns  of  ex- 
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pei'imcnt  it  is  not  so — is  that,  on  allowiuii  two  similar  liquids  to  ferment,  but  with  tho 
iitlilitiou  of  1  p.c.  of  sodiuiu  sulphite  to  tlic  one,  tlic  sninc  Jispnp;ngenient  of  cui-bonie 
iuihydrido  took  place  in  both  crises,  although  tlir  (i\yL;i  ii  I;;id  srrvod  to  convert  the 
sulphite  into  sulphate.    In  this  experiment  no  acid^  unv  lonncd. 

If  the  fermentation  takes  place  in  the  absence  <>{'  .Mdphitc'^.  tho  oxygon  forms  suc- 
cinic and  acetic  acidii. 

Fermentation  of  Fr^iit. — Fruit  protected  from  the  air  evolves  considerable 
quantities  of  carbon  dioxide,  alcohol  and  acetic  acid  being  at  the  same  time  formed  in 
tho  interior,  whilst  a  proportionate  diminution  takes  place  in  the  quantity  of  sugar 
contained  in  the  fruit. 

Observations  on  the  forraontatiou  of  apples  yielded  tho  results  given  in  the  following 
table 


Dura- 

"Weisbt 

Lops 

Loss 

tion  ol: 

of 

of 

of 

fJas 
evolved 

Alcohol 

Acetic 
acitl 

cxpt. 

apples 

weight 

sugar 

liours 

grams 

grams 

gi-nuis 

grams 

grains 

grams 

1  . 

18i 

3-180 

14-3 

26-0 

13-10 

10-01 

0-11 

107 

3,53-6 

7-6 

6-0 

5-30 

4-00 

0-10 

234 

531-5 

22-5 

30-4 

21-05 

20-56 

0-29 

■i  . 

l.jt) 

407-3 

31-3 

4.VG 

24-50 

21-80 

0-35 

12-i 

338-9 

3-9 

5-4 

300 

2-89 

0-17 

6  . 

18-t 

341-0 

4-0 

2-40 

4-27 

0-17 

In  tho  later  stages  of  the  evolution  of  carbon  dioxide,  tho  alcoholic  ferment  -was  in- 
variably found  to  be  fully  developed,  and  budding  at  all  parts  of  tho  interior  of  apples, 
the  peel  of  which  remained  intact.  In  the  juice  of  apples  the  globules  became  trans- 
formed into  long  chains  in  the  course  of  a  few  hours.  During  the  first  stage  of  evolu- 
tion of  gas,  however,  no  ferment  in  tho  growing  state  -was  found  either  in  tho  apples  or 
in  the  juice  expressed  from  them.  The  juice  contained  only  isolated  globules  of 
various  sizes  ;  but  even  at  this  stage,  alcohol  -was  formed,  as  shown  by  experiment  6. 

The  ferment  in  the  budding  state  was  not  observed  in  apples  exposed  to  the  air. 
The  question,  whetlicr  in  this  case  alcohol  is  formed  in  the  fruit,  is  not  yet  decided. 

Tho  gas  evolved  from  the  interior  of  an  apple  under  reduced  pressure  was  found  to 
contain  15  p.c.  of  oxygen  and  5  of  carbon  dioxide,  the  rest  being  nitrogen.  The  gas 
evolved  from  mellow  or  rotten  apples  contains  no  oxygen  (Lechartier  a.  Bellamy, 
J.  Fharm.  [4],  xiii.  251  ;  Coon]3t.  rend.  Ixxv.  1203). 

The  following  observations  on  tho  fermentation  of  bilberries,  wine,  and  honey  have 
been  made  by  Boussingault  {Jiin.  Ch.  I'lii/s.  [4],  xxvi.  362). 

Bilberries  (fruit  of  Vaccinii' ui  Mi/rUUits). — The  berries  were  allowed  to  ferment 
sponbmeously  in  a  flask  coinucli  it  with  ajar  standing  over  mercury. 


Bilberries 

Weiglit 
cnipluyed 

C'ontr 

Sugar 

Alcohol 

Acid 
expressed  as 
H=SO* 

grams 

grams 

Before  fermentation 

948'6-5 

59°^8-6 

■  0-0 

64-32 

y\.fter  ., 

9166-3 

0-0 

239-63 

64-88 

Difference 

-320-2 

-508-6 

+  239-63 

+  0-5C 

The  sugar,  -which,  judging  by  its  rotatory  power,  seemed  to  bo  wiiolly  inverted 
sugar,  should  have  given  305-9  of  alcohol;  only  239-63,  or  78  per  cent,  of  this  -was 
obtained. 

These  239-63  grams  of  alcohol  produced  represent  229-3  grams  of  carbonic  aniiydride. 
The  loss  of  weight  after  fermentation  was  320-2,  and  there  "was,  as  shown  in  the  table, 
but  very  inconsiderable  increase  in  tho  proportion  of  acid. 

Wliitc  Wine  (if  Lampcrlsheh.—'Mu^t  of  sp.  gr.  10795  at  17°  was  tajcen  and  strained 
from  tho  st-ilks!  skins,  and  stones. 
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Fermentation  of  White  Wine. 


Weiglit  of  must 

Sugar  by 
copper  test 

Alcohol 

expressed  as 

I3efoi'o  fermentation 
After 

Difference 

gi-ams 

9710-5 

89o5-0 

grams 
1688-46 
traces 

grams 
0  0 
781-41 

gi-ams 
30-74 
47-82 

-760-5 

-1688-46 

+  781-41 

+  808 

Tlie  alcoliol  obtained  was  about  91  p.c.  of  tlie  amount  which  the  sugar  should  theo- 
retically have  yielded. 

Tlie  alcohol  produced  represents  747-8  of  carbonic-  anhydride,  the  loss  actually  ex- 
perienced being  760-5. 

By  a  series,  of  observations  of  the  rotatory  po-n-cr  of  the  must  dm-ing  the  progress  of 
the  fermentiitiou,  it  was  found,  as  already  shown  by  Dubrunfaut,  that  the  dextro- 
glucose  is  destroyed  by  fermentation  before  the  laevulose. 

Honey. — Fermented  with  washed  beer  yeast. 


Sugar 

Acid 

Volume 

■Weight 

by  copper 

Alcohol 

expressed  as 

test 

H-'SO* 

litres 

grams 

grams 

gi-ams 

grams 

Before  fermentation 

3-845 

4012-87 

378-73 

0-62 

After 

3-837 

3823-00 

traces 

177-65 

3-07 



Difference 

-0  008 

-189-87 

-378-73 

+  177-65 

+  2-45 

The  sugar  shoidd  have  produced  193-57  grams  of  alcohol.  Calciilatingfrom  the  alcohol 
produced,  170  grams  of  carbonic  anhydride  should  have  been  evolved.  The  actual 
loss  incurred  was  nearly  190  grams. 

Nature  and  Origin  of  rerments.— A.  Mayer  {Ann.  Cliem.  Fharm.  clvii.  227) 
has  made  a  series  of  experiments  on  alcoholic  fermentation  and  the  mode  of  nutri- 
tion of  the  yeast-plant,  from  which  the  following  conclusions  are  drawn.  The  salt 
most  intimately  related  to  the  proper  physiological  function  of  yeast — the  conversion 
of  sugar  into  alcohol  and  carbon  dioxide — is  acid  potassium  pliosphate,  since  the  exclu- 
sion of  that  salt  exerts  immediately,  and  directly,  an  injurious  effect  upon  the  fermen- 
tative process.  It  cannot  be  replaced  by  the  sodium  or  ammonium  phosphates,  or  by 
any  other  salt  of  potassium. 

Other  salts  are,  however,  necessary  to  the  complete  nutrition  of  the  yeast-plant.  If 
a  mixture  of  water,  sugar,  and  an  appropriate  nitrogenous  body,  in  proper  propor- 
tions, be  taken,  and  no  mineral  constituent  except  potassium  phosphate  be.  added,  fer- 
mentation sets  in  actively,  after  the  addition  of  a  very  small  quantity  of  yeast,  but 
after  a  time  the  yeast-cells  are  found  to  be  incompletely  formed,  and  they  are  no 
longer  capable  of  keeping  -up  vigorous  alcoholic  fermentation. 

The  salts  which  prevent  this  degeneration  of  the  yeast-plant,  and  so  must  be  re- 
garded as  food  for  it.  are  those  of  magnesium,  although  these  stand  in  no  direct  rela- 
tion to  the  decomposition  of  the  sugar.  The  minutest  quantity  of  sulphur  suffices  for 
the  nutrition  of  the  yeast-plant,  and  this  substance  appears  to  be  present  even  in  the 
purest  sugar-candy.  All  the  other-constituents  of  the  ashes  of  the  plant  bear  no  rela- 
tion to  its  nutrition,  and  calcium  may  be  entirely  removed  without  injury. 

These  results  show  that  the  requirements  of  the  yeast-plant  are  much  simpler  than 
those  of  the  higher  plants  and  animals.  Iron,  for  instance,  and  probably  calcium  may 
be  completely  absent  from  growing  yeast.  It  is  also  manifest  that  the  several  functions 
of  plants  demand  specific  forms  of  nutriment  for  their  due  performance. 

With  regard  to  the  nutrition  of  yeast  by  nitrogenous  substances,  the  following  re- 
sults were  obtained  :  they  are  somewhat  different  from  those  commonly  received.  The 
albuminous,  and  many  other  highly  organised  bodies,  are  ill  adapted  to  the  nutrition 
of  the  yeast-plant.  Ammonium  salts,  and  nitrogenous  organic  substances  similar  in 
constitution  to  ammonia,  are  quite  competont  to  the  mitrition  of  the  yeast-plant. 
But  this  plant  differs  from  the  higher  vegetable  organisms  in  being  incapable  of  de- 
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viviug  the  cliief  portion  of  its  nitrogen  from  tlie  nitrates.  Pepsin  was  found  to  be  the 
best  food  for  yeast,  and  the  diastase  of  beer  "vvas  also  found  to  be  a  good  nitrogeiidus 
substance  for  this  purpose,  and  for  supporting -yigorous  alcoholic  fermentation  ;  but  with 
respect  to  diastase,  it  was  found  that  this  result  in  no  way  depended  upon  the  facility 
with  which  that  bmly  finiionts,  for  previous  heating  of  the  liquid  to  the  boiling  point 
exercised  no  inlliu  in  r  <hi  flu'  subsequent  fermentation  by  means  of  yeast. 

During  alcohoii,'  f  •riiii  iilntion  j'east  not  only  decomposes  sugar  into  alcohol  and 
carbon  dioxide,  Imt  the  organism  secretes  unlaiowii  iiitrn<>;cnous  substances  which  are 
no  longer  capable  of  affording  nourishmi  at  tu  tlic  plani . 

With  regard  to  the  connection  between  ilw  niitriiinn  :iri!;c  yeast-plant  and  alcoholic 
fermentation.  Mayor's  experiments  show  tliat  yeast  tlurs  iini  require  the  access  of  free 
oxygen  for  its  growth,  and  differs  in  this  respect  from  oiln  r  YrL,rct ;il ile  organisms;  it 
does  not  breathe  in  the  same  sense  as  the  higher  plants,  .1  iiini,ils,  even  other  fungi 
do.  The  dictum  that  every  organism,  in  order  to  furnisli  inanilVvliitions  of  life,  must 
appropriate  oxygen,  cannot,  therefore,  bo  unreservedly  ailuiilicd.  .-iiid  the  tallowing  is 
proposed  as  a  substitute  for  it: — that  for  the  complelioii  nl'  tin  iii:iiiiir>tations  of 
vitality  in  every  organism,  chemical  forces  must  come  into  pl  iy.  sui-h  chi'mical  forces 
being  transmuted  into  heat  and  mechanical  motion  ;  further,  tliat  tlio  chemical  force 
deri\-ed  from  the  affinity  for  oxygen  of  organic  substances  in  plants  must  be  considered 
only  as  a  special  case  of  the  above  general  law,  although  the  most  common  one.  If 
this  modification  of  the  generally  received  theory  be  admitteil,  (lie  vital  changes 
imdergone  by  yeast  iu  a  saccharine  solution  may  be  classed  wilh  tla^r  ..'hanges  of 
matter  which  take  place  in  the  higher  org.anisins,  and  at  the  samr  1  inic  t!:c  scries  of 
phenomena  taking  place  durinp;  the  growth  of  the  yeasl  -iilant  ■  rxplicable.  The 
splitting  up  of  a  carbo-hydi-at  (■  iiit-i  alcohol  and  carljoii  .laixid-  1,  accompanied  by  a 
loss  of  chemical  force — the  alenhol  imaned  having  a  nua  !i  MiialK  r  Miurmic  eqiuvaleut 
t.hau  the  sugar  fmni  wliicU  the  alcnlad  was  formed.  'I'hi'  rase  as  one  of  internal  com- 
bustion (iiiiirrr  ]',  rhrr,inii,i<i  \.  _Mni-, nver,  the  formation  of  cellulose  in  the  cell-wall 
of  the  r.iriiied  yeast-planl  is  a  case  of  splitting  up  of  sugar  into  more  highly 

and  less  nxidiseil  products,  and  during  the  process  there  is  a  consumption  of  chemiciii 
force.  The  connection  between  the  splitting  up  of  the  sugar  and  the  budding  of  tta 
yeast-plant  is  thus  indicated  witli  much  probability. 

From  the  experiments  of  Bechamp  {Coitrpt.  rend.  Ixviii.  877)  it  appears  that,  under 
some  circumstances,  the  mother  of  vinegar,  a  conglomeration  of  microzymes,  can  be 
transformed  into  bacteria,  and  under  other  circumstances  into  a  cellular  ferment  which 
can  produce  the  normal  alcoholic  fermentation  from  cane-sugar.  Subsequent  researches 
[Ann.  C'li.  Phi/s.  [i],  xxiii.  443)  have  sliown  that  the  converse  of  this  is  also  true,  and 
that  the  cellular  ferment  may  be  transformed  into  microzymes  and  bacteria. 

A  mixture  of  starch  and  yeast  kept  at  a  temperature  of  24°-35°  soon  liquefies,  and 
the  yeast  undergoes  remarkable  changes.  The  cells  swell,  become  transparent,  and 
gradually  disappear.  Mj'riads  of  microzymes  of  great  agility  spring  inin  e\i-ti  iiee, 
tiien  vibrios  appear,  and  as  these  increase  the  microzymes  diminish.  'I'la'  \  :1a  ios  in 
thidr  turn  are  succeeded  by  myriads  of  bacteria,  and  finally  the  bacteria  gradually 
ili-a|  i:ai',  leaving  nothing  present  but  microzymes,  simple  or  coupled  together. 
1  •iiniej  I  Ik  se  changes  a  small  quantity  of  gas  is  disengaged ;  no  butyric  acid  is  formed, 
and  but  lillli'  acetic  and  lactic  acids. 

A  similar  experiment  made  in  presence  of  calcium  carbonate  produces  somewhat 
siuiilui-  i  liysiologieal  results,  but,  in  addition,  the  vibrios  are  preceded  or  accompanied 
by  a  crowd  of  little  bodies  resembling  the  amijlohacters  of  Trecnl  {Compt.  mid.  Ixxiii. 
1  loo),  which,  however,  soon  disappear,  leaving  only  bacteria  present.  In  this  experi- 
ment pure  carbon  dioxide  is  disengaged  at  first,  and  afterwards  a  mixture  of  carbon 
ilioxide  and  hydrogen.  The  soluble  starch  and  dextrin  disappear,  producing  a  corre- 
sponding quantity  of  alcohol,  acetic,  and  butyric  acids.  The  ferments  which  proceed 
irom  these  operations  can  serve  indifferently  as  lactic  or  butyric  ferment. 

As,  then,  the  mother  of  vinegar  when  changed  into  bacteria  becomes  lactic  or  butyric 
ferineiit,  and  when  transformed  into  cellular  matter  becomes  .alcoliolic  ferment,  and  as 
!u  .  r-y.■a^l  lirconi-s  lactic  or  butjTic  ferment  when  reduced  to  microzymes,  vibrios,  or 
l  aeleria,  il  is  i'\  iilriil  th.at  the  property  of  being  a  ferment  of  any  particular  nature 
<! u  s  not  depend  es-entially  upon  the  matter  of  the  ferment,  but  upon  its  organisation 

l,a  !ig  contested  the  statement  that  an  alcoholic  ferment  can  Ijo  produced  in  a  sac- 
eharine  mixture  without  the  previous  addition  of  an  albuminoid  .substance.  Bechamp, 
however  {Compt.  Ixxiv.  125),  arrives  at  a  contrary  conclusion.    A  mixture  of 

1250  grams  of  cane-sugar,  1  gram  of  magnesium  phosphate,  0-5  gram  of  calcium  pihos- 
phate,  and  1,500  c.c.  of  water,  when  exposed  to  the  air,  soon  becomes  very  acid  ;  gas 
i.s  given  off  as  abundantly  as  in  :i  fermentation  with  ordinary  yeast;  and  in  91  days, 
when  the  evolution  of  gas  has  ceased,  the  mixture  yields  3.36  c.c.  alcohol  of  36°. 
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Acotic  acid  is  also  pressnt,  but  neitbei-  butyric  nor  lactic  acid.  Tho  formorfc  consists 
of  very  small  oval  cells  and  mobile  granulations.  Experiments  -n-ith  cane-sugar  and 
other  salts,  as  potassium  nitrate,  sodium  phosphate,  alum,  &c.,  gave  very  similar 
results. 

Becliamp  also  finds  that  beer-yeast,  when  suspended  in  water,  exhausts  itself  and 
secretes  phosphoric  acid,  and  that  amongst  other  products  formed,  one,  named  by  him 
zymase,  is  capable  of  inverting  cane-sugar.  The  phosphoric  acid  and  zymase  exist 
in  the  interior, of  the  yeast-cells,  from  which  they  are  separated  by  cxosmose,  and 
amongst  the  other  products  are  leucine  and  tyrosine.  An  experiment  upon  350  grams 
of  moist  yeast,  representing  84  grams  of  the  dry  substance,  furnished  a  grams  of 
leucine  and  5  decigrams  of  tyrosine  {Compt.  rend.  Ixxi.  689  ;  Ixxiv.  184). 

When  the  yeast  which  works  off  from  new  beer  in  cask  diu'ing  the  process  of  cleans- 
ing is  allowed  to  settle,  the  fluid  portion  removed,  and  water  added  to  the  remainder, 
nearly  all  the  cells  of  yeast  rise  to  the  surface  in  three  days,  and  under  the  microscope 
they  are  seen  to  move  ivith  the  agility  of  the  most  active  monads.  These  bodies  re- 
semble in  size  and  shape  the  yeast-cells  from  which  they  have  been  derived,  and  their 
surface  is  covered  with  fine  dark  granules  which  appear  to  have  resulted  from  an 
alteration  of  the  superficial  membrane  (Trecul,  Compt.  rend.  Ixxiv.  23). 

According  to  Hoppe-Seyler  {N.  Sep.  Fharm.  xx.  764)  the  ferment  which  converts 
e:ine-sugar  into  grape-sugar  forms,  when  separated  from  beer-yeast,  a  white  powder, 
which  is  soluble  in  water,  and  niay  be  preserved  unaltered  in  the  dry  state  under 
alcohol.  Living  beer-yeast  doos  not  give  it  up  to  water,  but  if  the  yeast  bo  killed  by 
nildition  of  a  little  ether,  the  ferment  may  easily  be  extracted  by  water  and  separated 
from  the  solution.  Tho  aqiieous  solution  quickly  eflPects  the  transformation  of  tho 
sugar. 

Ash  of  Yeast. — The  ash  of  yeast  has  boon  an^ilysed  by  Becliamp  {Compt,  rej-.d, 
Ixxiii.  337)  with  the  following  results: — 

SO^         P=0=         K^'O       Na'O       CaO       JlgO      Fe-'0=      Al'O'  S10= 
6  665    55-628    28'601    0'804    1-608    6-878    0-840    undetermined    =  100-114 
Another  experiment  gave  5-71  p.c.  S0^  66-94  P-'O^,  and  6-94  MgO. 

The  incineration  was  effected  by  means  of  bismuth  nitrate  in  the  manner  described 
under  '  Ash  of  Organic  Bodies '  (p.  108). 

On  the  origin  and  development  of  Bacteria  and  Vibriones,  and  their  relation  to 
Fermentation  and  Putrefaction,  see  Bastian  {Proc.  Boy.  Soc.  xxi.  129,  224,  325,  349). 

Antlferments  or  Antiseptic  Substances.  Merffuric  o.vide  completely  prevents 
alcoholic  fermentation,  and  likewise  the  conversion  of  cane-sugar  into  grape-sugar  ; 
cuprio  salts  act  in  a  similar  manner.  Ferric  salts  coIoot  yeast  dirty  yellow;  after  two 
or  three  days,  however,  the  colour  disappears,  and  regular  fermentation  slowly  sets  in. 
The  chlorides  of  potassium  and  sodium  appear  slightly  to  accelerate  alcoholic  fermenta- 
tion. Caustic  alkalis,  added  in  sufficient  quantity  to  produce  strong  alkaline  reaction, 
do  not  interfere  with  it,  but  they  render  it  imperceptible  for  some  time  by  absorbing 
tlie  carbonic  acid.  Chloroform  prevents  fermentation  to  a  considerable  extent,  a  few 
drops  added  to  100  c.c.  of  a  fermenting  mixture  containing  5  p.c.  sugar  suiBcing  to 
arrest  it.  Quinine  acts  in  the  same  way.  Nicotine  accelerates  fermentation  slightly  ; 
so  does  strychnine  at  first,  but  afterwarils  retards  it.  Creatine  appears  to  retard  fer- 
mentation, but  is  itself  at  the  same  time  converted  into  creatinine,  which  accelerates 
it.  Hydrocyanic  acid  retards  fermentation,  or  arrests  it  completely ;  its  action,  how- 
over,  does  not  extend  to  the  yeast-water  or  only  so  far  as  to  exert  a  preservative  action 
iipon  it.  The  yeast  when  freed  from  the  hydrocyanic  acid  regains  its  activity.  This 
action  of  hydrocyanic  acid  upon  yeast  is  similar  to  that  which  it  was  observed  by 
Schonbein  to  exert  on  the  colouring  matter  of  the  blood  (Liebig,  Ann.  Ch.  Pharm. 
clili.  137). 

Calvert  {Proc.  Boy.  Soc.  xx.  197)  made  a  series  of  experiments  on  a  solution  of 
albumin  to  which  was  added  one-thousandth  part  of  an  antiseptic  substance.  He  found 
that  such  substances  may  be  divided  into  four  classes  : — ■ 

1.  Those  substances  which  entirely  prevent  the  development  of  protoplasmic  life 
and  of  fungi  :  tliese  are  phenol  and  cresol. 

2.  Those  which  prevent  the  development  of  \'ibrios  without  stopping  the  production 
of  fungi :  zinc  chloride,  mercuric  chloride,  and  zinc  sulphophenate. 

3.  Those,  on  the  contrary,  which  permit  tho  production  of  vibrios  and  prevent  th.-it 
of  fungi :  lime,  quinine  sulphate,  xiepper,  and  prussic  acid. 

4.  Those  which  do  not  prevent  the  production  either  of  pirotoplasmic  life  or  of  fungi  : 
sulphurous,  sulphuric,  nitric,  arsenious  and  acetic  acids  ;  caustic  potash,  soda  and 
.'immonia  ;  solution  of  cldorinc  ;  sodium,  calcium,  and  aluminium  chlorides  ;  calcium 
hypochlorite  ;  potassium  chlorate  ;  calcium  sulphate ;  ferrous  sulphate ;  calcium  bi- 
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sulpli;;to  :  sodium  thioBiilphato  :  souium  pliosphalo:  cnk'ii 
|inriii;in2;aiiato.  potassium  ;iud  sodium  sulplio])lioiintes ;  p'.cri 

,-h:in-<,:>]. 

Ands.  -wliilo  not  prerentmo-  the  development  of  vibrios,  i 
i'.i;  ■)  :  ;l!'s  s  (  spcci;;liv  to  sulphuric  and  acctie  acids. 

i        iwih.'  |ii'.nluction  ot  iuugi.  but  tavoiir  1 1 
/mc.  iil-T  ..    •'.  .  iii'Ti-iinc  .■lilMi'idocomplotolyprovont  the  lit 
Imi  ,lo  iMi    ,  .,,  ih,^  lunniil  Hin  of  fungi.    Chlorine  and  ciilc 
pro. ID.;!  11)11  ur  vibrios  only. wlicn  employed  m  great  excess: 
chldi'ilf  IS  so  ii-rd.  iL  acts  v/ith  violence  upon  the  protuic 
t'n.n-;ii!'eiiu  iit.  ot  jiitroijou.    Quinine  sulphate  coniph'tely  stuj 
and  this  iact  leads  to  rhe  siinjiiisitum  lliat.  as  quinine  sulp 
eious  in  cases  ol  iHtermilient-  liner.  Ibis  malady  mav  bo 
into  the  human  economy  cjI  lunguul  i-odius.    This  seems 
It  IS  considered  that  this  ievcr  is  most  prevalent  in  swiiii 
much  decomposition  ot  vcgetaLlo matter.  "Wood-eiLiren;;! 
portics :  it  absorbs  the  putrid  gases  produced  and  censes  \ 
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splr'te:  potassium 
turpentine  ;  vood- 

xluction  of 
i-.iitrary, 
\  I  linos. 

i  \  I  I  Ics 
t         I  [  tho 

1  iluunHiJ 
iiiiiii.Ts.  lii-inlucing  a  dis- 
ips  Ihc  tiirie.ii  ion  ol  lunffi. 
Iphate  IS  remarkably  effiea- 
causod  by  tlio  introduction 
ill  tlie  more  prouahlo  when 
pv  eiiuntries  where  there  is 
)H.s-rsses  no  a.ntiseptic  pro- 
e  ir  oxidation. 


According  to  Eabuteau  a.  Papillon  {Co?npi.  rend.  Ixxv.  7oo)  1  p.c.  of  sodium 
silicate  prevents  the  alcoholic  iermentation  ol  grape-juice.  Urine  contaimno-  2  p  c. 
of  tho  salt  undergoes  no  decomposition,  oven  in  lo  days,  and  the  evolution  of  ammonia 
IS  scarcely  sensible  With  1  p.c.  IVIilk  mixed  with  ono-lourth  of  its  volume  of  water 
containing  one  twenty-tilth  part  of  the  silicate,  remains  free  from  acidity  at  the  end 
ol  five  days,  and  if  the  cream  bo  then  removed,  the  reraainmcr  liquid  will  be  found  to 
bo  alkaline,  and  without  a.  single  flake  ot  casein.  An  emulsion  ot  three  swctt  and  three 
Intter  almonds  made  with  water  containiuff  ono  twenty-htth  part  ol  the  salt  is  qui!" 
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It  appears  then  that  silicate 
,  only  its  action  is  more 
r.  and  injected  into  the 
.1  ot  the  animal:  while 
silic.itc  untler  the  same  comhtions  caused  death. 
L'd  were  purging  and  vomiting,  and  tho  urine 
luallv  oiminishod.  and  the  animal  died  in  nine 
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inodorous,  and  remains  s 
ot  sodium,  like  borax,  prevents  tei 
energetic.  2  gi-anis  ot  borax  dis- 
veins  ol  a  dog,  produced  no  apiHT 
an  injection  of  1  gram  only  ot  sudi 
In  the  latter  case  the  eftects  proi 
contained  albumin  :  the  ai3petite  ! 
days. 

Petit  {Coiiipt.  rend.  Ixxv.  881)  huds  that  when  a  solution  of  cane-sugar  contains 
1  p.c.  of  sodium  sdicate.  fermentation  commences  slowly  after  the  addition  of  the  yeast, 
but  when  established  it  proceeds  rapidly  and  very  regularly.  1  p.c.  of  borax  has  no 
etlect  on  iermentation.  Ihe  same  proportion  ot  ferrous  sulphate  causes  tho  ferment- 
ation to  proceed  slowly  but  regularly.  With  copjwr  sulphate  the  fermentation  com- 
nieiiees.  l;ut  soon  stops.  With  1  p.c.  ot  arsenic  trioxido  tho  fermentation  proceeds 
slowly,  but  Very  regularly. 

Acetic  acid,  is  more  antitermentative  than  tlio  same  quantity  of  a.  mineral  acid. 
1  ])  c.  ot  oxidic  acid  marlicdly  slackens  tho  rate  ol  iermentation. 

Ihe  most  antilermentativo  homes  tried  were  mercuric  oxide  and  chhruic. 
Sidphites  do  not  hinder  iermentation.  and  are  themselves  converted  into  sulphates 
as  tho  iermentation  proceeds. 

Fiructioii  of  Chalk  in  Buii/ric  Fermentation. — I: 
drop  or  two  ot  phenol  or  creasote  to  100  c.c.  of  s 
.■deoholie  termentation.  and  hence  concludes  that 
lill  Itl  tl  1  I  1  N  1  1  1  1!  1  Ic 
tl     ll     I  \  1    I    1  ^ 

11         I  1       1       I       1      I  \  t  1  1 

id  with  that,  of  tile  butyric  forme 
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h  t  (,)  1  1 
Isobe  destroyed  by  a  sufficient 
to  the  relativelv  larger  quan- 
eli  IS  introduced  into  a  sugar- 
i  a  liutync  lernient.  which  is 


solution  Irom  the  air.  I>eciiamp  moreover  iinds  iii  challi  a  Ini 
not  destroyed  by  phenol  (1st  Suppl.  Gli).  According  to  Locvvs  experiments,  this 
ferment  does  not  exist  in  the  chalk  in  its  natural  state,  but  is  introduced  from  the  air 
during  pulverisation,  and  the  inaction  of  phenol  with  regard  to  it  is  dne  to  tue  .absorp- 
tion of  the  phenol  by  the  chalk,  so  that  to  arrest  tlie  ferment<atioii  a  cousidcraldn 
quantitv  of  phenol  is  required.  That  marble  excites  Iermentation  in  a  liquid  coiitain- 
iiiir  i.lieiiol  b  .v;  easily  than  chalk,  arises  not  from  tli-' .ibsi  n,  -  ot  im.a'.i  ivnies.  but  from 
till'  ril.  ri  ir  e;i|i.i.'ity  oi  the  marble  to  absorb  phenol  ;  i  in  ii  j'li.  i:..!  i-i  not  proscnt- 
mari .ie.  ail,'!-  exposure  to  the  air  excites  the  butyric  lonn.  ;;i:  lem  |ii.-i  as  wAl  :is  clialk- 
Tlio  retardation  of  butyric  iermenta.tion  by  small  qiiaimties  ot  plieiiol  iiiav  also  be  pre- 
vented by  addition  of  animal  charcoal. 

C'-  Ii'".    A  fluorescent  hydrocarbon  discovered  in  tho  portion  of  coal- 
tar  boiling  at  300'='-340°,  by  Bcrthelot  {Ann.  Ch.  Thys.  [4],  xii.  222),  who,  however,  did 
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not  assign  any  definite  formula  to  it.  It  is  best  obtained  by  crystallisins;  the  portion 
-which  distils  between  300°  and  305°  from  a  mixture  of  alcohol  and  benzene,  whereby 
a  quantity  of  acenaphthene  is  separated  from  it. 

Dibromojluorene  C'^H'^Br-  crystallises  in  beautiful  monoclinic  tables.  When  it  is 
brought  to  a  red  heat  in  presence  of  lime,  it  yields  a  hydrocarbon  melting  below  100^, 
and  having  the  odour  and  appearance  of  diphenyl.  Fluoreno  is,  therefore,  probably  a 
diphenyl  methylene  C(C'*ff)-.  Fluorene  jiiorate  crystallises  in  fine  red  needles, 
molting  at  80°-82"',  and  having  the  composition  C'*H"'.C''H'(N0=)30  (Barbier,  Compt. 
rend.  Ixvii.  412). 

FILVOBESCEZN'  C-^'WO'.  This  substance,  the  phthalein  of  rosorcin,  is  ob- 
tained by  heating  resorcin  and  phthalic  anhydride  together  at  195°.  It  crystallises 
from  alcohol  in  brown  crusts,  and  is  precipitated  by  acids  from  its  alkaline  solution 
as  a  brick-red  powder.  By  treatment  with  zinc-dust  in  an  alkaline  solution  it  is  re- 
duced to  colourless  flu  ores  ci  n,  which  is  the  phthalin  of  resorcin.  When  strongly 
lieated  with  sulphuric  acid,  fluorescein  yields  a  red  body  which  dissolves  in  alkalis  with 
a  blue  colour.  This  red-solution  dyes  blue  like  indigo,  but  the  colour  is  neither  so 
iine  nor  so  fast  (A.  Baeyer,  Beut.  Chem.  Gcs.  Bcr.  iv.  658). 

FODDER-PIiAXTTS.  Under  this  b^ad  we  treat  of  those  forage  plants  which  are 
not  noticed  under  their  respective  names.  Fodder  crops  are  always  cut  while  green, 
and  before  the  formation  of  seed,  and  are  either  consumed  by  cattle  in  the  fresh  state, 
or  made  into  hay.  The  composition  of  all  these  crops  is,  from  their  immature  condition, 
subject  to  a  far  wider  range  of  variation  than  the  composition  of  grain  crops,  which 
are  not  harvested  till  the  functions  of  the  plant  are  completed. 

The  composition  of  a  fodder  crop  may  be  said  to  depend — 1.  On  its  age,  and  the 
relative  development  of  its  parts  ;  2.  On  the  composition  of  the  soil  in  which  it  grows  ; 
3.  On  the  special  characters  belonging  to  its  species.  AVith  crops  harvested  in  a 
perfectly  mature  condition,  the  element  of  species  has  a  preponderating  effect  on  the 
composition,  and  the  nature  and  richness  of  the  soil  have  a  smaller  influence.  With 
fodder  crops,  on  the  other  hand,  it  is  tlie  state  of  development  of  the  plant  which  most 
determines  its  composition,  and  the  nature  and  richness  of  the  soil  have  a  large  effect, 
wliile  the  special  characters  due  to  the  particular  nature  of  the  plant  are  often  so 
effectually  hidden  by  the  large  influence  of  the  two  first-named  conditions,  that  it 
becomes  a  task  of  great  difficulty  to  ascertain  what  is  the  intrinsic  difference  between 
two  fodder  plants. 

The  proportion  of  water  in  a  plant  is  greatest  when  young,  and  decreases  during  its 
growth. 

The  percentage  of  nitrogen  in  the  dry  plant  decreases  considerably  during  growth  ; 
this  is  true  not  only  of  the  whole  plant,  but  of  all  its  parts,  save  the  blossom, 
which  increases  in  nitrogen  as  ripening  commences.  The  diminution  of  nitrogen  in 
the  whole  plant  is,  however,  largely  due  to  the  alteration  of  the  proportion  of  its 
parts  as  growth  proceeds.  In  an  immature  plant  the  leaf  is  the  part  richest  in  nitro- 
gen ;  a  plant  in  its  youngest  condition  consists  principally  of  leaves,  and  at  this  period 
tlie  plant  contains  its  highest  percentage  of  nitrogen ;  as  the  stem,  which  is  poor  in 
nitrogen,  is  developed,  the  percentage  of  nitrogen  in  the  plant  falls.  The  fall  in  the 
whole  plant  is  thus  more  rapid  in  the  earlier  stages  of  its  growth  than  in  any  of  its 
yiarts. 

The  percentage  of  ash  in  the  dry  substance  of  the  plant  decreases  considerably  with 
age  ;  while,  however,  the  ash  falls  in  the  whole  plant,  it  rises  in  the  leaves  as  the  plant 
inatures.  The  percentage  of  fat  also  diminishes  with  age.  Fat  occurs  in  greatest 
fpantity  in  the  leaf,  and  its  proportion  in  the  whole  plant  diminishes  with  the  growth 
of  the  stem. 

The  percentage  of  carbohydrates  in  the  dry  substance,  on  the  other  hand,  increases 
considerably  during  growth  ;  there  is  especially  a  large  formation  of  cellulose  as  the 
plant  matures,  a  fact  which  has  great  influence  in  determining  the  nutritive  value  of 
a  fodder  crop. 

These  facts  are  well  illustrated  by  the  following  table,  which  shows  the  composition 
of  plants  taken  at  different  dates  from  the  same  field.  The  analyses  of  Grass  from  a 
water-meadow  are  by  Way  (Jour.  Boy.  Agri.  Soc.  si  v.  171);  the  analyses  of  Vetclics 
by  Kitthausen  (Jahresb.  Agr.  Chcmie,  1859-60,  79);  the  analyses  of  Lucerne  by  Kiihu 
{Landw.  Versuchs-Siationcn,  xvi.  86) ;  and  the  analyses  of  Eed  Clover  by  E.  Wolff 
{Ann.  d.  Landwirthschaft,  1871,  130).  The  table  states  the  composition  of  the  dry 
plant,  and,  where  the  information  is  obtainable,  the  pcrcento.eo  of  water  in  the  fresh 
jilant  is  also  given. 
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Grass 

Vetches 

Lucerne 

Bed  Clover 

April  i  June 
ao  26 

June 
12 

June 
23 

July 
12 

'  June 

June 

Young 

June 
^ 

June 

July 
20 

Albuminoids  . 
Fat      .  . 
Extractive? 

matter  .  \ 
Fibre  .    .  . 
Asli     .    .  . 

25-9 
6-5 

321 

25-1 
10-4 

10-9 
2-1 

43-9 

34-3 
8-8 

28-8 

|35-7 

23-9 
U-6 

19-7 
37-2 

16-3 

4M 

32-7 
9-0 

15-9 

31-6 

45-3 
7-2 

il8-3 
I  3'2 

43'0 

i2.3-8 
9-6 

17-8 
2'4 

39-5 

32-4 
8-0 

21-9 

|43-6 

24-7 
9-8 

13'8 

46-2 

32-8 
7-2 

11-2 

50-1 

32-9 
5-8 

9-5 

43-2 

41-7 
5-6 

Water       in  I 
fresh     .  j 

87-6 

74-5 

83-7 

83-2 

82-9 

80-C 

;78-0 

76-0 

The  composition  of  the  ash  of  a  plant  also  undergoes  alteration  during  growth. 
The  analyses  of  the  ash  of  the  water-meadow  grass  just  referred  to  have  been  already 
given  in  this  Dictionary  (see  'Grass,'  vol.  ii.  943);  the  increase  of  silica  in  the  older 
grass,  and  the  diminution  of  potash,  are  very  striking.  The  changes  which  take  place 
in  the  ash  of  graminaceous  crops  during  growth  will  bo  noticed  in  detail  under  'Oats' 
and  '  Wheat '  in  the  present  volume  ;  wo  will  here  give  some  of  the  results  of  Ulbricht's 
elaborate  investigation  on  Eed  clover  {Landw.  Vcrsiichs-Staiioncii,  iii.  241,  and  iv.  1). 
Ulbricht  examined  clover  grown  on  arable  land,  and  clover  grown  in  a  garden  soil;  bolli 
the  first  and  second  crops  were  in  each  case  the  subject  of  investigation.  Samples  of 
each  of  the  four  crops  were  taken  in  several  stages  of  growth:  1.  At  the  first  appear- 
ance of  stem  formation  ;  2.  At  first  appearance  of  flower  buds;  3.  At  full  Ijlossoin  : 
4.  When  the  seed  was  ripe.  At  each  of  these  stages  the  various  parts  of  tlie  plant 
were  separately  analysed.  The  results  yielded  by  the  first  crop  on  the  garden  soil, 
and  the  first  crop  on  the  field  soil,  are  given  in  the  table  on  page  526. 

It  will  be  noticed  that  in  several  points  the  results  obtained  in  the  poor  and  rich 
soil  are  very  different,  but  the  following  general  facts  are  evident : — 

Clover  increases  in  dry  substance  during  growth  ;  the  leaves  are  the  di-iest  part  till 
the  blossom  is  matured.  The  proportion  of  ash  in  the  dry  substance  diminishes  as 
growth  proceeds.  In  the  young  plant  the  leaf-stallc  and  stem  contain  most  ash  ;  tlie 
Hsh  in  the  stem,  however,  rapidly  decreases,  while  the  ash  in  the  leaf  increases,  so  that 
at  full  bloom,  and  afterwards,  the  leaf  surpasses  all  other  pnrts  in  its  contents  of 
cinereal  matter.  In  the  young  plant  potash  is  found  chiefly  in  the  leaf-stalk  a);d 
stem,  and  in  much  smaller  quantity  in  the  leaf.  The  stem  contains  but  little  lime  in 
piroportion  to  its  potash,  but  the  leaf  contains  much  lime  in  proportion  to  its  potash 
(the  same  is  true  of  graminaceous  plants),  and  the  amount  of  lime  in  tlie  loaf  steadily 
increases  as  the  plant  matures.  The  increase  of  lime  and  magnesia  during  the  matur- 
ation of  leguminous  plants  has  been  also  noticed  by  Eitthausen.  Phosphoric  acid 
has  its  first  maximum  in  the  leaf,  but  after  the  formation  of  blossom  it  concenti-atcs 
in  this  part  of  the  plant.  Silica,  as  with  ^raminacoous  pl:ints,  is  found  in  Rrcitost 
quantity  in  the  leaf.  Clllorine  is  at  iirsl  olnctly  Inratrd  in  I  la- .stnu  .ind  Iciif-slalk, 
and  afterwards  in  the  blossom.  Nitn.-cn  and  .-uli.luir  lind  tlicii-  niiixiinuiii  in  Ihc  loiif 
till  the  blossom  has  become  ripe,  which  then  surpasses  the  loaf  in  nitrngoii,  and  porluips 
in  sulphur. 

Hellriegel  {Latidw.  Vcrsuchs-Btationen,  iv.  31)  has  shown  that  the  amount  of  the 
various  ash-constituents  present  in  the  sap  varies  with  the  age  of  the  plant.  Experi- 
menting on  the  clover  crops  used  bj'  Ulbricht,  he  found  that  the  amount  of  pota,--]! 
existing  dissolved  in  the  sap  was  greater  in  the  leaf  than  in  the  stem,  and  diminished 
in  all  parts  by  age.  In  the  leaves  of  a  very  young  plant  75  p.c.  of  the  potash  present 
was  found  in  solution,  but  at  full  blossom  only  37  p.c.  was  found  dissolved  in  tlio 
leaves,  and  15  p.c.  in  the  stem.  Lime,  on  the  other  hand,  did  not  diminish  in  solubility 
as  the  plant  matured,  about  70  p.c.  of  the  contents  of  the  leaves  being  uniformly  sol- 
uble, and  about  50  p.c.  in  the  stem.  Magnesia,  save  in  the  case  of  the  vei7  young 
plant,  exhibited  the  highest  solubility  of  all  the  bases.  Of  phosphoric  acid  only  about 
20  p.c.  was  found  in  solution  in  the  leaves,  but  rather  more  in  the  stem  ;  its  solubility 
was  not  altered  in  any  marked  degree  by  ii.i^o.  In  the  voi-}-  young  leaves  27  p.c.  of  the 
silica  was  found  in  solution  ;  at  full  bl'inin  this  \v.\i\  f'lllt  n  to  l(i  p.c.  It  is  notable 
that  at  blooming  time  the  blossom  ounlaim  .1  nmi  i-  Mihil  Ir  ]Hil:i>li,  phosphoric  acid,  and 
silica,  than  any  other  part  of  the  plant.  It  appears  thai  at  tho-o  times,  and  in  tlinse 
organs  in  which  the  process  of  formation  proceeds  most  vigorously,  there  the  active 
ingredients  of  plant-food  are  most  abundantly  present  in  a  soluble  form. 
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Voelckcr  {Jour.  Eoy.  Agri.  Soc.  1867,  30)  detenuined  the  composition  of  cloTer  cat 
different  stages  of  gi'owth,  and  also  the  totnl  amount  of  the  dry  substance  that  Tivas 
soluble  in  water.  On  June  2,  the  soluble  matter  was  41-04  per  cent.;  this  steadily 
fell,  and  on  July  28  it  amoimted  to  only  29-27  p.c.  Tlie  changes  in  the  compo^tiou 
of  fodder  crops  lay  age  are  clearly  of  such  a  natiure  as  to  diminish  their  nutritive  yalue; 
crops  cut  for  hay,  should,  therefore,  not  be  allowed  to  pass  the  commencement  of  full 
blossom  ;  the  maximum  amount  of  nutritive  matter  is  probably  then  obtained,  but 
rapid  deterioration  follows  if  the  crops  are  allowed  to  become  older. 

As  already  stated,  the  composition  of  fodder  crops  is  largely  influenced  by  the  nature 
of  the  soil,  and  of  the  manure  employed.  On  a  rich  soil,  producing  luxuriant  growth, 
fodder  crops  will  be  found  to  contain  more  water,  more  ash,  more  nitrogen,  and  more 
fat,  than  the  same  crops  gi'owing  less  rapidly,  on  a  poorer  soil.  The  tendency  of  high 
manuring  is,  in  fact,  to  produce  a  great  bulk  of  immature  produce.  Wc  cannot  better 
illustrate  the  effect  of  manure  in  altering  the  composition  of  green  crops  than  by 
quoting  some  of  the  results  obtained  at  Eugby  by  sewage  irrigation  on  meadow  land, 
and  published  by  the  Eoyal  Commissioners,  Messrs.  Lawes  and  "Way,  in  their  report. 
The  following  table  shows  tho  composition  of  the  sewaged  and  iinsewaged  grass  in 
1863.  The  grass  was  cut  for  green  food  throughout  the  year,  each  cutting  being  separ- 
ately analysetl ;  from  these  analyses  the  average  composition  of  the  whole  produce 
from  each  plot  lias  been  calculated.  The  produce  is,  for  tho  purpose  of  comparison, 
reckoned  as  hay  containing  15  per  cent,  of  water  ;  the  average  amount  of  -ivater  in  the 
fresh  grass  is  also  given. 


The  quantity  and  composition  of  Mcadoiu  Grass  grown  witlt  and  without  Sewage,  the 
grass  reckoned  as  Hay  containing  16  p.c.  of  Water. 


Tons  of  sewage  per  acre 
per  annum 

1  none 

3,000 

G.'.'OO 

9.000 

Weight  of  hay  in  tons 

[  2-08 

5-15 

G-04 

C-98 

per  acre  . 

Per  cent,  of  Vi-ater  in 
fresh  grass 

1  64-25 

80-32 

8.r29 

80-98 

AVater 

lo-()() 

1,5-00 

1 00 

1,5-00 

Albuminoids 

7-34 

13-43 

17-16 

18-57 

Fat  .... 

2-87 

4-36 

4-10 

4-03 

Fibre  .... 

24-96 

21-94 

21-0,5 

22-23 

Extractive  matter 

42-96 

36-46 

32-83 

30-68 

Ash  .... 

6-87 

8-81 

9-30 

9-40 

100-00 

100-00 

100-{)0 

100-00 

The  amount  of  nitrogen  in  the  sewnged  grass  was  in  individual  cases  as  high  as 
25-27  p.c.  of  albuminoids  in  tho  hay.  In  the  case  of  gi-ecn  crops  grown  with  sewngo, 
we  have  the  effect  of  manure  in  its  most  striking  form;  manures  applied  to  a  dry 
meadow  have  a  less  marked  effect  on  the  composition,  and  the  effect  is  further  dimin- 
islied  if  tho  crop  is  alloived  to  grow  to  its  full  extent  bofoi-o  Ijeing  cut  ;  llm  cxctss  nf 
soil-food  under  llicsc  conditions  liMs  f  hue  to  (lischiirijo  its  prop,!-  fnnct''',  ,;  ■!  .1.  ■  r- 
mine  a  greater  :issiniil;itioii  ,,|'  civIkju  tVoni  (he  ,-itnio-].hi-rc,  .-md  the  n-ir  ..i  i,i  :  ;ir,;i;j: 
appears  in  the  quantity  rnl  her  th;iii  in  the  quality  of  tin-  crDji.  3b  ^M^  ,  .nd 
Gilbert  have  kindly  supplied  the  writer  with  an  abstract  of  tho  composition  of  the 
meadow  hay  obtained  in  experiments  conducted  for  18  years  at  Eothamsted  :  during 
this  period  tho  same  manures  have  been  applied  each  year  to  the  same  plot.  The 
results  ni-c-  shown  in  the  fcible  on  page  532. 

With  the  incri  Msin:;  bulk  of  the  crop  wc  sco  that  there  is  a  small  incrcnse  in  the 
amount  or  w.ii,  i-  in  t  ln>  l;ay.    The  ash  of  the  hny  is  greater  wherever  nsh-constituents 

.-ipplir-l  aloM.'. ':!>..!  llirrrforc  rrl.-iliv.-lv  in  c-p'tl  .It  !-x!v.I '.'  .-i  'I  I  'l.-.-i'sl'       'iv  I  Im'  '-mj.  ii;" 

l.'^'n  inrrrii^..,!  by  lln.  n^^r  of  ^mnninn.i,  willmiii   ;,ny  n-!i-r:  >nst  n  umN  ],;,\inL'  1  n 

applied  lor  18  years.  'With  regnvd  to  I  he  nitrovcn  in  the  crop  tl;e  case  is  sonicwliat 
eomplicated.  The  nitrogen  is  lughcst,  as  we  should  expect,  where  ammonium  salts 
have  been  applied  alone,  and  where  nitrogen  is.  therefore,  in  great  excess  of  all  tho 
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Percentage  composition  of  Hay  grown  on  experimental  plots  in  Eothanmcd  Varlc  during 
18  ytws— 1856-73. 


Ko  Manui'e 

Ammouium 
Salts  400  lbs. 

Mixed  Cine- 
real  Manure 

Cinereals,  anc 
Ammonium 
Salts  400  lbs. 

Cinereals.  and 
Ammonium 
Salts  iiOO  lbs. 

Average  produce  in 
cwts.  per  acre 

1  281 

27i 

35  i 

521 

60:1- 

Dry  matter : — 
Highest 
Lowest 
Average 

88-.50 
70-00 
8i-()3 

87--i6 
79-01 
83-18 

87-68 
78-47 
83-71 

■87:07 
78-96 
82-44 

80-  13 
76-92 

81-  18 

Asli  in  dry : — 
Higliest 
Lowest 
Average 

7-07 

o-oO 
6-83 

8-06 

4-  75 

5-  8.5 

8-67 
6-49 
7.71 

8-.j8 
5-71 
7-11 

8-41 
5-89 
7-23 

Albuminoids  in  dry:  — 
Average 

10-o2 

13-i8 

10-90 

9-64 

12-16 

other  food-constituents,  but  it  is  not  lowest  on  the  plots  receiving  no  nitrogen.  This  is 
partly  due  to  the  fact  that  on  the  plot  receiving  only  cinereals  (a  mixture  of  super- 
phosphate with  salts  of  potassium,  sodium,  and  magnesium),  and  to  a  less  extent  on 
the  unmanured  plot,  there  is  a  considerable  amount  of  leguminous  herbage,  which  is 
not  found  on  the  other  plots.  Leguminous  plants  are  far  more  nitrogenous  than  the 
grasses,  and  hay  containing  some  clover  will,  other  things  being  equal,  contain  more 
nitrogen  than  grass  hay.  The  hay  on  the  plot  receiving  cinereals  and  400  lbs.  of 
ammonium  salts  appears  to  stand  lowest  as  to  nitrogen  because  it  is  a  purely  grass- 
hay,  but  still  more  because  the  crop,  under  the  influence  of  a  liberal  manure  supplying 
no  excess  of  nitrogen,  is  here  better  matured,  tending  more  to  stem  and  flower  than 
on  the  unmanured  plot.  When  the  ammonium  salts  are  doubled,  as  in  the  next 
plot,  and  the  nitrogen  supply  becomes  excessive,  the  percentage  of  nitrogen  in  the 
hay  rises  at  once.  There  can  be  little  doubt  that  if  the  grass  crops  at  Eotharostod 
were  cut  in  a  less  mature  condition,  the  differences  in  their  composition  would  be  found 
to  be  far  more  considerable.  The  same  amount  of  food  which  is  only  adequate  for  a 
large  full-grown  plant  is  excessive  for  a  young,  and  therefore  small,  plant. 

The  composition  of  the  ash  of  a  fodder  crop  is  greatly  influenced  by  the  nature  of 
the  soil.  The  ash  of  a  perfected  seed  is  very  constant  in  its  composition,  whatever 
be  the  manure  applied,  but  the  ash  of  a  green  plant  is  greatly  aflTecteli  by  the  nature 
of  the  soluble  matters  in  the  soil ;  a  luxuriantly  growing  plant  contains  in  fact  an 
excess  of  many  of  the  ash-constituents  which  it  requires.  The  alteration  in  the  com- 
position of  the  ash  resulting  from  differences  in  the  soil,  or  in  the  manure,  will  be  best 
illustrated  by  giving  the  ash  analyses  of  some  of  the  experimental  hay  crops  at 
Eothamsted  already  described.  The  analyses  represent  the  average  composition  of 
the  ash  in  three  successive  years,  1856-8  {Jour.  Roij.  Agri.  Soc.  1859,  398),  they  are 
here  recalculated  to  100  parts,  omitting  charcoal  and  sand. 

It  is  seen  that  wherever  potash  was  applied  the  amount  in  the  ash  is  about  one-half 
more  than  in  the  ash  of  the  crops  receiving  no  potash.  Also  wherever  ammonium 
s,llts  (mixed  sulphate  and  chloride)  were  employed,  the  ash  becomes  exceedingly  rich 
in  chlorine.  Phosphoric  acid  is  increased  in  every  case  where  it  was  applied,  but  only 
to  a  small  extent.  This  increase,  both  of  base  and  acids,  resulting  from  the  manure,  is 
accompanied  by  a  corresponding  falling  off  in  lime  and  silica.  The  high  carbonic  acid 
and  low  silica  in  the  ash  of  hay  manured  with  cinereals  only  is  due  to  the  large 
amount  of  leguminous  herbage  present. 

A  further  instance  of  the  influence  of  soil  on  the  composition  of  the  ash  will  be 
found  on  comparing  the  ash  analyses  of  clover  grown  in  a  garden  and  field  soil  already 
given  ;  the  clover  from  the  field  is  far  richer  in  lime  and  mngiiesia,  and  much  poorer 
in  potash  than  clover  of  the  same  age  from  the  garden  soil.  Kreuzliage  {Jahrcsh.  Agr. 
C'hcmie,  1866,  270)  gives  ash-analyses  of  clover  manured  with  various  salts.  There 
is  an  increase  of  j^otash,  soda,  phosphoric  acid,  and  chlorine,  where  these  were  applied, 
but  no  increase  of  lime  or  magnesia  followed  their  application.  The  extent  to  which 
potash  and  lime  can  be  substituted  for  each  other  in  green  clover  is  very  great,  the 
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AiHtltjsis  of  tie  Ask  of  Meadow  Hai/  varioudij  Manured. 




Xo  Manure 

\iiiinnnium 
.Salts, 
4U(»  lbs. 

MLxcrl 
Cinereal 
Manure 

Cinere-xl-i  and 
Ammonium 
Salt-  4U0  lbs. 

Cinereah  mi 
Annuouium 
Salts  tiUO  lbs. 

Potash  . 



21-39 

lS-18 

30-79 

29-75 

30-32 

4'73 

7-47 

Lime 

10-73 

lt-75 

13-86 

10  20 

9-10 

Magnesia 

l-3i 

5-00 

S-82 

3-61 

4-1.7 

Ferric  oxiile  . 

•13 

•12 

-47 

•54 

5-09 

■1-94 

6-89 

6  07 

C-26 

Sulphuric  acid 

8-04 

8-05 

{>-64 

6-00 

Chlorine 

G-o2 

15-59 

6-74 

17-47 

20-92 

Carbonic  acid  . 

5-89 

3^41 

6-86 

1-98 

1-81 

Silica 

«7-17 

22  52 

19-46 

19-68 

16  68 

1 00-00* 

lOO^OO;:- 

100-00* 

100-00* 

100-00* 

The  oxygen-cqnivalent  of  the  chlorine  is  here  tleihicted. 


percentage  of  potash  iu  the  ash  ranging  from  15-40,  and  the  lime  varying  as  greatly 
in  an  inverse  direction.  The  same  is  true  of  other  leguminous  fodder  crops.  The  plant 
seems  to  take  potash  by  preference  -when  it  can  get  it,  and  to  assimilate  lime  a.s  a  sub- 
stitute. It  is  thus  well  established  that  the  composition  of  the  ash  of  green  crops  is, 
within  certain  limits,  largely  dependent  on  the  nature  of  the  soil  and  of  the  manure 
applied. 

The  influence  of  climate  and  season  on  the  composition  of  fodder  crops  is  mainly 
one  affecting  tlieir  maturity.  In  a  cold  wet  season  blossoming  is  reta'rded,  and  takes 
place  but  partially ;  the  crop  tlien  has  a  composition  proper  to  a  less  mature  condi- 
tion than  when  the  season  is  dry  and  warm,  and  blossoming  takes  place  earlier  and 
more  abundantly.  The  great  influence  of  season  iu  this  respect  has  been  already 
illustrated,  as  far  as  the  proportion  of  ash  is  concerned,  by  the  table  showing  the 
composition  of  the  h.iy  grown  at  Eothamsted  during  eighteen  years  ;  it  will  be  seen 
that  the  percentage  of  ash  in  the  h.ay  is  influenced  to  a  greater  extent  by  season  than 
by  manure  ;  the  same  is  true  of  the  variations  in  nitrogen,  which  the  table  does  not 
supply. 

We  come  now  to  the  last  element  in  the  composition  of  fodder  crops,  namely,  the 
characters  proper  to  the  dilferent  species.  What  has  been  already  said  concerning 
the  vast  influence  of  age,  soil,  and  season  on  the  proportion  of  the  constituents  of  a 
green  plant,  makes  it  very  clear  that  to  distinguish  accurately  between  dilferent 
fodder  crops  they  must  all  be  grown  under  precisely  similar  conditions,  and  har- 
vested at  the  same  stage  of  development.  Different  investigators  have  taken  pains 
that  some  of  the  necessary  conditions  should  be  uniform  in  the  plants  they  selected 
for  analysis,  but  no  investigator  seems  to  have  succeeded  in  insuring  the  presence 
of  all  the  conditions  required  for  an  exact  comparison.  The  results  of  different  in- 
vestigators are  also  seldom  comparable,  working  as  they  necessarily  have  done  in  dif- 
ferent soils  and  seasons.  It  is  impossible,  therefore,  to  prepare  a  table  wliii  li  shall 
compare  exactly  the  composition  of  fodder  crops ;  all  that  can  be  done  is  to  call  at- 
tention to  some  general  principles  which  determine  differences  between  different 
species,  and  to  give  some  averages  of  analyses  of  the  more  ordinary  crops,  harvested  at 
the  time  of  blossoming. 

Leguminous  crops  contain  in  all  their  parts  a  considerably  larger  amount  of 
nitrogen  than  gr.aminaceous  crops ;  they  also  yield  a  larger  amount  of  ash.  It  is  quite 
possible,  however,  that  an  immature,  richly  manured  graminaceous  crop  may  contain 
more  both  of  nitrogen  and  ash  than  a  matiu-e  leguminous  crop.  The  two  gi-eat  classes 
of  loguminosaj  and  graminaceae  include  nearly  all  the  fodder  crops  ;  to  distinguish  be- 
tween the  characters  of  the  different  species  in  these  two  classes  we  cannot  do  better 
lluin  notice  the  habit  of  the  plant.  A  plant  the  character  of  which  is  to  produce  a 
l.-ivgc  proportion  of  leaf  to  sti  iu  will  contain  mure  niti-oeen  than  a  ]ilant  of  the  same 
(-lass  the  habit  of  which  is  In  i,ro,liKT  Mnallrr  or  [\-wvr  Ir.avcs.  Thus,  as  Areudt  and 
Kuop  observe,  such  gr.isscs  .as  y.'/v',.'  ,,/-<//. ^  ami  L.'iuna  pa-vuxr  will  always  stand 
amongst  the  less  nitrogenous  grasses,  while  grasses  of  sucli  habit  as  Holcus  lanatus 
■•\\\([  Bromus  mollis  •Villi  rank  amongst  the  more  nitrogenous.  In  the  same  manner 
Trifolium  rc^cns  must  stand  amongst  the  most  highly  nitrogenous  clovers,  and  Tri' 
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folium  incarnatum  will  r;iuk  -with  those  contiiiniiig  least  nitrogen.  The  woucty  fibre 
will  follow  an  inverse  order  to  the  nitrogen,  and  will  be  more  abundant  in  stommy 
than  inloafy  herbage.  As  the  leaf  is  the  driest  part  of  the  plant,  a  plant  with  abun- 
dant foliage  will  evidently  contain  less  water  than  another  of  the  same  class  which 
runs  to  (-tem.  Similar  reasoning  might  probably  be  applied  to  other  ingredients  if 
our  knowledge  were  more  extended :  thus  Arendt  and  Knop  observe  that  leafy  grasses 
or  sedges  contain  considerably  more  silica  than  others  which  liavc  a  greater  proportion 
of  stem;  in  making  this  comparison,  however,  it  must  be  recollected  that  the  more 
luxuriant  the  plant,  the  less  silica  will  it  contain.  A  leafy  gra.ss,  according  to  the 
same  observers,  will  also  contain  2-3  times  as  much  lime  as  magnesia,  while  grasses 
with  leaves  close  to  the  stem  contain  these  bases  in  nearly  equal  proportions. 

The  following  investigations  have  been  made  on  the  composition  of  individual 
species.  Way  {Joitr.  Eoi/.  Ac/ri.  Soc.  1853,  171)  has  published  full  analyses  of  19 
grasses,  11  leguminous  fodder  crops,  and  10  weeds  and  meadow-plants  all  collected 
when  in  blossom.  The  most  nitrogenous  grass  was  Bromus  mollis,  containing  17'29 
p.c.  of  albuminoids  in  the  dry  state;  the  least  nitrogenous  was  Briza  media,  containing 
6-08  p.c.  The  most  nitrogenous  leguminous  plant  was  Vicia  saliva,  containing  23"61 
p.c.  ;  and  the  least  nitrogenoxis,  Meclicago  saliva,  containing  12'76  p.c.  of  albuminoids  in 
t'le  dry  state.  Amongst  the  weeds,  Poteriiim  Sanguisorha  and  Plantago  lancenlata 
were  the  most  nitrogenous,  containing  respectively  16-75  and  14-29  p.c.  of  albumi- 
noids. Way's  ash-analyses  of  these  plants  have  been  already  given  in  this  dictionary  ; 
see  '  Fodder '  and  '  Cfrass'  (ii.  680,  943). 

Eitthausen  and  Scheven  {Jahresh.  Agr.  Chemie,  1859,  76)  have  published  complete 
analyses  of  21  grasses  and  8  leguminous  plants  gathered  at  the  time  of  blooming. 
The  most  nitrogenous  grass  was  Alopccurus  gcniculatus,  containing  13-0  p.c.  of  albu- 
minoids ;  and  the  least  nitrogenous,  PMcum pralense,  containing-  6-3  p.c.  of  albuminoids 
in  the  dry  state.  The  most  nitrogenous  leguminous  plant  was  Vicia  cracca  ;  the  least 
nitrogenous,  Trifoliwn  p-atcnse;  they  contained  respectively  24-0  and  14-28  p.c.  of 
albuminoids  in  the  Avy. 

Arendt  and  Knop  {Landw.  Versuchs-S/ationen,  1860,  32)  have  given  analyses  of 
22  grasses,  and  of  10  sedges  and  rushes,  nearly  all  at  the  time  of  blooming  ;  they  de- 
termined the  nitrogen,  and  some  of  the  ingredients  of  the  ash.  Among  the  grasses 
Holcus  lanatus  was  the  most  nitrogenous,  containing  17-6  p.c.  of  albuminoids,  and 
Fcstuca  elalior  and  Agroslis  Spica  Venli  the  least  nitrogenous,  both  containing  "J'i 
p.c.  of  albuminoids  in  the  dry.  Of  the  sedges,  Carcx  acicla  contained  16-4  p.c,  and 
Carcx  vulpina  12-2  p.c.  of  albuminoids,  these  being  respectively  highest  and  lowest. 
Juncns  conglomeratus  yielded  13-5  p.c.  of  albuminoids.  The  ash  in  the  whole  series 
ranged  from  13-7  to  5-7  p.c,  the  highest  ash  being  given  by  Carcx  rcmola,  and  the 
lowest  by  Juncus  conglomeratus.  The  ash  of  the  true  grasses  ranged  from  0-58  to  6-0 
p.c,  Hordeiim  marinum  yielding  the  highest,  and  Glyceria  eiqiiatica  the  lowest  ash. 

The  following  table  exhibits  the  average  composition  of  various  fodder  crops  when 
in  full  blossom  ;  the  analyses  are  calculated  as  hay  containing  15  p.c.  of  water.  The 
figures  given  for  Meadow-hay  are  the  mean  of  more  than  50  analyses,  and  represent 
hay  of  good  quality.  The  figures  for  Red  Clover  are  the  mean  of  1 1  analyses,  and 
fairly  represent  the  composition  of  good  clover  haj-.  The  remaining  figures  are  iu 
each  case  the  mean  of  only  a  few  analyses,  and  are  less  trustworthy.  The  ash  given 
is  with  carbonic  acid  deducted: — 


Grasses,  mean  of  18  species") 

(Way).  _ 
Grasses,  moan  of  21  species  ^ 
(Eitthan.seu  and  SchoVen)  / 
Meadow  hay 
Red  clover 
White  clover 

Trefoil  .... 
Vetches  .... 
Lucerne  .... 
Sainfoin  .  .  .  • 
Crimson  clover  . 
Kidney  vetch  . 


78-0 
80-0 
80-0 
82-0 
74-0 
7!)-0 

82-  0 

83-  0 


9-2 

14-  2 

15-  7 
15-7 
145 
14-5 
13-9 
12-9 


Non-nitro- 
genous 

Extractive 
Matter 


35-1 
41-0 


36-7 

34-  4 

35-  2 
34-8 
34-7 
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The  hifrlioi-  ainoun!  ..f  liliro  in  tlio  grasses  than  in  tho  )-;ir:Rl(i\v  hny  iii;iy  pirtly  be 
due  to  ditFereut  mctluHls  of . -111:1  lysis,  which,  in  case  of  tho  ili-l -riiiiii;il  inn  nf' til  re.  have 
varied  greatly;  but  ily  liic  difFerence  arises  chiefly  IVoiii  liie  I'.u-I,  1  hut  meadow 

hay  contains  a  goi/l  ileal  nf  young  imdergrowth,  -which  -Jrould  lint  be  ineluded  in  the 
flowering  grasses  seb  ,1  e.  i  b  a-  a  u  ilysis.  After-math  (autumnal)  hay  is  riclicr  in  nitrogen 
than  the  first  crop,  !  lu-  M-a-na  Im  lug  less  favourable  to  the  maturity  of  tho  plant.  It 
is  seen  from  the  table  tjiai  uu-  mIhw  grasses  contain  less  water  than  the  clovers,  when 
both  are  compared  at  the  tiue  o;'  blo-soui. 

Tho  composition  of  the  asb  of  ii.  l  I-  r  ,-rops  is  subject,  as  already  seen,  to  so  wide  a 
range  of  variation  that  it  wnnld  oaly  be  misleading  to  quote  analyses  incases  in  wliich 
110  general  average  is  obtainable  ;  wc  give  therefore  only  ash-analyses  of  meadow  hay 
and  of  red  clover  hay.    The  analyses  are  in  each  aise  the  mean  of  a  largo  number  :-- 


K=0 

Na=0 

CiiO 

3IgO 

SO" 

Cl 

SiO= 

CO' 

Meadow  hay 
Eod  clover  hay  . 

26'95 
26-31 

5-70 
1-22 

13--i5 
25'93 

4-82 
9-30 

•45 
•57 

6-  06  1  5-17 

7-  55  1  2-28 

7-73 
2-82 

27-53 
2-05 

3-()7 
22-'?  7 

The  characteristic  difference  L-ctween  the  ashes  of  leguminous  and  graminaceous  fodder 
crops  is  the  nearly  entire  absence  of  silica  in  the  former,  and  the  presence  of  a  large 
quantity  of  carbonic  acid.  It  is  tho  practice  of  German  chemists  to  deduct  this  car- 
bonic aeid  and  recalculate  tho  ash  to  100  parts.  Tliis  plan  has  occasional  advantages, 
but  it  entirely  destroys  tho  characteristic  feature  of  the  ash,  and  the  relation  of  tho 
ash-analysis  to  tho  amount  of  asii  yielded  by  the  j^lant,  thus  introducing  much  con- 
fusion if  full  details  are  not  given.  The  ashes  of  tho  other  leguminous  fodder- crops 
aro  very  similar  to  that  of  red  clover,  and  subject  to  the  same  violent  fluctuations  in 
tho  lime  and  potash. 

From  the  iibove  data  it  is  easy  to  calculate  tho  quantities  of  nitrogen  and  of  asli 
constituents  which  ordinary  crops  of  hay  remove  from  the  soil.  Taking  the  average 
crop  of  meadow  liay  at  li  ton,  and  of  clover  hay  at  2  tons  per  acre,  the  quantities 
removed  by  these  crops  will  be  in  pounds  per  acre  : — 


[  Xiti'ogcn 

IC-0 

CaO 

MgO 

P=0' 

Meadow  hay,      ton        .j  40-3 
Clover  hay,  2  tons  .       .  101-6 

56-3 
87-4 

28-1 
86-1 

10-1 
30-9 

12-7 
25-1 

57-5       209  j 

Tlie  composition  of  hay  does  not  diffei'  fnun  (liat  ol"  Ihi-  plant  tVnm  -\vliieh  it  is  made 
if  the  drying  is  carefully  and  quieklv  <-iaiibu-lrd  :  tlie  liner  jiar,  -  .a  1  In-  plant  arc,  how- 
ever, apt  to  be  broken  off  in  hay-niakiii^-,  sn  that  the  peremiaL';-^  oi'  a  1  laiminoi'ds  will 
often  be  a  little  lower,  and  of  fibre  a  lilllo  higliei-  in  the  hay  Mian  in  the  green  crop. 
When  hay  suffers  from  rain  in  the  field,  there  may  be  a  considerable  loss  both  of  solul)lo 
ash  and  albumino'i'ds  (see  Beyer,  Jahrcsb.  Ag>\  Chcmic,  1867,  257).  Tho  amount  of 
water  in  hay  is  subject  to  much  variation.  In  tho  Rothamsted  Park  hay  tho  extremes 
arc  11-5 — 23  p.c. ;  this  will  be  about  tho  range  in  good  hay.  Clover  hay  generally 
contiiius  rather  more  water  than  meadow  hay. 

The  changes  which  hay  undergoes  in  the  rick  have  been  little  studied.  The  ai-tivo 
fermentation  whicli  takes  place  in  damp  hay  and  result.s  in  tho  well-known  heating  of 
tho  rick  and  change  of  colour  in  the  hay  is  accompanied,  according  to  Voelcker  {Jour, 
lioi/.  Agri.  Sue.  1867,  30),  by  a  great  loss  of  sugar  and  other  soluble  carbo-hydrates, 
and  also  of  soluble  albumino'i'ds,  wliilc  aldehyde  and  acetic  acid  are  among  the  products. 
Aeeordiug  to  Hosiius  (Jahrcsb.  Agr.  Chcii'ic,  1867,  258)  ammonia  is  also  formed.  The 
loss  of  organic  matter  in  dark  bro-wn  hay  is  shown  by  its  high  percentage  of  ash.  It 
has  been  supposed  that  tho  fibre  of  the  hay  becomes  more  digestible  by  formenbttion 
in  the  rick,  liut  there  arc  no  experiments  which  show  that  its  solubility  is  thereby 
increased.  The  small  amount  of  heating  that  t.akes  place  in  well-made  hay  is  pro- 
bably without  material  effect  on  ils  conipositio;:. 

Tho  nature  of  the  fat  of  hay  has  bcca  made  tho  subject  of  a  special  investigation  li}- 
Konigand  Kiesow  (Z<7);o'"'.  I  'ri-y"r!i.<-S/,i//'n)irii,  xiii.  2H  ;  xvi.  40  and  47.  Bert.  Chiiu. 
Gcs.  Bcr.  vi.  500).  Tho  fal  from  meadow  luiy,  wlien  purified  from  chlorophyll  liy 
treating  tho  ethereal  solution  with  animal  charcoal,  amounts  to  about  r52  p.c.  of  tlie 
dry  substance,  that  from  clover  hay  amounts  t  >  1-61  p.c.  isee  tal)lc  15,  p.  506).  This 
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fat  is  separated,  by  solution  in  boiling  absolute  alcohol,  into  a  waxy  substance  'whicli 
IS  deposited  on  cooling,  and  into  a  fluid  fat  which  remains  in  solution.  Konig  first 
regarded  the  fluid  fat  as  a  true  glyceride,  but  E.  Schulzo  {Landw.  Versxiehs-Stationen, 
XV.  81)  has  shown  that  the  fat  of  hay  yields  no  glycerin.  Konig  and  Kiesow  have 
now  ascertained  that  the  waxy  matter  contains  ceryl  alcohol,  cholesterin,  and  a  hydro- 
carbon melting  at  66°-66°,  and  having  the  percentage  composition  8-1-96  carbon  and 
lo  28  hydrogen;  this  agrees  with  the  formula  C-'H'*''',  but  the  new  body  is  possibly 
cerotene,  C-'H*'.  Cerotic  acid,  and  various  unidentified  members  of  the  acrylic  series, 
were  also  found  in  the  fat  from  the  hay. 

Method  of  Analysis. — The  analysis  of  fodder  is  efiected  on  the  partially  dried  sub- 
stance. Water  and  ash  are  determined  in  the  usual  way,  the  ignition  for  ash  being 
conducted  at  as  low  a  temperature  as  possible.  Fatty  matters  are  separated  by 
extracting  the  dry  substance  with  ether  till  no  more  soluble  matter  is  removed.  The 
ethereal  solution  may  be  piu'ified  from  chlorophyll  by  treatment  with  animal  charcoal, 
but  some  loss  is  suffered  in  this  operation,  as  the  charcoal,  oven  when  well  washed, 
retains  a  little  of  the  fat.  The  ether  is  finally  evaporated  and  the  residue  dried  and 
weighed.  Tlie  nitrogen  is  generally  determined  by  eombiistion  with  soda-lime,  and 
the  amount  of  total  albuminoids  calculated  from  the  nitrogen  found.  For  this  purpose 
the  nitrogen  is  by  different  chemists  multiplied  by  numbers  ranging  from  6'25— 6'33, 
according  to  the  view  taken  of  the  general  composition  of  albuminoids.  The  lower 
number  is  most  generally  employed  on  the  continent.  It  is  very  probable  that  in  au 
immature  plant,  containing  materials  not  yet  fully  elaborated,  the  whole  of  the  nitrogen 
is  not  present  as  albuminoids,  but  exists  partially  in  a  lower  form.  The  subject  has 
been  little  studied,  but  it  is  well  known  that  vetches  and  other  plants  contain  aspara- 
gine  (Cossa,  Gazeetta  ckiinica  italiana,!.  683),  und  leucine  (Gorup-Besanez,  jPeMi".  C'/iem. 
Ges.  Ber.,  vii.  146),  and  that  green  crops  grown  by  sewage  contain  nitrates  (Miiller, 
Landw.  Versuchs-Stationen,  xvi.  241).  In  the  absence,  therefore,  of  exact  determina- 
tions, it  must  not  be  supposed  that  the  nutritive  value  of  highly  manured  crops  neces- 
sarily rises  with  the  rise  in  nitrogen.''  The  determination  of  vegetable  fibre  presents 
peculiar  difl[ioulties.  The  fibre  present  is  at  least  of  two  kinds,  cellulose  C''II"'0^,  and 
lignose,  a  substance  which  encrusts  the  cells  and  contains  about  10  p.c.  more  carbon 
than  cellulose.  These  bodies  are  differently  acted  on  by  reagents  ;  thus,  purified  cotton 
(cellulose)  is  almost  completely  dissolved  by  sulphuric  acid,  sp.  gr.  Vb'i,  when  allowed 
to  remain  in  contact  for  many  hours,  while  cork  and  other  tissues  rich  in  lignose  are 
scarcely  acted  on.  On  the  other  hand,  digestion  in  the  cold  with  nitric  acid,  sp.  gr. 
r  10,  and  potassium  chlorate  (F.  Schulze's  method),  dissolves  lignose  pretty  readily, 
but  has  little  effect  on  cellulose  (Church's  Laboratory  Guide,  3rd  edition,  196).  For 
some  account  of  the  very  various  methods  that  have  been  employed  in  determining 
fibre,  see  Pillitz  {Zeitschr.  anal.  Chem.  xi.  46).  The  plan  most  usually  employed  is 
that  of  Henneberg  and  Stohman.  3  grams  of  the  dry  substance  in  coarse  powder  are 
mixed  with  150  c.c.  of  water  and  brought  to  boiling  ;  50  c.c.  of  sulphuric  acid  contain- 
ing <5  p.c.  of  oil  of  vitriol  are  then  added,  and  the  whole  is  boiled  for  half  an  hour, 
water  being  added  to  maintain  the  volume  at  200  c.c.  The  whole  is  allowed  to  cool, 
the  clear  liquid  syphoned  off,  and  the  residue  transferred  to  a  weighed  filter  and  well 
washed  with  hot  water.  The  fibre  is  then  retui-ned  to  the  beaker,  and  the  original 
operation  repeated,  substituting  for  the  sulphuric  acid  50  c.c.  of  a  6  p.c.  solution  of 
sodium  hydrate.  After  boiling  for  half  an  hour  a  considerable  volume  of  cold  water 
is  added,  and  after  standing  the  clear  liquor  is  syphoned  off,  the  fibre  collected  on 
the  weighed  filter,  washed  first  with  hot  water,  then  with  a  few  drops  of  hydrochloric 
acid,  then  well  washed  with  water,  and  finally  with  a  1  p.c.  solution  of  ammonia  till 
the  washings  are  colourless  ;  the  filter  is  then  dried  at  100°  and  weighed.  As  the  fibre 
is  not  quite  pure,  it  is  necessary  in  exact  analyses  to  determine  both  ash  and  nitrogen 
in  the  fibre  after  weighing  ;  the  nitrogen  is  then  calculated  as  albuminoids,  and  both 
albuminoids  and  ash  are  deducted  from  the  crude  fibre.  In  the  case  of  substances  con- 
taining fatty  matters  these  should  be  removed  with  ether  before  commencing  the  deter- 
mination of  fibre.  The  reagents  employed  in  this  method  dissolve  the  softer  parts  of 
both  cellidose  and  lignose  to  a  small  extent.  A  trustworthy  method  of  distinguishing 
between  lignose  and  cellulose  in  the  analysis  of  feeding  materials  is  much  to  be  desired, 
as  the  results  of  the  German  feeding  experiments  show  that  cellulose  is  digested  by 
ruminants,  while  lignose  is  not.  E.  W. 

rORMXC  ACID.  CH-0=  =  H.COOH.  Synihesis.—'rius  acid  is  produced  by 
the  union  of  hydrogen  and  carbon  dioxide  under  the  influence  of  the  silent  electric 
discharge :  H-  +  GO'  =  CH-O-.    AVhen  a  stream  of  the  mixed  gases  was  passed 

*  The  feeding  experiments  conductecl  at  Eugby  bytbo  Rny;il  i'.i!iiini,.iiiiirr^  witli  scwngcil  and 
un^ew.nged  grass,  showed  that  an  increase  of  nitrogen  in  thu  cr<  I  ii  i  ;Mi  .nmi  i  vi '-i^n- fri'.lins 
value  if  tlie  conditions  necessary  for  matin-hig  the  crop  \vi'i '     i  .    i    !,.       :;iimi  sc\vag<_a 

tjrass,  tliough  far  more  nitrogenous,  was  not  equal  in  feeding  \  :.  l  ,   .  ,  .|  , 
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tliri.'i'.-'i  !  ^i'  iii  iiiJui-t  ion-t  iiIm  ,  .-i  .  (intriiction  of  volume  took  place,  the  resultant 
gas  \\:!~  .■'.iiiiMii  cai-liMii  iii.,iin\ii||..  Avith  a  small  quantity  of  marsh  gas,  ami 

small  OMj  'ii  .'i:  nil\-  liijiii.l  ni  ]••  il.'|Hi~,ii,i_il  in  the  tube,  which  gave  the  characteristic 
rfactioiis  i.f  i'unnir  ai'id  (Ei'oJii',  I'mc.  L'.ii/.  Soc.  xxi.  245). 

On  the  Heat  produced  in  the  rorniation  and  Decomposition  of  Formic  Acid,  see 

HUAT. 

Conversion  of  Formic  Acid  into  Methyl  Alcohol. — Calcium  formate,  subjected  to 
dry  distiiiation,  yields  formic  aldehyde,  and  this  compound,  treated  with  sodium- 
amalyam,  yields  a  small  quantity  of  methyl  alcohol  (Lieben  a.  Eossin,  Ann.  Ch.Fhurm. 
civiii'.  107). 

Si/nthesis  hy  means  of  Nasctnt  Formic  Acid. — When  ethylene  gas  is  passed  through 
a  boiling  aqueous  solution  of  potassium  cyanide  and  potassium  hydrate  (which  yields 
formic  acid),  and  the  liquid  afterwards  distilled  with  sulphuric  acid,  ;in  aeitl  distillate 
is  obtained,  yielding  a  lead  salt,  only  a  small  portion  of  ^vliidi  is  snliiMc  in  ^vater; 
and  on  distilling  the  soluble  portion  with  sulphuric  .acid,  boil ini;  (lir  disi  i Hat c  with 
mercuric  oxide  to  remove  formic  acid,  treating  the  product  wit  h  sulplnu-d  t,u(l  hydro- 
gen, and  the  filtrate  with  silver  carbonate,  a  small  quantity  of  a,  silver  salt  is  obtained, 
having  the  characteristic  acicular  form  of  silver  propionate.  A  similar  result  is 
obtained  by  passing  ethylene  gas  through  a  mixture  of  oxalic  acid  and  glycerin  at 
]10''-120°.  It  appears,  then,  that  formic  acid,  in  the  nascent  state,  is  capable  of 
miiting  with  non-saturated  hydrocarbons,  yielding  acids  containing  more  carbon  than 
the  hydrocarbon  employed  (Uarstanjen  a.  .Sehertel.  J.  'pr.  Chcm.  [2]  iv.  51). 

FORMIC  AIiDEHYDE  or  FORnSAX.SSH'irSE,  CH'-'O  =  H.CHO.  This 
compound  is  formed  in  small  quantity,  tni.'clhi  t- itli  foi-mic  acid  and  marsh  gas,  liy 
the  action  of  the  silent  electric  diseharcc  on  a.  inixlun^  of  hydrogen  and  carbon  dioxide  : 
its  formation  is  represented  liy  the  equation  : 

CO-  +  2H-0  =  H=0  +  CH^O. 
It  appears,  also,  to  bo  produced  in  a  similar  manner  from  a  mixture  of  hydrogen  and 
carbon  monoxide,  the  luarsh-gas  oljtained  in  both  reactions  probably  resulting  from 
its  decomposition:  2CffO  =  CO-  +  CH'  (Bradie,  Proc.  Roy.  Soc.  xxii.  172). 

Formaldehyde  is  also  produced:  a.  By  decomposition  of  methylal,  H — CIIO(CII^)-, 
which  is  related  to  it  in  the  same  manner  as  acetal  to  acetic  aldehyde.  When  a 
mixture  of  methylal  and  sulphuric  acid  is  warmed,  an  odour  of  formaldehyde  becomes 
perceptible,  and  a  sublimate  is  formed  consisting  of  the  solid  modification  of  form- 
aldehyde. The  .action  of  cold  sulphuric  acid  on  methylal  also  gives  rise  to  the  liberation 
of  formaldehyde,  which,  at  the  moment  of  its  formation,  combines  with  the  sulphuric 
acid,  forming  a  compound  analogous  to  sulphate  of  chloral. 

j8.  By  the  action  of  acids  on  methylene  acetate,  obtained  by  digesting  methylene 
iodide  with  silver  acetate  and  glacial  acetic  acid  at  110°,  and  rectifying  the  distilled 
product  over  silver  acetate.  The  portion  boiling  between  130°  and  170°  may  be 
used  either  as  such,  or  after  being  heated  to  100°  for  six  or  eight  hours  with  an 
equal  weight  of  water.  The  latter  liquid,  which  contains  cither  free  formaldehyde  or 
the  compound  CH'^— (OH)(OC-ff 0)  is  called  by  Baeyer  '  aqueous  methylene  acetate' 
(A.  Baeyer,  Beut.  Chcm.  Ges.  Bcr.  v.  1094;  -vi.  220). 

Action  of  Formaldehyde  on  Aromatic  Hydrocarbons. — Benzene  treated 
with  a  mixture  of  methylal,  acetic  acid,  and  sulphuric  acid,  is  converted  into  diphe- 
nyl-methane  CH-CC^ff )-, 

2C«H«  +  CffO  =  ffO  -1-  C"H'=. 
A  mixtm-e  of  40  grams  methylal,  120  benzene,  and  400  glacial  acetic  acid  is  treated 
with  a  mixture  of  equal  parts  of  glacial  acetic  acid  and  sulphuric  acid  till  the  greater 
part  of  the  benzene  has  separated ;  the  mixtiu'e  after  24  hours  is  gradually  mixed  with 
2,000  grams  of  sulphuric  acid,  keeping  it  cool;  and  the  whole  is  left  at  rest  for  some 
hours,  after  which  it  is  diluted  with  water  and  shaken  up  with  ether.  The  ethereal 
.solution  when  distilled  yields  diphenyl-methane. 

Diphenyl-methane  treated  in  a  similar  manner  with  methylal  and  acids  is  converted 
inf  o  a  hydrocarbon,  C  'H''^,  which  crystallises  from  alcohol  in  leaflets  melting  at  about 
00°,  and  having  a  constitution  represented  by  the  formula : 
Off 

Q'W-^  >C«H' 

or  else  into  the  hydrocarbon  C-"H-',  ^vhose  constitution  is  represented  by  the  formula 
C-IP— CH--C"ff— CH-— C»H^— CH-— C'H^ 

Formaldehyde  and  di phenyl  yield  a  liydrocarbon  which  separates  from  chloroform 
in  crystals. 
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When  coueontrated  sulphuric  acid  is  added  to  a  mixture  of  methylene  acetate,  ben- 
zone  and  glacial  acetic  acid,  an  oil  is  formed  v/Iiich  boils  bet^yeen  260°  and  a  tempera- 
ture above  360°,  and  consists  of  liydrocarbons. 

Mesitylene,  treated  in  a  similar  manner,  gives  a  very  characteristic  reaction  ;  l;y 
adding  a  cooled  mixtrae  of  10  parts  acetic  acid  and  an  equal  volume  of  sulphuric  acid 
to  a  solution  of  1  part  mesitylene,  1  part  methylene  acetate,  and  10  parts  acetic  acid, 
and  leaving  tlie  mixture,  after  agitation  from  time  to  time,  at  rest  for  24:  hours,  largo 
colourless  crystals  are  formed  consisting  of  di  me  s  i  ty  1  -  m  e  th  a  u  e,  CH-'(CTI")-,  whicli 
by  recrystallisation  from  ether,  is  obtained  in  monoclinic  prisms  liaving  almost  the 
form  of  cubes ;  they  melt  at  130°  and  resolidify  at  62°.  This  body  is  so  readily  pro- 
duced that  its  formation  maybe  used  as  a  test  either  of  mesitylene  or  of  formaldehyde^ 
The  reaction  never  fails,  even  if,  instead  of  the  pure  aldehyde,  a  solution  of  methyl 
alcohol  and  chromic  acid  in  glacial  acetic  acid  is  used  (Baeyer,  loc.  cit.) 

Action  on  Phenols. — Aqueous  methylene  acetate  and  hydrochloric  acid  yield,  -with 
phenol,  a  colourless  resin,  with  pyrogallol,a  substance  resembling  tannin;  and  with 
rosorcin,  an  insoluble  body  -which  burns  like  tinder.  Gallic  and  salicylic  acid 
form  similar  substances  :  the  compound  obtained  with  gallic  acid  forms  colourless 
needles  having  the  composition  C^H'-'O'"  (Bacyerj. 

S'RAIOrGVX.ZIf,  C-"H=''0"',  and  rsSA.BrG.VX.XC  ACXD,  C"H*0<  (IsJ  Siipiil. 
C23).  A.  l'au?t  (  Ann.  Ch.  Pharm.  cLw.  229),  prepares  frangulin  by  digesting  the  bark 
of  Illunn,uis  j'ru,:fii(Ia  for  three  days  with  alcohol  of  90  p.c.  at  25°-30°;  partially  dis- 
tilling ott'tho  alcoliol ;  adding  lead  acetate  to  the  residue  as  long  as  a  precipitate  is 
formed ;  precipitating  the  filtered  liquid  with  lead  acetate  ;  diffusing  this  precipitate 
tlirough  alcohol ;  and  decomposing  it  witli  sulphuretted  liydrogen.  The  resulting  liquid 
filtered  at  the  boiling  lieat  yields,  on  cooling,  crystals  of  frangulin. 

Casselmann  describes  frangulin  as  crystallising  under  the  microscope  in  square 
tables ;  Faust  could  not  discern  these  tallies  either  in  his  own  preparation  or  in  a 
specimen  prepared  by  Oasselmann  ;  moreover,  the  two  samples  melted  at  220°  and 
225°  respectively,  insteiid  of  2^0°,  as  stated  Ijy  Casselma.nu.  Frangulin,  after  recrys- 
tallisation from  hot  alcohol,  forms  a  lemon-yellow  crystalline  mass,  and  dissolves  in 
alkalis  with  a  deep  cherry-rod  colour ;  when  boiled  \rith  hydrochloric  acid,  it  splits  up 
into  glucose  and  frangulic  acid  : 

Frangulic  acid,  isomeric  with  alizarin,  is  most  conveniently  prepared  by  boiling 
tlie  bark  with  rain-water  for  an  liour,  adding  caustic  soda,  equal  to  one-twentietli  or 
one-thirtieth  of  the  weight  of  bark  taken,  and  boiling  again  for  several  hours.  The 
resulting  lic^uid  extract  is  supersaturated  with  hydrochloric  acid,  and  boiled  for  some 
hours,  whereupon  the  frangulic  acid  separates,  and  can  be  collected  on  a  cloth  filter  ; 
the  dried  and  pulverised  precipitate  is  boiled  with  alcoliol,  and  the  hot  alcoholic  solu- 
tion precipitated  by  neutral  lead  acetate  (which  scarcely  precipitates  frangulic  acid) ; 
the  filtrate  is  precipitated  with  basic  lead  acetate ;  the  precipitate  disseminated  througli 
alcohol  and  decomposed  by  sulphuretted  hydrogen  ;  and  the  resulting  liquid  is  heated 
to  boiling  and  filtered  hot,  the  acid  then  separating  from  the  filtrate  on  cooling.  This 
treatment  wth  lead  salts,  &c.,  is  repeated  several  times  ;  and  the  purified  acid,  after 
being  dried  and  boiled  with  benzene  to  separate  sulphiu-,  is  finally  recrystallised  several 
times  from  hot  alcohol.  Different  samples  of  bark  differ  much  in  the  quantity  of  fran- 
gulic acid  obtainable  from  them  ;  in  one  case,  50  lbs.  yielded  only  a  fev/  grams. 

Frangulic  acid  melts  at  252°-25i°,  and  sublimes  partially  at  lower  temperatures  ; 
it  is  but  little  soluble  in  hot  water,  and  insoluble  in  cold  water  and  alum-solution  ; 
alkalis  dissolve  it,  with  a  red  colour,  removed  on  boiling  with  zinc-dust ;  on  treating  it 
with  red-hot  zinc-dust,  anthracene  is  produced  in  small  quantities  ;  it  crystallises  witli 
mol.  water,  the  last  JH'-O  being  removed  only  at  180°. 

Bih-omo-frmguUc  acid,  C'H'Br^O',  is  obtained  by  adding  bromine  to  an  alcoholic 
solution  of  the  acid;  it  is  a  light-red  crystalline  mass,  difficultly  soluble  in  cold 
alcohol. 

Biacetyl-frcmgidic  acid,  C"H^(C-H^O)-0',  is  obtained  by  heating  the  acid  witli  an 
excess  of  acetyl  chloride  in  sealed  tubes  to  130°-150°;  it  dissolves  in  about  300  parts 
of  boiling  alcohol,  separating  almost  wholly  on  cooling,  as  a  crystalline  mass  of  four- 
sided  prisms,  visible  under  the  microscope  ;  it  melts  at  184°,  and  when  decomposed  by 
caustic  potash-solution  yields  frangulic  acid  in  its  purest  form. 

S'REEESX.BBENXTE  (ii.  710).  The  crystalline  system  of  this  mineral  has  been 
variously  staled  to  In;  iiionoelinic,  rhombic,  and  triclinic.  To  decide  this  question, 
V.  Zepharovich  availed  !)imsclf  of  the  opportunity  of  examininga  veryfine  crystal  from 
Przibram,  2  mm.  long,  I  m.  broad,  and  terminated  at  one  end  w^ith  22  exceedingly  lustrous 
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faces,  (opjt'tljcr  witli  many  otlirr  less  pcrfucl-  onus  from  the  samo  iDcality.  All  liis 
detrrniiiial  .•uvnrJr.l  iii  imiioating  tlio  rliombie  system  as  the  trne  one.  'Ihr  .-ii-'cH'ti- 
gravity  nt'  llu  sc  rry-lals  iHHrving  not  inconsiderably  from  that  of  fri'ir>l,  l.riiitc.  \-,  /„■ 
pliaru\ii'li  cxiiniliii'd  the  l\|.ieal  specimens  of  the  latter  from  Freiberg  and  lliiiidrl;ii' 
cina,  and  f.iund  (hem  (d  a'^^i'ce.  in  respect  to  form  and  density,  witli  the  data  givi'n  in 
Brooke  and  Miller's  MiiKnilof/i/.  The  Przibram  mineral,  therefore,  is  notfreieslebenite, 
as  Keuss,  from  his  analytical'  results,  which  undoubtedly  correspond  with  the  com- 
position of  freicslobenite,  -was  led  to  believe. 

V.  Zepharovich  arrived  at  the  following  conclusions  : — 

1.  The  mineral  liitherto  termed  freieslebenito  consists  of  two  distinct  species,  the  one 
monoclinic,  the  otlier  rhomliie. 

2.  Tlie  two  species  have  tlie  same  composition,  but  differ  in  form  and  density. 
.3.  The  substance  AgTb^Sb^S"  is,  therefore,  dimorplious. 

4.  The  rhombic  species,  which  has  lieon  termed  diaphorite,  and  has  a  density 
-=  o'90,  is  found  at  Przibram  ;  no  freieslebenito  accompanies  it.  At  IJriiunsdorff,  near 
Freiberg,  it  is  also  met  witli  sparselj-,  and  in  association  with  freieslebenite. 

5.  The  monoclinic  species,  freieslebenito,  whoso  density  is  6  3d,  appears  most 
prominently  at  Freiberg  and  IliciHb'l.ieiicina. 

0.  The  forms  of  diaphorite  and  I'lv  ir>h  1  u  nite  are  allied  by  similar  facial  inclinations, 
and  they  in  turn  show  a  relation  In  tlir  ^imihirly  constituted  species,  steplianito  and 
antimonito  (v.  Zeisharovich,  JnhrJi./.  Mimrtilogir,  1871,  277). 

S'UCTTSOX..  This  substance,  isomeric  w'Mi  fai-furol,  obtained  by  boiling  scawoa'.''.s 
with  dilute  sulphuric  acid,  has  lireii  re-e.\amineil  by  Stenhouse  (Proc.  Boy.  Soe.  xx. 
80).  wlio  discovered  it  (ii.  718j.  Tho  results  of  the  new  investigation  agree  perfectly 
with  those  of  the  former  one  as  regards  the  differences  in  tho  physical  properties  (jf 
fiirfarol  ;ind  fucusol,  tho  difference  between  tho  products  obtained  liy  the  action  of 
ammonia  on  the  two  substances,  and  between  tho  bases  derived  from  these  products, 
Fi's,\'/sii/uiuir  hi/drochloride  crystallises,  like  furfuraniline  hydrochloride,  in  needles  of 
a  siilendid  purple  colour. 

Furfiirol,  boiled  with  water  and  silver  oxide,  yields  silver  pyromucate,  C^H^AgO', 
which  crystallises  in  scales.  Fucusol,  similarly  treated,  yields  an  isomeric  silver  salt 
which  is  moderately  soluble  in  boiling  water,  and  crystallises,  on  cooling,  in  long  flat 
needles. 

P-Pi/i-omncic  acid,  separated  from  this  salt  by  hydrochloric  acid,  crystallises  from 
its  aqueous  solution  in  small  rhomboidal  plates  melting  at  130°,  whereas  ordinary 
pyronnicic  acid  forms  flat  needles  melting  at  133°  (Stenhouse),  at  134-3°  (Schwanort). 


G. 


CADOXiZirXTE.  The  bi-refracting  crystals  of  gadolinito  from  Hitteroe,  contain- 
ing 10  to  12  p.c.  of  gliicina,  are  monoclinic,  having  the  axial  ratio  1  ;  0'848  :  0-530  ; 
angle  of  inclined  axes  =90°  32';   ooP  :  coP  =  116°  (Descloizeaux,  Chim.  Tln/t^. 

[4],  xviii.  30,5) ;  compare  \st  Siqrpl.  627. 

CAHirZTE,  Al-ZnO-,  or  ZnO.AI-'O^  ■  The  specimens  of  this  mineral  found  in  the 
Franklin  Furnace  at  Mine  Hill,  New  Jersey,  differ  from  tho  gahnite  of  other  localities 
in  the  fi-eipicnt  occurrence  of  tho  cubic  plane.  These  planes  are  often  the  largest, 
giving  tho  crystals  the  form  of  cubes  with  truncated  dodecahedral  edges,  and  only 
small  octohech'al  planes.  There  are  .also  minute  planes  of  tho  trapezohedron  202, 
truncating  the  edges  of  the  dod.vahciU-on  ;  <itlirrs  of  (he  tvi^onal-trisoetahedron  30; 
and  sometimes  two  planes  bet  «  rin  (in' enl 'ic  a  nd  dri  dhcili-nl  \vh  irli  appear  to  belong 
to  the  forms  404  and  808.  'i  ]i..-,n  snrCn  rs.  rnnndi  il  and  ii  i  biy  histrous,  blend  in  a 
curved  surface,  and  do  not  admit-  of  Jiceurato  measurement.  'J'iio  inclinations  on  a 
cubic  plane  arc:  for  404,  160"  30';  for  808,  170=  30'.  The  crystals  vary  in  diameter 
from  i  to  1.^  inch,  are  blackish  green,  their  fragments  being  olive-green,  and  have  a 
hardness  ="7'o,  and  a  specific  gravity  =4-89  — 4-91.  Two  analyses  gave  as  a  mean 
result 
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Alumiii.i  49-78 

Ferric  oxido  8'58 

Zinc  oxide  39-62 

Maiiganoiis  oxide        ....  M" 

Magnesia    .       .       .       .       .  .0-13 

Silica  0-57 


Oxygeii-iTitios. 


0  2.5 
0  0. 5 


99-81 

Tliis  gives  the  ratio  of  oxygen  of  E  and  fias  1  :  3-17.  By  assuming  1-56  p.o.  of 
the  ferric  oxide  to  be  present  as  the  Icwer  oxide,  the  ratio  becomes  exactly  1  to  3.  This 
variety  of  gahnite  is  richer  in  zinc  than  any  heretofore  examined.  It  occurs  in  asso- 
ciation -with  black  mica,  apatite,  calcite,  and  a  brownish  variety  of  chrysolite  -which 
contains  zinc  (G.  J.  Brush,  Sill.  Am.  J.  [3],  i.  28). 

CAXZE,  called  also  Pierre  morte,  is  a  siliceous  rock  underlying  the  cretaceous 
strata  in  the  Department  of  the  Ardennes,  and  forming  in  the  southern  part  a  layer 
100  meters  thick.  It  has  a  grey -blue  to  light  brown  colour ;  sp.  gr.  =1-48.  When 
gently  ignited  it  loses  0-022  of  its  volume,  and  has  then  a  specific  gravity  of  1-44.  It 
may  bo  cut  -svith  a  knife.  Crucibles  made  of  it  bear,  without  alteration,  a  temperature 
at  which  iron  molts.  It  contains  a  large  amount  of  soluble  silica,  and  when  boiled, 
after  calcination,  with  caustic  soda,  yields  a  sodium  silicate  which,  in  the  dry  state, 
contains  68-69  p.c.  of  silica.  The  first  eleven  of  the  following  analyses  are  by 
II.  Sainte-Claire  Deville  a.  Desnoyors  {Compt.rend.  Ixx.  581);  the  twelfth  by  A, 
Selicurer-Kestner  {ihid.  Ixxii.  767). 


Silica 
Soir'lnsol. 

Alumina 

Oxide 

Magnesiti 

■w 

Com- 
bined 

ater 

Hygro- 
metiic. 

Total 

1.    .  . 

38-3  40-6 

5-5 

4-0 

l-.j 

0-8 

4-2 

3-3 

98-2 

36-3  40-8 

6-6 

4-3 

2-G 

0-8 

5-2 

4-1 

100-7 

3.     .  . 

39-6  39-3 

7-7 

3-9 

1-7 

0-4 

4-3 

4-1 

100-0 

4.     .  . 

43-7  40-8 

3-8 

2-9 

0-9 

3-2 

3-4 

98-7 

44-8  42-0 

5-1 

2-5 

0-3 

2-4 

3-0 

1001 

6.     .  . 

29-2  40-6 

7-0 

4-4 

4-5 

0-5 

8-0 

97  7 

31-9  41-8 

8-3 

3-4 

3-0 

1-0 

5-4 

3-9 

98-7 

8.     .  . 

47-0  40-3 

3-7 

2-7 

0-5 

trace 

2-3 

2-7 

99-2 

9.     .  , 

39-2  39-0 

3-8 

2-0 

4-1 

1-0 

7-2 

2-9 

99-2 

10.     .  . 

30-0  24-7 

j:^ 

2-5 

9-5 

1-6 

23-5 

3-4 

100-4 

11.     .  . 

46-2  38-4 

3-4 

trace 

trace 

3-9 

4-2 

100-6 

12.     .  . 

43-7  40-8 

3-8 

2-9 

0-9 

3-2 

3-4 

98-7 

GAIiA-CTXir.  A  nitrogenous  substance  obtained,  according  to  Morin  {J.  Pharm. 
[4],  xiv.  11),  from  milk  by  first  precipitating  the  casein  with  acetic  acid  ;  coagulating 
the  albumin  by  boiling  ;  removing  fat  by  ether  ;  concentration  ;  filtration  from  earthy 
phosphates  ;  allowing  the  sugar  to  crystallise  out ;  and  finallj'  precipitating  the  galactin 
by  alcohol.  As  thus  prepared  it  contains  a  little  gelatin.  35  parts  of  dried  milk 
yielded  about  1  part  of  galactin. 

Galactin  is  soluble  in  water,  insoluble  in  ether  and  in  alcohol,  and  is  not  trans- 
formed into  gelatin  by  boiling  its  aqueous  solution.  It  is  precipitated  by  tannin,  but 
the  precipitate  differs  from  the  corresponding  precipitate  with  gelatin  in  redissolving 
at  a  temperature  of  60°.  This  property  renders  the  detection  of  galactin  in  morbid 
fluids  easy. 

Galactin  emulsifies  fats.  It  is  found  in  blood,  gastric  .iuice,  animal  membranes, 
milk,  eggs,  and  many  morbid  animal  fluids,  and  probably  plays  an  important  part  in 
animal  nutrition.  It  likewise  exists  in  notable  quantity  in  the  juices  of  edible  plants, 
and  in  the  fluid  of  the  embryonal  cotyledons. 

CAXiBAXTUIHC  OZIi.  The  blue  oil  obtained  by  distillation  of  galbanum  appears, 
from  Kachlin-'s  cx[ieriments.  to  bo  most  probably  identical  with  blue  chamomile  oil 
(p.  278). 

GAIiIiEm  and  GAXIiXir  (A.  Baeyer,  Beut.  Cliem.  Ges.  Ber.  iv.  457,  655).— 
Gallein,  C'*II"0',  is  a  colouring  matter  produced  by  heating  pjTOgallic  acid  with 
phthalic  acid,  or,  better,  witli  phthalic  anhydride,  for  some  hours,  "to  170°-200°  until 
the  mnss  becomes  thick  ;  on  di-solving  it  in  hot  alcohol,  filtering,  and  adding  water  to 
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the  filtrate,  a  precipitate  of  nearly  piirc  gallei'u  is  obUtined,  which  is  easily  purified  by 
CTj-stallisation  from  liot  dilute  alcohol.  The  crystals  appear  brown  by  retlected  and 
lilue  by  transmitted  light ;  when  the  solution  dries  up,  the  galloin  remains  as  a  mass 
with  a  greenish-yellow  metallic  liistrc.  It  is  almost  insoluble  in  cold  water  ;  in  hot 
water  it  is  sparingly  solulili-  w  ilh  a  n  d  colour;  in  alcohol  it  dissolves  freely,  forming 
a  dark-red  solution.  Etlu  r  al>o  tal.cs  up  a.  little,  but  tlie  solution  is  colourless, 
(jallem  bears  a  strong  resemblance  |,,  li;eiiiateiii.  tic  colouring  ]irinciplo  of  log^vood  ; 
like  the  latter,  it  dissolves  in  causi  ic  jM.ia^li  \\  lib  a  splendid  Miic  colour,  the  solution 
soon  assuming  a  dirty  tinge,  and  in  aimnoiiia  with  a  vinl(  t  colour.  The  colours  which 
it  produces  on  cloth  mordanted  with  iron  and  alumina,  are  finer  and  more  stable  than 
logwood  colours,  and  resemble  more  those  of  barwood. 

Gallein  is  decomposed  by  heat  like  hsematein,  carbonisation  taking  place  and  no 
sublimate  being  formed.  It  is  also  converted  by  reducing  agents  into  a  colourless 
compound,  gallin,  just  as  hsematein  is  converted  into  heematoxylin. 

"Gallein  may  also  be  formed  by  heating  pyrogallic  acid  with  trimesic,  pyromellitic 
and  prehnitic  acids,  as  well  as  witli  phthalic  acid.  This  shows  that  the  phthalic  acid 
tiikes  no  part  in  the  reaction,  which  is  simply  a.  dehydration:  3C''H"0'  —  2H-0  =-= 
C"*H"0'.  Other  dehydrating  agents,  such  as  siil|ilinric  acid  and  zinc  chloride,  yield 
on  fusion  with  pyrogallic  acid,  brown  or  black  liodies,  but  no  gallci'n. 

Gallin,  C"*ll"'0'''. — When  gallein  is  boiled  with  a  large  quantity  of  water  to  whicii 
zinc  and  dilute  sulphuric  acid  are  added,  the  dark  colour  of  the  liquid  changes  to  a 
light  reddish-yellow,  and  on  cooling,  oily  drops  separate,  which  after  some  time  become 
crystalline.  These  crystals  consist  of  gallin  rendered  impure  by  gallein  ;  the  gallin  is 
best  purified  by  crystallisation  from  a  warm  aqueous  solution  of  pyrogallic  acid.  It  is 
obtained  in  beautiful  glistening  rhorabohedrons  and  prisms,  which  are  nearly  colour- 
less ;  dried  in  vacno.  they  yield,  on  analysis,  numbers  agreeing  with  the  formula  above 
given.  Ciallin,  in  Ihe  solid  state,  or  in  aqueous  solution,  very  readily  assumes  a  rod 
colour  ;  it  is  less  stal-h-  than  ha;matoxylin,  which  in  other  respects  it  greatly  resembles, 
being  reoxidised  lo  gallein  in  contact  with  ammonia,  just  as  lisematoxylin  is  converted 
into  hsematein.    It  tlyes  mordanted  fabrics  like  gallein. 

CAXiIiIC  ACID,  C'H^O^.  This  acid  and  pyrogallic  acid  are  very  easily  oxidised 
by  electrolysis.  At  first  no  oxygen  is  evolvecl  at  the  positive  pole,  the  gas  being 
entirely  absorbed  ;  afterwards  carbon  dioxide  is  evolved,  and  eventually  a  mixture  of 
this  gas  with  oxygen  and  carbon  monoxide  (Bourgoin,  J.  Pharm.  [4],  xiii.  376). 

Beriv  ativcs  of  Gallic  acid. — In  the  preparation  of  ellagic  acid  by  heating 
gallic  acid  to  120°  with  arsenic  acid,  if  the  product,  insoluble  in  water  and  consisting 
chiefly  of  ellagic  acid,  be  treated  with  sodium-amalgam,  then  acidified,  filtered  and 
agitated  with  ether,  several  substances  are  obtained  which  are  distinguished  from  one 
another  by  the  difference  of  their  solubility  in  water. 

Amongst  them  is  a  substance,  C'''H'"0',  consisting  of  pale  greenish-yellow,  glistening 
needles,  which  are  sparingly  soluble  in  cold  water,  and  when  treated  with  calcium 
hypochlorite,  become  first  dirty  violet,  then  brown,  and  finally  almost  colourless  ;  with 
ferric  chloride  they  become  greenish-blue,  then  green,  and  on  the  addition  of  soda, 
greenish-brown  ;  with  ammonia  they  turn  brown  ;  with  silver  nitrate,  brownish-black 
from  reduced  silver  ;  and  with  nitric  acid,  yellowish.  Strong  sulphuric  acid  dissolves 
them  partially,  with  yellow  colour.  Manganese  dioxide  and  strong  sulphuric  acid  give 
a  fine  purple-rod. 

The  substance  C''H"'0''  is  a  weak  acid,  and  the  salts  which  it  forms  with  the  alkaline 
earths  oxidise  quickly  in  the  air;  a  crystalline  liai'ium  salt,  however,  appears  to  be 
formed  by  treating  it  with  barium  carbonate  in  a  sti-eam  of  hydrogen. 

Occasionally,  another  crystalline  subslama',  pioliably  C'-H'°0'',  is  obtained,  which  fs 
also  a  weak  acid,  and  but  slightly  soluble  in  water ;  it  becomes  red  by  treatment  with 
ferric  clilorido.  Amongst  tiio  products  which  are  more  soluble  in  water,  and  redden 
litmus  strongly,  is  found  a  substance  which  crystallises  in  plates,  and  gives  a  bluish- 
green  reaction  with  ferric  chloride  (Eembold,  knn.  Ch.  Pharm.  clvi.  116). 

DihromogaUic  acid,  treated  with  silver  oxide,  yields  carbonic  and  pyrogallic  acids ; 
heated  with  aniline,  it  yields  gallic  acid,  together  with  pitchy  products.  Gallic  acid  is 
alfo  produced  on  heating  the  dibrominated  acid  with  argontocyanide  of  potassium 
(TriwozHik). 

ArrI  III  mid  Binco;/!  Dcr  Ivai  ivc^. — ?>y  the  action  of  acetyl  chloride  on  gallic 
acid,  Nachbaur  lias  <ibtained  a  comitoiind  wliicli  lie  i-ei^ards  as  tetracetyl-gallic  acid  (ii. 
Tlil).  Schilf.  however  (Ann.      .  Ph„ri,i.  dxiii.  ■Jon,,  lindsthat,  by  the  action  of  either 

"'■etic  anhydride  or.-  lyl  cliloride,  a  cryst.  i  Il.sal4<'  pro,  luct  results,  which  yields  42-6  p.c 

of  acetyl  on  decijinposition  by   magnesia,  and   is   therefore  triacctj-l-gallio  acid' 

(."ll'  ■['(|()^"'  ,  which  roqui"es  43-.5  p.c.  acetyl,  whereas  the  tctracetyl-acid  would 
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require  51  p.c.  NacliLaur  also  found  that  Lonzoyl  cliloride  gave  a  dibenzoyl-aeid ;  out 
Bchiff  finds  that  it  is  a  tribenzoyl-compound.  IJeither  the  triacetyl-  nor  the  tri- 
benzoyl-gallic  acid  gives  any  coloration  with  ferric  chloride :  hence  no  phonolio 
liydroxyl  is  present  in  these  cortipounds. 

In  accordance  with  these  results,  SehifF  fissigus  to  gallic  acid   tho  forniula 

|C00H- 

((0H)= 

Bromacetyl-galhc  acid,  CiF  \  OC-H-BrO,  is  formed  by  the  action  of  gallic  acid  on 
(COOH 

bromacetyl  bromide.  It  is  an  uncrj'stallisable  compound,  soluble  in  hot  alcohol,  and 
precipitable  by  water  (Priwoznik,  Veut.  Chcni.  Ges.  Ber.  iii.  642). 

Tetracetyl-dibromogaVw  acid,  CBr''  |  (jooQijjaQ'  formed,  with  evolution  of  hy- 
drochloric acid,  on  dissolving  dibromogallic  acid  in  acetyl  chloride.  It  is  very  slightly 
soluble  in  cold  water,  easily  in  boiling  water,  also  in  alcohol  and  in  ether ;  crystallises 
in  colourless  needles  which  melt  under  water  at  91°,  and  decompose  at  a  temperature 
a  little  above  their  melting-point.  The  aqueous  solution  gives,  with  ferric  chloride,  a 
violet  colour  quickly  turning  green  (Priwoznik). 

CA]&XXC  ETHERS  (Ernst  a.  Zwengcr,  Ann.  Ch.  Pharm.  clix.  27).  These 
ethers  can  be  readily  prepared  by  passing  a  current  of  dry  hydrochloric  acid  through 
a  boiling  solution  of  gallic  acid  in  anhydrous  alcohol.  When  an  excess  of  hydrochloric 
acid  and  of  alcohol  is  emploj'od,  tho  acid  is  almost  entirely  converted  into  the  ether. 
On  evaporating  the  dark-coloured  liquid  to  dryness  at  100°,  slowly  heating  the  residue 
to  its  melting-point,  and  then  crystallising  the  product  two  or  three  times  from  water, 
tho  etlier  is  obtained  in  the.  pure  state. 

Etlujl  Gallatc,  ^'^^^  ^q^q^^^  +  2.^11-0,  crystallises  from  its  aqueous 
solution  in  transparent  rhombic  prisms  of  a  pale  yellow  colour,  which  melt  in  their 
water  of  crystallisation  at  90°.  It  is  scentless,  and  its  solutions  have  a  bitter 
tiiste  and  acid  reaction.  It  is  only  slightly  soluble  in  cold  water,  but  dissolves  easily 
in  hot  water,  and  crystallises  out  almost  completely  on  cooling.  It  dissolves  readily 
in  alcohol  and  ether,  and  may  be  crystallised  from  chloroform — in  which,  liowever,  it 
is  but  slightly  soluble — in  anhydrous  colourless  needles  which  melt  at  160°.  When 
cautiously  heated,  it  sublimes  in  lustrous  needles.  Potassium  and  sodium  hydrate 
decompose  the  ether  in  the  cold,  -with  liberation  of  alcohol ;  and  if  the  air  bo  pcrniitttd 
to  have  access  to  the  solution,  the  alkaline  gallate  formed  quickly  oxidises,  and  assumes 
a  dark  colour.  The  ether  gives  precipitates  with  the  salts  of  most  of  the  heavy 
metals,  but  they  have  not  been  obtained  of  constant  composition.  The  lead  salt  is  a 
yellowish-white  precipitate,  the  zinc  salt  a  wlxtc,  and  the  copper  salt  a  reddish-brown 
precipitate.  Ferrous  salts  colour  the  solution  of  the  ether  a  p)ale  violet,  which  changes 
to  blue  on  exposure  to  the  air,  whilst  ferric  salts  give  the  blue  colour  at  once.  Silver 
and  gold  salts  are  quickly  reduced  in  the  cold.  The  only  compound  of  the  ether  which 
has  been  obtained  of  constant  composition,  was  prepared  by  adding  a  slight  excess  of 
a  cold  saturated  solution  of  acid  sodium  carbonate  to  a  warm  saturated  solution  of  the 
ether.  In  a  few  minutes  a  compound  having  tho  formula  C"H^Na(C-ff)0''  + 
C'IP(C-H'')0^  separated  in  small,  hard,  yellow  crystals.  These  were  almost  insoluble 
in  cold  water,  but  could  with  care  be  crystallised  from  hot  water.  The  crystals  are 
decomposed  by  hydrochloric  acid,  which  removes  tho  sodium  and  leaves  pui-e  gallic 
ether.  When  they  are  heated  between  two  watch-glasses,  the  gallic  ether  sublimes, 
whilst  tho  sodium  ethyl  gallate  remains  behind  in  a  partially  decomposed  state.  On 
heating  a  solution  of  the  sodium-compound  for  some  time,  or  better,  a  solution  of  the 
ether  in  as  excess  of  sodium  carbonate,  a  lemon-yellow  crystalline  precipitate  is  ob- 
tjxined,  which  is  insoluble  in  cold  water,  but  dissolves  easily  in  solutions  of  tho 
alkaline  hydrates  ;  the  addition  of  hydrochloric  acid  to  its  alcoholic  solution  produces 
a  pale  yellow  crystalline  precipitate,  which  has  the  properties  and  composition  of 
oUagio  acid,  C"II''0^  + 2H-0.  The  lemon-yellow  powder  is  acid  sodium  ellagate, 
C  'ffNaO"  +  II-O,  and  is  formed  by  oxidation  of  the  sodium-compound  of  ethyl  gallate : 

^' C^H^(c'h')0^[   +  0  ==  CffNaQs  +  H'O  +  2C=H'=0. 

Acid  potassium  carbonate  has  no  action  on  tho  ether  in  the  cold,  but  on  applying 
heat,  potassium  ellagate  is  formed.  Wlien  a  solution  of  ethyl  gallate  in  ammonia  is 
exposed  to  the  air,  it  first  acquires  a  rose-red  tinge  which,  after  a  time,  becomes  deep 
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rud,  ami  tlio  solution  finally  deposit  a  ;^rcfiiisli-_yolluw  ci'ystalliuo  precipitate  of 
aiiiiiioniuni  cllagate,  Avhicli  is  scarcely  soluble  in  aiaiuoaia. 

Aivordiiig  to  Schift'  Ch.  I'lianii.  el.xiii.  200),  an  aqueous  solution  of  ethyl 

gallate  gives   with  excess  of  lead  acclutc,  a  precipitate  having  the  composition 

{a'H'(c'^ff]o^-  tvQ^tcii  with  ethyl  iodide  yielded  mucli  load  iodide  bat 

no  definite  organic  product. 

Ethyl  gallate,  boiled  for  some  horns  with,  aoetyl  chloride,  forms  cthyli  c  triacctyl- 
galla  te,  C''H'''(O.C-IPO)'.COOG-H\  The  oily  product  began  to  crystallise  after  eiglit 
jiionths  standing;  it  was  insoluble  in  water,  soluble  in  alcohol,  gave  no  violet  colour 
witli  ferrous  salt,  or  xsrecipitato  with  lead  acetate  (Schiff). 

Amyl  Gallate,  C"H-  {(jf^Q^Qijiiiy  crystallises  in  fine,  silk}"-,  colourless  needles 
which  melt  at  139°  and  sublime  when  cautiously  heated.  It  is  scentless  and  has  a 
bitter  taste.  It  is  slightly  soluble  in  cold  water,  but  more  readily  in  hot  water,  the 
solution  solidifpng  on  cooling  to  a  cryst:xlline  pulp.  Its  solutions  have  an  acid  reaction, 
and  when  the  ether  is  heated  under  the  surface  of  water,  it  melts  to  an  oil.  It  is 
readily  soluble  in  cold  alcohol  and  ether,  also  in  hot  chloroform.  No  compound 
analogous  to  that  obtained  from  ethyl  gallate  was  observed  on  treating  the  ether  with 
acid  sodium  carbonate,  but  its  other  reactions  with  alkalis  and  metallic  salts  are 
similar  to  those  of  the  corresponding  ethyl-compound  (Ernst  a.  Zwongcr). 

GAIiXiOTATTN-ZC  ACZS.    See  Tankic  Acid. 

GAXiIiS.    The  following  comparative  analysts  of  English  and  Aleppo  galls  are 


given  by  J.  Barrow  {Clwm.  Nawtt.  xix.  110). 

Aleppo  English 

Tannin  01-65  2671 

Gallic  acid  ITjO  traces 

Woody  fibre                                               15-08  47-88 

Water                                                         12-32  20-61 

Colouring  matter,  &e.         ....     8-75  -I'SO 

100-00  100-00 


CARNTST.  A  transparent  garnet  occurs  at  Jordansmuhl,  in  Silesia,  partly  im  ■ 
planted  on  decomposed  prehnite;  sp.  gr.  =3-609.  Tlio  crystals  are  dodeeahedral,  with 
their  faces  sonaewhat  carved.  The  analysis  was  made  with  material  somewhat  con- 
taminatod  with  an  imbedded  chloritoi'dal  mineral,  to  which  must  be  assigned  a  part  of 
the  oxides  of  manganese  and  nickel,  the  remainder  constituting  a  nearly  pure  calcio- 
aluminic  garnet : 

SiO=  CaO        FcO       JlnO        WiO       MkO  WO 

37-88      21-13      31-28      4  19     0--15      0-18      2-88      1-08  =  90-07 

(Websky,  Zeitschr.  d.  deutsch.  gcolog.  Gcs.  xxi.  7o3). 

A  green  garnet  from  S.  Pioro  in  Elba  has  been  analysed  by  G.  vom  Eath  {ibid.  xxii. 
637,  C60).  It  occurs,  together  -with  a  massive  reddish-brown  garnet,  and  occasionally 
admixed  epidote,  in  groups  which  are  intimately  united  in  their  origin  with  a  saussur- 
ite-ga1)bro.    Sp.  gr.  =3-280. 

SiO"-  AV-O  Fe=0"*  C'aO  JlcrO  Xt 

39-29       10  10       10-05       29-23       5  85       0-64  =  101-22 

The  octohedral  garnets  of  the  locality  occur  in  a  cleft  of  a  nearly  related  rock,  a 
mixture  of  garnet  and  epidote.  Another  locality,  a  short  distance  otf,  yields  crystals 
of  the  combination  ooO  .  202,  without  any  indication  of  0.  The  garnet  of  the  granite 
vein  of  S.  Piero  shows  either  coO  or  202  predominant,  sometimes  with  30;j  and  c»02 
subordinate.    The  colours  are  various,  including  shades  of  yellow,  red,  and  green. 

A  light  red  garnet,  sp.  gr.  8'57,  imbedded  in  a  granular  limestone  from  San  Juan 
in  Mexico,  was  found  by  Damour  {Cowpf.  read.  Ixxiii.  1041)  to  contain  : 

SiO^  Am-         Fc=0^  CaO  MgO  JIi-.O 

39-40       21-69        1-30       35-75       0-07       0-&G       040  100-29 

Small  garnets,  usually  crystallised  in  dodecahedrons  and  easily  detached  from  the 
rock,  occur  in  a  damourito  slate  in  the  neighbourhood  of  Salm-Chateau  in  Belgium. 
They  belong  to  the  variety  known  as  spessartin,  and  contain  37  p.c.  manganous 
oxide.    This  is  somewhat  remarkable  in  a  crystallographic  point  of  \icw,  inasmuch  as 


*  Partly  ai  FcO. 


t  L033  liy  ignition. 
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the  so-called  spessartin  has  hitherto  been  known  only  in  the  form  of  the  trapezo- 
hedron  202,  or  of  the  comhipation  202  .  ooO  (de  Koninck,  Jalirbuch  f.  Mineralogic^ 
1873,  319). 

Formation  of  Garnet  from  Chlorite. — Pseudomorphs  of  chlorite  after  garnet  have 
often  been  observed.  One  lately  obtained  from  the  Sanalp  in  Carinthia,  exhibits  the 
half  of  a  garnet-dodecahedron  broken  through  the  middle,  and  surrounded  by  a  crust 
of  chlorite  about  4  mm.  thick.  The  garnet  has  a  colombo-red  colour  and  fatty  lustre ; 
the  chlorite  is  dark  gTeen  with  tine  scaly  structure.  The  thin  laminse  of  chlorite 
appear  to  be  deposited  on  the  faces  of  the  crystal  very  irregularly,  and  the  surface  of 
separation  of  the  garnet  and  chlorite  is  irregularly  zig-zagged.  Under  the  microscope 
it  is  plainly  seen  that  the  chlorite  has  been  formed  from  the  garnet. 
Analysis  of  the  two  minerals  gave : 

SiO=  APO'         re=0=  FeO         C.iO        MgO  H'O 

38-59  17  o7  16-43  21-12  2  27  4  27  —  =  100-25 
25-19       21-60        9  09       14  92        —      18-73      11-53  =  100-12 

To  convert  the  garnet  into  chlorite,  a  third  of  the  silica  (13  p.c),  a  third  of  the  ferric 
o.xide,  a  third  of  the  ferrous  oxide,  and  the  whole  of  the  lime  have  been  removed,  and 
at  the  same  time  14  p.c.  of  magnesia  and  11  p.c.  water  have  been  added  (Niedzwiedki, 
ibid.  951). 

Conversion  of  Garnet  into  Mica. — A  case  of  pseudomorphosis  of  garnet  into  mica 
has  been  found  in  the  mica  crystals  occurring  in  a  vein  of  pegmatite  at  Eoestoel,  near 
Arendal.  As  in  another  part  of  the  same  vein  a  great  number  of  unchanged  garnets 
are  found,  and  the  innermost  part  of  some  of  the  mica  orj'stals  consists  of  unchanged 
garnet,  tliere  can  be  no  doubt  that  the  mica  crystals,  which  have  the  crystalline  form 
of  the  garnet,  owe  their  origin  to  a  true  pseudomorphosis.  Comp)aring  the  experi- 
mentally determined  composition  of  the  unchanged  garnets  and  of  a  mica  crystal,  it  is 
found  that  the  less  soluble  compounds,  ferrous  oxide,  and  the  oxides  of  manganese, 
calcium,  and  magnesium,  have  been  replaced  by  the  more  soluble  oxides  of  potassium 
and  sodium  (A.  Helland,  Pocjig'.  Ann.  cxlvi.  480). 

On  the  converse  transformation  of  Mica  into  Garnet  which  accompanies  the  forma-! 
tion  of  Granulyte  from  Gneiss,  see  Geanulyte. 

CAS  ANAKYSIS.  Frequent  use  is  made  in  gas  analysis  of  balls  made  of  the 
dioxides  of  manganese  or  lead,  or  of  lead  phosphate,  which,  however,  are  extremely 
liable  to  break,  especially  after  they  have  been  soaked  with  phosphoric  acid.  To 
obviate  this  inconvenience,  Ludwig  {Ann.  Ch.  Tharm.  clxii.  63)  recommends  mixing 
plaster  of  Paris  with  those  absorption-agents  which  are  not  fusible,  making  the  mix- 
ture into  a  paste  with  w-ater,  and  pressing  it  round  the  platinum  wire  into  the  mould, 
the  inside  of  wliich  has  been  oiled.  A  hard  ball,  firmly  attached  to  the  platinum 
wire,  is  thus  formed  in  a  few  minutes ;  but  in  order  to  prevent  absorption  of  carbonic 
acid  by  the  pliysical  action  of  the  pores,  this  ball  has  to  be  treated  with  phosphoric  acid. 

For  the  .absorption  of  hydrogen  sulphide,  the  balls  are  prepared  by  mixing  two 
parts  of  lead  phosphate  with  three  parts  of  plaster  of  Paris.  For  the  absorption  of 
sulphur  dioxide,  balls  consisting  of  plaster  of  Paris  and  dioxide  of  lead  or  m.anga- 
nese  give  good  results. 

For  the  determination  of  carbon  monoxide,  balls  of  plaster  of  Paris  steeped  in 
a  mixture  of  one  volume  of  saturated  chromic  acid  solution  and  two  volumes  of  water 
are  left  twelve  hours  in  the  mixture  of  gases  to  be  examined.  The  carbonic  acid 
formed  has  to  be  determined  by  absorption  with  potash. 

The  mould  used  for  the  preparation  of  the  balls  must  in  this  case  have  its  insido 
covered  with  a  layer  of  paraffin,  as  oil  would  be  acted  upon  by  the  chromic  acid. 

Gas  Analysis  for  Technical  Purposes. — C.  Winckler  {J.  j>r.  Chern.  [2],  vi.  301)  em- 
ploys for  technical  gas  analysis,  an  apj)aratus  which  is  a  modified  form  of  Hofmann's 
apparatus  for  the  decomposition  of  ammonia,  &c.  It  consists  of  a  two-limbed  tube, 
one  limb  of  which  is  wider  than  the  other,  and  furnished  near  the  upper  and  lower 
ends  with  glass  stopcocks,  the  space  between  these  being  graduated  into  fifths  of  cubic 
centimeters. 

The  second  limb  of  the  tube  is  connected  with  the  first  by  means  of  caoutchouc 
tubing;  it  is  also  furnished  with  a  stopcock  (as  in  Hofmann's  apparatus).  The  ap- 
paratus may  be  turned  upon  its  stand  either  vertically  or  horizontally,  as  required. 
The  gas  to  be  analysed  is  made  to  pass  througli  the  apparatus  for  some  time,  the  stop- 
cocks are  then  closed,  and  the  volume  of  gas  in  tlie  graduated  tube  is  noted.  Tlie 
liquid  which  is  to  act  as  absorber  is  poured  into  the  second  tube,  and  by  opening  the 
lower  stopcock  of  the  graduated  tube,  some  of  it  is  made  to  pass  into  this  latter. 

To  promote  absorption,  the  apparatus  is  placed  horizontally  for  a  few  minutes. 
AftPr  a  little  time  the  vertical  position  is  resumed,  and  more  liquid  allowed  to  enter, 
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and  so  on,  until  on  opeuing  the  connecting  stopcock  no  furtlier  in-nisli  of  liquid  takes 
place.  The  level  of  the  liquids  in  both  tubes  being  made  to  coincide,  the  vt)lunic  of 
liquid  in  the  graduated  tube  corresponds  with  tlie  Tolmue  of  gas  absorlicd.  If  several 
constituents  of  a  gas  are  to  be  estimated,  a  number  of  these  instruments  will  be  re- 
quired. 

To  reduce  the  g.is  to  a  stated  temperature,  generally  that  of  the  absorbing  liquid,  it 
is  made  to  pass  through  a  small  flask  containing  mercury,  which  is  surrounded  by  a 
quantity  of  the  liquid  at  the  ordinary  temperature  of  the  air.  The  gases  are  usually 
p:issed  through  wotted  cotton-wool  before  entering  the  graduated  tube. 

Water  vapour  is  absorbed  by  strong  sulphuric  acid,  carbon  dioxide  hy  caustic 
potasli,  and  so  on.  A  mixture  of  oxygen,  carbon  dioxide,  sulphur  dioxide, 
and  nitrogen  is  analysed  by  absorbing  the  first  three  gases  with  pyrogallic  acid  in 
caustic  potash  ;  in  another  trial  the  oxygen  and  carbon  dioxide  are  absorbed  by 
caustic  jiotash  alone  ;  and  in  a  third,  the  sulphur  dioxide  only  is  removed  by  a  solution 
of  iodine  in  potassium  iodide. 

Carbon  monoxide  is  absorbed  by  a  solution  of  cuprous  chloride  in  hydrochloric  acid; 
if  the  gas  contains  at  the  same  time  carbon  dioxide  and  oxygen,  these  are  removed  by 
liubbliiig  it  through  tubes  containing  a  solution  of  pyrogallic  acid  in  caustic  potash 
previous  to  its  entering  the  apparatus. 

The  numbers  given  are  generally  within  0'l-0"3  p.c.  of  the  theoretical  amounts. 

Another,  and  somewhat  complicated,  apparatus  for  technical  gas  analysis,  especially 
foi-  the  determination  of  oxj-gen  in  the  gases  from  the  lead  chambers,  is  described  by 
Max  Liebig  {Dingl.  polyt.  J.  ecvii.  37). 

A  simplified  form  of  Frankland  and  Ward's  apparatus  for  gas-analysis  is  described 
by  .J.  Parry  {Cliem.  News,  xxiv.  282). 

GASES.  Absor2ition  hy  Charcoal. — Experiments  on  the  influence  of  pressure 
on  the  absorption  of  ammonia,  carbon  dioxide,  and  cyanogen  gases  by  cocoa-nut  cliar- 
coal  h  live  been  made  by  J.  Hunter  i^Chevi,  Soc.  J,  [2].  ix.  76).  Several  series  of  ob- 
servations were  made  on  each  gas.  The  results  of  those  series  which  included  the 
greatest  range  of  pressure  are  given  in  the  following  table,  in  which  V  denotes  the 
volume  of  gas  absorbed  by  one  volume  of  cocoa-nut  charcoal  at  6°  C.  and  under  the 
pressure  P  in  millimeters. 


Ammonia 

Carbon  Dioxide 

Cyanogen 

V. 

1  - 

V. 

^- 

V. 

P. 

1707 

700-0 

73-2 

760  0 

107-5 

760-0 

174-:] 

1104-3 

84-0 

927-9 

107-7 

1169-6 

176-0 

1178-0 

85-5 

1014-6 

110-3 

1291-2 

178-2 

1269-2 

87-3 

1100-2 

1120 

1628-8 

180-8 

1369-5 

91-6 

1412-8 

115-4 

1873-4 

183-5 

1486-5 

95-5 

1625-6 

121-0 

2204-7 

188-7 

1795-1 

100-4 

1912-9 

124-9 

2678-2 

l!)6-7 

2002-6 

108-0 

2324-1 

209-8 

2608-5 

1130 

2960-2 

132-4 

3793-2 

Tliese  numbers  show  :  1.  That  the  amount  of  absorption  increases  with  the  pressure. 
2.  That  the  same  change  of  pressure  produces  about  the  same  amount  of  increase  in 
tlie  quantity  of  each  gas  absorbed. 

On  conqvu-iijg  tliu  rcLitive  weiglits  of  the  absorbed  gases,  it  isfound  that  cocoa- 
nut  cl-.arcoal  absorlis  a  greater  weight  of  cyanogen  than  of  either  ammonia  or  carbon 
dioxide. 

Influence  of  Tenipcndurc. — JIunter  has  also  made  experiments  on  the  infiuence  of 
temperature  on  the  quantity  of  ammonia  and  cyanogen  absorbed  by  charcoal  (67/c»i. 
(S'oc.  J.  [2],  X.  649).  Former  experiments  (\st  Supjd.  630)  had  indicated  that  a  gas 
capable  of  being  largely  absorbed  by  charcoal  exists  within  the  pores  of  tliat  substance 
in  a.  partially  liquid  sfcite,  and  in  accordance  with  this  it  is  found  that  the  volume  of 
nnnnonia  gas  absorbed  by  cocoa-nut  charcoal  decreases  regularly  and  continuously 
from  0°  to  50°,  but  tliat  at  tliis  point,  beyond  which  probably  the  ammonia  can  no 
longer  exist  in  the  partially  liquid  state,  a  sudden  change  occurs,  and  from  60°  to  80° 
the  quantities  of  gas  given  off  are  considerably  less  for  equal  increments  of  tempera- 
ture than  between  0°  and  50°  For  cyanogen,  on  the  other  hand,  the  decrease  of  ab- 
sorbability is  regular  and  continuous  from  0°  to  80°. 
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Tho  following  fcxblo  exhibits  the  volumes,  V.,  of  the  two  gases  (reduced  to  760  mm.) 
absorbed  by  "coeoa-nut  charcoal  at  tho  temperatures,  T.,  Centigrade  : — 


Ammonia 

C3 

anogen 

V. 

T. 

y. 

T. 

175-7 

0° 

113-7 

0° 

169-6 

5 

110-9 

163-8 

10 

109-6 

10 

l.)7-G 

108-2 

15 

U8-G 

20 

107-0 

20 

110-1 

105-3 

25 

131-9 

30 

103-7 

30 

123-0 

So 

101-1 

35 

lU-1 

40 

99-2 

40 

10-1-2 

45 

97-8 

45 

96-0 

50 

96-2 

50 

90-2 

55 

94-4 

55 

88-1 

60 

92-1 

60 

86-4 

65 

90-0 

65 

82-6 

70 

88-2 

70 

86-7 

Tho  absorption  of  cyanogen  is  almost  entirely  confined  to  the  first  ten  minutes,  after 
■which  it  proceeds  much  more  slowly. 

Hydi-ogen  and  nitrogen  are  but  very  slightly  absorbed  by  cocoa-nut  charcoal,  one 
volume  of  the  charcoal  absorbing,  on  the  average,  4-4  vol.  hj'drogen  and  15-2  A'ol. 
niti'Dgcn  reduced  to  3°  C.  and  760  mm. 

Uiffusion  of  Gaises.  J.  Loschmidt  {Wun.  Acad.  Ber.  Ixi.  [2],  367;  Ixii.  [2], 
468;  Jahrcsb.,  1870,  58)  has  made  experiments  on  the  free  diffusion  of  gases,  by 
moans  of  an  apparatus  consisting  of  two  glass  tubes  of  equal  length  and  diameter, 
closed  at  one  end,  and  placed  vertically  one  above  another,  tho  communication  between 
them  being  closed  or  opened  at  pleasure  by  means  of  a  sliding  metal  plate  worked  by 
a  screw.  The  tiibes  were  filled,  first  with  mercury,  then  with  the  gases  to  be  experi- 
mented upon,  the  apparatus  placed  vertically,  the  slider  opened,  shut  again  after  half- 
an-hour  to  an  hour,  and  the  gaseous  mixture  analysed.  In  this  manner,  experiments 
were  made  with  air  and  carbon  dioxide  ;  hydrogen  and  carbon  dioxide  ;  hydrogen  and 
oxygen ;  carbon  dioxide  and  oxygen :  carbon  dioxide  and  carbon  monoxide ;  carbon 
dioxide  and  marsh  gas  ;  carbon  dioxide  and  nitrogen  monoxide ;  sulphm-  dioxide  and 
hydrogen  ;  carbon  monoxide  and  oxygen ;  carbon  monoxide  and  hydrogen  ; — at  tempe- 
ratures between  —21°  and  +21°. 

Tho  diffusion-constant,  if,,  calculated  from  the  results  of  tho  experiments  on 
these  several  mixtures,  that  is  to  say,  tho  velocity  with  which  the  two  gases  mix,  is 
approximately  in  inverse  proportion  to  tho  square  roots  of  tho  molecidar  weights, 
inasmuch  as  the  values  of  K^,  calculated  from  the  formula 

iT, 

come  out  very  nearly  equal.  Perfect  agreement  is  not  to  be  expected,  since  the  value 
of  -ST,  is  affected  by  the  united  influence  of  tho  volume  and  tho  form  of  the  gaseous 
molecules,  as  well  as  by  the  nature  of  their  constituent  elements. 

Tho  diffusion-constant  K\s  likewise  proportional  to  the  square  of  the  absolute  tem- 
perature, and  with  increased  rarefaction,  it  is  inversely  proportional  to  tlie  pressure  of 
the  gas,— so  that 

P 

and  by  combining  the  expression  It  =— — ^^^-= —  with  that  of  Oay-Lussac  and 
Boyle's  buvs,  according  to  the  mccliaaical  tho'U-y  «if  giisc.-',  viz. :  j^v  =  as  well  as 
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■witli  tli-t  of  the  abcolute  temperature,  viz.:  T  i8  we  arrive  at  tlic remarkable 
formula, 

A-  =  I 

in  whieli  u„  deuote  the  mean  veloeities  of  the  molecules  of  the  two  gases,  N  the 
number  of  molecules  in  the  unit  of  volume,  and  I  a  constant  factor. 

Wretschko  (JVkn.  Acad.  Bcr.  Ixxii.  [2],  575)  has  extended  the  preceding  investiga- 
tion to  mixed  gases.    One  of  the  tubes  was  filled  with  a  gas  A,  the  other  with  a  gas 

B,  and  to  both  was  added  a  third  gas,  0,  in  equal  volumes  p.c.  The  various  gaseous 
mixtures  were  made  with  hydrogen,  oxygen  and  carbon  dioxide.  A  comparison  of  the 
resulting  velocities  of  diffusion  with  those  obtained  by  Loschmidt  leads  to  the  following 
conclusions  :— 

1.  If  the  gas  C  is  identical  with  either  of  the  gases  A,  B,  the  diifusion-velocity  of 
these  gases  is  not  altered  by  the  admixture  of  0. 

2.  If  C  is  different  from  both  A  and  B,  then  •  («)•  The  diffiision-velocity  of  A 
into  B  is  altered  by  the  admixture  of  C,  to  a  greater  degree  in  proportion  as  more  of 
the  gas  C  is  present  in  each  tube ;  and  this  velocity  increases  for  the  gases  A  and 
B  when  the  gas  C  is  specifically  lighter  than  either  ;  diminishes  when  Cis  specifically 
heavier  than  either ;  increases  for  the  one  gas  and  diminishes  for  the  other  when 

C,  with  regard  to  its  sp.  gr.,  lies  between  A  and  B  ; — (i).  AVhereas  before  diffusion 
there  was  an  equal  quantity  of  the  gas  in  both  tulies,  this  is  no  longer  the  case  during 
diffiision,  the  specificiilly  lighter  of  the  two  gases  A  and  B  being  then  found  in  larger 
proportion  in  the  upper  tube. 

The  preceding  theorems  relating  to  the  diffusion,  both  of  simple  and  mixed  gases, 
have  also  been  deduced  by  Stefan  from  the  fundamental  principles  of  the  mechanical 
theory  of  gases  {Wicn.  Acad.  Bcr.  Ixiii.  [2],  63-124),  abstr.  Jahrcsh.  f.  Chtm.  1871, 
51). 

Difftision  throuc/h  Sc^tta. — Dufour  (Poi^f'.  ^-m);.  cxlviii.  490)  has  made  experi- 
ments on  the  diffusion  of  gases  through  porous  walls,  and  the  accompanying  clianges 
of  temperature. 

1.  Diffusion  of  Two  Gases  under  Constant  Pressure. — On  that  side  of  the  porous  wall 
at  which  the  gas  diffuses  inwards,  there  is  an  elevation  of  temperature,  accompanied 
by  a  lowering  of  temperature  at  the  other  side.  This  is  supposed  to  be  due  to  a  partial 
condensation  of  the  gas  on  the  porous  substance  in  the  one  instance,  and  to  a  partial 
rarefaction  in  the  other. 

2.  Diffusion  with  Change  of  Pressure. — When  one  gas  diffuses  into  a  porous  vessel 
which  already  contains  another  gas  (as  hydrogen  into  a  vessel  containing  air),  there  is  a 
slight  elevation  of  temperature,  accompanied  by  an  increase  of  pressure.  As  the  first 
gas  diffuses  out,  the  thermometer  falls  until  a  point  is  reached  at  which  it  again  begins 
to  rise.  Dry  air  diffuses  into  air  which  is  rehiti  vely  wetter  than  itself ;  this  phenomenon 
is  accompanied  by  the  same  changes  of  temperature  as  already  noticed  in  the  ease  of 
two  gases. 

Thcrmo-diffusion. — If  a  limited  portion  of  a  gas  contained  in  an  infinitely  long  tube 
were  in  a  state  of  greater  density  than  the  rest,  and  it  were  heated  unequally  at  both 
ends,  a  continuous  motion  of  the  gas  would  set  in,  which  in  the  denser  portion  would 
lie  directed  from  the  colder  to  the  warmer  end.  This  theoretical  result,  deduced  by 
Neumann,  has  been  verified  experimentally  by  Feddcrsen  {Pogg.  Ann.  clxviii.  302), 
who  obtained  a  greater  density  of  the  gas  in  one  portion  of  a  glass  tube  by  introducing 
i\  plug  of  some  gas-absorbing  substance,  as  spongy  platinum  or  palladium,  plaster  of 
Paris,  charcoal,  or  magnesia  alba. 

In  one  case' a  plug  of  spongy  pilatinum  31  mm.  long  was  placed  in  a  glass  tube  12^ 
mm.  wide,  each  end  of  which  was  conneetrd  with  a  narrowi  r  p-biss  tiilie  3iV  mm.  wide  ; 
a  drop  of  sulphuric  acid  placed  in  each  oi  lliesc  ImImv  i  in  1  icii  ,m1  t  h.  iinivement  of  the 
gas  column  as  soon  as  both  ends  of  the  jilaiinuiii  j'liip-  wov  ln  .itr.l  'lm  quallJ^  When, 
for  instance,  one  end  of  the  plug  was  heated  to  200-',  wliilNt  the  other  one  Avas  k-pt  as 
much  as  possible  at  8°,  the  following  results  were  obtained  : — 
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•  Time 

Cold  side 

Warm  side 

Observed 

Calculated  fur 
10'  ti:iio 

Observed 

Calculated  for 
10'  time 

h.    ]u.            h.  111. 
12     0  until  12    10  . 
12    10    „     12    1,5  . 

11  15    „     12    25  . 

12  25  „  12  30  . 
12   30    „     12    35  . 

225  min. 

94  „ 
no  tube 

105  mm. 

110  „ 

225  mm. 
188  „ 

210  „ 
220  „ 

no  tuba 
95  mm. 
241  „ 
95  „ 
no  tube 

190  mm. 
241  „ 
190  „ 

As  all  the  other  substances  gave  similar  results,  it  appears  to  be  a  general  fact  that 
porous  substances  used  as  diaphraf!;ms  have  the  property  of  drawing  gases  through 
them  from  the  cold  towards  the  warm  surface.  Exactly  the  reverse  of  tliis  phenomenon 
takes  place  in  the  diffusion  of  two  different  gases  through  a  porous  diaphragm,  as  a 
rise  of  temperature  is  observed  on  that  side  of  tlie  diaphragm  where  the  gas  with  the 
greater  power  of  diffusion  enters. 

Endosmosc  of  Gases  througli  Vegetable  Membranes. — Barthelemy  ( Co;;i|j^.  rendAyi^xu. 
427)  has  made  experiments  on  the  passage  of  gases  through  the  leaf  of  a  begonia, 
which  by  gradual  vidthering  during  winter,  liad  become  reduced  to  mere  cuticular  tissue. 
When  common  air  was  dialysed  through  it,  the  gas  passing  through  contained  31-41 
p.c.  of  oxygen.  The  comparative  permeability  of  tlie  membrane  to  various  gases  was 
ascertained  by  exposing  one  surface  of  the  membrane  to  the  gas,  and  relieving  the 
other  side  of  pressure,  the  experiments  being  continued  till  equal  volumes  of  gas  hud 
in  every  case  passed,  the  different  times  required  showing  the  relative  permeability. 
It  appears  that  the  leaf  membrane  admits  carbonic  acid  13  to  15  times  more  readily 
than  nitrogen,  and  5  to  7  times  more  readily  than  oxygen.  Tliis  high  relative  per- 
meability of  carbonic  acid  is  somewhat  diminished  if  the  gas  be  quite  dry.  TTiese 
results  are  similar  to  those  obtained  by  Graham  with  a  caoutchouc  membrane. 

MCechanical  Theory  of  Gases  (Naumann,  Ann.  Ck.  Pharm.  1870,  Siippl.  yii. 
340  :  Dci't  Chen.  Gcs.  Bcr.  ii.  690  ;  Gmelin-Kraut's  Handbuch  der  Chemie,  i.  Band, 
1  ste  Abthoilung,  p.  14). 

(1).  Relations  between  Volume,  Pressut-e,  and  Tern perattore. —  Accov^ng 
to  the  theory  of  Kroiiig  and  Clausius,  explained  in  the  article  Heat  (iii.  131),  the 
individual  molecules  of  gases  are  supposed  to  be  continually  moving  forward  in 
straight  lines,  till  they  come  in  contact  with  other  molecules  or  with  the  walls  of  the 
surrounding  envelope,  after  which  they  rebound  like  elastic  balls  and  recommence  their 
rectilinear  movement.  The  pressure  of  the  gas  may  be  regarded  as  the  sum  of  all  the 
impacts  made  by  its  molecules  on  the  sides  of  the  envelope,  in  consequence  of  their 
progressive  motion.  The  pressure  on  a  unit  of  surface  will  therefore  depend:  1.  On 
the  mass  of  the  individual  gas-molecules;  2.  On  their  velocity;  3.  On  the  volume  of 
the  gas ;  4.  On  the  number  of  gas-molecules  present. 

Now  let  711  and  M  denote  the  masses  of  two  gas-molecules,  c  and  C  tlieir  velocities. 
The  strength  of  the  impacts  of  these  molecules  being  directly  proportional  to  their 
masses  and  to  their  velocities,  will  also  be  proportional  to  the  products  of  these  magni- 
tudes, that  is,  mc  :  AfC.  But  the  number  of  impacts  which  take  place  in  a  given  time 
is  also  proportional  to  the  velocity  :  consequently,  the  pressures  are  proportional  to 
the  products  of  the  masses  of  the  molecules  into  the  squares  of  their  velocities  : 

.  T>  1  .    irn-        inc-  .  MC- 

fmc  '  =  mc'  •  MC-  =.  —  :         ;  .      .      .  (1) 

that  is  to  say  :  Tlic  pressitre  is  proportional  to  the  working  force  (vis  viva)  of  the  mole- 
cular  movements. 

By  the  working  force  of  the  molecular  movement  of  a  gas  we  must  here  understand 
the  mean  working  force  of  a  molecule.  For  the  several  molecules,  in  consequence  of 
their  frequent  collisions  taking  place  in  all  imaginable  directions,  exhibit  the  most 
various  changes  of  velocity,  and  at  any  given  instant  the  most  various  amounts  of 

working  force,  ""^p^- ,  ,  &e.,the  total  amount  of  their  working  forces  remain- 
ing, however,  always  the  same.  The  pressure  is  therefore  the  same  as  if  all  tlie  n 
molecules  were  actuated  by  the  same  working  force,  viz. : 
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Now  lot  n  be  the  number  of  gas-molecules  at  equal  distances,  and  at  rest,  contained 
in  a  space  whoso  cubical  content  is  v.    The  unit  of  cubic  space  will  then  contain  a 

number  of  molecules  «,  =  -  ;  the  number  situated  on  a  straight  line  equal  to  the 
unit  of  length  will  be  — ;  a,nd  the  number  in  a  square  unit  of  surface  will  bo 
Xow  in  the  state  of  motion  the  pressure  on  a  square  unit  of  surface  must 


be  proportional  to  the  number  of  molecules  which  impinge  upon  that  surface  at  equal 
times,  i.e.  directly  proportional  to  the  number  of  molecules  in  contact  with  it  on  any 
given  instant,  inasmuch  as  these  molecules  in  their  progressive  motion  come  in  contact 
with  it  at  the  same  time.  It  is,  moreover,  directly  proportional  to  the  number  of 
molecules  situated  on  a  unit  of  length,  because  the  unit  of  surface  will  be  struck  more 
frequently  in  proportion  as  the  distance  between  the  molecules,  or  between  the  layers 
of  molecules,  is  less.  If  the  pressure  corresponding  with  the  volume  v  and  number  of 
molecules  n,  be  denoted  by  and  the  pressure  corresponding  with  the  volume  V 
and  number  of  molecules  N,  by  Py,,  then— 


nV  :  Ku  =      :        .       .  (2) 


I.e.  The  pressures  vary  direct! !/ as  the  numbers  of  molecules  and  iaversclyas  the  volumes; 
or  the  pressures  vary  as  the  niimhe.rs  of  molecules  in  a  tmit  of  volume.  This  is  Boyle's 
or  Mariotte's  law. 

Since  the  relation  of  pressure  2>  '•  P  existing  under  given  conditions  is  made  up  of 
the  proportion  p„  ,  :  Pj,  depending  on  the  number  of  molecules  in  the  unit  of  volume, 
and  of  the  proportionate  :  Pj/c  depending  on  the  masses  and  velocities  of  the  mole- 
cules, equations  (1)  and  (2)  give  : 

p  :  P  =    PJLL.  '11^  ^   nV  ^  :  Nv  ^ 

Py,     Pmc  2  2  - 

=  :     4^  (3) 

i.e.  The  pressure  exerted  by  a  gas  varies  directly  as  the  number  and  working  .force  of 
the  molecules,  and  inversely  as  the  volume  of  the  gas  ;  or,  as  the  number  of  molecules  in 
the  unit  of  space  and  the  mean  working  .force  of  the  individual  molecules. 
This  last  equation  follows  also  directly  from  the  fundamental  equation— 

P  =  ^  (4- 


of  which  an  elementary  demonstration  was  given  by  Kronig  under  certiin  comlitions 
^■liich  simplified  the  general  problem  (iii.  132),  and  a  complete  demonstration  by 
Clausius  (Pogg.  Ann.  c.  353),  with  the  aid  of  the  higher  mathematical  analysis.  A 
complete  dejnonstration  of  this  important  equation,  requiring  only  the  aid  of  elementary 
geometry  and  trigonometry,  has  lately  been  given  by  Pfaundler  (fogg.  Ann.  [1871], 
cxliv.  428) see  also,  Gmelin-Kraut's  Handbuch,  i.  Abth.  p.  18). 

The  relation  between  the  pressure  of  a  gas  and  the  working  force  of  its  molecular 
movements,  as  given  in  equation  (3),  may  also  be  represented  by  an  expression  depend- 
ing only  on  the  temperature.  -According  to  Gay-Lussac's  law,  established  by  experi- 
ment, the  pressure  of  a  perfect  gas,  whose  volume  remains  constant,  varies  for  cacli 
(legi-ee  centigrade  by  ^fr^rd  of  the  pressure  which  it  exerts  at  0°.  If  then,  po,  Pi,  p^, 
be  the  pressure,  answering  to  the  temperatures  to,  t^.  t„,  wo  have: 


1^0 

,     ...  273  .  .        n  - 


P,^  i'o  -  .773  273  +  r,  3', 


7',  and  21  denoting  the  temperatures  reckoned  from  the  absolute  zero.  Combinii;g 
this  with  'Bo}-lf's  law,  according  to  which  the  pressure  varies  directly  as  the  dciisitv, 
2nd  Siq>.  N  N 
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or  as  tlie  number  ~  of  molecules  coutiiineJ  i:i  a  given  volume,  we  have  : 

:  i.'.    ^    'h.  T,  :        T,     .      .  (6) 

i.e.  The  2orcssures  of  equal  volumes  of  any  gas  vary  directly  as  the  number  of  molecules 
in  the  unit  of  volume,  and  as  the  absolute  temperatures. 

If,  for  the  same  gas,  e,  and  c„  denote  the  velocities  of  the  molecules  corresponding 
with  the  absolute  temperatures  T^  and  T.,,  equation  (3)  may  be  transformed  into— 


Consequently-,  from  (G)  and  (7) : 

:  =         :  2!,  .       .  (8) 

i.e.  The  working  forces  of  the  molecular  movement  of  any  given  gas  vary  as  the  ahsolu/c 
temperatures. 

(2).  Eqiiolity  of  the  Mean  Working  Force  of  Molecular  Movement  of 
Different  Gases  at  the  same  Temperature. — This  proposition  cannot  be,  or 
at  least  has  not  yet  been,  deduced  from  the  fundamental  properties  of  gases  without 
the  aid  of  the  higher  mathematics.  Maxwell  {Phil.  Mag.  [4],  xix.  22)  has  shown  that 
in  a  gaseous  mixture,  the  molecules  of  all  the  component  gases  have  the  saine  working 
force  of  jrrogressive  motion ;  and  an  outline  of  his  demonstration  is  given  in  Gmelin- 
Kraut's  Handbuch  du  Chcmic  (p.  23).  The  main  point  consists  in  showing  that,  even 
supposing  the  working  forces  of  molecular  motion  to  have  been  different  in  the  several 
gases  composing  the  mixture,  this  difference  would  diminish  at  every  impact  between 
the  molecules,  and  would  actually  in  a  very  short  time  be  reduced  to  nothing  ;  that  is 
to  say,  the  several  gases  would  all  acquire  the  same  working  force  of  molecular  motion. 
Now  experiment  shows  that  mixed  gases  diffuse  in  the  same  proportion  as  the  con- 
stituents of  the  mixture  when  separate.  Hence  the  molecidar  velocity,  and  therefore 
also  the  working  force  of  molecular  motion  of  the  individual  gases,  cannot  have  been 
altered  by  the  act  of  mixing.  It  follows,  therefore,  from  Maxwell's  theorem  above 
cited,  that  before  mixture  also  these  several  gases  must,  at  the  same  temperature,  have 
possessed  equal  working  forces  of  molecular  movement.  Denoting,  then,  the  mole- 
cular masses  of  two  gases  by  m.  and  M,  and  their  velocities  at  the  same  absolute  tem- 
perature by  c  and  C,  we  have  the  equation: 

=        .    .    .    .  (9) 

If,  then,  in  equation  (8),  which  applies  only  to  the  same  gas  under  different  conditions, 
we  substitute  for  mc^^  its  equivalent  ilf  C',-  belonging  to  another  gas,  we  have  the 
equation : 

T. 


(3  0) 


i.e.  For  different  gases,  also,  the  mean  working  forces  of  molecular  movement  arc  as  the 
absolute  temperatures. 

Avogadro's  Law.—U  in  equation  (S).  page  545,  representing  the  relation  between 
pressure,  number  of  molecules,  volume,  and  working  force  of  molecular  movement, 


jj     ^     n  V  .  ^  mc- 


(11) 


wo  substitute  for  tliu  ratio  of  the  working  forces  tliat  of  the  absolute  temperatures, 
namel}',  =  jr>  where  T,  and  T^  denote  the  absolute  temperatures  of  the 

gases  whose  molecidar  masses  are  m  and  M  respectively,  we  obtain 

p       NvT.,       i\-,:r,  •     •  ' 

Le,  The  pressures  of  different  gases  are  as  the  number  of  molecules  and  their  absolute 
temperatures,  and  inversely  as  the  vohmes,  or  directlj',  as  the  number  of  molecules  in  the 
zmit  of  volumes  and  as  the  aksolute  temperatures. 
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If  now,  in  this  last  equation,  we  have 

P  =  1\  = 


N 


,  and  therefore  n  —  N 


(13) 


i.e.  At  equal  pressure  and  temperature,  equal  volumes  of  different  gases  contain  equal 
nuiuhcrs  of  molecules. 

This  is  Avogadro's  law,  which  is  now  regarded  as  affording  the  surest  foundation 
for  the  determination  of  the  atomic  and  molecular  weights  of  all  bodies  which  exist  in 
or  can  be  obtained  in  the  gaseous  state  (see  Molectoe). 

Deviations  from  tbe  Siaws  of  Boj^le  and  Gay-Eiiissac.  Eesoiirchcs  on 
tlie  influence  of  temperature  on  tlie  deviations  of  gases  from  Boyle's  law  have  been 
made  by  Amagat  {Compt.  rend.  Ixviii.  1170).  Let  p  and^;,  be  the  pressures  corre- 
sponding with  the  volumes  V  and  V,  at  the  temperature  t ;  also  P(>  p)  and  P,  the 
pressures  corresponding  with  the  same  volumes  after  the  gas  has  been  heated  to  T, 
Theii,  if  the  deviation  depended  only  on  the  volume,  we  should  have  : 
pV     ^     PV    .  ,    p     ^  P 

Tvi  p: 


P,]\       p,r,  p, 

The  following  table  shows  tlie  mean  values  determined  by  experiment  for  sulplmr 
dioxide,  ammonia,  and  carbon  dioxide  : — 


Name  of  Gas 

Number 
of  Experi- 
ments 

P 
l\ 

T 

P 
P, 

Diff. 

Sulphur  dioxide  . 
Ammonia 
Carbon  dioxide 

3 

13 
13 

0-50838 
0-50731 
0-60081 

98° 
98 
98 

0-50277 
0-50402 
0-50771 

0-00561 
0-00329 
0-00210 

These  numbers  show  that  the  deviation  depends  upon  the  temperature  as  well  rs 
upon  the  volume.  Amagat  explains  this  by  supposing  that  with  the  greater  working 
forces  of  the  molecules  at  the  higher  temperature,  the  loss  produced  by  their  collision 
is  proportionately  less  than  the  increase  of  pressure  on  the  walls,  in  consequence  of 
the  increase  of  working  force,  notwithstanding  the  increased  freqiieney  of  the  collisions 
resulting  from  the  higher  velocity  of  the  molecules. 

Amagat  has  also  determined  the  ratio  for  several  gases  at  different  tempera- 
tures and  under  nearly  equal  initial  terminal  pressures,  the  volume  being  in  each  cjxse 
reduced  to  nearly  one-half. 


Sulphur  dioxide 


Ammonia.       .  | 


Carbon  dioxide  \ 


15-3= 
08-5 
98-4 
15-5 

97-  8 

7-  7 

98-  0 
Gl 

08-5 
98-4 

8-  5 
08-1 

9-  0 
98-4 

7-2 
98--1 
97-5 


Initial  Pi-cssui-e 


09-153 
01-528 
69-255 
69-221 

69-  283 

70-  586 
70-500 
70-219 
92-382 

70-  354 

71-  537 

71-  053 

72-  055 
72-100 
72-560 
72-512 
71-458 


1-0188 
1-0078 
1-0057 
1-0182 
1-0051 
1-0125 
]  -0048 
1-0129 
1-0062 
1-0051 
1-0061 
1-0026 
1-0064 
1-0021 
1-0010 
1-0001 
0-9998 
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From  these  numbers  it  appears,  that  towards  100°  sulpliiu-  dioxide  and  ammonia 
deviate  but  little  from  Boyle's  law,  though  somewhat  more  than  air  at  ordinary  tem- 
peratures ;  that  at  100°  carbon  dioxide  de^-iatos  but  very  slightly  from  the  law,  a  result 
in  accordance  with  Keguault's  determinations  of  the  density  of  this  gas  ;  and  that  at 
100°  atmospheric  air  may  be  regarded  as  conforming  exactly  to  Boyle's  law. 

In  another  scries  of  experiments  {Compt.  rend.  Ixxiii.  183),  Amagat  has  determined 

the  values  of        for  sulphur  dioxide  and  carbon  dioxide,  between  the  temperatures 


of  0°  and  260°,  the  gases  being  originally  trnder  tlie  atmospheric  pressure,  and  then 
reduced  to  one-half  of  their  volume ;  also  the  coeiBcient  of  expansion  between  tlie 
same  limits  of  temperature. 


"V;i,lnp.  nf 

Expajision 

—Coefficient 

Temperatures 

(air  = 

0-00367) 

for  S0= 

for  CO' 

for  S0= 

for  C0= 

0° 

0-003724 

8 

1-0065 

Between  0  and  10 

0  004233 

„     10  and  20 

0-004005 

15 

1-0185 

50 

1-0110 

1-0036 

0-003846 

0-003704 

100 

l-005i 

1-0023 

0-003757 

0-003695 

150 

1-0032 

roou 

0-003718 

0-003690 

200 

1-0021 

1-0008 

0-003695 

0-003687 

250 

1-0016 

1-0006 

0-003685 

0-003682 

Hence  it  appears  that,  as  the  temperature  rises,  the  dei'iation  from  Boyle's  law  and 
tlie  coefficient  of  expansion  both  exhibit  a  regular  decrease,  the  expansion-coefficient 
attaining  its  limiting  value  at  the  same  temperature  as  that  at  which  the  gas  begins 
to  conform  to  Boyle's  law. 

Eecknagel  {Fogg.  Ann,  Ergiinzungsband  v.  563)  has  endeavoured  to  introduce  into 
the  law  of  tension  of  gases  a  precise  mathematical  expression  of  the  influence  of  'the 
neighbourhood  of  the  condensation  point,'  and  thereby  so  to  generalize  this  law  that 
it  may  represent  the  entire  behaviour  of  the  gas,  including  the  phenomena  which  it 
exhibits  in  its  passage  to  the  liquid  state.  For  carbon  dioxide,  with  regard  to 
tlie  compress-ibility,  increase  of  volume,  and  tension  with  temperature,  and  the  tension 
and  tensity  of  its  satiu-ated  vapour,  sufficient  data  have  been  furnished  by  the  experi- 
ments of  Eegnault  {Memoires  de  V Academic  des  Sciences,  xxi.  et  xxvi. ;  Jahresh.  184"- 
48,  136  ;  1863,  88).    The  following  results  have  been  deduced  : — 

In  place  of  the  equation  expressing  the  laws  of  Boj'le  and  Gay-Lussac,  Tv  = 
AgiX  +  a.{),  there  is  obtained,  for  carbon  dioxide  and  nitrogen  monoxide,  the  equa- 
tion : — 

vv  =  A  (1     o.t)  (i  -  ^) ; 

more  general,  and  more  exactly  representing  tlie  results  of  observation,  in  whidi 
denotes  the  volume  of  the  unit  of  weight  of  carbon  dioxide;  5  a  function  of  the  tcm- 
]5erature  determined  by  the  tension  of  the  vapour  saturated  at  t°  ;  and  a  0-003642. 
If  P  is  estimated  in  atmospheres,  and  the  unit  of  volume  is  tliat  which  is  occupied  by 
1  kilogram  of  carbon  dioxide  at  0°,  and  1  atmosphere  tension,  Ag  =  1-00710; 
i^°  =  0-00705;  5,00  =  0-C038;  ami  generally: 

2?  =  1-00710  (1  -^  a/)  -4f  > 
43/ 

where  i¥  denotes  the  tension  of  the  vapom-  satiu-ated  at  t°. 

Relations  of  Vapours  to  BoyUs  and  Gap-Lussac's  Laws. — H.  Herwig  (Fogg.  Ann. 
cxxxvii.  19,  592)  has  made  experiments  on  the  relation  between  the  pressure,  volume, 
and  absolute  temperature  (a  -i-  t)  in  the  vapours  of  alcohol,  chloroform,  carbon  bisul- 
phide, ether,  and  water.  The  apparatus  used  was  so  contrived  as  to  admit  of  a  simul- 
taneous variation  of  the  pressure,  volume,  and  temperature  of  the  vapour.  A  graduated 
glass  tube,  filled  with  mercury,  into  which  the  liquid  to  bo  volatilised  was  introduced 
>n  Imlbs  of  thin  glass,  was  connected  at  its  lower  end  •\\-ith  a  tube  wider  at  the  bottom 
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but  gi'adually  narrowing  towards  tlio  top,  •wliicli  served  as  a  receiver  for  the  mercury 
driven  out  of  the  graduated  tube  by  tlie  pressure  of  the  vapour,  and  communicated  at 
its  narrow  end,  by  means  of  a  T-tubo,  with  an  air-pump  and  a  mononieter.  The 
graduated  tube  and  the  receiver  were  placed  in  a  copper  water-bath,  in  the  sides  of 
which  were  inserted  plates  of  glass  through  which  the  two  tubes  could  be  viewed. 
The  bulbs  having  been  burst,  the  pressure  and  volume  of  the  vapour  were  observed  at 
a  constant  temperature  from  the  point  of  saturation  of  the  vapour  to  the  point  at 
which,  at  the  same  temperature,  it  began  to  follow  Boyle's  law,  a  condition  indicated 
by  the  constancy  of  the  products  ^y,  which  had  previously  been  continually  increasing. 

Denoting  by  2h  aii<l  '^i  the  pressure  and  volume  at  a  certain  temperature  of  the 
vapour  in  its  pure  saturated  state, — that  is  to  say,  when  it  has  just  fcikcn  up  the  last 
drop  of  liquid, — and  by  P,  V,  the  pressure  and  volume  for  a  state  of  the  vapour  in 
which,  at  the  same  temperature,  it  conforms  to  Boyle's  law%  it  is  found  that  for  the 
v.ipours  of  alcohol,  chloroform,  carbon  bisulphide,  ether,  and  water, 
ill  the  saturated  state,  the  relation  between  pressure,  volumo,  and  temperature,  is  ex- 
pressed by  the  equation— 

pv 

instead  of   =  const.,  which  is  the  relation  for  perfect  gases.    For  the  products 

pv  lying  between       and  PV,  no  definite  law  of  variation  has  yet  been  discovered. 

The  vapours  of  alcohol  and  chloroform,  when  not  in  contact  with  the  liquids,  begin 
to  follow  Boyle's  law  at  the  temperature  9-5°,  the  great  ilifiereuce  of  their  maximum 
tensions  appearing  to  have  no  influence  on  the  position  of  this  point. 

The  equality  of  the  coefficient  0-0595  for  five  vapours  so  different  in  most  respects 
as  those  above  mentioned,  renders  it  probable  that  this  coefficient  has  likewise  the 
same  value  for  all  other  vapours.  If  this  be  the  case,  the  amount  of  deviation  of  the 
pure  saturated  vapour  from  Boyle's  law,  at  any  given  temperature,  must  bo  the  same 
for  all  vapours. 

3Iean  Velocity  of  Molecular  Movement  for  Inqxrfict.  Gases. — Suppose  a  kilogram  of 
a  gas  at  0°  to  be  under  an  initial  pressure  so  small  that  the  volume  I'a  is  extremely 
great,  and  consequently  the  attraction  between  the  molecules  may  bo  regarded  as 
nothing ;  and  suppose  that  the  pressure  is  increased  to  2^'o  •  whereby  the  volume  is 

reduced  to  v'o  :  then  =  1-1-  Ap,  where  Ap  denotes  the  deviation  from  Boyle's 

law  at  the  pressure  p.  If,  now,  while  the  pressure  remains  constant,  the  temperature 
bo  raised  to  t,  and  the  vokime  v'o  thereby  increased  to  v,  wo  shall  have : 

4-  -  I  +  a„t; 

where  a^,  is  the  coefficient  of  expansion  under  constant  pressure  p  between  0°  and  t°. 
Assuming  further : 

1  +  A,,  a^, 

\vc  have ; 

pv  =  Bp  {Up  +  t), 
where  Bp  and  Up  vary  with  tho  pressure. 
The  values  of  if''  are  as  follow: — 

p    =       0         0-70         1  5  10  15       20  met. 

Air  ...  B"  =  29-222  29-32,'j  29-3-t7  29-672  30-007  30-265  30-446 
Carbon  dioxide     Bp  =  19-239    i9-388    19-437    20-417    21-997    23-867  20-9ia 

Now,  according  to  Clausius  (Zamminer  s  Jahrcsh.f.  Physik.  1857,  36), 

where  g  is  the  acceleration  due  to  gravity,  and  u  the  mean  velocity  of  the  progressive 
motion  of  the  molecules.  Consequently, 

«  =  ^zTlp  {dp  +  t), 

-n-hich  formula  difft-rs  from  tliat  of  Clausius  for  perfect  gases  in  this  respect,  that  Bp 
and  a  are  not  constant,  but  functions  of  the  pressure  or  volume. 

For  air  and  carbon  dioxide  observation  has  furnished  the  data  required  for  cal- 
culating the  following  mean  velocities  in  meters  per  second 
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Air 

Carbon  Dioside 

Pressure  in 



Meters 



t  =  4-8° 

t  =.  100 

t  =  0-3 

t  =  100° 

0 

480-1 

56G-0 

393-3 

459-7 

0-7G 

48i--l 

566-0 

392-1 

450-2 

1 

4-84-8 

566-9 

391-8 

459-0 

483-8 

5G6-9 

385-0 

456-4 

10 

482-8 

566-9 

374-5 

452-8 

15 

482-0 

566-9 

362-9 

449-4 

20 

481-4 

666-9 

350-4 

446-2 

Tho  velocities  found  for  tlie  pressure  0  represent  tlie  ideal  case  of  an  infinitely 
expanded,  that  is,  perfect  gas,  in  ^vliich  the  molecular  attractions  are  infinitely  small 
(Blasorna,  Comjjt.  raid.  Ixix.  134;  Jahvcsh.f.  CJtcm.  1860,  74). 

GASES,  VOKCAirXC.  The  gases  evolved  from  the  solflitaras  of  Vesuvius  and 
the  Campi  Flegrci  were  examined  by  Deville  in  1862  and  by  Fouque  in  1865.  Gorceix 
{Compt.  rend.  Ixxv.  154)  examined  them  in  June  1869,  collecting  the  gases  as  nearly 
as  possible  from  the  same  points. 

A  small  constant  variation  was  observed  in  gas  issuing  from  one  and  the  same 
orifice,  to  such  an  extent  that  two  consecutive  analyses  scarcely  ever  gave  identical 
results  ;  it  was  not  probable,  therefore,  that  any  uniformity  would  be  traceable  in  the 
gas  from  different  centres  of  emanation,  or  that  the  present  results  would  correspond 
closely  with  those  of  previous  experimenters. 

As  a  rule  the  gas  evolved  consisted  mainly  of  carbon  dioxide  mixed  with  about  5  p.c. 
of  hydrogen  sulphides,  less  than  1  p.c.  of  oxygen,  and  from  5  to  10  p.c.  of  nitrogen: 
tho  percentage  of  the  latter  gas,  however,  varied  greatly,  sometimes  increasing  to  the 
extent  of  60  or  60  p.c,  with  a  proportional  decrease  in  the  amount  of  carbon  dioxide. 
In  some  instances  small  quantities  of  marsh-gas  were  detected. 

At  Lake  Agnano,  and  at  the  Groita  del  Cane,  the  gas  which  escaped  was  pure  carbon 
dioxide;  in  the  Grotla  d'Aminoniaca  the  hydi-ogen  sidphide  present  in  1862  was 
no  longer  capable  of  being  detected.  At  the  Grotla  di  Solfo  the  marsh-gas  was  mixed 
with  a  small  quantity  of  hydrogen,  but  ethylene  was  absent,  while  tho  hydrogen 
sulphide,  which  had  disappeared  in  1865,  was  again  present  in  notable  proportions. 
At  Castellamare  this  same  gas  had  reappeared,  and  the  proportion  of  carbon  dioxide 
had  considerably  augmented. 

On  a  subsequent  occasion  the  following  results  wei-e  obtained  : — 


Source  | 

co- 

H=S 

0 

N 

Temperature 

Great  Solfatara    .       .       .       .  j 

88-8 

7-0 

0-7 

4-5 

110°  to  120° 

Stufa,  E  ! 

29-5 

traces 

13-2 

57-3 

26° 

Lago  d' Agnano     .       .       .  .1 

06-1 

Grotfcx  del  Cane  . 

77-0 

Acqua  ferrata  del  Pozollo  (Castel-  \ 
lamare)    .       .       .       .  y. 

29-1 

00-0 

0-7 

70-2 

Air,  28° 
Water,  25° 

At  "Vesuvius  aqueous  vapours  containing  carbon  dioxide,  besides  dry  emanations  of 
hydrochloric  acid  and  sulphurous  oxide,  without  carbon  dioxide,  at  a  temperature  oi 
225°,  -were  evolved  from  the  crater  and  from  fissures  on  the  sides.  From  the  great 
Solfatara  there  issued  with  much  noise,  a  mixture  of  steam,  hydrogen  sulphide,  carbon 
dioxide,  and  air.  The  sides  of  tlie  cavity  were  covered  with  crystals  of  sulphiu"  and 
sulphide  of  arsenic. 

Emanations  from  the  Caldeira  de  Furnas,  San  Miguel,  A::orcs:  in  1867. — Janssen 
and  C.  Sainte-Clare  Deville  examined  the  gases  evolved  by  the  Grande  Caldeir.-i 
of  Furnas,  and  found  them  to  consist  wholly  of  carbon  dioxide,  sulphuretted 
hydrogen,  and  a  trace  of  nitrogen,  hydrogen  and  other  combustible  gases  being  absent. 
The  recent  experiments  of  Fouque  corroborate  the  above  results.  The  residue  left 
after  treating  2,600  c.  c.  of  the  gas  with  potash  was  less  than  1  c.  c.  and  was  incom- 
bustible. 

It  would  seem,  therefore,  that  the  gaseoiis  emanations  of  tho  Calileiras  diflTer  ma- 
terially in  composition  from  those  of  the  Geysers  of  Iceland,  and  from  the  Soffioni  of 
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Tuscany,  since  the  lafctei-  imMriablv  contain  l)oth  hydro,?en  niul  oarburottod  hydrogen. 
They  more  closely  resemble  the  soliataras  of  certain  active  volcauic  district;;  {Co.jipt. 
rend.  Ixxv.  1116). 

Gases  evolved  from  the  Volcanic  Idand  of  Santorin  {Grecian  Archipelago)  after  the 
Eruption  of  18C6. — These  gases  have  been  analysed  by  G-orceis  {Compt.  rend.  Ixxv. 
270-272),  who  found  that,  besides  carbon  dioxide,  oxygen,  and  nitrogen,  the  propor- 
tions of  which  varied  from  day  to  day,  and  even  from  hour  to  hour  (vide  N  in  table), 
traces  of  hydrogen,  sulphydrio  acid,  and  marsh-gas  were  detected.  In  April 
1870,  acid  vapours  (temp,  about  115°),  were  still  issuing  at  two  points,  tlie  gas  evolved 
having  the  following  composition  : — 


Gas  cv lived  on  April  12, 1S70. 

Fnniarole  JI 

lO-t 
12-0 

G8-5 
none 
none 

Fumarolo  N 

Sample  1 

Sample  2 

Hydrocldoric  acid  . 
Sulphurous  acid  . 
Carbou  dioxide 
Oxygen  .... 
Nitrogi'U 

1-0  ] 
0-4 

98-6  j 

none 
none 

28-4 

11-0 
67-.3 

99'9 

99-9 

99-7 

An  analysis  of  the  gas  contained  in  the  sea-water  on  the  coast  (date  not  stated)  gave 
2."r5  p.c.  CO-,  10-1  0,  and  61'3  N. 

Gases  evolved  from  the  Volcano  of  Nisiros  (Gorceix,  Compt.  rend.  Ixxvii.  697-601). 
—The  gas  collected  during  March  1873,  from  the  fnmarolos  in  the  crater  had  the 
following  composition  : — ■ 

a  h  c  d 


Hydrogen  sulphide 
Carbon  dioxide  . 
Oxygen 
Residue  . 


00-0 
0-4 
4-6 


74-0 
21'6 
0-4 
4-0 


18-0 
0--1 
4-6 


74-0 
21-0 
0-4 


90-2 


71-7  70-0 

24  0  25-3 

0-4  0-4  — 

3-9  3-8  1-2 


a  was  from  the  older  group  of  fumarolcs  :  the  residue  was  incombustible,  h  and  c 
v,-ere  from  two  apertures  in  the  more  recent  group,  the  analyses  being  made  at  intervals 
of  tliroe  days  :  the  residue  was  combustible,  d  was  from  a  solfatara  in  tlie  island  of 
Cos  :  the  residue  consisted  of  nitrogen. 

The  fumeroles  are  surrounded  by  deposits  of  sulphur,  and  the  soil  is  impregnated 
with  sulphuric  acid. 

GASTRIC  JUXCS  (Kuhne,  Lchrhuch  dcr  physiologischen  Chemie).  As  the  pepsin 
and  hydrochloric  acid  of  the  gastric  juice  produce  together  effects  on  albuminous 
bodies  which  neither  is  capable  of  producing  apart  from  the  otlu-r,  C.  Schmidt  has 
suggested  that  these  substances  unite  to  form  a  sort  of  coujugatrd  a. '1.1.  vlnch  he  culls 
popto-hydr ochloric  acid:  that  some  such  compound  is  fornu  d  is  iilso  rendrrrd 
probable  by  the  modification  of  the  properties  of  the  two  substanci  s  v.  hieh  is  seen  in 
their  mixture.  Dilute  hydrochloric  aciil.  ioi-  instanre,  dissolves  the  calcareous  salts 
out  of  bone,  leaving  behind  the  gelatinous  miilicr,  but  gastric  juice  removes  the  gelatin 
and  leaves  a  brittle  mass  consisting  of  ilie  eailhy  sails.  Pepsin,  too,  in  a  neutral  so- 
lution is  non-diffusible,  but  iu  the  presence  of  dilute  hydrochloric  acid  it  dialyses 
readily. 

The  preparation  of  artificial  gastric  juice  has  been  much  simplified  by  Von  Wittich's 
discovery  that  pepsin,  its  essential  organic  constituent,  is  soluble  in  glycerin.  An 
active  digestive  fluid  may  bo  obtained  by  removing  the  mucous  membrane  from  a 
fresh  pig's  stomach,  except  that  portion  near  the  pyloric  orifice,  cutting  it  into  small 
pieces,  placing  tlicni  iii  alcnhol  for  twenty-four  hours,  and  then  transferring  into  just 
Mil'liciciit  -1  yci  liu  !(i  l  uv.  r  tliciii ;  a  little  of  the  glycerin  extract  can  be  strained  off 
whi  II  nijuiril,  :iii4a  01  )i  r.  solution  of  hydrochloric  acid  added  to  it.  The  hardening 
in  alcohol  before  nriceral  ion  in  glycerin  is  not  essential,  but  if  itis  omitted,  the  glycerin 
extract  is  very  tenacious  and  difficult  to  strain,  on  account  of  its  containing  a  large 
quantity  of  mucus.  To  obtain  absolutely  pure  artificial  gastric  juice,  pure  pepsin 
must  of  course  first  be  prepared,  and  then  dissolved  in  the  dilute  acid  (see  Pepsin). 

H.  N.  M. 
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CEXERXTZ:.  A  mineral  occiuTing  at  Wolfaeli  in  the  Black  Forest,  in  calcspar  or 
on  antimonial  silver,  in  crystals  of  the  rhombic  combination  <»P  .  jnPoo  .  It  is  silver- 
white,  yields  a.  sublimate  of  arsenic  and  sulphide  of  arsenic,  and  when  heated  on  char- 
coal gives  oil  arsenious  oxide,  sulphurous  oxide,  and  vapour  of  antimony.  Hardness 
5'3,  sp.  gr.  =  6'o50.  The  analysis,  carried  out  by  Petersen,  leads  approximately 
to  the  formula,  FeS= .  u(Fo;  Co)(Ae,Sb): 

S  AS  Sb  Fo  Co 

5-18       G2-29       4-37       2-1-33       4-40  =  100-57 

Tlie  mineral  also  contains  traces  of  manganese,  zinc,  nickel  and  lead  (Sandberger, 
JahrhxKh  f.  Micrnalogic,  1869,  315). 

GSXiSEnXZVnX.  The  alcoholic  extract  of  Gelscmiimi  sempcrvirens  yields,  by 
evaporation,  solution  in  water,  acidulation,  and  agitation  with  ether,  an  acid  which 
crystallises  out  in  small  quantity  as  the  ether  evaporates.  This  acid, called  gelsomic 
acid,  forms,  after  purification,  colourless,  scentless,  and  tasteless  needles;  unites  with 
alkalis  forming  crystallisable  salts ;  and  dissolves  in  nitric  acid  with  yellow  or  red 
colour  becoming  deep  blood-red  on  addition  of  ammonia. 

The  alkaline  solutions  of  the  acid  exhibit  a  yellow  colour  and  blue  fluorescence,  to 
■whatever  degree  they  may  be  diluted.    The  acid  sublimes  at  100°. 

The  ethereal  solution  of  gelsemium  extract  also  contains  an  alkaloid,  gelsemine, 
in  larger  quantity  than  the  acid.  This  alkaloid,  which  may  be  extracted  by  addition 
of  potash  and  agitation  with  chloroform,  is,  when  purified,  a  white  amorphous  substance 
having  an  intensely  bitter  taste,  slightly  soluble  in  water,  easily  in  chloroform,  and  in 
25  pts.  of  ether;  sulphuric  acid  dissolves  it  with  red  colour,  changing  to  purple-red  on 
Heating.  It  melts  below  100°.  Alkalis  precipitate  it  from  the  aqueous  solutions  of 
its  salts  ;  these  salts  also  give  precipitates  ivith  potassium  dichromate,  potassium 
sulphocyanate,  picric  acid,  potassium  iodide,  hydrobromic  acid,  ferricyanide  and  ferro- 
cyanide  of  potassium,  &c.  It  is  very  poisonous.  (AVormley,  Amers.  J.  Pharm. 
1870,  42.) 

GERAlNXirnx  OIIm.  Indian  geranium  oil,  as  it  occurs  in  commerce,  exhibits 
considerable  varieties  of  composition  and  properties.  0.  Jaeobsen  (Ann.  Ch.  Pharm. 
clvii.  232)  has  examined  two  samples  of  it.  both  containing  traces  of  copper,  to 
which  perhaps  the  greenish  colour  of  the  oil  is  due.  One  sample,  of  sp.  gr.  0'887  at 
20°,  was  found  to  be  adulterated  with  about  8  p.c.  of  alcohol ;  the  other,  wliich  was 
more  viscid,  and  had  a  specific  gravity  of  0-910  at  29°,  contained  20  p.c.  of  a  fatty 
oil.  The  free  acid,  which  was  most  abundant  in  the  second  oil,  was  separated  by 
agitating  the  distillate  obtained  below  210°  with  potash-ley,  and  distilling  the  eva- 
porated liquid  with  sulphuric  acid;  it  proved  to  be  valeric  acid. 

Geraniol,  C'"II''0. — This  compound,  isomeric  with  bornool,  and  -ndth  the  essen- 
tial constituents  of  the  oils  of  cajeput,  hops,  coriander,  and  Osmitopsis  astcrisco'ides,  is 
obtained  by  repeated  fractional  distillation  of  the  portion  of  the  crude  oil  which 
passes  over  between  210°  and  240°.  It  is  a  colourless,  strongly  refracting  liquid, 
having  a  very  fragrant  smell  of  roses  ;  not  solidifying  at  15°,  and  inactive  to  polarised 
light.  It  has  a  specific  gravity  of  0-8851  at  15°  and  0-8813  at  21°,  and  boils  at  232°- 
233°,  that  is  to  say,  at  a  higher  temporatm-e  than  either  of  its  isomerides.  It  is  in- 
soluble in  water,  but  mixes  in  all  proportions  with  alcohol  and  ether.  On  heating  it 
with  recently  fused  and  pulverised  calcium  chloride  to  50°,  at  most,  filtering  the 
liquid  in  dry  air,  and  then  cooling  it  slowly  to  10°,  a  crystallised  compound  CaCl-. 
QiojjisQ  separates  out,  which  is  immediately  decomposed  at  a  higher  temperature  or 
by  water. 

Geraniol  oxidises  very  slowly  on  exposure  to  the  air,  and  then  leaves  on  distillation 
a  brown  viscid  mass,  which  is  also  left  in  variable  quantities  when  crude  geranium 
oil  is  distilled. 

By  dropping  geraniol  on  ra&\tmg x>otassmm  hydrate,  potassium  valerate  is  formed. 
Valeric  acid  is  also  produced  in  small  quantity  by  prolonged  boiling  of  geraniol 
with  potash-ley  or  baryta-water.  By  oxidation  with  a  cold,  neutral  solution  of  -poias- 
siuw,  permanganate,  geraniol  yields  valeric  acid  together  with  fatty  acids  poorer  in 
carbon,  especially  acetic  acid,  when  the  solution  is  allowed  to  become  heated.  With 
a  hot  solution  oi potasmtm  chro7nate  and  sulphuric  acid  the  principal  product  is  acetic 
acid ;  valeric  and  succinic  acids  are  also  formed.  Nitric  acid  produces  nitrobenzene, 
hydrocyanic  acid,  oxalic  acid,  and  a  resin,  but  no  analogue  of  camphoric  acid. 

Gcranyl  chloride.,  C'°iI"Cl,  is  formed  by  passing  hydrochloric  acid  gas  throiigli 
geraniol,  or  by  heating  the  latter  to  80°-90°  for  several  hoiu's  with  strong  aqurous 
hydrochloric  acid.  It  is  a  j-ello-svish,  oily,  optically  inactive  liquid,  having  a  peculi.ir 
camphorous  aromatic  odour,  a  specific  gravity  of  i-020  at  20°.  not  solidifying  at  15°, 
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decomposed  by  distillutioii ;  silver  nitrate  in  alcoholio  solution  preeipiuitcs  the  chlorine 
inimcdiiitcly  and  completely,  even  at  ordinary  temperatures. 

Gcranyl  bromide,  C"'H"Br,  and  Gcravyl  iodide,  C'"!!"!,  are  piroduced  by  decom- 
posing the  chloride  in  Rlcoholic  solution  at  onlinarv  temperatures  -with  bromide  or 
iodide  of  potassium.  It^he  ci/anide  and  .■od  i)iin,ii(,,iiiti  maybe  obtained  in  a  similar 
manner  by  means  of  the  corresponding'  pnla:  ^ium  ^.il's  ;  ,ilso  the  vahrate,  snccincitc, 
and  hcnzoate,  -which  are  fragrant  oily  Iicpiiil!-.  not  solidilying  at  —10°,  and  not  distil- 
lable  without  decomposition.  The  elherification  may  also  bo  effected  by  heating 
geraniol  to  200°  for  two  hours  with  excess  of  cinnamic  or  benzoic  acid,  and  washing 
with  dilute  solution  of  sodium  carbonate. 

Gcranyl  oxide,  C-°H^^O,  is  produced  by  heating  geranyl  chloride  with  geraniol,  or 
to  18U°-200°  with  three  or  four  times  its  bulk  of  water,  or  over  the  water-bath  for 
some  time  with  alcoholic  potash.  When  purified  by  repeated  distillation,  it  is  acnlour- 
less  liquid  which  floats  on  water,  has  a  peculiar  odour  of  peppermint,  and  boils  at 
187°-190°. 

Geranyl  sidpkide,  C-°H^'S,  produced  by  treating  the  chloride  with  potassium  sul- 
phide in  alcoholic  solution,  is  a  yellowish  liquid,  sinking  in  water  and  having  a 
peculiar  disagreeable  odour.  It  iinites  with  mercuric  chloride,  forming  a  compound 
insoluble  in  alcohoL  When  heated  it  gives  off  sulphurous  oxide ;  and  yields  a  dis- 
tillate consisting  chiefly  of  the  terpene  of  geraniol. 

The  preceding  reactions  show  that  geraniol  in  its  chemical  relations,  bears  a  great 
resemblance  to  borneol,  and,  like  the  latter,  may  bo  regarded  as  a  monatomie  alcohol, 
C'"H'"OH.  The  distinguishing  physical  characters,  namely,  that  geraniol  is  liquid 
and  has  no  action  on  polarised  light,  are  repeated  in  almost  all  its  derivatives. 

Geranene,  CoH'",  is  produced  by  distilling  geraniol  with  phosphoric  anhydride 
or  zinc  chloride.  When  purified  by  repeated  rectification,  finally  over  metallic  sodium, 
it  is  a  colourless,  mobile,  optically  inactive  liquid,  h.aving  a  specific  gravity  of  0'8-12,5 
at  20°,  and  vapour-density  of  d'OS  at  237°.  In  contact  with  the  air  it  oxidises  quickly, 
with  abundant  formation  of  ozone.  It  unites  with  hydrochloric  acid,  forming  a  liquid 
hydrocloride ;  does  not  appear  to  form  a  hydrate  when  treated  by  Wiggers'  method 
for  the  preparation  of  terpin.  With  nitric  acid  it  yields  the  same  oxidation-products 
as  the  other  terpenes, 

CEVSERS.  The  valley  of  Furnas,  in  the  eastern  part  of  San  Miguel,  was  disturbed 
about  three  centuries  ago  by  volcanic  eruptions,  and  the  soil  is  now  perforated  by  a 
number  of  geysers.  The  three  largest  and  most  active  of  these  are  called  '  caldeiras.* 
Only  one  of  these  furnislies  a  continuous  stream  of  water.  Another  sends  forth  in- 
termittent currents  ;  while  the  third  emits  only  water-vapour  and  gas.  Besides  these 
boiling  springs,  there  exist  others  which  have  a  temperature  of  about  16°  0.  and  whose 
waters  are  ferruginous.  The  water  of  some  is  very  alkaline  and  but  slightly  sul- 
phurous ;  others  are  not  in  the  least  sulphurous  ;  many  contain  a  considerable  amount 
of  hydroferric  carbonate  and  carbonic  acid ;  and  some,  free  sulphuric  acid.  These 
springs,  especially  those  containing  sulphuric  acid,  are  used  medicinally.  All  of 
them  contain  a  large  quantity  of  silica  in  solution,  so  largo,  indeed,  that  it  is  de- 
posited at  the  mouth.  Sodium  salts  and  free  carbonic  acid  are  present  in  large  quantity, 
while  iron,  lime,  and  magnesia  are  comparatively  scarce.  Several  of  the  springs  con- 
tain traces  of  bromides,  iodides,  and  fluorides  ;  boracic  acid  and  arsenic  are  not  present 
(T.  du  Fouque,  Compt.  rend.  Ixxvi.  1361). 

GXRON-A.  RESXir.    See  Eesiks. 

GXiASS.  Cihirposition  of  various  kinds. — Crystalline  glass  from  Dresden,  easily 
fusible,  anil  having  a  sp.  gr.  of  2'6o6  to  2'660,  was  found  by  H.  Schwarz  (Biin/h  j'ol.  J. 
ecv.  423)  to  liave  the  composition  16SiO-.2Al-'OM3RO,  the  symbol  KO  'including 
inanganous  oxide,  lime,  magnesia,  soda,  and  potash,  dimorphous  glass  of  sp.  gr. 
2-641-2-648,  exhibited  nearly  the  same  composition,  viz.  :  17SiO-.2Al-OM3RO.  These 
glasses  contain  large  proportions  of  mangauous  oxide  (6-60-6-30),  which  acts  like  lead 
oxide,  rendering  them  easily  fusible.  The  manganese  residues  from  chlorine  works, 
such  as  the  compound  of  manganese  oxide  and  lime  obtained  in  Weldon's  process,  might 
be  usefully  employed  in  their  preparation.  Venetian  Mosaic  glass,  opacpe  and  of  light 
blue  colour,  was  found  by  Schwarz  to  contain  5'92  p.c.  antimoiiious  oxide,  9 '76  lead 
oxide  and  1-32  copper  oxide. 

Baryta  glasses. — Eciirath  {Dinijl.  pol.  J.  oii.  422)  lias  endeavoured  to  determine  how 
fir  baryta  can  be  .•i>!\  ;iiit;i;;riju-ly  nsi  il  ,-is  a  subsi  il  ut r  f(ir  the  alkalis.  Setting  out 
on  the  supposition  tlmr.  im  ijliiss  winch  ilncs  iml  a|ipni,ii-h  more  nearly  to  the  compo- 
sition of  R0.3SiO-  than  to  l;(  (/JSit )-',  can  lie  of  praetieal  value,  on  account  of  its  easy 
deconiposiliility  by  water,  ikit..  he  has  attempted  to  pirepare  glasses  approaching  the 
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former  composition,  in  which  more  cr  less  of  the  alkali  has  been  replaced  l>y  baryta. 
A  glass  containing  silica  68"48,  baryta  30'o6,  potash  10-9G — melted  -n-ell — blew  easily, 
had  a  medium  hardness,  and  considerable  lustre.  As  compared  with  a  similar  linio 
glass  {i.e.,  with  an  equivalent  of  lime  in  place  of  baryta),  it  was  found  to  bo  of  greater 
density  and  lustre,  and  more  fusible  ;  in  resistance  to  chemical  reagents  it  seemed  to 
stand  between  lime  and  lead  glass. 

Attempts  to  increase  the  quantity  of  baryta  in  proportion  to  the  other  basic  con- 
stituents, or  to  make  the  glass  more  acid,  resulted  in  obtaining  masses  which  became 
devitrified  on  cooling.  Although  glasses  containing  no  alkali  can  be  prepared  from 
silica,  lime,  and  baryta,  they  are  practically  infusible  if  they  contiiin  more  silica  than 
corresponds  to  E0.2SiO-,  and  these  are  so  easily  decomposed  as  to  be  worthless. 

It  appears,  then,  that  baryta  can  only  be  substituted  for  the  lime,  and  not  for  the 
alkali  of  glass.    See  also  Jeanne  {ibid,  cxciii.  259). 

Ancicn  t  Jewish  Glass.  D.  Campbell  {C/iem.  News.  xxiv.  283)  examined  a  speci- 
men of  glass  dug  up  in  the  neighbourhood  of  the  Temple  of  Jerusalem  at  a  depth  of 
20-80  feet.  It  was  much  weathered.  Sp.  gr.  =  2'430.  The  lea.st  altered  portions 
g'lve  by  analysis : 

SiO"       CaO       MgO      Ka=0       K=0      APO=     Fe=0'      Sb=0=   PbO  P'O' 
69-30      8-60      0-55    13-79      1--19      3-20      2-00      0-29    trace     0  80  =  99-92. 

Cryolite  Glass.  Milk  Glass. — Cryolite  glass  from  the  works  of  the  American 
Hot-cast  Porcelain  Company,  having  a  sp.  gr.  of  2-471,  milk-white  in  the  middle, 
opalescent  to  transparent  on  the  outer  and  inner  surfaces,  and  like  ordinary  good  glass 
in  the  other  parts,  was  found  by  Benrath  {Bingl.  folyt.  J.  excii.  237)  to  contain 

SiO"  A1=0'  Fe'O"         HtnO         CaO  Na=0 

67  07       10-99         1-02         1  09       trace       19  83    =  100. 

Experiments  in  the  glass  furnace  showed  tliat  a  mixture  of  1  part  cryolite  and  2  parts 
quartz-sand  melted  easily  and  became  quite  limpid,  j'ielding  a  glass  which  remained 
transparent  after  rapid  cooling,  while  at  the  bottom  of  the  crucible,  where  the  layer  of 
glass  was  5  mm.  thick,  the  mass  on  cooling  was  completely  converted  into  milk-glass. 
The  glass,  wliicli  v.-as  perfectly  white,  had  a  sp.  gr.  of  2-373,  and  gave  by  analysis 
70-01  p.c.  SiO-,  10-78  Al-0'',  and  19-21  Na=0.  Its  formation  may  be  represented  by 
the  equation : 

6NaF.APF«  +  USiO=  =  (3Na=O.Al=03.1lSiO=)  -f  SSiF-". 

The  silicon  fluoride,  which  is  evolved  in  large  quantity  (74  pounds  from  300  pounds  of 
the  mixture),  might  be  converted  into  silicofluoric  acid  available  for  the  preparation  of 
potassium  salts,  by  simply  connecting  the  covered  melting  pots  with  absorption-cham- 
bers containing  water. 

C.  P.  Williams  {Journal  of  the  Franklin  Institute,  Ivii.  252)  has  made  five  analyses 
of  cryolite  glass,  from  which  it  appears  to  contain,  on  the  average, 

SiO=       A1=0'     Fe^O'      MnO      ZnO       C.aO        MgO     Na=0  F 
68-34      7-86      1-50      1-12     6-99      1  86      0-25    10-51      8  05. 

The  sum  of  these  constituents  must  be  diminished  by  3-39  p.c.  oxygen,  equivalent  to 
tlio  fluorine.    Prom  this  composition  Williams  calculates  the  formula: 

2[E=0'.3Si02  +  3(E0.3SiO=)]  +  2NaP.SiF^, 

and  infers,  from  the  proportion  of  soda,  that  the  original  mass  consists  of  67-19  silica, 
23-84  cryolite,  and  8-97  zinc  oxide,  but  loses  39  p.c.  of  its  fluorine  as  silicon  fluoride 
by  the  molting  process.  He  supposes  that  the  sodium  silieofluoride  in  cryolite  glass 
acts  in  the  same  manner  as  the  calcium  phosphate  in  ordinary  milk  glass.  Cryoiito 
glass  is  peculiarly  well  adapted  for  coloration  by  metallic  oxides.  According  to  AV. 
J.  Cheyney,  calcium  fluoride  may  be  substituted  for  cryoiito  in  its  preparation. 

E.  Eichters  {Bingl.  pel.  J.  cxciii.  259)  has  made  experiments  on  the  use  of  calcinni 
fluoride,  obtained  in  the  preparation  of  carbonate  of  soda  from  cryolite,  in  glass  making 
instead  of  lime.  He  finds  that  it  leads  to  a  considerable  saving  (nearly  one-half)  of 
Glauber's  salt,  without  involving  any  increased  consumption  of  fuel,  or  time  of  melting, 
or  diminished  yield  ;  but  that  the  iron  contained  in  this  artificial  fluor-spar  renders  it 
unavailable  for  the  preparation  of  white  glass. 

Sodium  aluminate  has  been  found  to  bo  more  advantageous  than  cryolite  for  the 
preparation  of  milk-glass,  as  it  does  not  attack  the  melting  pots  so  strongly.  1 J  ewt.  of 
cryolite  and  -^^  cwt.  of  calcined  sodium  carbonate  is  replaced  by  1  cwt.  of  sodium  alum- 
inate. Tliis  preparation  lias  also  the  advantage  of  containing  less  iron  than  cryolite 
(Stolba,  I'inyl.  2)ol.  J.  cxcviii.  178). 
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A  very  liavd  '  alabaster  glass'  examined  by  Slolba  {loo.  cit.)  was  found  to  contain 
SiO'^       A!=0'      CaO        K=0    •  Na'O 
82-3       3-2       3'3       S'T         &'6      =  100-1. 

The  turbidity  of  this  glass  is  probably  due  to  the  large  proportion  of  silica,  wliiih 
induces  a  tendcncj'to  devitrifieation. 

GoUl-ruhy  Glass. — The  conditions  under  which  this  glass  is  produced  have  been 
examined  by  W.  Miiller  {Dingl.  fol.  J.  cci.  117).  Previous  researches  had  shown  that 
its  formation  does  not  depend  upon  the  use  of  any  particular  preparation  of  gold,  but 
that  all  tile  fcold-componnds  used  in  its  production  give  up  the  gold  in  the  metallic 
stall' i;t  :i  ti  ni|ii'rature  much  below  that  required  for  the  fusion  of  the  glass.  The 
quaul  ity  "I'  fAnld  taken  up  by  the  glass  does  not  exceed  a  small  fraction  per  cent.  Tho 
anrifci-uus  ylass  may  be  either  turbid  or  transparent,  and  in  the  latter  case  may  exhibit 
various  colours.  Immediately  after  fusion  the  glass  is  colourless  or  yellowish,  and 
the  red,  which  is  the  tarnish-colour  (Anlauffarbe),  appears  only  when  the  solidified  mass 
is  heated  to  tho  temperature  at  which  it  begins  to  soften  ;  this  tarnish  is  independent 
of  tho  atmosphere  and  of  everything  else  by  which  the  glass  is  surrounded.  By  actual 
fusion  the  glass  again  becomes  colourless.  Tho  changes  of  colour  in  gold-glass  are 
entirely  owing  to  allotropic  modifications  of  the  gold  ;  silicates  of  gold  are  imknown, 
and  the  assumption  of  their  formation  in  tho  preparation  of  gold-glass  is  scarcely 
admissible.  It  still,  however,  remains  to  be  determined  in  what  manner  tho  gold 
is  tak(m  up  by  the  glass  ;  also  why  the  gold-glass  turns  red  when  heated,  and  not  as 
the  mass  cools  down  from  the  fused  state.  The  conditions  of  formation  of  the  auri- 
ferous glass,  and  of  its  changes  of  colour,  are  also  but  very  imperfectly  determined. 
Miiller's  experiments  have  led  to  the  following  results : — 

One  hundred-thousandth  part  of  gold  is  sufficient  to  give  the  glass  a  rose  colour  ;  the 
half  of  this  amount  has  no  perceptible  oli'ect.  Glass  containing  lead  takes  up  more 
gold  than  that  which  is  free  from  lead  ;  lead  silicates  may  be  made  to  take  up  of 
their  weight  of  gold.  The  quantity  of  gold  taken  up  affects  the  colour  of  the  glass,  but 
other  circumstances  influence  it  at  the  same  time.  Ordinary  glasses,  made  by  melting 
together  lime,  alkali  and  sand  are  not  adapted  for  the  preparation  of  gold-ruby.  The 
addition  of  lead  oxide  has  a  very  good  effect  on  the  colour  of  the  ruby-glass,  but  ic  is 
limited  by  the  inability  of  tho  melting  pots  to  withstand  the  action  of  the  lead  oxide. 
Oxide  of  tin  has  no  effect.  An  addition  of  Vitrum  aniimonii  is  said  to  make  the  colour 
less  violet.  To  prepare  an  aiu-iferous  glass  which  shall  take  a  good  red  colour,  the 
temperature  must  be  raised  to  the  melting-point  of  cast-iron.  If  fused  at  a  low  tem- 
perature, the  glass  contains  the  gold  in  the  separate  state,  and  appears,  not  colourless, 
but  yellow  by  reflected  light,  from  the  suspended  gold-particles,  and  blue  by  trans- 
initted  light,  exactly  like  a  gold-solution  from  which  the  gold  has  been  thrown  down 
by  ferrous  sulphate.  Gold-glass  which  reddens  well  can  be  obtained  only  by  prolonged 
exposure  to  a  high  temperature  for  an  hour  and  a  half  at  the  least.  The  melted  glass 
will  not  take  up  gold  if  there  is  any  '  glass-gall '  floating  on  its  surface.  The  addition 
of  potassium  sulphate  or  chorido  to  the  glass  immediately  throws  down  the  gold  in 
spherules.  Colourless  gold-glass  acquires  the  finest  red  colour  when  cooled  as  quickly 
as  possibly  from  fusion  and  then  again  heated.  Sudden  cooling  leaves  the  glass 
colourless ;  slower  cooling  renders  it  turbid,  part  of  the  gold  separating  in  granules, 
while  that  which  remains  in  the  glass  does  not  impart  to  it  the  power  of  forming  ruby- 
glass.  Quenching  the  glass,  that  is  pouring  it  into  a  largo  quantity  of  cold  water,  is 
especially  resorted  to  in  practice  for  producing  a  colourless  glass  capable  of  taking  a 
good  red  colour.  With  regard  to  the  colour  of  gold-glasses,  those  fluxes  in  which  tho 
gold  is  suspended  in  the  glass  must  be  distinguished  from  those  in  which  it  is  really 
taken  up  or  dissolved.  The  former  may  contain  the  gold  as  a  black  precipitate  or  a 
liver-brown  mass  according  to  tho  fineness  of  the  suspended  gold-particles.  Those 
glasses  in  which  the  gold  is  taken  up  ns  a  homogeneous  constituent  behave  differently, 
and  are  colourless,  yellow,  or  greenish-yellow  before  reheating,  according  to  the  quantity 
of  the  gold,  the  rapidity  of  cooling,  &c. 

The  reddening  of  gold-glass  takes  place  in  various  degrees.  With  good  glass  it 
begins  at  an  incipient  red  heat,  goes  on  quickly,  and  is  completed  by  the  time  that  th.e 
edges  of  the  fragments  begin  to  bo  rounded.  In  inferior  glasses,  the  reddening  takes 
place  only  at  a  higher  temperature,  when  the  glass  begins  to  form  drops,  and  sometimes 
so  slowly  that  the  glass  must  be  rcpeatsdlj'  removed  from  the  fire  and  reheated.  The 
reddening  succeeds  better,  in  proportion  to  the  quantity  of  gold  taken  up  by  the  glass, 
the  difterence  of  temperature  between  the  fused  mass  and  the  surrounding  atmosphere, 
and  the  shortness  of  the  time  of  cooling.  It  still  remains  to  be  explained  why  the 
same  temperature  acts  differently  on  the  auriferous  glass  accordingly  as  this  tempera- 
ture is  attained  by  heating  the  glass,  or  by  cooling  it  from  the  state  of  fusion. 

In  an  appendix  to  Jfuller's  paper,  F.  Knapp  maintains  that  the  gold  in  ruby 
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glass  is  dissolved  in  the  same  maimer  as  coloiu-ing  matters  are  taken  up  by  melted 
sugar  and  gelatin.  Glass  can  also  take  up  silver  and  copper  in  the  same  manner  as 
gold.  Colourless  gold-glass  is  gradually  reddened  by  light,  even  by  diffused  daylight, 
whence  it  appears  that  the  allotropic  modification  of  the  gold  may  take  place  quite 
independently  of  the  action  of  heat. 

Bevitrification  of  Glass. — Many  kinds  of  glass  when  repeatedly  heated  become 
crystalline  and  more  or  less  opaque.  The  change  appears  to  be  due  to  tlie  crystalli'^a- 
tion  of  silica,  or  of  define  silicates  rich  in  silica,  previously  held  in  solution  in  the 
amorphous  glass,  inasmuch  as  the  amorphous  portion  is  found  to  contain  more  alkali, 
while  the  crystallised  or  devitrified  portion  is  richer  in  silica  and  lime.  The  addition 
of  even  a  small  quantity  of  sand  to  molten  glass  causes  the  formation  of  crystalline 
nodules,  and  when  glass,  towards  the  end  of  the  melting,  shows  signs  of  crystallisation, 
the  manufacturer  knows  that  too  much  lime  has  been  added.  Glass  is  also  especially 
apt  to  become  crystalline  when  the  crucibles  are  allowed  to  cool  slowly.  Henrivaux 
{Bull.  Soc.  Chim.  [2],  six.  6)  has  analysed  some  of  the  crystalline  nodules,  and  found  that 
their  composition  is  always  different  from  that  of  the  amorphous  glass.  Devitrified 
glass  sweats  in  a  damp  atmosphere  and  gives  up  alkali  to  water  (see  Chem.  Soc.  J.  [2], 
X.  387-986;  xi.  244;  xii.  643). 

CXciiVCOXrZTE.  A.  Kupffer  (Jahrcsb.  f.  Chem.,  1870,  1307)  has  analysed 
several  Eussian  glauconites,  of  specific  gravity  2'76  — 2-79: — 1.  From  the  Silurian 
limestone  of  the  Eiver  Sivir,  which  forms  the  connection  betwen  Lakes  Ladoga  and 
Onega.  2.  a  and  b.  From  the  Silurian  glauconite  sand  of  Karya-Oro  near  Ontika, 
Ehstland.  3.  From  the  Silurian  limestone  of  the  same  locality :  a.  total  analj'sis; 
h.  after  deduction  of  quartz.  4.  From  the  Silurian  limestone  of  Ballischport,  Ehst- 
land. 5.  From  the  Silurian  sandstone  of  the  same.  6.  F'rom  the  tertiary  sand  of  tlie 
green  valley  at  Gradow  : — 


SiO= 

APO^ 

Fe=0» 

FeO 

MgO 

CaO 

N.a=0 

H=0 

Quartz. 

(1).  49-42 

10-23 

16-01 

3-00 

3-78 

0-31 

7-91 

0-26 

8-08 

0-80  = 

99-80 

(2)a.  52'00 

9-63 

15-89 

4-36 

3-94 

0-12 

7-81 

0-22 

5-38 

0-48  = 

99-83 

(2)6.  51-93 

9-20 

15-31 

4-73 

3-79 

0-30 

8-02 

0-20 

5-62 

0-40  = 

99-40 

(3)fl!.  41-57 

9-92 

10-90 

2-49 

3-19 

0-08 

6-09 

0-26 

6-65 

18-84  = 

99-99 

(3)6.  51-24 

12-22 

13-44 

3-06 

3-93 

0-10 

7-50 

0-31 

8-20 

100-00 

(4).  O0-91 

9-81 

16-54 

4-80 

3-62 

0-30 

8-09 

014 

6-48 

100-69 

(5).  52-38 

10-53 

13-77 

4-36 

4-96 

0-08 

8-00 

004 

5-88 

100-00 

(6).  49-76 

8-18 

16-00 

3-77 

3-97 

0-41 

7-57 

0-52 

9-82 

100-00 

GIiATTCOP-S-RXTZ:.  A  mineral  from  Guadalcanal  in  Andalusia,  nearly  related 
to  tlie  geierito  of  Wolfach  (p.  552).  It  occurs,  together  -with  fahl-ore,  light  red  silver 
ore,  aud  a  small  quantity  of  antimony-glance,  in  kidney-shaped  masses  composed  of 
very  thin  scales.  Twin  and  triple  crystals  also  occur,  formed  on  the  type  of  cerusite  ; 
and  apparently  belonging  to  the  rhombic  rf!ombination  cof  co  .  ooP.wiPoo  .  Colour 
light  lead-grey  to  tin-white,  blackish  at  first,  then  acquiring  a  yellowish-brown  and 
blue  tarnish.  Hardness  =  4-5.  Sp.  gr.  =  7-181.  The  analysis  A,  by  R.  Senfter. 
agrees  approximately  with  the  formula  FeS-.12(Fe  ;  Co  ;  Cu-)(.4s ;  Sb)  which  requires 
the  numbers  given  in  B: 

S  As  Sb  Fe  Co  Cu 

A.  2-36       66-90       3-59       21-38       4  67       1  14  =  100-04 

B.  2-47       69-45       —        28-08       —  —   =  100 
(F.  Sandbergor,  J.  pr.  Chem.  [2],  i.  230). 

CXiVCXC,  or  GZiTTCIirZC  ACID.  This  acid,  produced  by  the  action  of  alkalis 
or  acids  on  glucose  (ii.  848),  has  been  latelj'  examined  by  H.  Eeichardt  ( Vierteljahri<- 
schrift  fr.  Pharm.  xix.  384,  603  ;  Jenai&che  Zeiischr.  v.  307),  who  assigns  to  it  the 
composition  C'^H-^0'^  or  C'^H"'0''.3H-0,  whereas  the  earlier  experiments  of  Peligot, 
Eochleder  a.  Kawalier,  and  Mulder  (ii.  848),  led  to  the  formula  C'^H'^O",  analogous 
to  those  of  the  carbohydrates. 

"When  dextroglucose  is  heated  -with  baryta-water,  a  precipitate  is  formed  consisting 
of  the  barium  salt  of  saccharumic  acid,  C'-'H"0",  and  the  liquid  filtered  therefrom 
contains  the  barium  salt  of  glueic  acid.  On  mixing  this  solution  with  basic  lead 
acetate,  filtering  from  the  coloured  precipitate  at  first  produced,  and  again  precipitat- 
ing with  basic  lead  acetate,  lead  glucate  is  obtained  ;  and  on  decomposing  this  salt 
with  hydrogen  sulphide  and  evaporating  the  filtrate  at  a  gentle  heat,  glucic  acid  is 
obtained  as  a  honey-yellow  mass,  which,  when  dried  over  sulphuric  acid,  has  the  com- 
position C'-ff-O'-  +  aq.  or  C'-H'«0'-'  3H-'0  +  aq.  <is  further  indicated  by  tluit  of  tlio 
lead-salt  C'^H'^Pb^O'^  or  3PbO.C''-=B."!0'  thrown  down  from  the  nexuralised  solution 
of  the  acid  by  basic  lead  acetate,  and  dried  at  about  150°. 

From  a  neutral  or  slightly  alkaline  solution  of  barium  glucate,  alcohol  throws  down 
the  tribasic  salt  3Ba0.2C>2H'«0»  +  6H?0.  An  acid  barium  salt,  Ba0.2C'=H"'0»  +  6H=0, 
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yellowish  and  very  hygroscopic,  is  obtained  by  decomposing  barium  carbonate  with 
gluoic  acid,  and  evaporating.  The  acid  calcium  salt  is  Ca0.2C'-H'°0''  +  oH-0.  Mag- 
nesium carbonate  is  easily  dissolved  by  glucic  acid,  and  on  evaporating  the  liquid  a 
whitish-yellow  easily  frialile  mass  is  left,  exhibiting  when  dried  the  composition 
jMgO.C''^lI'«0»H-3H=0.  The  sodium  salt,  3Na-0.4C'=H"'0»  -f  OH-'O,  obtained  by 
neutralisation,  is  hygroscopic  and  melts  at  100°.  The  aluminium  salt,  Ar-012C'-H'°0'  -h 
3H'0,  obtained  by  solution  and  evaporation,  is,  when  dried  at  100°,  yellowish-wliitc  and 
somewhat  hygroscopic.  The  ferrous  salt,  3Fe0.2C'-H"'0'-'  -f  6H-0,  obtained  by  decom- 
posing the  tribasic  salt  with  ferrous  sulphate,  is  hygroscopic  after  drying  at  100°,  and 
forms  a  green  solution. 

Glucic  acid  is  easily  decomposed,  by  heating  its  aqueous  solution,  into  apoglucie 
acid  (ii.  848),  formic  acid,  and  an  acid  said  to  be  isomeric  with  acetic  acid,  most  prob- 
aljly  acetic  acid  itself. 

Apoglucic  acid  has  the  composition  C'*H--0"  when  dried  at  100°,  and  C'^H'^O'' 
a  t  140°.  From  the  composition  of  the  lead  salt,  C'»H"'PbO'-',  or  PbO.C"*l^'^0^  that  of 
the  acid  dried  at  lOO-'  is  probably  C'8H"*08.3H''0  (H.  Reichardt). 

Since  the  acids,  saccharumic  C  'H'^O",  and  glucic  C'-H-*0''^,  formed  as  above,  botli 
contain  a  larger  proportion  of  oxygen  than  the  sugar  from  whicli  they  are  formed,  and 
as  no  oxygen  is  absorbed  during  the  reaction,  products  containing  less  oxygen  ouglit 
to  be  formed  at  the  same  time.  Numerous  experiments,  however,  liave  brought  to 
light  nothing  of  this  kind,  except  acetone  C-^H^O,  or  other  volatile  bodies  of  similar 
character  (E.  Eeichardt,  Viertcljahrsclirift  pr.  Pl/arm.  xix.  516). 

GlbTTCXXTITM.  The  atomicity  of  this  metal  is  still  a  matter  of  doubt.  Klatsiii, 
in  18G8  (-7.  pr.  Chan.  cvi.  227;  Jahresb.  1868,  205)  described  a  number  of  double 
sulphates,  from  the  examination  of  which  he  concluded  that  gluciiunn  sulpluite  is 
capable  of  crystallising  -with  the  sulphates  of  the  magnesium  metals  (Mg,  Fe,  Mn,  Zn, 
Cu)  in  all  proportions,  and  in  forms  determined  by  the  predominant  basic  constituent, 
whereas  ho  did  not  succeed  in  obtaining  double  sulphates  of  glucinum  with  aluminic, 
ferric,  chromic,  or  manganic  sulphate:  hence  lie  inferred  that  gluciuamust  be  regarded 
as  a  monoxide,  GO,  belonging  to  the  magnesium  group.  Marignac,  on  the  otlier  hand 
{Avn.  Cliim.  Fhys.  [4],  xxx.  45),  was  unable  to  obtain  any  of  the  double  salts  described 
by  Klatzo.  He  finds  that  mixtures  of  .solutions  of  glucinum  sulphate  and  a  magnesium 
sulphate  invariably  deposit  the  two  salts  in  separate  crystals,  each  of  which  may 
always  be  obtained  pure  if  duo  care  be  taken  to  free  it  from  adhering  mother-liquor 
and  from  enclosed  ci-ystals  of  the  other  salts.  Tho  same  want  of  success  was  expe- 
rienced in  attempting  to  form  double  nitrates  of  glucinum  with  the  nitrates  of  mag- 
nesium, lanthanum,  and  didymium.  Marignac  also  points  out  tliat  the  argument  in 
fjivour  of  the  diatomicity  of  glucinum,  founded  on  the  isomorpliism  of  glucina  and 
zinc  oxide,  has  but  little  force,  inasmuch  as  glucina  might  with  equal  reason  be 
regarded  as  isomorplious  with  alumina,  and  that,  in  fact,  there  is  but  one  well- 
established  fact  of  isomoriihism  tending  to  show  that  the  formula  is  GO  rather  than 
G=0^  namely,  tho  isomorphism  of  phenakite,  2GO.SiO=,  and  willemite,  2Zn0.8iO'. 
On  the  other  hand,  the  weakness  of  glucina  as  a  base,  and  its  great  tendency  to  form 
basic  salts,  together  with  the  frequent  recurrence  of  the  number  3  in  the  formulae  of 
its  salts,— c^.  in  tho  hydrates  SGffO^  +  TH-O^  and  3GH-'0-  -i-  H^O,  the  periodato 
3G0T0'  +  llH-'O,  and  in  sodio-glucinic  sulphate  3GSO'.2Na-SO<  +  12H=0,— may 
bo  cited  as  arguments  in  favour  of  its  triatomicity.  On  the  wliole,  then,  tlie  question 
remains  much  in  tho  same  state  as  it  was  several  years  ago  (compare  ii.  849),  and  is 
likely  to  remain  so,  until  wo  obtain  a  satisfactory  deterirdnation  of  the  vapour-density 
of  glucinum  chloride,  or  of  the  specific  heat  of  the  metal. 

Elaborate  investigations  of  the  salts  of  glucinum  have  lately  been  publislied  by 
Atterbcrg  (Bull.  8oc.  Cliim.  [2],  xix.  497 ;  Kongl.  VetensJcaps.  Akad.  Handliiigar, 
Bd.  12  ;  Dent.  Chem.  Gcs.  Bcr.  vii.  472).  He  finds  that  the  composition  of  the  basic 
salts  is  very  variable.  In  addition  to  tho  easily-obtained  bibasic  salts,  glucinum 
forms  also  tribasic  and  7 — 8  basic  vip  to  13 — 14  basic  salts.  Experiments  on  the 
precipitability  or  non-precipitability  of  dilFerent  acids  by  solutions  of  bi-  and  tri-basie 
glucinum  salts,  have  led  to  the  following  classification  of  acids  with  regard  to  their 
chemical  relations  to  glucinum  : — 

1.  Neutral  salts,  and  likewise  bi-  and  tri-basic  salts,  soluble  :  hydrochloric,  hydru- 
bromic,  hydriodic,  sulphocyanic,  nitric,  chromic,  perchloric,  formic,  and  acetic  acids. 

1.  Neutral  and  biljasic  salts,  soluble ;  tribasic  (insoluble  or)  decomposed  by  cold 
water:  sulphuric,  selcnic,  iodic,  oxalic,  hydroferricyanic.  tartaric,  and  citric  acids. 

3.  Neutral  salts,  soluble;  bibasic,  insoluble:  .sclenious,  succinic,  hydroferrocyanic, 
hydrofluoric,  and  hydrofluosilicic  acids. 

4.  Neutral  salts,  insoluble  and  easily  prepared :  periodic,  phosphoric,  and  benzoic 
acids. 

With  regard  to  the  rational  constitution  of  the  basic  salts,  an  important  point 
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establislied  by  Atterberg's  experiments  is  that,  -when  dried  at  100°,  they  contain  a 
quantity  of  water  corresponding  -with  the  quantity  of  neutral  salt  and  with  the  excess 
of  oxide  present ;  thus,  in  the  2-,  3-,  and  8-  basic  sulphates : — 


Hence  Atterberg  infers  that  the  basic  salts  of  gliicinum  (and  probably,  al^o,  other 
basic  salts)  must  be  regarded  as  molecular  compounds  of  the  neutral  salt  and  the 
hydrate. 

Chlorides. — In  addition  to  the  neutral  chloride,  GCP  +  4H-0,  glucinum  forms 
several  basic  chlorides  or  oxychlorides :  e.g.  3GC1-.2GH-0-;  GCP.SGH^O-;  these, 
however,  are  definite  only  in  solution,  the  former  in  dilute,  the  latter  in  concentrated 
solution.  It  also  forms  the  insoluble  oxychloride  GC1-.12GH=0^+  10H=O,  and  double 
salts  with  auric,  mercuric,  and  stannic  chloride  (Atterberg). 

The  platinochloridc,  GCP.PtCl^,  prepared  by  dissolving  glucinum  hydrate  in  solution 
of  platinic  chloride,  is  very  readily  soluble  in  water,  and  separates  from  a  hot  con- 
centrated solution  as  an  orange-coloured  crystalline  powder.  By  slow  evaporation  it 
crystallises  in  short  foiu'-  or  six-sided  prisms,  with  angles  of  90°  and  135°.  Crystal- 
lised under  the  microscope,  it  forms  four-,  six-,  or  eight-sided  tables,  with  the  same 
angles,  sometimes,  also,  octohedrons  apparently  belonging  to  the  quadratic  system. 

These  crystals  have  the  composition  GCl-.PtCP  +  OH'-'O.  Crystallised  glucinum 
platino-chloride  does  not  therefore  correspond,  either  in  composition  or  in  crystalline 
form,  with  the  magnesium  salts  MgCP.PtCl*  -i-  OH'^O  and  MgOP.PtCP  -i-  12H-0, 
but  it  agrees  in  composition  with  the  calcium  salt  CaCl-.PtCl^  +  9H-0 ;  this  last  salt 
does  not  crystallise  well,  so  that  its  form  is  not  distinctly  known.  The  crystallised 
gjucinum  salt  gives  off"  5  mol.  water  at  120°,  and  may  then  be  heated  to  200°  without 
further  loss.  The  dried  salt,  GCP.PtCl''  +  4H'0,  is  analogous  in  composition  to  the 
barium  salt  (J.  Thomseu,  Ann.  Ch.  Pharm.  clvii.  363). 

Double  Fluorides. — Potassio-ffhccinie  fluoride  was  described  by  Berzelius  (ii.  852) 
and  afterwards  by  Awdejew(Po95'.  Ann.  Ivi.  101).  Klatzo,  on  the  other  hand  (foe.  cit.), 
did  not  succeed  in  preparing  either  this  or  the  corresponding  sodium  salt. ,  According 
to  Marignac,  however  (Ann.  Chim.  Pliys.  [4],  xxs.  45),  they  are  easily  obtained  by 
concentrating  the  mixed  solutions  of  glucinum  fluoride  and  potassium  or  sodium 
fluoride,  and  may  be  recrystallised  from  water.  The  ■potassium  salt,  2KF.GF^,  gener- 
ally forms  hard  mammellated  crusts,  but  by  cooling  a  somewhat  dilute  solution, 
it  may  be  obtained  in  crystals  derived  from  a  right  rhomboidal  prism.  They  generally 
present  the  form  of  thin  hexagonal  plates,  the  basal  planes  being  largely  developed. 
When  the  solution  contains  excess  of  potassium  fluoride,  the  crystals  have  the  appear- 
ance of  rectangular  prisms,  owing  to  the  elongation  of  one  of  the  secondary  axes.  The 
salt  is  soluble  in  19  parts  of  boiling  water  or  in  50  parts  at  20°.  "When  heated  it 
decrepitates  and  melts  at  a  low  red  heat :  it  contains  no  water.  By  concentrating  a 
solution  containing  a  large  excess  of  glucinum  fluoride,  a  second  salt,  KF.GF',  was 
obtained,  forming  a  hard,  vitreous,  mammellated  crust,  from  which  no  determinable 
crystals  could  be  extracted  ;  neither  could  it  be  recrystallised  from  water. 

Sodio-glucinic  Fluorides. — The  compound  2NaF.GF-  crystallises  in  two  forms,  one 
derived  from  a  right  and  the  other  from  an  oblique  rhomboidal  prism.  It  is  soluble 
in  34  parts  of  boiling  water,  or  in  68  parts  at  18°.  After  fusion  at  a  red  heat,  it 
solidifies  to  a  transparent  glass,  which  falls  to  powder  spontaneously.  The  compound 
NaF.GF^  is  very  similar  to  the  potassium  salt. 

The  ammonium  salt,  2NH'F.GF^  forms  prismatic  crystals  isomorphous  with  tlio 
potassium  salt. 

Cyc[?ziiZeo/&ZMci«?J5»  appears  to  be  capable  of  existing  only  in  very  dilute  solution; 
barium  cyanide,  decomposed  by  gluciniim  sulphate,  gives  a  solution  containing  traces 
only  of  glucinum  cyanide.  The  platinocyanide,  GCy-.PtCy-,  is  obtained  by  decom- 
posing barium  platinocyanide  with  glucinum  sulphate,  and  purified  by  solution  in 
alcohol  and  ether.  Below  30°  it  contains  water  and  is  golden  yellow  ;  at  30°  it 
becomes  orange-coloured ;  at  a  higher  temperature  it  appears  red  and  green.  Gluciii  >m  - 
■magnesium  platinocyanide,  GMg^Pt'Cy'^  +  16H-0,  crystallises  from  a  mixture  of 
magnesium  and  glucinum  platinocyanides,  in  colourless  crystals.  At  tlie  same  time 
other  double  compounds,  whicli  are  diehroic,  are  produced  (Toczynski,  Zeitschr.  f. 
Chem.  [2],  vii.  275). 

Ferroeyanide. — Glucinum  sulphate  is  not  precipitated  by  pofcissium  ferrocyanids, 
and  on  heating  the  liquid,  Prussian  blue  separates  out ;  a  basic  ferroeyanide  is,  how- 
ever, obtained  on  addition  of  ammonia  (Toczynski) 


GCSO^"  +  2H--0 

2GO.S03  +  ZWO 

3GO.S03  +  4H'0 

SGO.SO^  -I-  9H-0 


GO.SO=.2H20  -1-  GO.H^O 
G0.S0^2H=0  -f  2(G0.H-0) 
G0.S0'.2H=0  -^  7(G0.H=0) 
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Oxygen-compounds  of  Gliccinum  (Atterberg,  loc.  cit.). — The  hydrate  recently 
precipitated  by  ammonia  has  the  compo'iition  3GH*0-  +  7H-0,  and,  after  drying  at 
100°,  GH-'O^ ;  from  a  boiling  solution  of  glucina  in  potash  it  is  precipitated  as  a  com- 
pact powder  containing  3GH-0'-  +  H-0. 

Stdphates. — The  normal  salt  GSO'  +  'IH-O,  gives  off  2  mol.  water  at  100°,  tho 
third  at  150°;  tho  fourth  at  a  higher  temperature,  and  the  whole  of  its  acid  wlien 
exposed  to  a  prolonged  red  heat.  It  does  not  crystallise  as  a  double  sulphate  with 
ferrous  or  cupric  sulphate.  Marignac  describes  a  hex-hydrated  sulphate  obtained 
accidentally,  in  foliated  prismatic  crystals,  which  were  very  efflorescent  and  lost  their 
brilliancy  on  removal  from  the  mother-liquor. 

Basic  sulphates. — The  salt  GSO*.GO-H'  +  2H'0  is  formed  by  dissolving  glucinnm 
hydrate  or  carbonate  in  a  solution  of  the  neutral  sulphate.  It  is  a  transparent, 
amorphous  mass,  which,  v/hen  dried  at  100°,  has  the  above  composition.  At  200° 
it  loses  two  mols.  of  water. 

GS0^5G0-H-  -1-  2H^0  is  produced  when  tho  solution  in  which  it  is  formed  is 
boiled. 

Potassio-gluclnic  sulphates.— 'K}G{SO^Y  +  2H-0,  is  a  white  crystalline  powder, 
slightly  soluble  in  cold  water,  easily  soluble  in  warm  water. 

K*G(SO*f.  2KHS0*  +  4H-0  is  precipitated  on  adding  sulphuric  acid  to  a  mixed 
solution  of  the  two  sulphates.    It  gives  off  411-0  at  100°. 

Sodio-glucinic  sulphate,  2Na=SO'.3GSO'  -h  12H-0,  forms  needles  grouped  in  stars, 
unalterable  in  the  air,  and  giving  off  IWO  at  100°. 

Ammoiiio-glucinic  sulphate,  (NH')-SO'.GSO<  +  2H'-0,  gives  off  two  mol.  water  at 
110°. 

Sulphite. — When  a  solution  of  glucina  in  saturated  aqueous  sulphurous  acid  is  evapo- 
rated, part  of  the  acid  escapes,  and  a  viscous  basic  salt  is  obtained,  probably  having 
the  composition  GSO'.GO'H-  -I-  2H=0. 

The  hyposulphate  cannot  be  crystallised  ;  its  solution,  when  evaporated,  evolves 
sulphurous  acid. 

Sclenate,  GSeO*  +  4H20.— A  very  soluble  salt  which  loses  2H-20  at  100°. 

Seltnitc.  A  soliition  of  glucina  in  selenious  acid  docs  not  yield  crystals  by  evaporation  ; 
but  ammonia  gives  a  white  flaky  precipitate  of  2GSoO'.GO'^H=  +  5H'-0,  which  loses 
;iIPO  at  100°. 

Chromate. — A  solution  of  glucina  in  chromic  acid  does  not  yield  crystals  by  evapo- 
ration. The  addition  of  neutral  potassium  chromate  to  a  solution  of  glueinum  sulphate 
precipitates  a  basic  salt,  which  is  decomposed  by  washing  with  water. 

Molyhdate,  GMoO'.GO-H=  +  2H-0.— Obtained  in  fine  needles,  almost  insoluble, 
by  prolonged  ebullition  of  glueinum  hydrate  with  molybdic  acid. 

The  neutral  nitrate  is  decomposed,  on  evaporation,  witli  formation  of  a  basic  salt. 
Tho  chlorate  is  still  more  easily  decomposed,  with  evolution  of  chlorine.  The  p(T- 
chlorafe,  GCl-O'*  +  4lI'-0,  forms  needle-shaped,  deliquescent  crystals.  Tha  pcriodate, 
3G0.I-0'  -t-  1311^0,  is  nearly  insoluble  in  pure  water. 

The  orthophosphatc,  G'P-0'  +  7H^0,  is  precipitated  on  adding  ordinary  disodic 
phosphate  to  a  solution  of  neutral  glueinum  sulphate. 

Two  basic  oxalates  have  been  obtained,  one  soluble,  the  other  insoluble.  Tho  neutral 
oxalate,  as  well  as  the  succinctte  and  tartrate,  crystallises  with  difficulty  from  a  sji-upy 
solution  (Atterberg). 

Potassio-glucinic  Tartrates. — A  solution  of  2  mol.  cream  of  tartar  and  1  mol. 
glueinum  hydrate  deposits,  on  evaporation,  first  cream  of  tartar,  and  then  the  doulile 
salt  C-'H''K'''G0°,  in  peculiar  crystalline  growths  somewhat  resembling  yeast-cells. 
Another  salt,  C^ff K=G=0*  +  3H-0,  is  produced  by  boiling  cream  of  tartar  -with  excess 
of  glucina  (Toczynski,  loc.  cit.). 

Double  tartrates  of  glueinum  and  antimony  are  obtained  as  non-cr3'stalline  suIj- 
stances,  by  boiling  together  j'.ntimonious  oxide,  glucina,  and  tartaric  acid  (Toczj-nski). 

GXirCOiriC  ACIS,  C''H'=0"._  (Hlaslwetz  a.  Habermann,  Ann.  Ch.  Pharm.  civ. 
120.)  All  acid  produced  by  tho  oxidising  action  of  chlorine-water  on  glucose  or  cane- 
sugar.  A  dilute  solution  of  the  sugar  is  treated  with  chlorine-gas  as  long  as  absorp- 
tion takes  place,  tho  process  going  on  for  four  or  five  days  when  a  considerable  quan- 
tity of  the  sugar»solutiou  is  employed.  The  chlorine  is  thou  expelled  by  a  streana 
of  carbonic  anliydride  ;  the  liquid  is  warmed  in  a  basin,  and  moist  silver  oxide  is  added 
till  it  becomes  neutral ;  the  solution  is  quickly  filtered  ;  the  residue  washed  for  some 
time  with  boiling  water;  the  filtrates,  which  generally  soon  begin  to  become  turbid 
and  brown  from  reduced  silver,  are  immediately  treated  with  hydrogen  sulphide  ;  and 
the  acid  liqiiid  is  coacentrated  on  the  watcr-bath.    The  crude  gluconic  ^cid  thus 
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obtained  is  neutralised  with  milk  of  lime  ;  the  resulting  calcium  salt  converted  into  a 
lead  salt;'  and  the  pure  acid  obtained  from  the  latter  by  decomposition  with  hj'drogcn 
sulphide. 

Gluconic  acid  is  an  acid  syrup.  Its  calcium  and  barium  salts  and  the  ethylic  ether 
crystallise  well ;  the  lead,  cadmium  and  alkali-metal  salts  are  amorphous. 

Hlasiwetz  a.  Habermann  suppose  that  the  formation  of  gluconic  acid  is  preceded  by 
that  of  a  non-isolable  chlorine-compound  C^H'-C'.Cl-,  the  two  atoms  of  chlorine  being 
subsequently  replaced  by  one  atom  of  oxygen. 

Eespecting  the  constitution  and  basicity  of  gluconic  acid,  different  views  have  been 
advanced.  Fittig  ( Ueber  die  Constitution  dcr  sogcnnanicn  KoUchydrate,  Tiibinguii, 
1871)  regards  glucose  as  the  aldehyde  of  a  heptatomic  alcohol  C''H'(OH)'  derived 
from  tlie  saturated  hydrocarbon  CH",  and  therefore  as  having  the  constitution 

•^"■^i^OH)^'  or  iu  full: 

CH-(OH)— CH(OH)-CH(OH)— CH(OH)-CH(OH)— COH. 
This,  like  all  aldehydes,  should  yield  by  oxidation,  an  acid  containing  one  atom  of 
oxygen  more,  and  differing  from  it  in  constitution  only  by  having  the  last  group  CIIO 
replaced  by  CO(OH)  •  gluconic  acid  should  therefore  have  the  structure 

Cff(OH)— CH(OH)— CH(OH)-CH(OH)— CH(OH)— CO(OH), 

and  should  accordingly  be  monobasic, 

Hlasiwetz,  on  the  other  hand  {Ann.  Ch.  Pharm.  clviii.  253),  maintains  that  it  is 
bibasie,  and  brings  forward  the  following  experiments  in  support  of  his  view.  "When 
milk  of  lime  is  added  to  a  moderately  dilute  lukewarm  solution  of  monobasic  calcium 
gluconate  Ca(C'*H"0')-,  as  long  as  the  lime  dissolves  quickly  on  agitation,  the  liquid 
then  filtered,  and  the  clear  filtrate  heated,  the  bibasie  calcium  salt  CaC°H'"0'  (dried 
at  120°)  separates  immediately,  and  at  the  boiling  heat  almost  completelj^,  as  a  white 
indistinctly  crystalline  mud,  which  must  be  quickly  filtered,  washed  and  pressed.  This 
salt  dissolves  easily  in  sal-ammoniac.  The  corresponding  barium  salt,  BaC'^H'"0'  (at 
120°)  is  precipitated  in  white  flocks  on  mixing  the  solution  of  monobasic  calcium 
gluconate  mth  baryta-water,  and  heating  to  the  boiling  point.  The  bibasie  calcium 
and  barium  salts  of  lactonic  acid,  CH'"©",  are  obtained  by  similar  processes. 

Eegarding  therefore  gluconic  acid  as  bibasie,  Hlasiwetz  suggests  that  glucose  and 
gluconic  acid  may  be  represented  by  the  following  formulee: 

CH^— CH(OH)— C(OH)—     C(OH)— CH(OH)-CH'.  Glucose. 


CTP— CHOH  -C(OH)— 0— C(OH)— CH(OH)— CH^  Gluconic  acid. 
I  I 
0  0 

Glucose  being,  according  to  this  view,  a  simple  polymeride  of  /3-laetic  acid, 
CH'— CH(OH)— C(OH), 
II 
O 

which,  according  to  the  experiments  of  Hoppe-Seyler,  is  formed  from  glucose  by  the 
action  of  caustic  soda. 

Fittig,  however  (^KW.  Ch.  Pharm.  cVis..  Ill),  still  maintains  the  monobasicity  of 
gluconic  and  lactonic  acid.  He  points  out  that  salicylic,  paroxybenzoic  acid,  &c., 
exhibit  exactly  similar  relations  with  lime  and  baryta,  and  that  glycerin,  mnunitc. 
glucose,  cane-sugar,  &c.,  form  with  limo  and  free  bases  in  general,  saline  com- 
pounds, which  are  decomposed  by  carbonic  acid,  and  that  consequently  the  experiments 
of  Hlasiwetz  do  not  afford  any  satisfactory  proof  of  the  bibasicity  of  gluconic  and  lac- 
tonic acid.  Both  these  acids,  when  treated  with  carbonates,  excliange  only  1  at. 
h)-drogen  for  metal  and  therefore  contain  only  o»chydroxyl  group  in  combination  with 
c.\idiscd  carbon  ;  in  other  words,  they  are  monobasic. 

GZ.VCOSI:.    See  Stoaes. 

GXiVCOSXBES.  Schiitzenborger  {Comft.  rend.  Ixix.  350)  has  attempted  to  pro- 
duce glucosides  synthetically  by  means  of  the  acetyl  derivatives  of  the  sugars.  AVheu 
siidium-saligenin  and  acctyl-glucose  are  heated  together  in  presence  of  benzene  or 
alcohol,  there  is  produced  a  small  quantity  of  a  subst;inee  which  forms  glucose  and 
saliretin  on  boiling  with  diluted  sulphuric  acid  ;  this  is  obtained  pure  by  evaporation 
to  dryness,  solution  in  water,  precipitation  by  lead  acetate,  and  decomposition  by  sul- 
phuretted hydrogen    and  finally,  by  evaporation  to  dijness  in  vacuo,  there  is  obtained 
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an  amorphous  yellowish  brittle  mass,  soluble  in  water  and  alcoliol.  The  greater  part 
of  the  substances  employed,  liowerer,  react  differently,  aceto-salireti n  C"H" 
(C-H^O)0'(?),  and  sodium  glucato  or  glucinate  being  formed:  the  former,  which 
yields  saliretin  and  sodium  acetate  on  saponification,  is  likewise  obtainable  by  the 
action  of  acetic  anhydride  on  saliretin. 

Biaccto-saccharose  and  sodium-saligenin,  heated  in  an  open  vessel,  together  with 
absolute  alcohol,  also  form  a  small  quantity  of  a  glucoside  which  splits  into  glucose 
and  saliretin  ;  the  greater  portion  of  the  substances,  however,  is  converted  into  aceto- 
saliretiu  and  the  sodium  salt  of  an  acid  C'-Ii"'0'',  very  similar  to  glucinic  or  glucic 
acid  (p.  006),  which  may  be  termed  saccharinic  acid.  This  Bodium  salt, 
C'-'H"NaO"',  separates  in  small  white  crystals  from  boiling  absolute  alcohol ;  it  is 
very  soluble  in  water,  gives  with  basic  lead  acetate  a  precipitiite  soluble  in  excess  of 
the  acetate,  and  yielding  the  acid  itself  by  decomposition  with  sulphuretted  hydrogen : 
the  acid  forms  a  v«ry  sour  syrup. 

The  lead  precipitate  obt-ained  hy  treating  saligenin  with  lead  acetate  also  yields, 
when  heated  witli  an  aqueous  solution  of  acetyl-glucoso  or  -saccharose,  a  considerable 
quantity  of  a  glucoside  which  splits  into  saliretin  and  glucose  on  treatment  with  acids; 
it  is,  however,  uncrj'stalli sable. 

Ehamnitin  (obtained  liy  boiling  rhamnegin,  its  glucoside,  with  dilute  sulphuric  acid) 
dissolved  in  caustic  potash  to  saturation  gives  a  precipitate  with  load  acetate;  this 
precipitate  heated  in  sealed  tubes  to  1-10°  with  solution  of  dicetyl-saccharosc,  gives  a 
colourless  liquid  containing  glucose,  and  a  yellow  insoluble  portion  which  is  a  mixture 
of  rhamnctin  and  the  load-compound  of  its  glucoside  ;  this  portion  treated  with  sul- 
phuretted liydrogen,  after  thorough  washing,  yields  a  dark  yellow  liquid,  from  which 
an  easily  soluble  amorphous  dark  yellow  dye-stuff  is  obtiunable  by  evaporation  ;  this 
is  extremely  like  rhamnegin  in  its  iwoperties,  dye?  the  same  tints,  and  splits  on  boil- 
ing with  acids  into  glucose  and  rhamnetiu,  which  is  insoluble  in  water. 

GXiXrcOSO-PHOSPHORXC  ACID,  CH'TO"  (Amato,  QazzcUa  chimka  ilaliana, 
i.  56). — This  acid  was  prepared  from  a  strongly  acid  residue  which  Sehiff  obtained  in 
the  course  of  his  researches  on  tlie  constitution  of  salicin  and  Jielicin,  by  treating  the 
latter  substance  with  phosphorus  oxychloride,  digesting  the  resulting  mass  with  alcohol, 
and  evaporating.  This  residue — which  must  have  been  produced  by  the  mutual  action 
of  hydrochloric  acid,  phosphoric  acid,  and  glucose,  resulting  from  the  decomposition  of 
helicin  in  presence  of  phosphorus  oxj'chloride — was  rendered  slightly  alkaline  ivith 
sodium  carbonate,  then  evaporated  to  a  syrup,  and  digested  "\vith  alcohol,  which  partly 
dissolved  it,  leaving  a  residue  of  chlorido  and  phosphate  of  sodium.  On  distilling  off' 
the  alcohol,  evaporating  the  residue  at  a  very  gentle  heat,  and  treating  it  with  absolute 
alcohol,  there  remained  a  quantity  of  sodium  phosphate  nearly  free  from  chloride.  On 
again  distilling  off  the  alcohol  and  evaporating,  a  residue  was  obtained  which  dissolved 
completely  in  absolute  alcohol  ;  and  this  substance,  when  freed  from  alcohol  and 
evaporated  under  the  air-pump,  formed  an  cxtri'mely  hygruscripic  mass,  which  became 
pasty  on  exposure  to  moist  air,  but  wns  vrry  fi  l.iMi'        cimIv  ]iiilverised  when  dry. 

This  substance  is  very  soluble  in  w.ih  r  nuA  ali-nh.,!,  lini  insnlnblo  in  ether;  it  has 
a  yellowish  tinge  when  first  obtained,  but  may  lie  nml'  i'rd  in  [-lecily  white  by  boiling 
witli  animal  charcoal.  It  does  not  prccipit<ite  liiiviiim  i  lili>i  iile  or  lead  acerate,  and 
m;iy  be  purified  from  a  small  quantity  of  phosphoric  ;ieid,  ,idh(  ring  to  it  in  the  form 
of  sodium  phosphate,  by  treating  it  with  load  aeelale,  ev.ipuv.iting,  dissolving  the 
residue  in  absohite  alcohol,  evaporating  off  the  alcohol,  and  precipitating  the  excess 
of  lead  with  hydrogen  sulphide. 

The  aqueous  solution  does  not  give  tlic  reaction  of  phosphoric  acid  with  magnesium 
salts,  ammonia  and  sal-ammoniac;  neither  does  it  exhibit  the  reaction  of  glucose  with 
a  cupro-potassie  solution.  But  if  it  be  previously  boiled  with  a  sufficient  quantity  of 
sulphuric  acid,  taking  care  uot  to  carry  the  action  so  far  as  to  destroy  the  glucose,  the 
solution  will  then  exhibit  very  plainly  the  reactions  of  phosphoric  acid  and  of  glucose. 
The  presence  of  phosphoric  acid  may  also  be  demonstrated  by  incinerating  the  sidj- 
stanee,  oxidising  the  residue  with  nitric  acid,  and  testing  as  above  with  a  magnesium 
salt  and  ammonia. 

Quantitative  determinations  of  the  ash  (sodium  pyrophosphate)  thus  obtained,  ai  d 
of  the  phosphoric  acid  contained  in  it,  show  that  the  substance  in  question  has  tha 
composition  of  disodic  glucoso-phosphate  : — ■ 
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glutajviic  acid.— glutakic  acid. 


A  lead  salt  was  prepared  by  treating  the  sodium  salt  with  excess  of  dilute  sulpliuric 
acid,  digesting  witli  alcohol  to  separate  the  acid  sodium  salt  thereby  produced,  evapo- 
rating off  the  alcohol,  neutralising  with  sodium  carbonate,  and  finallywith  precipitated 
oxide  of  lead,  and  evaporating  the  filtered  solution.  A  crystalline  salt  was  thus  ob- 
tained having  an  alkaline  reaction,  and  yielding  by  incineration  7o-i  p.c.  ash,  agreeing 
witli  tlic  formubi  — 

fCHO 
I  CHOH 
I  CHOH 
C'H"O^Pb'TO>»  =   -{  CHO\-n, 
CHO/-^'' 

'^CH'O.PO<;^Q\pb  +  H-0. 

By  treating  sodium  glucoso-phosphate  with  sulphuric  acid,  &c.,  in  the  same  manner 
as  above,  excepting  that  the  last  traces  of  acidity  were  not  neutralised  with  oxide  of 
lead,  a  slightly  acid  crystalline  lead  salt  was  obtained,  insoluble  in  ether,  very  soluble 
in  water  and  in  alcohol,  and  crystallising  from  the  latter  in  magnificent  setaceous 
needles,  melting  at  187°.  This  pui'ified  salt  yielded  ol'5  p.c.  ash,  agreeing  with  t'le 
formula  C'-H^-0'°PbP-0'.  It  may  be  supposed  to  be  formed  from  2  mol  of  glucoso- 
phosphoric  acid,  which,  under  the  influence  of  the  lead  salt,  unite  together,  with 
elimination  of  1  mol.  water.    Such  a  constitution  is  represented  by  the  formula — 

roc»H"o^ 

PO  I  0\ 

lo  \pb 
po/*^/ 

\0C''H'>05 

In  accordance  with  this,  it  is  found  that  the  ash  gives  the  reactions  of  plumbia 
metaphosphate,  whereas  that  of  the  former  salt  gives  those  of  the  pyrophosphate. 

The  last-described  salt,  heated  to  150°  in  sealed  tubes  with  ethyl  iodide,  was  con- 
verted into  lead  phosphate  and  another  substance,  probably  identical  witli  that  which 
Berthelot  obtained  by  heating  cane-sugar  in  sealed  tubes  with  potash  and  ethyl 
bromide  {Jahiesb.f.  Chcm.  1860,  500). 

GXTTTAMIC  ACID,  C^H^NO^,  is  produced,  together  with  aspartic  acid,  by  the 
■•ictinn  of  boiling  dilute  sulphuric  acid  on  vegetable  prote'ids  (p.  110).  According  to 
lllasiwetz  a.  Habermann  (Ckem.  Centr.  1872,  535)  it  is  also  produced  from  animal 
proteiils  by  treating  these  bodies  with  hyda-ochloric  acid,  and  decomposing  the  product 
with  silver  oxide.  According  to  measurements  by  vom  Eath.  it  crystallises  in  rhombic 
tetrahedrons  having  the  axes  a  :  b  :  c  =  0'80115  :  1  :  1-1788.  The  right  tetrahedron 
is  usually  present  alone,  sometimes,  however,  in  combination  with  the  left.  Its 
specific  rotatory  power  is  -f  34-7°  (Ritthausen,  J.  pi:  Chem.  [2],  v.  354). 

GXiVTAiriC  ACXD,  C^H^O'',  the  homologue  of  malic  acid,  which  Eitthauseii 
obtained  by  the  action  of  nitrous  acid  on  glutamic  acid  (Ist  Suppl.  637),  is  a  substance 
possessing  very  few  characteristic  properties.  It  forms  aii  indistinctly  crystalline 
mass,  and  its  salts  are  amorphous.  The  specific  rotatory  power  of  the  acid  is,  accord- 
ing to  Eit'iiausen,  ■ — 9'15°. 

Beo.njglutanic  acid,  C^H^O^  is  produced  \>y  heating  glutauic  acid  with  four  times 
its  weight  of  concentrated  hydriodic  acid  to  120°  for  about  eight  hours.  It  is  very 
readily  soluble  in  water,  alcohol,  and  ether,  and  crystallises  exceedingly  well,  forming 
large,  transparent  mouoelinic  crystals,  melting  at  about  97°  and  decomposing  above 
280°  into  water  and  the  anhydride. 

Acid  ammonium  deoxyglutanaie,  C'H'O'  |  ^^jj, .  is  obtained,  by  evaporating  a 

strongly  animoiiiacal  solution  of  the  acid  under  an  exsiccator,  in  transparent  concentric- 
ally grouped  crystals.  Calcium,  deoxt/ghttanaie,  C-'^CaO*  H- H'-'O,  is  sparingly  soluble 
in  water,  and  forms  opaque  lamina;.  Barium  dcoxyglutanate,  C^H^JBaO'  -i-  6H-0. 
crystallises  in  small  transparent  needles,  readily  soluble  in  water.  Lead  deoxy- 
glutanale,  C^H^PbO',  is  a  white  heavy  precipitate,  and  the  silver  salt,  C*H'*Ag-0*,  a 
very  bulky  precipitate  resembling  alumina;  it  is  but  sparingly'  soluble  in  boiling  water, 
and  separates  in  the  crystalline  state  on  cooliiiR.  It  may  be  obtained  in  distinct 
needles  by  boiling  a  dilute  solution  of  the  acid  v.  ith  silver  carbonate;  but  the  greater 
part  of  the  salt  remains  behind  witli  the  excu-s  of  silver  earlionate. 

Deoxyglutanic  acid  is  isomeric  wcth  pyi-otarlaric  :n'id.  fnini  wliicli  ii  fillows  tliat 

glutanic  acid  is  not  identical  with  either  of  the  tliivr  b,  .krived  fnaii 

UCOnitic  acid,  as  these  latter  would  yield  )  yrotarlaric  ;ici  l  bv  riMiuelir.i. 
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GX.TCAM'XI.OSAI.HVBRATrZI.XSE,  C-^II^N'O"'.— A  oonipouna  oLtained  Ly 
boiling  hulicin  with  aiiiliiK.  (sfo  ]{ Ki  icix ). 

GX.TCERXC  ACZB,  C'll^OK  When  this  and  is  treated  with  phosphorus  pen- 
tachlori<le,  and  llio  resulting  chloride  is  gradually  decomposed  Lywater,  as  by  exposure 
to  a  moist  atmosphere,  an  acid  is  obtained,  the  lead  salt  of  which  has  nearly  the  com- 
position of  a  basic  salt  of  chloropropionio  acid.  On  the  otlier  hand,  -when  poured  into 
water,  it  yields  a  mixture  of  two  acids,  one  of  which  contains  chlorine. 

AVhen  in  the  preparation  of  tiie  chloride  any  notable  rise  of  temperature  is 
;iv(jided,  a  product  is  obtained,  which  gives  a  clear  solution  when  poured  into  water. 
But  wlien  gradually  heated  to  150°  the  resulting  compound  gives  with  water  a  white 
tliick  syrup.  This  syrup  gradually  assumes  the  consistence  of  honey,  and  becomes 
transparent.  The  honey-like  body,  decomposed  by  baryta-water,  yields  barium  mouo- 
chlorolactate. 

The  product  of  tlie  decomposition  of  the  chloride  by  alcoliol,  submitted  to  frac- 
lioiial  distillation,  gives  n  colourless  aromatic  liquid,  boiliug  between  185°  and 
190°,  besides  two  other  fractions  having  an  oily  consistence.  The  analysis  of  the 
principal  product,  altliough  giving  very  discor<lant  numbers,  showed  that  it  was  pro- 
balily  ethyl  dieliloropropionate  (AVerigo  a.  Okulitsch,  A7in.  Ch.  Pharm..  cxlvii.  49). 

Ethyl  'Gli/ccrafc,  C^'H'^(C-IP)0»  =  C'H^0(0n)-(0C2H*),  is  obtained  by  heating 
concentrated  glyceric  acid  with  3--1  vol.  of  absolute  alcohol  for  some  hours  to  170°- 
190°.  It  is  a.  thick,  sticky,  colourless  liquid,  which  boils  at  230°-240°,  and  has  a 
liittcr  taste.  On  treating  it  with  a  mixture  of  nitric  and  sulphuric  acids,  the  compound 
C»H'0(OC-H'')(NO^)=  is  obtained,  as  a  heavy  colourless  oil  (L.  Henry,  Bnit.  Chan. 
Gcs.  Ber.  iv.  701). 

GIiYCERXXr,  C'H5(0H)'.  This  liquid  boils  without  decomposition  nt  179-5° 
under  a  pressure  of  12-5  mm.,  and  at  210°  under  a  pressure  of  50  mm.  It  absorlis 
tVnni  the  air  varying  quantities  of  water,  up  to  50°  p.  c.  (Bolas,  Chcm.  Soc.  J.  [2], 
ix.  ,84). 

AiHih/xis  of  Coiiimci-c'wl  fr///er/'t».— Commercial  glycerin  frequently  contains  glyceric 
ethers,  volatile  fatty  acids,  and  other  undetermined  Ijodies.  The  .action  of  nitro-sul- 
phuric  acid  on  these  impurities  is  to  convert  them  into  bodies  which  are  soluble  in 
water,  while  the  glycerin  is  transformed  into  nitroglycerin,  which  is  insoluble.  The 
nitroglycerin  is  washed,  first  with  a  dilute  solution  of  caustic  soda,  afterwards  with 
water,  and  subsequently  dried  in  a  water-bath.  Before  being  dried  it  is  mixed  with 
its  own  bulk  of  wood-spirit,  to  assist  in  the  A-olatilis.ition  of  the  water  present.  From 
the  weiglit  of  nitroglycerin  found,  may  be  c.il.  nl.il.  d  lb.  .iniouut  of  pure  glycerin  pre- 
sent in  the  sample.  100  grams  of  glycerin  i-heuiiiM  lly  piu-e,  and  concentrated  at  120° 
-150°  in  vacuo  were  found  to  yield  190  grams  of  pure  nitroglycerin:  the  theoretical 
yield  is  247.  Careful  attention  to  the  strength  of  acid  used,  the  temperature,  and  all 
other  details  are  necessary  to  ensure  constant  results  (Champion  a.  Pellet,  Bull.  Soc. 
Chim.  [2],  six.  494). 

Gli/cerin  as  a  Solvent.— Acmvd'mg  to  Klever  (C'Afw.  Ccn/r.  1872.  434)  100  parts 
by  weight  of  glycerin  dissolve  at  ordinary  temperatures — 


Parts  l)y 

Parts  by 

weight 

weight 

20  . 

.  Arsenious  oxide. 

G-70  . 

Cinehonino  sulphate. 

20 

.  Arsenic  oxide. 

10 

Cupric  acetate. 

10 

.  Benzoic  acid. 

30 

Cupric  sulphate. 

10 

.  Iioric  acid. 

7-50  . 

iVIercuric  chloride. 

15 

.  Oxalic  acid. 

20 

Morphine  hydrochlorid 

50 

.  Tannic  acid. 

0-20  . 

Phosphorus. 

40 

.  Alums. 

20 

Load  acetate. 

20 

.  Ammonium  carbonate. 

50 

Potassium  arsenate. 

20 

.  Ammonium  chloride. 

3-50  . 

Pdtassium  chlorate. 

5-50  . 

■.  At'ropble"''"' 

32 

33 

.  Atropine  sulphate. 

40 

Potassium  iodide. 

10 

.  Barium  chloride. 

0-50  . 

Quinine. 

2-20  . 

.  Brucine. 

0-25  . 

Quinine  tartrate. 

.  Calcium  sulpliidc. 

50 

Sodium  arsenate. 

0.50  . 

.  Cinclionine. 

Acid  sodium  carbonate, 

.  Mercuric  cvnnide. 
.  Todine. 

()(• 

Borax. 

Sodium  caibonale. 

0.15  . 

.  Morphine. 

-0 

,S..<liuiu  cllb.lMtc, 

20  . 

.  Morpliiiie  acetalc. 

ICld  . 

0  o  2 

.-julphur. 
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Parts  by  Parts  by 
weight  weight 

0-25  .  .  .Strychnine.  1       .  .  Veratrine. 

4      .  .  Strychnine  nitrate.  .W      .  .  Zinc  chloridt;. 

22-o0  .  .  Strychnine  sulphate.  -iO      .  .  Zinc  loclide. 

50      .  .  Urea.  3.5      .  .  Zinc  sulphate 

Oxidation. — lu  preparing  glyceric  acid  by  oxidising  glycerin  \\  itli  i  .i  ,-:  v^-.A  ,,.> 
cording  to  Beilsteiii's  method  (ii.  876),  llaixAz  {Ann.  Ch.  llutri.i  .  ,  ,  -  ,-1,- 

tained,  as  further  products  of  the  oxidation,  racemic,  formic,  glvLollir.  ..w-i  n.  i. 
The  nitric  acid  of  sp.  gr.  I'o  and  the  glj'cerin  having  been  lett  to  mix  ur:ulu;il!v  niid 
then  evaporated  to  a  syrup  over  the  water-bath,  the  crude  glyceric  acid  thereby  pro- 
duced was  gradually  neutralised  with  lead  oxide,  and  the  precipitates  obtained  liy 
partial  precipitation  were  separately  analysed.  The  first  of  these  precipitates  con- 
sisted of  oxalate,  the  later  ones  of  racemate.  The  glycollic  acid  is  found,  together 
with  a  considerable  quantity  of  glycerin,  in  the  motlier-liquor  from  which  the  glycevnto 
of  lead  has  crystallised  out.  Heintz  supposes  that  the  glyceric  acid,  CH-OH.CHOH. 
COOH,  which  is  the  first  product  of  the  oxidation  of  glycerin  by  nitric  acid,  takes  up 
I  atom  of  oxj-gen,  whereby  its  middle  term  is  removed  as  formic  acid,  while  the  t-s\'o 
exterior  terms  unite  to  form  glycollic  acid.  The  latter  is  then  successively  oxidised  to 
glyoxylic  and  oxalic  acids. 

The  formation  of  raccmic  acid,  C'H"0",  from  glycerin,  which  contains  only  3  at. 
carbon,  might  be  attributed  to  the  simuita'iieous  oxidation  of  glj'ccric  and  formic  acid, 
according  to  the  equation — 

CH'^0=-fC^fPOi-fO  =  H-O-hC'fl'^O''. 

The  occiUTeuce  of  formic  acid  among  the  products  of  the  oxidation  of  glycerin  by 
nitric  acid  was  observed,  indeed,  by  Huppert  {Jahrcsh.f.  Cliem.  1863,  502),  and  has 
been  confirmed  by  Heintz.  The  latter,  however,  did  not  succeed  in  producing  racemic 
acid  by  the  direct  action  of  nitric  acid  on  a  mixture  of  glyceric  and  formic  acids,  or 
by  oxidising  glycollic  acid  with  nitric  acid,  whereby  racemic  acid  might  possibly  be 
formed,  according  to  the  equation,  2C^H'03  -i-  0  =  H-O  +  C^H^O". 

Conversion  of  Glycerin  into  Acetone. — The  product  obtained  by  the  action  of  bromine 
on  dichlorhydrin  consists,  according  to  Carius,  of  diclilorodibromacetone.  By  acting 
iipon  it  with  zinc  and  dilute  sulphuric  acid,  and  heating  from  time  to  time,  not  above 
40°,  a  slow  reaction  is  set  up,  resulting  in  the  formation  of  acetone  and  a  bromine- 
compound  (firobably  isopropyl  bromide)  not  separable  bj'  distillation  (0.  Lange,  Bcut. 
Chem.  Gcs.  Ber.  vi.  98). 

IHCetalUc  Derivatives  ef  Glycerin.  Sodium  -  ql yccrin,  C^H'XaO^  = 
C-'H=(OH)''(ON'fi)  (E.  A.  Letts,  Chcm.  Soc.  J.  [2],  x.  450).  When  a  fragment  of 
sodium  is  placed  in  glycerin,  little  or  no  action  is  observed;  but  on  heating  the  mix- 
ture, a  rapid  extrication  of  hydrogen  takes  place,  the  sodium  becomes  red-hot,  and  the 
glycerin  decomposed  and  charred,  evolving  fimies  of  acrolein.  If  liowever  the  sodium 
he  diluted  with  mercury  and  then  caused  to  act  on  glycerin,  the  action  proceeds  witli 
more  regularitj',  and  finally  sodium-glycerin  is  obtained  as  a  gummy  mass,  whieli 
solidifies  on  cooling,  and  on  addition  of  alcohol,  crumbles  down  into  a  white  crystalline 
powder.  The  same  body  may  bo  obtained  by  heating  glycerin  with  dry  sodium- 
alcohol  :  in  this  case,  alcohsl  is  set  free,  and  a  solid  white  substance  remains. 

But  the  best  method  of  preparing  the  compound,  and  one  which  j-ields  it  in  any 
quantity,  consists  in  dissolving  sodium  in  alcohol  and  adding  glycerin.  At  fir.st  no 
change  is  observed,  but  in  a  few  minutes  minute  crystals  consisting  of  radiating  ;-(ars 
are  formed,  and  in  a  short  time  a  white  crust  is  produced  on  the  sides  of  tlie  veiisrl. 
This  crust  is  broken  up,  thrown  on  a  filter,  well  washed  with  alcohol,  and  dried 
in  a  press  between  blotting  paper.  This  must  be  done  as  quickly  as  possible,  as  the 
body  is  exceedingly  deliquescent.  The  desiccation  is  afterwards  coinpletetl  over  sul- 
phuric acid,  hut  not  in  a  vacuum. 

The  product  obtained  liy  either  of  these  processes  is  a  compound  of  sodium- 
glycerin  v.-ith  alcohol  C-'H"'NaO^.C-H°0,  whicli,  when  heated  iu  a  current  of  dry 
hydrogen,  gives  up  its  alcohol  and  leaves  pure  sodium-glycerin. 

Sodium-glycerin  is  a  white  amorphous  powder,  attracting  moisture  with  the  grente;;t 
avidity  from  the  air  ;  by  water  it  is  constantly  decomposed  into  glycerin  and  hydrate 
of  sodium.  On  heating  it  to  245°,  it  shows  signs  of  fusion,  but  appears  to  decompose 
at  the  same  time.  Bromine  acts  powerfully  on  it,  givins'  small  quantities  of  bromine- 
derivatives.  It  is  remarkable  that  in  tliis  rcacliini  :i  l:iri.j>  qiKuitity  of  water  is  pro- 
duced. Pentacldoride  of  ph<jspli()rus,  after  .-i  few  iiMincnw'  cdiil  ict,  also  reacts  with 
great  energy,  producing  so  much  heat  as  to  char  the  conipiiuinl. 

The  principal  product  of  the  decomposition  of  sodium-glycerin  by  lieat  apppeatv.  to  be 
acrolein. 

2.  Glyceri-mangadous  acids. — P.  Schottliinder  (Aim.  Ch.  I'/iarm.  civ.  230) 
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li.is  obtained  Uvo  cnmpoiinds  wliifli  ho  regards  as  the  sodium  and  strontium  salts  of 
an  etheric  acid  derived  from  manganese  dioxide  as  acid,  and  glycerin  as  alcohol.  To 
prcpnn'  siidiniii-salt,  a  quantity  (=4  parts  of  dry  substance)  of  hydrated  mangan- 
ese dinxiilc,  )-LM  (  i;l!y  ]ireeiiiitated  from  mauganous  acetate  by  chlorine,  is  introduced 
into  .a  biiiluig  Tiiixliin  uf  70  parts  glycerin,  sp.  gr.  1-26,  and  77  parts  soda-ley,  sp.  gr. 
rSS,  and  the  Imilini^-  is  continued  ii'C  sniii  '  niiiinies.  'flic  in.iiigane.se  oxide  is  thereby 
complelely  rciavM'Icd  iiilo  (he  <'niii|»iiii:i|  ;i  i  n  ini  iil  iuni'd,  mIh.-Ii  sr]  .arate.S,  for  the 
niostpai'l.  ill  the  tonu  nt'a  jn'ceipil.i!  .'i p| r .aring  eh' irnl;iti.-ci .l-'iir.  d  under  the  violet, 
niotlier-liipioi-,  laii.  se.arhi  \vlien  rennn'i-d,  while  the  rest  renia ins  (.lissulved.  To  free 
tliis  precipitate — which  is  very  suscejitible  of  the  action  of  air  contjiiniiig  carbonic 
aciel.and  of  water — from  the  dissolved  products,  it  is  introduced  into  a  flask  which  can 
be  closed,  .and  washed  therein,  first  with  spirit  of  90  (vol.)  p).c.,  then  with  highly 
rectified  spirit,  finally  with  absolute  ether,  and  dried  at  100°.  The  product  amounts 
to  4  parts  by  weight. 

The  compound  thus  obtained  is  a  yellowish-rod  mass,  easily  crumbled  to  a  powder 
which  feels  like  talc.  After  drying  at  100°-110°,  it  loses  nothing  at  120°  but  aljout 
i  p.c.  of  its  weight  at  160°,  becoming  at  the  same  time  somewhat  darker  in  colour. 
*Vt  170'-17o°  it  decomposes  with  evolution  of  empyreumatic  substances.  When  set 
Oil  fire  at  one  point,  it  glimmers  throughout  its  whole  mass.  By  exposure  to  the  air, 
it  is  gradually  converted  into  a  bbick  unctuous  mass.  This  decomposition  is  acceler- 
ated by  direct  sunshine ;  light  appears  also  to  exert  a  decomposing  action,  even  in 
the  absence  of  moisture.  The  salt  dissolves  in  cold  water  to  a  yellow-red  liquid,  which 
soon  becomes  turbid,  from  separation  of  manganese  dioxide.  The  same  change  takes 
place  instantly  on  boiling  :  the  colourless  filtrate  contains  soda  and  glycerin.  From 
some  .approxiniate  (h'teriiiinations  of  glycerin,  giving  about  20  ]).e.  C^H',  and  from  the 
quantities  nf  ei:i  iil';i  ncsr  .-wpl  s'  diuin  L'ivsi  by  analysis,  the  f  a'limla.  of  llie  eompound 
is  iiifrrivd  ,o  l.r  (('MlM-N'.i"Miin'.  1|  is  insoluble  in  alcohol,  elhcr.  elili.n.fnrni,  aii.l 
ethyl  e.-rt'it.'.  :  p.ii-ingly  solubb'.  in  a leoliid ic,  easily  in  aqnei>Lis  glyeei-in  (1  :  1  v<j1.) 
The  I  1  Irr  >u'i:h(.ii  remains  undeconiposed  for  some  hours  at  16°.  It  forms  dark- 
coloinni  pi-.  I  i|iii,ilcs,  immediately  with  silver,  lead,  or  mercnrous  nitrate,  after  some 
time  v  iih  eu|i;  ii  sulphate  and  mercuric  chloride.  Its  reactions  with  dilute  sulphuric 
acid,  cuneeuirateil  nitric  or  hj-drochloric  or  phosphoric  acid,  aqueous  oxalic  acid,  and 
aqueous  sulpliurous  acid,  ar"  very  much  what  might  bo  expected  from  a  mixture  of 
glycerin  with  MnO-  or  Mn'-'O-'. 

^  The  stronthiM  salt,  (C»H5)=SrMnffO',  is  obtained  by  dissolving  12  parts  of  crystal- 
lised strontium  hydrate  in  loO  parts  glycerin  of  sp.  gr.  1-26,  with  aid  of  heat,  boiling 
the  solution  with  3  parts  of  levigated  hydrated  manganese  dioxide,  till  the  latter  is 
transformed,  and  washing  tlie  product  in  a  clu.-i  il  vessel,  as  described  for  the  sodium- 
compound.  It  is  a  light  ochre-yellow  po-a  di  r,  ,i  |  i|  ir  i ,  I  ml'  crystalline  imder  the  micro- 
scope, and  bcliaving  with  reagents  like  the  s<i  imiih-c  imiind. 

Attempts  to  prepare  the  ]iotassiuni,  barium  and  calcium  salts  of  glj'ceri-manganous 
acid  did  not  succeed,  the  manganese  dioxide  dissolving  in  the  corresponding  hydrates 
to  liquids  which  did  not  yield  any  solid  compounds. 

CX.YCBR-S-I.  CHaORONITROSWSCyHATE,  C^H^C1(N0')(S0<H).  This  is  a 
thick  glutinims  lirpiid.  insoluble  in  wafer,  ohtaiiied  by  treating  glyceryl  ehlorosulphato 
with  fuming  niirir  acid,  or  by  artiii:;-  nii  I'liii-lilnrhydrin  with  a  mixture  of  nitric  and 
sulphuric  acids  (L.  ileui-y,  D'i't.  Vlmn.  Gis.  Jk,:  i'v.  7oO). 

GSivcEaYa.  or  Gi,?cE3ft-srx.  ETH&R,  CH^O'  =  {cm^yo\ 

This  body  is  formed,  together  with  acrolein,  propionic  aldehyde,  acetone,  allyl  alcohol, 
and  a  small  quantity  of  phenol,  by  heating  glycerin  with  c.ilciuin  chloride,  'fhe  phenol 
and  glycerin-ether  are  contaiiiiil  in  tlic  jiortion  of  the  prinlur!  wliieli  bulls  between 
180°  and  190°,  and  may  ]>■■■  separaird  liy  caustic  potash,  wdiirli  ,liss.,lvrs  ihc  phenol. 

The  glyceryl  ether,  which  remains  u  iidissolved,  is  a  somcwhal  thick  colourless  liquid, 
smelling  like  speariuini.  I  odine  leineeu  169°  and  173°,  and  almost  completely 
soluble  in  20  parts  of  w  iter  lii-.ii  eil  ii  |i  water  for  four  hom's  to  160°,  it  is  converted 
into  jTlyceriii.  On  heat  lug  it  f;i  iil  ly  with  dilute  hydrochloric  or  sulphuric  acid,  or  a. 
little  zinc  chloride,  .■■  slioiig  odour  of  aldehj'de  is  developied,  and  the  distillate  reduces 
an  ammoaiacal  silver-solution.  By  heating  it  with  a  concentrated  solution  of  potash, 
pheii..l  is  firmed,  besides  volatile  acids:  C''H"'0-'  -  2H-0  =  C^H^O  (Linnemann  a. 
vou  Zotta,  Aihi.  CI/.  I'harm.  Sup2}lcMent-J)and,  viii.  264). 

H.  V.  Gegerfeldt  {DcJft.  Chem.  Gcs.  Bcr.  iv.  919)  by  subjecting  the  residue  left  after 
the  preparation  of  allyl  alcohol  from  glycerin  and  oxalic  acid,  to  distillation  at  a 
higher  I  eiui'e-.'.il  are,  .,i  laiaed  a  I.r.iwn  distillaie.  from  which  potash  separated  a  liquid 
disliHiiia  l  ei  v  I  'l  l  a  I  L'N')  .  an. I  y i  .e  i ;, .n-  ;, fi ,  ,.||,.,|  reel, illcation.  a  colourless 
.sonii'V.Iiat  e  '.  ...N.nn  Idweeii  17o    and  1  7'J  ',"  linvin-  a  sp.gr.  of  1-0907  at 

18'-',  iiiiseible  in  .ill  i n ' >j .eii  ii ii:s  v.  ith  aleniii)!  and  ether,  and  soluble  in  about  its  ov.Ti 
Volume  of  water.    It  agrceL<  in  composition  and  boiling-point  Vi'ith  glyceryl  ether,  and 
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is  rcgardod  by  v.  Gegorfeldt  as  probably  identical  therewith:  it  appears,  however,  to 
be  much  more  soluble  in  water  than  the  product  obtained  by  Linnemann  a.  von 
Zotta. 

In  some  of  its  properties  glyceryl  ether  resembles  the  monoallylin  wliich  ToUens 
obtained  as  a  bye-product  in  the  preparation  of  allyl  alcohol  from  glycerin  (p.  51) ; 
and  indeed  Linneman  a.  von  Zotta  regard  it  as  probably  identical  therewith.  But 

monoallylin  has  the  composition  C^H'^O^  =  (C^ff)"'/^^^r.  and  boils  at  225°-240^ 
Moreover,  when  distilled  with  water  it  yields  allyl  alcohol,  together  with  a  viscid 
residue,  whereas  glycer^d  ether  yields  nothing  but  glycerin  ;  and  finally  bromine  has  no 
action  on  glycerin-ether,  wliorcas  it  unites  with  allyliu,  forming  a  dibromide 
(ToUens). 

V.  Gegerfeldt  suggests  that  glyceryl-ether  may  be  represented  by  one  of  the  follow- 
ing constitxitional  formulae : 

CH=— 0-CH=  CH-— 0— CH' 

II  II 
CH  — 0-CH  or         CH^  CH 

I  I  I    >o  I  >0 

CXiYCERYIkSUXPHOIO'IC  ACXBS.  1.  Glyoeryl-disulfhonic  acid, 
C^1I''0(S0^H)-  =  C'H-' I  ^^3jjy_,. — This  acid  is  formed  as  a  potassium  salt  by  boiling 
dichlorliydrin  for  H  hour  with  neutral  potassium  sulphite  : 

c^H^cpoH  +  2K'=so3  =  2KC1  +  cm'0{soniy, 

(Schauffelen,  Ami.  Cli.  Pharm.  cxlviii.  Ill);  and,  in  liko  manner,  from  epichlor- 
hydrin : 

C^H^CIO  +  +  H-0  =  KCl  +  KOH  +  .C3H«0(S0'K)=. 

The  potassium  hydrate  formed  in  this  latter  case  exerts  a  further  action  on  the  epichlor- 
hydrin  (Pazschko,  Zeitschr.f.  Ckcm.y.Qlo).  Thirdly,  it  is  produced  by  heating  sodium 
chloromethylisethionate  with  neutral  sodium  sulphite  iu  a  flask  with  reversed  con- 
denser : 

C^H'NaClSO*  +  2Na=S03  =  NaCl  +  Na'SO'  +  C^HsO(S03Na)". 
The  sulphuric  acid  and  excess  of  sulphurous  acid  are  removed  by  baryta-water,  and 
the  glyceryl-disulphonic  acid  is  precipitated  as  bariiun  salt  by  mixing  the  concentrated 
filtrate  with  barium  chloride  and  leaving  it  to  stand  (Pazschke,  ibid.  vi.  612). 

Glyceryl-disulphonic  acid  separated  from  its  lead  salt  by  hydrogen  sulphide  forms 
a  syrupy  liquid  which  does  not  crystallise,  even  after  longstanding  over  sulphuric  acid. 
The  potassium  salt,  C^H''0(SO'K)=  +  2R-0,  forms  transparent  colourless  crystals, 
which  (according  to  measurements  by  G.  AVeruer)  belong  to  the  rhombic  system,  with 
the  axial  ratio  0'41  :  0'48  :  1,  and  predominant  oetohedral  faces,  together  with  the 
perpendicular  end-face  and  the  rhombic  prism.  The  salt  dissolves  sparingly  in  cold, 
easily  in  warm  water.  On  mixing  its  boiling  solution  with  barium  chloride,  barium 
c/lycerin-distdphonatc,  C^H'(OH)(SO')^Ba,  separates  as  a  white  anhj'drous  crystalline 
powder.  This  salt  dissolves  slowly  in  water,  and  the  solution,  when  left  to  evaporate, 
deposits  a  bihydrated  barium  salt  in  white  nodules  which  dissolve  more  easily  in 
water.  The  calcium  salt  forms  small  hard  crystals  insoluble  in  alcohol.  By  treating 
the  barium  salt  with  ammonium  carbonate,  the  ammonium  salt  is  obtained  in  white, 
hard,  very  soluble  crystals.  The  neutral  lead  salt,  obtained  by  decomposing  the  barium 
salt  with  sulphuric  acid,  and  saturating  with  lead  carbonate,  forms  large  transparent 
crystals,  C^HX0H)(S0^)2Pb  +  2H»0,  very  soluble  in  water.  If,  on  the  other  hand, 
the  acid  bo  saturated  with  lead  hydrate,  an  uncrystallisable  basic  lead  salt  is  obtained, 
having  an  alkaline  reaction  and  easily  soluble  in  water. 

The  silver  salt,  C^H^(OH)(SO'Ag)-,  forms  white  warty  crystils  slightly  blackened 
by  light,  easily  soluble  in  anhydrous,  slightly  in  aqueous  alcohol.  The  caliper  salt 
forms  light  blue  crystals  easily  soluble  in  water  (Schauffelen). 

Glyceryl-trisulphoiiic  acid,  C^II*(SO'H)^  is  prepared  by  prolonged  boiling  of 
trichlorhydrin  with  potassium  sulphite.  On  evaporating  the  resulting  solution,  the 
potassium  salt  crystallises  out  mixed  with  potassium  chloride,  from  wliich  it  cannot 
be  separated  by  crystallisation.  The  solution  must  therefore  be  mixed  with  sulphuric 
acid,  and  evaporated  down  ;  the  residue  exhausted  with  alcohol,  and  the  solution  of 
tlio  free  acid  saturated  with  bariunx  carbonate  after  boiling  with  water.  On  cooling. 
barium  glyceryl-trisiJphonatc,  [C'II''(SO')*]-Ba',  separates  as  a  white,  crystalline 
powder,  slightly  soliible  in. water.  By  leaving  the  solution  to  evaporate,  the  same 
salt  is  obtained  in  more  soluble  crystals  containing  water  of  crystallisation. 
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CX.-X-CZOAiaZN-Z:,  Cni'iN'O  (Clr-us,  Ann.  Ch.  Vlmnn.  clxviii.  20).— A  base 
produced,  together  with  diaraidohydriii  (p.  319),  by  the  action  of  alcuhnlii'  aiiniiniiia 
(coutainiiig  1  p.c.  NIP)  on  dichlorliydrin.  The  hydrocMurido,  C^II'Xi  i.lH'l.  which  is 
the  direct  j^rod net  of  the  reaction,  may  be  obtained  in  crystals  by  pivcipitatiiiL^  the 
alcoholic  solution  with  ether;  it  is  very  hygroscopic.  The  jjlathwc/i/'oridr,  2(0'll'M0. 
HCl).PtCl*,  crystallises  in  transparent  shining  needles. 

Glycidamine  may  bo  represented  by  the  constitutional  formula 

H-N— CH- 

I 

COH 

il 

Oil-' 

It  is  proljably  identical  \\  itli  Berthelot  a.  Do  Luea's  gh/ccrcaainc,  which  they  obtained 
by  a  similar  process,  and  represented  by  the  formula  C^H''NO*. 

GIiVCOCHOXiIC  A.CXZ>.  For  the  preparation  of  this  acid,  Gorup-Besanez 
{Ann.  Vh.  Phann.  rlvii.  2S())  vccniiiiiicjids  tlu^  fiillowinp;  process  as  easier  and  more 
produclivc  than  th.isf  i^in-ii  by  Si i-rck,  r  :i nd  by  Hd] i] ic-Srvler. 

Ox-umH.  tVi'sh  t'rniii  Ihr --iH-lil.MMrr,  is  t  \-n].ni-,it cd  nearly  to  dryness  in  the  water- 
bath,  and  Ihr  ivsiilu,'  is  cxlin iiM .mI  \uih  iilrohMl  i.f  '.HI  p  c.  '  The  alcohol  is  evaporated 
or  distilled  (.If:  l  lir  jv-idiir.  di  hit  r.  1.  if  ihrr--;ir\ .  «i;li  w;  iter,  is  treated  with  milk  of 
lime  and  ;^riilly  wariurd.  \i  lin.  ii|  n  .11  lln-  l^it.iIi  r  |i:iii  nt'  llie  colouring  matter  iscarried 
down  with  the  lime;  and  thr  liiiuid  is  lillrivd  .■iiid  Icti.  \n  cool. 

The  filtrate,  generally  of  a  faint  «  iiic  y.  llnu-  rdluur,  is  treated  with  dilute  sulphuric 
acid,  avoiding  excess,  till  a  permancnl  1  iirl -i^ I iiy  is  produced.  If  it  bo  then  left  at 
rest,  the  whole  solidifies  iu  a  few  hours  in  a  lll:l^^  of  crystals  of  glycoeliolic  acid,  which 
is  to  be  thrown  on  a  filter  (the  filtration  bcinir  1  .  si  i  iVccIrd  by  the  use  of  a  water  air- 
pump),  washed  with  cold  water,  and  pressi  d.  tir-i  iiriv.i  '  ii  blotting-paper,  and  then 
ill  a  wooden  screw-press.  The  acid  thus  obi.iiiiLd.  wliieli  i-^  generally  colourless,  may 
bo  furthi'rjinrificd  by  dissolving  it  in  a  largo  quantity  i>i  lime-water,  and  adding  dilute 
sulphui-ic  acid  till  a  permanent  turbidity  is  produced.  Perfectly  pure  glycocholic  acid 
then  sr[i;iiMtcs  lint  in  needles  of  dazzling  whiteness. 

]bi|i]ie-Srvlri-  l.  avrs  the  alcoholic  solution  of  the  acid  to  evaporate  spontaneously, 
and  ]iiirilii's  ihc  iTsiiliir  by  rivi-vM;iHis  ;i  ion  fi'oin  .-i  Inilid.  Gorup-Besanez,  as  well  as 
Strrck.'i',  niAin-  'il.l  ;iiin-d  cin^lils  In  this  w.iy,  but  nlwiys  a  resinous  mass.  By  his 
own  nietiiud  it  soiuctinii'S  hnppi  us  that  scvi  ral  hours  alter  a  permanent  turbidity  has 
been  produced  Ijy  sulphuric  acid  in  the  filtrate  from  the  lime  precipitate,  a  thickish 
oily  mass  is  found  at  the  bottom  of  the  vessel,  wdiile  the  liquid  above  becomes  gradually 
clear.  After  a  few  days  or  weeks,  however,  this  mass  becomes  converted  into  crystals 
of  ghToeholic  acid.  The  conditions  which  determine  tliis  anomaly  liavo  not  been 
discovered. 

GXiYCOGEN'  (Kidine,  Lchrhuch  dcr  Vhysiologischci  Chcmk,  Leipzig,  1866).  Gly- 
cogen is  best  obtained  pinre  by  Brucko's  method  {Wiener  Acad.  Bcrichtc.  1871),  which 
readily  separates  all  proteids  from  it.  A  solution  of  potassio-mercuric  iodide  is  pre- 
pared by  precipitating  mercuric  chloride  with  potassium  iodide,  washing  the  precipitate 
and  then  saturating  a  boiling  solution  of  potassium  iodide  with  it.  A  watery  solution 
of  glycogen,  tnixed  with  allniminous  matters,  is  prepared  in  the  ordinary  way  by  cut- 
ting a  perfectly  fresh  liver  into  pieces  about  the  size  of  a  hazel-nut.  and  throwing  them 
into  boiling  water  fur  a.  (impli!  of  niinuti  s.  so  as  to  destroy  thi^  liver  ferment,  which 
would  otherwise  eiinveii.  llie  elviMieeii  inio  -rnpe-sim.ir  ;  lln'  pieces  ;ire  then  bruised  in 
a  mortarand  exirneted  willi  l«'iili)i-  w.iter.  nnd  llie  suintinii  is  liliered.  As  soon  as  the 
filtrate  is  cold  it  istre::led  nllernnlely  uilli  liy,  In  .ell  Inne  ;ieid  .unl  llie  i-.tiissio-mercnric 
iodide  solution  as  hum  as  ihes.'  ni;eiiU  |iri.iliiee  any  i.reei|.il  nl  e,  ;iim1  ntler  standing  for 
five  minutes  the  solnl  ii.ii  is  M;;;iiii  liltei-ed.  Aleulml  is  then  .idded  until  abmil  p.c. 
of  absolute  alcohol  is  pi-eseiil  111  the  iluid  :  t his  throw;;  down  the  glyeogi-n  ah.ne,  Init 
more  alcohol  precipitates  other  bodies  with  it.  The  precipitate  is  collected  on  a, 
filter,  washed  first  with  weak,  then  with  90  p.c.  alcohol,  and  finally  with  ether,  and  is 
then  tr.insferred  to  a  tile  to  dry.  Glycogen  is  thus  obtained  as  a  snow-white  amor- 
plii.iis  piiwder;  if  impure  or  ni't  quite  dry,  it  forms  a  .semi-transparent  brittle  mass. 

'I'lie  i.p.ile^eeiit  watery  solution  of  glycogen  passes  unchanged  tlirough  animal  char- 
coal ;  it  is  f  .111-  tini'  S  more  dextro-rotatory  than  solutiou  of  grape-sugar  of  the  same 
streiigtli.  With  solution  of  potassium  iodido  containing  free  iodine,  it  gives  a  deep 
red  colour,  which  is  removed  by  excess  of  glycogen ;  the  colour  also  disappears  on 
heating,  but  returns  on  cooling.  Strong  solution  of  caustic  potasji  clears  away  the 
opalescence  of  tlie  watery  solution  of  glycogen,  but  produces  no  other  cliange  in  it  ; 
the  clear  solution  thus  obtained  dissolves  cupric  oxide,  forming  a  <k>ep  blue  solution 
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which  is  not  rcJuced  on  boiling.  Boiling  with  dilute  nitric  aeiJ  turns  glycogen  into 
oxalic  acid,  but  similar  treatment  with  sulphuric  or  hydrochloric  acids  converts  it  into 
grape-sugar;  it  is  also  turned  into  glucose  by  the  action  of  saliva,  pancreatic  juice, 
blood-sunini,  and  cold-water  liver  extract,  all  of  which  act  most  rapidly  at  a  tenipera- 
!ture  of  about  35°.  The  glucose  is  in  each  case  preceded  by  a  form  of  dextrin  which 
has  not  yet  been  thoroughly  examined. 

Schtscherbakolf  (JDeut.  Clwm.  Gcs.  Ber.,  1870)  maintains  that  die  glj'cogen  which 
accumulates  in  the  liver  of  an  animal  fed  ou  mixed  diet  is  not  a  single  body,  but  a 
mixture  of  four  substances,  which  can  be  separated  by  fractional  precipitation  with 
alcohol  and  ether,  and  differ  in  their  rotatory  power  and  their  reactions  with  iodine 
and  copper  oxide.  He  calls  them  the  A,  B,  C,  and  D  forms.  The  last,  treatetl 
with  dilute  sulphuric  acid  yields  glucose  ;  C  gives  I>  and  glucose ;  B  gives  C  and 
glucose,  and  A  gives  B  and  glucose.  From  these  decompositions  he  concludes  that 
the  molecular  formula  of  glycogen  is  at  least  C"'H^''0-'. 

The  question  as  to  the  origin  and  functions  of  glycogen  in  the  organism  is  still  far 
from  settled  ;  it  seems  to  be  present  wherever  active  growth  is  going  on,  being  found 
in  most  of  the  tissues  of  the  young  foetus,  but,  curiously,  not  in  the  liver.  Dareste 
and  Bernard  (C'ompt.  rend.  1871  and  1873)  have  both  described  its  formation  in 
the  developing  hen's  egg,  and  state  that  it  exists  there  in  the  form  of  granules 
much  like  those  of  vegetable  starch.  Glycogen  would  also  appear  to  have  some  rela- 
tion to  the  functional  activity  of  the  contractile  organs;  it  exists  in  the  muscles 
(M'Donnell,  Limpi-nlit.  Wriss,  W'icti.  Akad.  Ber.  1871)  in  considerable  quantitj-, 
.and  partially  (li-;,ip[K;;i;s  during  muscular  activity;  alteration  of  diet  and  starvation 
affect  its  quantitj-  in  the  muscles  much  later  than  in  the  liver;  it  also  exists  in  the 
white  blood-corpuscles  as  long  as  they  exhibit  their  amoeboid  movements,  but  is  re- 
placed by  sugar  as  soon  as  the  movements  cease  (Hoppe-Seyler,  Med.  Chem.  Unters. 
1871).  There  can  be  little  doubt  that  the  glycogen  formed  in  the  liver  is  constcintly 
being  converted  into  glucose  during  life,  and  carried  oiF  by  the  hepatic  veins.  The 
objections  brought  against  this  view  are  two:  (1)  the  supposed  absence  of  sugar  in 
the  perfectly  fresh  liver,  and  (2)  the  statement  that  as  much  sugar  exists  in  the  portal 
as  in  the  hepatic  blood.  AVe  know,  however,  that  the  kidneys,  which  certainly  excrete 
urea,  hardly  contain  a  trace  of  that  substance,  a  very  small  quantity  only  being 
present  in  them  at  any  one  moment,  and  we  may  expect  to  find  the  same  true  of  the 
liver :  that  the  latter  organ,  even  in  its  freshest  state,  contains  some  sugar,  has  been 
shown  byDalton  {Trans.  New  YorJc  Acad,  of  Med.  1871),  who  found  that,  though  he 
could  detect  no  sugar  by  Fehling's  reagent  iu  such  quantities  as  from  100  to  150  grains 
of  fresh  dog's  liver,  yet  that  if  he  took  1,000  or  1,500  gi-ains  it  could  always  be  found. 
There  is  great  contradiction  among  observers  as  to  whether  the  blood  of  the  hepatic 
veins  contains  more  sugar  than  that  of  the  portal  vein;  but  probably  one  great  cause 
of  this  error  lies  in  the  neglect  of  the  precaution  of  ligaturing  the  portal  vein  close  to 
the  liver  before  taking  the  blood  from  it  for  analysis.  If  this  is  not  done,  on  account 
of  the  free  communication  of  the  two  systems,  much  blood  from  the  hepatic  veins  is 
sure  to  flow  back  into  the  portal  vein  during  the  disturbance  caused  by  the  operation. 
When  the  portal  vein  is  previously  tied,  most  observers  agree  in  stating  that  hepatic 
blood  contains  much  more  glucose  than  portal  blood,  the  latter  indeed  conbiining  none 
at  all  in  animals  fed  on  a  purelj'-  albuminous  food.  Though  the  liver  itself  contains  a 
ferment  capable  of  transforming  glycogen  into  glucose,  this  change  would  appear  to 
be  chiefly  effected  by  the  ferment  in  the  blood:  for  it  is  much  hastened  by  increased 
blood-flow  through  the  organ,  and  it  is  probably  chiefly  thus  that  operations  which 
cause  paralysis  of  the  vaso-motor  nerves  of  the  organ  bring  about  artificial  diabetes, 
more  sugar  passing  then  into  the  blood  than  can  be  used  up  by  the  organism.  Experi- 
ment has  shown  that  the  introduction  of  grape-sugar  into  the  blood  of  a  rabbit  in  the 
proportion  of  2  grams  for  each  kilogram  of  the  body-weight,  will  cause  diabetes. 

That  the  glycogen  of  the  liver  is  formed,  or  at  any  rate  can  be  formed,  in  that  organ 
itself,  from  materials  containing  no  sugar  or  starchy  matters,  has  long  been  known ; 
but  the  nature  of  the  chemiciil  changes  which  are  concerned  in  its  production  is  obscure. 
Whether  or  no  it  is  normally  formed  from  protei'd  food-stuffs,  it  certainly  is  formed 
from  such  when  animals  are  fed  on  them  alone,  so  that  the  idea  suggests  itself  that 
these  matters  split  up  in  the  liver  into  a  highly  nitrogenised  portion  and  glycogen.  In 
support  of  this  view,  several  observers  have  stated  that  the  liver  contains  much  urea,  or, 
in  the  case  of  birds,  uric  acid  (Meissner,  Cyon),  and  have  supposed  these  bodies  to  be 
in  the  main  formed  in  that  organ,  and  merely  afterwards  separated  from  the  blood  by 
the  kidneys.  This  agrees  with  the  fact  that  in  many  diseases  of  the  liver,  as  acute 
atrophy,  urea  almost  disappears  from  the  urine.  Cyon  (Centrhl.f.  d.  Med.  Wiss.  1870) 
passed  defribrinated  blood  to  and  fro  through  the  vessels  of  a  frerh  liver  kept  warm, 
and  found  the  quantity  of  urea  much  increased  by  its  passage;  some  doubt,  Iiow- 
ever,  attaches  \o  his  mcde  of  determination  of  the  quantity  of  urea,  and  Gscheidleu 
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{StuJ.  'dln  r  d.  Urspruiig  d.  ILirn.^toffs  Thkrlcorpcr)  iVuiLid  that,  tlio«nli  thu  glycogen 
increases  in  quantity  in  a  liver  eut  out  and  left  to  itself,  tlie  urea  does  no't ;  he  therefore 
concludes  that  the  formation  of  \\w  I  wo  substances  goes  on  independently.  Glycogen 
is  also  abundantly  formed  in  I  he  livn-^  of  animals  fed  on  starchy  and  saccharine  food. 
As  much  fat  then  accumulates  in  llic  liver,  it  has  been  .suggested  that  sugar  may  bo 
decomposed  in  the  organ,  forming  fats  an<l  glycogen. 

Triacctyl-glycorjcn.  he.ated  to  loO°  with  excess  of  acetic  aniiydride,  swells  up 
v.itliout  dissolving,  and  the  product,  after  washing  with  water,  consists  of  white 
amorplious  triacetyl-glycogen,  C"H'(C2H^0)^0^,  insoluble  in  water,  alcohol, 
elhcr,  and  acetic  aciil,  ,and  reconverted  into  glycogen  by  .s-  ponificatiou  (Schiitzonberger 
a.  Nandin,  Ikv.t.  Chcm.  Grs.  Bcr,  ii.  163). 

H.  M. 

CZ.VCOI.,  BXCKZ.OROM'APHTHYSEM'XC.  S.  e  Nafhthai.ene  CoMrorxDS. 
GX.TCOZ.,  TOZ.-]rx.x:nXG.    See  Toi.yi.KNE  Compounds. 

GX.-srCOS.XiXC  ACXI>,  C-H'Ol  This  acid  is  formed,  together  witli  glyoxylio 
and  tartaric  acids,  by  the  action  of  sodiuni-aiualgam  on  an  alcoholic  solution  of  ethyl 
oxalate: — 

c-'(c-ff-)=0'  +  H'  =  c-n\n.o  +  cvh(c-ip)o:' 

Etbyl  oxaLite.  Alcohol.         Etliyl  glyoxylate. 

Cm{C-W-W  -I-  II'  =  C-H'(C-H^)0^ 

Ethyl  glyoxylate.  Ethyl  plycollat?. 

The  acid  C'H^O*,  called  glijcolJhuc  acid,  said  by  l"ricdl;inder  to  be  produced  in  this 
reaction,  appears  to  hrivo  no  existence  (Dcbu^,  (  7//,//.  ,Sf ,  .  .7.  [2],  x.  .365). 

GlycoUic  acid  is  also  produced  by  tlie  .-u'lioii  nfrhinrlno  and  water  at  ordinary  tem- 
peratures on  sorbin  and  lovulose:  C'"H'-0'' +  =  I'U^  (Hlasiwitz  a.  Ilaborraann, 
J(dind).  1870,  840). 

Idintity  of  Glycollio  Acid  from  Different  Sources. — The  experiments  of  Wurtz, 
Dreclisel,  Kolbe,  and  Kekul6  (ii.  910).  had  indicated  the  probable  existence  of  t^^l) 
modifications  of  the  acid  C^H^O^  one  erystallisablo  and  non-deliquescent,  the  other 
liquid  at  ordinary  tempera,tures,  or  at  all  events  very  deliquescent:  and  Kolbe  sug- 
gested that  these  acids  might  be  respectively — 

fCH=OH  fOClP 
CN  O  C  O 

(oh  (oil 

Oxyacetic  .icW.  Methyl-carbonio  ,".riJ. 

To  throw  further  light  on  this  question,  Fahlberg  {J.  pr.  Chem.  [2],  vii.  329)  has 
prepared  glycoUic  acid  from  the  mother-liquor  of  fulminating  mercury,  said  by  Cloez 
to  bo  .syrupy  and  uncrystallisable,  and  compared  it  with  the  acid  obtained  from  otlier 
sources.  The  liquors  were  treated  successively  with  sulphuretted  hydrogen  and  milk 
of  lime  to  remove  mercury,  oxalic  acid,  and  glyoxylic  acid,  the  latter  being  decomposed 
by  boiling  the  liquid  into  glycoUic  and  oxalic  acids ;  carlionic  acid  gas  was  then  passed 
through  the  liquid  to  precipitate  the  excess  of  lime,  and  the  filtrate  was  ev.aporated  to 
a  syrup.  Calcium  glycollato  then  eitlier  si'i'.ir.itfd  in  crystals  or  was  thrown  dow 
by  addition  of  alcohol,  freed  from  acel  ile,  innn.ile,  &e..  i'V  iire>snre,  and  purified  by 
recrystallisation.  By  decomposing  this  .salt  with  oxalic  ;]<-iil.  mixing  the  filtered 
solution  with  lead  carbonate,  decomposing  the  resulting  s(]lniii.u  of  lead  glycollato 
■B-ith  hydrogen  sulphide,  and  evaporating  the  filtrate,  glyeollie  arid  (.btnincd  in 
radiate  groups  of  needles  ;  and  by  dissolving  these  crystals  in.  etlu  r  free  frnm  .ilenhol, 
and  leaving  the  solution  to  evaporate  in  a  vacuum,  Ijeautilid  aiiliy.lmiw  l,nu'!i:e  are 
obtained  which  melt  at  80°,  and  are,  not  at  all  deliquescent.  If,  hnMi  ver.  Idosu-nng  a 
heat  is  emploj'ed  in  the  evaporation.  >  ir  it  t  lie  it  her  used  as  a  solvent  emii  ,n  ns  ,i  leohol, 
no  crystals  are  obtained,  the  crystallisation  lieing  prevented  by  the  preseuee of  gly- 
coUic anhydride  (diglycollic  acid)  in  the  first  case,  and  of  etiiyl  L'iyenll.ite  in  the  second. 
In  like  manner  the  glycoUic  acid  obtained  from  inmieiehliiraeetie  ae' 1  (ii.  909)  which, 
when  separated  from  the  silver  salt,  is  very  deliquescent,  and  v,  hen  separated  from 
the  potassium  salt  appears  quite  imcrystallisable,  may  be  obi ;iii;eil  in  fine  permanent 
crystals  bj' converting  it  into  the  calcium  salt  and  separating  it  nbove  deseribed. 
Hence  it  appears  most  probable  that  the  syrupy  (r  deliqiieseent  neid  obtained  by 
several  experimenters  was  more  or  loss  impure,  and  that  there  is  actually  but  one 
glyeollie  acid. 

GlycoUic  acid,  from  whatever  source  it  may  be  prepared,  is  acted  upon  in  the  same 
manner  hy  pliosphcrits  pientacJdoride,  y\o\.A\-ng  at  c rd i nary 'em pera lures  glycoUic 
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chloride,  CH-OH.COCl,  and  at  120°  chloracetyl  chloride,  CH=C1.C0C1  (Fahl- 
berg). 

The  action  of  hj'droehloric  acid  on  pure  glycollic  acid  does  not  yield  chloracetic 
acid  ;  the  acid  obtained  by  Kekule's  process  from  silver  or  potassium  chloracetate, 
however,  yields  chloracetic  acid  in  this  way ;  hwt  Fahlberg  finds  that  this  is  simply 
2'reco?itained  in  tlie  impure  glycollic  acid  employed.  Kekul6's  production  of  broma- 
cetic  acid  by  the  action  of  hydrobromic  acid  on  this  impure  glycollic  acid  is  due  to 
the  reaction  of  the  hydrobromic  acid  on  the  chloracetic  acid  actually  present.  By 
heating  glycollic  acid  -with  alcohol  saturated  with  hydrochloric  acid  to  150°,  glycollic 
ether  is  formed,  hwt  no  chloracetic  acid. 

Metallic  Gly collates. — The  caloium  salt,  Ca(C-H'O')-,  crystallises  from  con- 
centrated solution  in  hard,  translucent  crystals,  the  form  of  which  resembles  that  of 
the  diglycollate.  From  dilute  solutions  it  separates  in  concentrically  grouped  needles 
contiiining  2H-0,  and  soluble  in  19  pts.  water  at  15°.  The  copper  salt,  Cu(C-H^O')% 
prepared  by  digesting  the  aqueous  acid  with  cupric  oxide  and  evaporating,  forms 
splendid  blue  crystals  sparingly  soluble  in  cold,  more  soluble  in  hot  water.  The 
thallious  salt.  TiC'^ffO^,  prepared  by  treating  the  carbonate  with  aqueous  glycollic  acid, 
crystallises  in  anhydrous  long-pointed  needles.  The  irjnc  Zn(C-H^O^)^-l- 2H-0, 
prepared  in  like  manner,  separates,  after  sufficient  concentration,  in  warty  groups  of 
needles,  soluble  in  26  parts  of  cold  water.  The  neutral  and  basic  lead  salts  have  the 
properties  described  in  vol.  ii.  p.  911  (Fahlberg). 

Ethyl  Glycollate,  C"Ii^.C-H'0^  is  prepared:  1.  By  heating  equivalent  quan- 
tities of  calcium  glycoUate  and  potassium  ethyl-sulphate  to  110^  (Fahlberg).  2.  By 
gradually  adding  a  solution  of  sodium  ethylate  to  monochloracetic  acid,  and  lieating 
the  mixture  for  some  time  in  a  vessel  with  reversed  condenser : 

CH^Cl.COOH  +  NaOC^ff  =  KaCl  -f  CH=OH.COOC'^H\ 

(L.  Henry.  Bcut.  Cliem.  Ges.  Bcr.  iv.  706.)  When  purified  by  fractional  distillation 
it  is  colourless,  boils  at  150°  and  has  a  sp.  gr.  of  1-033  (at  what  temperature?) 
(Fahlberg);  0'9770  at  150°  (Henry).  It  is  decomposed  by  water  into  alcohol  and 
glycollic  acid,  and  tmites  with  calcium  chloride,  on  which  account  anhydrous  cupric 
sulphate  must  be  employed  for  its  dehj'dration  (Fahlberg). 

CO.CH^OH 

Glycollic  Anbydride,  or  SigrlycolUc  Acid,  C'ffO"'  =  0  .  is  formed 

CO.CH=OH 

by  heating  glycollic  acid— in  which  case,  however,  the  greater  part  of  it  suffers  further 
decomposition,  yielding  the  isomeric  compounds,  glycollide  and  dioxymethylene,  C'H-0- 
(ii.  912); — or  better,  by  exposing  the  acid  to  the  vapours  of  sulphuric  anhydride.  After 
a  few  days  the  anhydride  is  obtained  as  a  lustreless  powder  which  may  be  purified 
from  glycollic  acid  by  washing  with  water.  It  is  insoluble  in  alcohol,  ether,  and  cold 
water ;  boiling  water  reconverts  it  into  glycollic  acid  and  dissolves  it.  It  melts  at 
128°-130°,  that  is  to  say,  at  a  temperature  midway  between  the  melting  points  of 
glycollic  acid  (80°)  and  glycollide  (180°).  The  presence  of  a  small  quantity  of  this 
compound  prevents,  as  already  observed,  the  crystallisation  of  glycollic  acid  (Fahl- 
berg). 

GX.YCOZi-irXTRXN'S.    See  Nitbins. 
GXiTCOZi-METHYXi-GVAXrXBXXrE.    See  GuAKroiXE. 

GZiYCOSAI.KYDRASrXSE,  C'H^'NO".  A  cnmpound  obtnined  by  gently 
healing  lioliciii  with  aniline  (see  Hfxicin). 

GlbVCYRRHIZXir.  To  prepiire  this  substance  from  its  aqueous  infusion,  J.  M. 
Hirseh  (PJiarni.  J.  Travis.  [3],  i.  749)  adds  acetic  acid,  evaporates  to  dryness,  dissolves 
the  residue  in  alcohol,  and  treats  the  solution  with  sodium  carbonate,  whereupon 
sodium  acetate  crystallises  out,  while  glycj-rrhizin  remains  in  solution.  Another 
method  is  to  heat  the  alcoholic  infusion  of  the  root  to  boiling,  filter,  evaporate  nertvly 
to  dryness,  redissolve  in  alcohol,  and  again  evaporate :  the  residue  is  nearly  pure  gly- 
cyrrhizin. 

GIiYOXAXi,  C-H-'O-.  H.  Schiff  (Gazsetta  chimica  italiana,  iv,  16)  has  prepared  a 
condensation-product  of  this  compound  by  the  following  process  : — 

When  hydrochloric  acid  gas  is  passed  for  some  time  througli  a  solution  of  glyoxal 
in  five  or  six  times  its  volume  of  strong  acetic  acid,  and  the  liquid  is  then  exposed  in  a 
closed  vessel  to  a  moderate  heat,  as  by  placing  it  near  a  lighted  stove,  a  white  crystal- 
line substance  separates  in  the  course  of  the  next  day,  on  the  sides  of  the  vessel,  and 
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gradually  fills  the  whole  of  the  liquid.  Ey  pumping  out  the  liquid, -n-ashiiip;  the  residue 
with  waler.  and  drying  it,  a  very  white,  niierocrystiilline  powder  is  obtained,  which, 
wlien  ai;Ldi>iiiri-ated  in  lumps,  is  very  much  like  potato-starch,  crunches  lu'tween  thr 
fingiT>:,  sucUs  up  in  acetic  acid,  and,  like  starch,  exhibits  the  greatest  indilterenco  V> 
siilvciits  and  (jtlier  reagents. 

This  .substance  is  i'nv  from  chlorine  ;  after  washing  ivith  water  and  drying,  it  gives 
by  analysis  39-8  p.e.  carbon  and  3'6  hydrogen,  agreeing  with  the  formula,  C'-H"0'^ 
which  is  that  of  hydro-hexglyoxal,  formed  by  the  condensation  of  6  molecules  of 
glyoxal,  with  addition  of  1  molecule  water  : 

6C=n"0=  +  H-'O  =  C'^H^O'^ 

Ilydro-hesglyoxal  is  insoluble  in  water,  ether,  benzene,  petroleum,  chloroform,  and 
acetone ;  sparingly  soluble  in  boiling  alcohol,  rather  more  soluble  in  concentrated 
acetic,  sulphuric,  and  nitric  acid  ;  and  is  precipitated  unaltered  on  addition  of  water. 
Heated  with  sulphuric  acid,  it  gives  off  carI)on  monoxide,  without  a  trace  of  acetic 
acid  ;  neither  does  it  yield  acetic  ether  when  heated  with  sulphuric  acid  and  alcohol ; 
it  therefore  does  not  contain  any  acetic  residue.  A  further  proof  of  this  is  afforded  by 
the  fact  that  it  may  be  formed,  though  more  slowlj',  by  passing  hydrochloric  acid  gas 
through  a  sohition  of  glyoxalic  ether.  By  prolonged  boiling  with  water  it  acquires  an 
acid  reaction,  and  dissolves  in  the  form  of  glyeoUic,  and  perhaps  also  of  glyoxalic  acid. 
The  same  transformation  is  produced  much  more  rapidly  by  caustic  alkalis,  even  in 
very  dilute  solution,  and  likewise  by  magnesia.    No  acetate  is  produced  in  either  case. 

Hydro-hoxglyosal,  as  already  observed,  is  a  very  stable  substance,  and  in  particular 
does  not  exhibit  any  aldehydic  reaction.  Hence  it  cannot  be  supposed  to  contain  the 
group,  —  CHO.  To  explain  its  stability,  we  must  suppose  that  the  aldehydic  groupjs  in 
glyoxal  have  undergone  a  change  of  structure,  the  oxygen-  as  well  as  the  carbon-atoms 
having  become  united  together,  e.cf.  : — 

I  I 
n— C=0  H— C— 0  H— C— 0 

I  II  II  &c- 

H— CrrO  H— C— 0  H— C— 0 

I  I 
Glyoxal.  Tlie  sr.me,  altered  in  structure. 

Several  of  these  groups  may  be  supposed  to  unite  together  by  virtue  of  their  free 
affinities,  the  molecule  of  water  at  the  same  time  serving  to  satisfy  the  two  units  of 
affinity  which  remain  free,  whatever  may  be  the  number  of  the  aldehydic  groups  thus 
connected.    In  this  manner  compounds  may  be  formed,  represented  by  the  formulfe: — 

I  OH  I  OH 

H— G— On=  .11— C-Ov'= 

(II)  (  il 

VH-  0-0/  Vn— c— o/ 

■  H  '  H 

The  first  of  these  formulse  contains  only  one  hydroxyl,  whereas  the  second  contains 
two.  Now  when  hydro-hexaglyoxal  is  boiled  with  excess  of  acetic  anhydride,  it  partly 
dissolves,  and  the  solution  deposits,  partly  on  cooling,  further,  on  addition  of  water,  a 
white  powder,  which  gives  off  acetic  ether  when  heated  vtith  sulphuric  acid  and 
alcohol,  acetic  acid  when  boiled  with  sulphuric  acid  alone  ;  yields  an  alkaline  acetate 
when  boiled  with  dilute  alkali  ;  and  gives  by  anal3'sis  (mean)  41-26  p.c.  carbon  and 
3'98  hydrogen,  agreeing  very  nearly  with  the  formula,  C'-'H'^(C-H^0)0'^ :  it  is,  there- 
fore mon  o-aceto-hydro-hexglyoxal.  Prolonged  boiling  with  acetic  anhydride 
did  not  produce  any  derivative  containing  a  larger  proportion  of  carbon. 

A  corresponding  benzoic  derivative,  C'-II"(C'H*0)0''',  is  formed  by  digesting  hydro- 
hexglyoxal  with  benzoyl  chloride. 

These  results  show  that  hydro-hexglyoxal  contains  only  one  atom  of  hj-drogen 
replaceable  by  acid  radicles :  it  may  therefore  be  regarded  as  a  mono-acid  alcohol. 

Attempts  to  fix  hydrogen  upon  it  by  the  action  of  sodium-amalgam  and  of  zinc  and 
sulphuric  acid  were  unsuccessful ;  concentrated  hydriodic  acts  upon  it,  but  the  pro- 
ducts of  the  reaction  appear  to  be  very  complicated. 

HexglycolUdc  or  he.rgh/colUc  anhydride — 

I  H 

6C-H'0'  -  oil-O  =  (CO— CH--0)", 
'  OH 

would  l.'t  isomeric  with  hvdro-lioxglvoxal.  but  it  has  n  >t  vet  been  obtained. 
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COTKITE.  Clirysoberyl,  gothite,  manganite  and  diasporo  form  an  isomorplious 
group  (rhombic)  represented  by  the  general  formula  M''(E-)''0',  in  which,  for  chryso- 
beryl,  M  =  G,  Fe ;  E  =  Al,  Or,  while  the  others  contain  H-  instead  of  M".  Parallel 
with  this  rhombic  group,  and  represented  by  the  same  formula,  is  the  spinel  group  in 
the  regular  system  (Kayser,  Jahresh.  f.  Chem,  1870,  1281). 

GOIiS.  Analyses  of  native  gold  from  various  localities  in  the  British  Isles  are 
given  by  D.  Forbes  (Phil.  Mag.  [4],  sxxiv.  331  ;  xxxviii.  321) : 

A,  from  the  Clogan  quartz-vein  No.  2,  in  AVales  ;  B,  wash-gold  from  the  MawJdach 
river  near  Gv/yn-fynydd.  C,  from  St.  Austell  Moor,  Cornwall.  D,  wash-gold  from 
AYieklow  in  Ireland.    E,  a  and  b,  from  the  Kildonan  Valley,  Sutherlandshire : — 


An 

Ag 

Cu  Fe 

Total 

Sp.  gr. 

9016 

9-26 

trace 

0-32 

99-74 

17-26 

A 

89-93 

9-24 

—  trace 

0-74 

99-81 

16-62 

B 

84-89 

13-99 

0-34 

0-43 

99-65 

15-79 

C 

9012 

9-05 

0-83 

100-00 

16-52 

I) 

91-01 

8-85 

0-14 

100-00 

14-34-15-07 

E 

81-11 

18-45 

0-44 

100-00? 

15-799 

V> 

81-27 

18-47 

0-36 

100-00  i; 

The  analyses  A  agree  with  the  formula  Au'Ag.  The  remarkably  low  specific  gravity 
of  the  gold  from  Wicklow  (D)  is  due  to  the  porosity  of  the  specimens  examined. 

All  these  native  golds  are  found  in  granite  and  in  the  copper  pyrites,  galena,  and 
silver  fahl-ore  contained  in  it.  The  ores  of  the  Poltimore  mines  in  Devonshire,  wliicli 
contain  gold  to  the  amount  of  30  to  60  grams  per  ton,  appear  also  to  be  jsroducts  of 
the  oxidation  of  metallic  sulphides,  especially  iron  sulphide. 

Gold  from  Voueziiela  was  found  by  Williams  {Chem.  Nnvs,  xxi.  84)  to  contain 

Au  Ag-  Fo  Cu 

93-58  3-69  1-60  0-65    =  99-53. 

Specimens  of  gold  from  Vancouver  Island  and  West  Africa  have  been  described  and 
analysed  by  F.  Wibel  (Jahrbuchf.  Mineralogie,  1873,  244).  The  specimen  from  Van- 
couver Island  is  a  crystal  about  7  mm.  long,  weighing  26-7  grams  and  having  the  form 
of  a  rhombic  dodecahedron  (oo  0)  prismatically  elongated  in  the  direction  of  one  of  its 
axes,  as  in  a  specimen  from  the  Ural  described  by  G.  Eose.  Sp.  gr.  18-5  at  22°.  Its 
analysis  gave — 

Gold.  Silver.         Coppor.  Iron. 

91-86  6-63  1-00  0-51     =  100. 

No  mercury,  lead,  or  other  metals  were  found  in  it. 

The  specimens  from  West  Africa,  analysed  by  K.  Wlbel,  consisted — a.  Of  gold  in 
grains  ;  h.  Of  gold-dust;  c.  Of  gold  obtained  by  washing  from  a  flesh-coloured  clay 
in  the  neighbourhood  of  Elmina  : — 

a.  b. 

Gold        .       .    89-40    87-91  9'7-23    96-40    92-03  97'-'81 

Silver       .       .    10-07    11-40  2  77      3-60      582  2  19 

Copper     .       .      0-53      0-69  —        —       2-15  — 


100-00  100-00         100-00  100-00  lCO-00         100  00 
Sp.  gr.      .       .    14-63  16-20 

Other  specimens  of  West  African  gold,  containing  4-15  and  25  p.c.  of  copper,  and 
variable  quantities  of  zinc,  tin,  and  lead,  were  found  to  be  adulterated  -with  brass. 

E.  Broiigh  Smitli  {Sill.  Am.  J.  xlix.  263)  gives  a  description  of  the  Gold  Fields  of 
Victoria  in  Australia,  in  which  he  maintains,  in  opposition  to  Murchison,  that  the 
richness  in  gold  of  the  quartz-veins,  as  well  as  their  thickness,  increases  with 
their  depth  below  the  surface. 

Extraclion. — Eivot  {Ann.  Min.  [6],  viii.  1),  describes  the  occurrence  of  gold  and 
silver  ores  in  California,  and  the  mode  of  working  them  for  the  extraction  of  these 
metals.  The  gold  occurs  partly  in  quartz-veins,  partly  associated  with  quartz  and 
pyrites.  In  the  former,  the  whole  of  the  gold  is  metallic ;  the  latter  ores  do  not  yield 
up  the  whole  of  their  gold  to  the  amalgamation  process — a  prsof  that  part  of  it  is  in  a 
state  of  combination. 

The  silver  ores,  occurring  in  beds  of  slate,  quartz,  and  heavy  spar,  rarely  in  calcspar, 
contain  the  silver  in  combination  with  sulphur,  vAth.  arsenic  and  sulphur,  or  with 
antimony  and  sulphur,  and  are  accompanied  by  varying  quantities  of  blende,  galena, 
iron  pyrites,  arsenical  pyrites,  bournonite,  fiihlore,  grey  antimony  ore,  &c. 
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The  prooeisses  empluyed  at  the  present  time  in  America  for  tlic  extraction  of  gohl 
Mild  silver  from  mineral  veins  arc  :  (1)  Amalgamation  in  heaps  ;  (2)  amalgamation  at 
100°  C.  in  copper  pans;  (3)  direct  amalgamation  in  pans  by  the  aid  of  water,  a 
].)riicess  which  is  inexpensive,  as  it  can  be  effected  Avithout  material  loss  of  mercury, 
l)ut  which  does  not  yield  so  much  gold  and  silver;  and  (i)  amalgamation,  preceded 
l  iy  the  roiieting  of  refractory  ores  wth  common  salt.  The  yield  of  gold  and  silver  from 
pyritical  ores  does  not  exceed  65  p.  c.  of  the  assay,  which  in  itself  is  open  to  losses. 
.According  to  many  synthetical  experiments,  the  loss  is  greater  in  assays  of  richer  than 
of  poor  ores,  amounting  always  to  more  than  30  p.c,  and  with  fahlore  and  ores  con- 
taining arsenical  pjrrites  to  more  than  50  p.c.  The  loss  incurred  when  working  on  a. 
largo  scale  is  less  than  in  laboratory  assays.  The  difference  between  the  yield  on  the 
large  scale  and  the  percentage  indicated  by  the  assay  may  exceed  30  p.c.  even  when  the 
metallurgical  method  is  quite  perfect ;  but  as  the  American  methods  are  far  from  per- 
fect, the  difference  is  still  greater. 

A  new  process,  devised  by  Rivot,  has  been  worked  in  California  with  good  results, 
and  is  said  to  be  applicable  to  ores  of  every  kind,  giving  at  a  small  cost  nearly  the 
whole  of  the  metal.  It  consists  in  roasting  the  ores  with  superheated  steam  beforo 
amalgamation.  The  action  is  somewhat  sluggish  in  the  case  of  pyrites  and  pyritifer- 
ous  ores,  but  may  be  accelerated  by  addition  of  oxidising  agents  sucli  as  ferric  oxides, 
roasted  pyrites  and  black  oxide  of  manganese. 

The  several  stages  of  the  p)rocess  on  the  large  scale  are  as  follo^^■s  : — 

1.  Roasting  of  the  piyrites  in  heaps,  or  in  reverberatory  furnaces,  in  such  a  manner 
as  to  almost  completely  oxidise  the  metallic  sulphides,  and  reduce  the  formation  of 
sulphates  to  a  minimum. 

2.  Pulverising  and  mixing  of  the  roasted  pyrites  with  the  ores. 

3.  Roasting  of  the  mixed  mass  with  superheated  steam  in  a  revolving  furnace,  with 
exclusion  of  air. 

•1.  Amalgamation  in  vertical  mills,  which  are  capable  of  a  great  out-turn,  and  of 
working  wet  or  dry  as  may  be  desired,  divide  the  mercury  well,  and  effect  a  more 
speedy  and  complete  amalgamation,  owing  to  the  pressure  of  the  millstones. 

5.  Separation  of  the  mercury  from  the  residues. 

6.  Squeezing  of  the  mercury  through  coarse  linen  bags,  or  wooden  cylinders. 

7.  Distillation  of  the  amalgam  in  cast-iron  tubes  provided  with  receivers  cooled  liy 
water. 

8.  Smelting  of  the  metals  recovered  by  amalgamation  in  blacklcad  crucibles,  an'l 
casting  in  iron  moulds. 

•In  the  case  of  silver  chloride  and  copper  pyi'ites,  the  process  has  to  be  modified  by 
the  addition  of  iron  pyrites.    The  several  stages  are  then  : 

1.  Mixing  of  the  ores  with  iron  pyrites,  a  small  quantity  sufficing  for  the  chloriferous 
ores,  whereas  copper  pyrites  requires  to  be  mixed  with  an  equal  weight  of  iron  pyrites. 
2.  Roasting  the  mixture  at  a  low  red  heat  with  superheated  steam  as  long  as  sulphur- 
etted hydrogen  continues  to  escape.  3.  Amalgamation  of  tlie  roasted  ores,  with  addition 
of  water.  4.  Separation  of  the  amalgam,  expiression  and  distillation  of  the  mercury, 
fusion  of  tlie  noble  metiils,  &c.  5.  Working  of  tlie  ore,  after  treatment  with  mercury, 
for  copper  in  the  usual  way. 

W.  Skey  {Chcm.  News,  xxii.  282)  has  observed  that  grains  of  gold  often  resist  the 
amalgamating  action  of  mercury,  in  consequence  of  the  gold  becoming  united  on  the 
surface  with  sulphur.  Direct  experiments  showed  that  gold  immersed  in  moist 
hydrogen  sulphide  or  in  a  solution  of  ammonium  sulphide,  ])ecomes  converted  on 
the  surf  ice  into  gold  sulphide  without  any  alteration  in  the  colour  of  the  metal.  In 
tlie  working  of  auriferous  sand,  the  hydrogen  sulphide  which  produces  this  change 
may  bo  produced  hy  the  action  of  ferrous  sulphate  on  various  metallic  sulphides.  The 
gold  thus  altered  may  be  rendered  capable  of  amalgamation  with  mercury  by  ignition, 
especially  if  it  does  not  contain  any  considerable  quantity  of  copper  (more  than  7  p*.  c.). 
Gold  may  also  l)e  freed  from  its  layer  of  sulphide  by  treatment  -n-ith  potassium 
cyanide,  chromic  acid,  nitric  acid,  or  an  acid  solution  of  calcium  chloride. 

A  process  devised  by  Tessie  du  Mothay  for  extracting  gold  and  silver  from  .-irsenin- 
sulphides  of  lead,  copper,  &c.,  is  described  by  G.  Widemann  {Chemical  Ncuv.  xxxiii. 
126).    The  following  are  its  main  features: — 

1.  The  sulphur  ores  are  roasted  with  silicates,  litharge  being  added  to  complete  the 
oxidation. 

2.  The  easily  fusible  scoria  thus  obtained  is  run  on  to  a  batli  of  molten  lead,  with 
which  it  is  thoroughly  mixed  by  mechanical  means.  The  molten  lead  is  said  to  dis- 
solve out  the  whole  of  the  gold  and  silver.  The  scoria,  is  then  removed,  and  fresh 
eliarges  of  the  fusible  silicates  are  added  until  the  lead  becomes  sufficiently  rich  fur 
CiipelLitinn. 
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3.  Tlie  siliceous  scoria  is  reduced  by  charcoal  and  iron,  and  an  alloy  of  lead  and 
antimony  obtained. 

4.  This  alloy  is  freed  from  antimony  by  acting  on  it  at  a  high  temperature  with 
steam,  which  oxidizes  the  antimony.  Tlio  lead  is  freed  from  all  traces  of  antimony  by 
means  of  a  small  quantity  of  lead  sulphate. 

Should  tlie  alloy  conbiin  copper  instead  of  antimony,  lead  sulphide  is  added,  and 
the  resulting  scoria  of  copper  sulphide  is  removed.  The  pure  lead  thus  obtained  is 
either  sold  or  used  in  the  treatment  of  fresh  ore. 

deduction  of  Gold.- — Daintree  first  observed  that  when  gold  is  introduced  into  a 
solution  of  auric  chloride  and  the  latter  is  reduced  by  organic  substances,  all  the  pre- 
cipitated gold  is  deposited  on  the  immersed  metal.  C.  Wilkinson  afterwards  found 
that  gold  is  precipitated  under  similar  circumstances  on  the  sulphides  of  copper,  iron, 
arsenic,  lead,  zinc,  molybdenum,  and  tungsten.  According  to  Skey  {Ckern.  Aews,  xxiii. 
232)  this  latter  result  is  due  to  the  fact  that  all  the  sulpliides  above-mentioned,  when 
immersed  in  a  solution  of  gold,  become  covered  with  a  thin  film  of  gold  and  then  act 
like  an  immersed  bar  of  the  metal.  He  finds  also  that  this  reduction  may  bo  effected 
by  the  sulphides  of  tin,  mercurj',  bismuth,  platinum,  and  gold.  Instead  of  auric 
chloride,  a  solution  of  auric  oxide  in  potash,  sodium  bicarbonate,  or  an  alkaline 
silicate  may  be  used.  A  solution  of  auric  oxide  in  ammonia  is  not  reduced  below  200°  F. 
A  solution  of  gold  sulphide  remains  unattacked  under  all  circumstances. 

Spongy  Gold. —  Gold  may  be  precipitated  in  the  spongy  state  by  saturating  a  cold 
10  p.  c.  solution  of  auric  chloride  with  potassium  bicarbonate,  then  adding  1  mol.  bi- 
carbonate and  5  mol.  oxalic  acid,  and  boiling  (Prat,  Bingl.  ■pal.  J.  cxcvi.  583). 

Detection  and  Estimation  of  Gold. — In  substances  containing  very  small  quantities 
of  gold,  the  detection  and  estimation  of  the  metal  may  be  effected  by  means  of  tincture 
of  iodine  or  bromine-water.  The  substance  under  examination  is  brought  in  contact 
with  an  equal  volume  of  either  of  these  reagents,  and  after  some  time  filtering  paper  is 
soaked  with  the  clear  supernatant  liquid.  This  paper  when  dried  and  burnt,  leaves, 
if  gold  is  present,  a  red  ash.  This  process  is  particularly  well  adapted  to  the  separa- 
tion of  gold  from  sulphides,  inasmuch  as  those  compounds  are  rendered  so  porous  by 
the  previous  roasting  that  the  solvent  easily  takes  up  the  whole  of  the  gold,  while  only 
very  small  quantities  of  either  substance  pass  into  solution  (W.  Skej%  Chem.  Nctcs, 
xxii.  245). 

Detection  of  Gold  in  Sea- Water  {Sonstadt,  Chem.  New.i,  xxvi.  159).— Experiments 
made  on  specimens  of  sea-water  collected  at  various  times  at  Ramsey  Bay,  Isle  of 
Man,  prove  that  gold  exists  therein,  but  as  the  quantity  is  certainly  less  than  one 
grain  in  a  ton,  it  is  too  small  to  admit  of  separation,  or  even  detection,  by  the  usual 
tests.  Besides  the  difficulty  of  detection  arising  from  the  small  quantity  of  gold  pre- 
sent, there  is  another  difficulty  of  a  graver  kind,  due  to  a  continuous  redissolution  of 
the  gold  after  it  has  been  separated  in  the  metallic  state.  This  redissolution  is  owing 
to  the  separation  of  iodine  under  the  influence  of  reducing  agents  upon  the  iodate  of 
calcium,  which  Sonstadt  has  previously  shown  to  exist  in  sea-water.  Even  if  the  re- 
ducing agent  is  added  in  large  excess,  oxidation  takes  place  so  rapidly  under  the  con- 
tinuous reproducing  power  of  calcium  iodate,  that,  sooner  or  later,  according  to  the 
excess  of  reducing  agent  added,  the  stage  arrives  at  which  the  iodine  is  set  free,  and 
the  suspended  gold  is  redissolved. 

Of  three  entirely  different  methods  employed,  the  following  is  one  which  may  be 
performed  upon  so  small  a  quantity  of  sea- water  as  150  to  200  c.  c.  Two  or  three 
decigrams  of  pure  ferrous  sulphate  are  dissolved  in  the  water,  which  is  acidulated  with 
two  or  three  drops  of  hydrochloric  acid.  The  solution  is  heated  in  a  clean  and  well- 
glazed  porcelain  dish,  over  a  small  flame,  so  managed  that  the  flame  may  touch  the 
u:ider  part  of  the  dish  without  causing  ebullition.  Under  these  circumstances  a  lus- 
trous film  of  ferric  oxide  forms  in  the  dish,  commencing  from  the  portion  directly 
heated  by  the  ilame.  The  heat  is  continued  without  boiling,  until  the  sea-water  is 
evaporated  to  about  half,  or  so  long  as  the  film  increases  in  extent  and  in  lustre.  Thy 
liquid  is  then  poured  off,  the  strongly  adherent  film  is  rinsed  with  a  little  water,  and 
then  about  50  c.  c.  of  strong  chlorine-water  is  allowed  to  stand  in  the  dish  for  an  hour 
or  two,  after  which  it  is  slowly  evaporated  down  (over  the  film)  to  a  few  drops,  a  drop 
of  dilute  liydrofhldpic  acid  being  added  towards  the  end  of  the  evaporation.  The 
liquid,  wliicli  slioiilil  l.c  iir.ivly  colourless,  is  then  poured  into  a  test-trlass  containing 
a  few  ilrii|is  "f  >'iluti()ii  uf  stannous  clilorido,  when,  after  a  few  minutes,  it  takes 
a.  bluish  or  purpli>li  I  ml  which  may  be  exactly  matched  by  a  drop  or  two  of 
suitably  diluU'il  si.lnlion  (.i'  gold  added  to  a  corresponding  proportion  of  tin-salt  in 
another  glass.  Thr  tnim;;!  ion  of  the  film  depends  upon  the  iron  being  in  a  particular 
state  of  oxidaliiin,  and  it  is  best,  after  adding  the  ferrous  sulphate  and  hydru- 
thloric  acid  to  the  sta-water,  to  leave  it  exposed  to  the  air  for  a  few  hours  before  heat- 
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ing  the  liqiiid  to  obtain  the  film.  The  ohlorino-solution  of  tlio  sca-water  films  may  Lo 
(Irioil  up  in  a  porcelain  crucildo  with  jn-rripital r.l  Irail,  mid  <^i<\i\  l>oails  obtained  by 
L-npellation,  after  fusing  the  leail  inln  a  Imtlon  -wilh  b^i-ax  :  I.ni  I'.n-  lliis  i^xporiment  at 
least  half  a  litre  of  sea-water  should  br  laki  n,  ami  i  \  rii  l  In  n  i  In  bi  ad  obtained  is  too 
small  to  bo  weighed.  Similar  experimenis  in  the  same  vessels,  and  with  the  same  re- 
agents, upon  simple  water,  and  on  water  containing  chloride  of  sodium  and  alkaline 
sulphates,  never  yielded  the  slightest  coloration  with  stannous  chloride. 

Separation  of  Gold  from  Copper. — The  solution  of  tlie  two  niotils  in  aqua  rcgia,  is 
evaporated  to  dryness,  the  residue  dissolved  in  wati  r.  Ibc  -nbition  niiMd  v  illi  oxalic 
acid,  then  after  standing  for -18  hours,  heated  to  tlic  licibni;  [i'lini  .md  m  nt imI i-.  d  by 
caustic  potash  added  at  short  intervals.  The  pot:issiuni  ox.iiair,  thus  fa  rnrd  unites 
with  the  copiper  oxalate,  forming  a  soluble  double  salt,  and  the  gokl  in  it  is  left  in  the 
pure  state.  Gold  precipitated  by  oxalic  acid  from  an  acid  solution  containing  copper 
is  always  contaminated  "with  cupric  oxalate  (E.  Purgotti,  Zeitschr.  anal.  Chan.  ix. 
127). 

Separation  of  Gold  from  Silver  Chloride. — The  silver  cliloride  formed  in  the  purifi- 
cation of  argentiferous  gold  by  means  of  chlorine  gas,  contains  an  appreciable  amount 
of  gold,  to  such  an  extent  indeed,  that  the  silver  bullion  obtained  by  the  reduction  of 
the  chloride  often  confciin  as  much  as  18  p.  c.  of  gold.  The  processes  generally 
adopted  for  the  removal  of  this  gold  do  not  give  satisfactory  results,  but  the  separation 
may  be  advantageously  effected  as  follows.  The  fused  chloride  is  covered  with  a 
layer  of  borax,  one-eighth  to  one-qtuirter  inch  in  thickness,  and  sodium  carbonate  is 
gradually  added  on  the  top  of  this  layer,  in  quantity  varying  from  16  to  20  oz.  per 
230  oz.  of  silver  chloride  operateil  on.  The  cliloride  is  not  stirred,  but  the  metallic 
gold  is  allowed  to  suljside  to  the  bottom  of  the  receptacle.  20  oz.  of  soda  will  gene- 
rally produce  a  gold  button  weighing  about  3.3  oz.,  assaying  from  870  to  880,  while 
the  silver  bullion  subsequently  obtained  will  contain  2  to  5  parts  of  gold  in  10,000 
parts.  A  second  treatment  with  a  much  snudler  quantity  of  soda  renders  the  silver 
perfectly  free  from  gold  (Leibius,  Chem.  News,  xxvii.  128). 

Cold  Monocblorlde,  or  Aurous  Cblorlde,  AuCl.  The  directions  usually  given 
for  the  preparation  of  tliis  compound,  and  the  descriptions  of  its  properties  are  some- 
what discordant.  According  to  Leuchs  {J.  pr.  Chem.  [2],  vi.  156)  these  discrepancies 
arise  from  decomposition  taking  place  during  the  preparation.  He  finds  that  when 
trichloride  of  gold  is  heated,  the  evolution  of  chlorine  does  not  cease  as  soon  as  the 
■whole  of  the  trichloride  is  converted  into  monocliloride,  as  commonly  stated,  but  may 
go  on  till  the  gold  is  completely  reduced  to  the  metallic  state.  This  result  he  attributes 
to  the  action  of  moisture  in  the  air,  which,  being  absorbed  by  the  hygroscopic  tri- 
chloride, decomposes  some  of  the  monochloride  already  formed  into  metallic  gold  and 
trichloride,  the  moisture  again  acting  upon  fresh  portions  of  monochloride,  and  so  on. 
To  prevent  this  decomposition  he  adopts  the  iblldwing  process.  Trichloridi-  of  gold  is 
heated  to  200°-300''  on  a  saiiibl'ntli,  r.ir,- l^  iii^r  t.ikcn  tocrushall  lumps,  ;iiid  h,  bring 
fresh  portions  of  the  materi.il  cnn^t.i  nt  ly  in  i-nnlaet  with  the  basin  by  I  rllur.ii  i^n  with 
a  pestle.  The  evolution  of  clilnnnr  i■^  vrry  rapid:  the  liquetii-d  red  .■lil.iridr  lici-nnics 
first  brownis1i-i-r<l,  tlicn  dirly  lini^-n.  ycllnwish-brown  and  drv,  a I'l  ri-\vai-ds  L'  l-i'cnisli, 
and  ultim.-iti'ly  pure  yellow.  \\']\ru  I  he  mass  acquires  a  grecni>li  cnldiu-,  llir  Icniprra- 
turo  is  lowerJd  gradually  to  ISO'-".  Tlir  evidutinn  of  chbirine  slill  rent  inn.  s.  and  the 
end  of  the  operation  can  be  judged  of  only  by  the  .-liniiiri  s  <>(  (•..lour.  .\s  >non  the 
powder  appears  of  a  pure  full  yellow,  it  is  rcnin\  iMl  I'l-nni  I  lie  s.i  nd-bal  li,  I  i-Il  ur.itn!  till 
it  ceases  to  smoU  of  chlorine,  and  at  once  tran^t■(•rrrll  to  eloped  gl.i.^s  vessels.  The  pro- 
duct, after  cooling,  is  pure  yellowish-white. 

A  chloride,  intermediate  in  composition  between  the  mono-  and  tri-cldoride,  is 
formed  by  heating  spongy  gold  with  asohitibn  of  auric  chloride,  or  by  heating  aurous 
and  auric  chlorides  tngetiier  (Prat,  l.^t  Suppl.  653). 

Iodides.  Aurous  indldr.  prepared  witli  aqueous  hydriodic  acid,  dis.solves  in 
hydriodic  acid  saturate. 1  iodine,  and  the  solution,  when  evaporated  at  a.  gentle 

heat,  deposits  small  rhombohedral  crystals  of  auric  iodide,  AuP  (Pr.-it,  Crmpf. 
rend.  Ixx.  840). 

Oxides.  AVlien  gold  is  treated  wilh  a  quantity  of  aqua  ri'ui.a  not  sufFi.'ieut  ^o 
dissolve  it,  b\it  containing  excess  of  hydroehloric  ari.b  ■■mil  llie  solnli'm  i^  s;il  ni'.il  ed 
with  .such  a  quantity  of  potassiuui  bicarbonate  that  tin-  ja-eeipiliit.-  i-.  .lisM.h'i  s,  .-in 
orange-yellow  solution  is  obtained  wliieh  liegins  to  show  turbidity  at  5.")  tl.^posits  .-it 
60'^  a  light  olivo-grcen  hydrate,  and  at  65°-95°  a  dark  olive-green  hydrate,  the  former 
contiuning  8  p.c.  the  latter  7"71  p.c.  o.xygen,  answering  to  the  composition  Au-O'-'.  Tliis 
inicrmediate  o.ride  of  gold  gives  up  its  water  of  hydration  on  exposure  to  the  air.  :in.l 
is  converted  into  a  nearly  black,  hard,  heavy  mass,  having  a  conelioidal  shining 
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fracture.  It  is  not  altered  by  liglit,  gives  off  its  oxygen  at  about  250°,  dissolves  very 
easily  in  liydracids,  and  forms  a  dark-green  solution  witli  cold  hydrochloric  acid.  ]  t 
also  unites,  especially  vrh  en  heated  with  oxygen-acids;  hydrofluoric  acid  combines -witii 
it,  but  does  not  dissolve  it.  When  a  solution  of  gold  in  excess  of  aqua  rsgia  in  which 
the  nitric  acid  predominates  is  supersaturated  with  potassium  bicarbonate  and  heated, 
an  oxide  is  obtained,  orange-colonred  when  freshly  precipitated,  ochre-coloured  after 
washing  and  drying,  and  containing  15  p  c.  oxygen,  which  answers  to  the  formula 
AuO-.  It  is  not  altered  by  light,  but  gives  up  its  oxygen,  with  sparkling,  when  heated 
to  about  200="  (Prat,  loc.  cit.). 

Oxy-salts.  Aicrous  SulpluUc  (?)  "When  spongy  gold  is  heated  with  a  mixtui-e  of 
sulphuric  and  iodic  acids  (oH-'SO'  :  2HI0^)  till  the  mixture  has  acquired  a  dark  orange- 
colour,  which  takes  place  at  300°,  the  whole  of  the  gold  is  oxidised,  and  the  product, 
when  dissolved  in  fuming  nitric  acid,  gives,  on  dilution  with  water  and  heating,  a 
copious  brown  precipitate,  consisting  of  a  gold  sulphate,  which  is  quickly  altered 
by  light,  is  very  difficult  to  crystallise,  has  a  dark  purple-red  colour  when  dry,  and 
appears  remarkably  stable  when  heated.  It  is  very  hygroscopic,  and  is  decomposed 
by  a  large  quantity  of  water  into  insoluble  aurous  sulphate  and  auric  sulphate,  which 
remains  dissolved  (Prat).  This  last  decomposition  woxild  seem  to  show  that  the  suit 
is  an  auroso-auric  sidphate. 

Aurio  Sulphate  and  Nitrafr:. — It  is  stated  by  Gnielin  and  other  authorities  that  a 
solution  of  auric  oxide  in  nitric  or  sulphuric  acid  is  rapidly  and  completely  decomposed 
on  dilution  with  water.  From  the  experiments  of  A.  .tl.  Allen,  however  {Cheni.  News, 
XXV.  85),  it  would  appear  that  the  oxacid  salts  of  gold  are  more  definite  and  more 
stable  in  solution  than  they  are  usually  supposed  to  be. 

A  solution  of  auric  oxide  in  nitric  acid  gave,  on  dilution  with  water,  a  perfectly  clear 
solution  which  answered  to  all  the  tests  for  gold.  It  decomposed  very  gradually  by 
keeping,  the  oxide  being  deposited. 

In  like  manner  an  aqueous  solution  of  am'ic  sulphate  deposited  but  very  slowly  a 
portion  of  the  metal,  the  decomposition  in  manj'  instances  being  very  slight,  and  never 
wholly  complete,  even  after  a  long  interval; 

Finely  divided  gold,  when  heated  with  solid  potassium  permanganate  and  concen- 
trated sulphuric  acid,  is  rapidly  dissolved,  yielding  a  solution  which  is  not  precipitated 
at  all  on  dilution,  but  gives,  when  tested  with  oxalic  acid  or  ferrous  sulphate,  abundant 
evidence  of  the  presence  of  gold.  There  would  appear,  then,  to  be  no  doubt  that  the 
gold  exists  in  this  solution  in  the  state  of  sulphate. 

When  nitric  acid  is  substituted  for  sulphuric  acid,  the  gold  is  completelj' precipitated 
on  the  addition  of  water.  Eeynolds  and  Spiller  are  of  opinion  that  in  this  latter  re- 
action auric  nitrate  is  not  produced.  Allen  objects  to  this  conclusion,  and  points  out 
that  the  true  cause  of  the  reduction  is  the  presence  in  the  solution  of  nitrous  acid, 
since,  if  a  small  quantity  of  permanganate  be  added  before  dilution,  or  if  the  acid 
liquor  be  boiled  with  a  crystal  of  ammonium  sulphate,  precipitation  of  the  gold  does 
not  take  place. 

This  explanation  is  further  strengthened  by  the  fact  that  it  is  possible,  by  adding  a 
few  drops  of  fuming  acid  to  a  pure  solution  of  auric  nitrate,  to  cause  an  instantaneous 
precipitation  of  the  metal. 

Gold  and  Silver  Sulpbide,  2Au-S'.5Ag-S.  This  sulphide  is  formed  by  the 
action  of  melted  sulphur  on  a  mixture  of  gold  and  silver  in  the  fused  state.  It  is  a 
dark  grey  cryst.illiiio  subst^iiice  of  sp.  gr.  8-159,  decomposed  by  heating  in  a  stream 
of  hydrogen.  Fused  with  sodium  carbonate  it  gives  sodium  sulphide,  and  appareutly 
an  alloy  of  gold  and  silver  (Muir,  Chcm.  Kcu'S,  xxv.  65i). 

Gold  Purple,  or  Purple  of  Casslus.  Macquer  having  observed  that  the  purple 
of  Cassius  was  deeper  in  colour  the  more  gold  it  contained,  considered  it  to  be  a  mix- 
ture of  stannic  hydrate  and  metallic  gold.  But  Proust,  finding  that  when  moist  it 
dissolved  in  ammonia,  and  that  it  did  not  yield  gold  when  treated  with  mercury, 
looked  upon  it  as  a  true  combination,  consisting  of  aiu-ostaunous  stannate  mixed  with 
varying  proportions  of  stannic  hydrate.  Debray  {Compf.  rend.  Ixxv.  1025)  considers 
both  views  to  be  wi'ong,  and  regards  the  piu-ple  as  a  'bike'  of  stannic  acid  coloured 
by  metallic  gold,  the  gold  being  prevented  by  its  union  with  the  acid  from  being  dis- 
solved out  by  mercury,  just  as  ordinary  lakes  will  not  yield  up  their  colours  to  water. 

Instead  of  preparing  the  purple  in  the  usual  way,  it  may  be  obtained  by  first  pre- 
cipitating stannic  oxide  by  boiling  together  stannic  chloride  and  sodium  acetate,  then 
adding  gold  chloride  and  potassium  oxalate,  and  again  boiling,  when  metallic  gold  will 
be  precipitated  upon  the  oxide.  A  similar  colour  is  produced  if  alumina  be  substituted 
for  stannic  oxide.  This  seems  to  show  that  the  purple  is  simply  an  oxide  coloured  by 
gold.  That  the  purple  should  bo  soluble  in  ammonia  is  not  surprising  if  it  be  admitted 
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to  he  chiefly  made  up  of  staiiuie  oxide,  wiiicli  is  soluble  i'n  ammonia  in  tlia 
cold.  Elevation  of  temperature  and  desiccation  diminisli  the  solubility  both  of 
stannic  oxido  and  of  the  purple.  Moreover,  the  solution,  whicli  ahvays  appears  turbid 
by  reflected  light,  slowly  deposits  metallic  gold.  The  latter  coul  1  not,  therefore,  have 
been  present  as  an  oxide,  since  ammonia,  in  acting  upon  oxides  of  the  precious  metals, 
gives  rise  to  products  more  or  less  complex,  but  the  metal  is  never  set  free. 

In  the  assay  of  silver  containing  a  little  gold  and  tin,  there  is  often  observed,  on 
dissolving  the  metal  ''n  nitric  ncid,  a  substance  very  similar  in  appearance  to  tlio 
purple  of  Cassius.  It  is  not,  however,  soluble  in  ammonia,  and  Deln-ay  thought  that 
tliis  might  bo  duo  to  the  metal  having  been  dissolved  in  hot  acid,  just  as  stannic  oxido 
obtained  by  oxidising  tin  \nt\i  hot  acid,  is  also  insoluble  in  ammonia.  He  tliereforo 
attacked,  with  nitric  acid,  at  a  very  gentle  heat,  an  alloy  of  silver,  gold,  and  tin,  and 
obtained  a  purple  residue  quite  soluble  in  ammonia,  showing  the  identity  of  this 
residue  with  the  ordinary  purple. 

Dcbray  .ipix'iir.s  to  consider  a  '  lake  '  as  standing  midway  between  a  mixture  and  a 
chemical  coniliination. 

GOXcSEM'  SSA]t.    See  HyDnASTis. 

GKAIN,  AXTAXiVSXS  OP.  The  methods  hitherto  employed  for  the  determina- 
tion of  starcli  and  cellulose  in  grain  give  very  discordant  results.  When  the  starch  is 
dissolved  I  jy  a  solution  of  malt  (Oudemans' method),  much  nitrogenous  matter  remains 
with  the  cellulose,  and  is  not  perfectly  removed  by  treatment  with  potash,  which, 
moreover,  dissolves  cellulose  to  an  appreciable  extent.  Purified  cotton-wool  lost  i  di 
p.c.  -when  boiled  with  a  1'25  p.e.  solution  of  potash,  and  afterwards  -with  dilute  acetic 
acid  ;  and  on  repetition  of  the  treatment,  suffered  a  further  loss  of  2-6  p.c.  When 
vegetable  matter  is  acted  upon  in  the  cold  by  potassium  chlorate  and  nitric  acid 
(F.  Schulze's  method),  the  cellulose  obtained  is  very  pure;  but  purified  cotton-wool 
loses  3'6  pt.c.  when  treated  in  this  manner.  To  avoid  these  sources  of  error,  W.  Pillitz 
{Zeitschr.  anal.  Chem.  xi.  46)  determines  the  vegetable  fibre  in  grain  by  heating 
the  flour  with  very  dilute  sulphuric  acid  in  sealed  tubes  at  ;  under  such 

treatment  cotton-wool  loses  only  0'4  p.c.    His  plan  of  analysis  is  as  follows  : — 

8-10  grams  of  the  flour  are  exhausted  as  quickly  as  possible  with  1  litre  of  cold 
water,  by  means  of  a  Real's  press,  in  which  the  flour  lies  on  a  filter-bed,  and  water  is 
forced  through  it  by  means  of  a  column  7  feet  high.  In  the  watery  solution  the  total 
solid  matter,  ash,  nitrogen,  and  sugar  are  determined.  The  undissolved  flour  is  quickly 
dried,  first  in  a  vacuum,  then,  after  being  finely  powdered,  at  100°.  1  to  VI  gram  of 
the  dried  mass  is  then  treated  with  40  c.c.  of  very  dilute  sulphuric  acid  (3  to3'o  c.c.  of 
acid  sp.  gr.  1'16  diluted  to  1  litre),  and  heated  in  a  sealed  tube  for  eight  hours  at  140'- 
14.5°.  The  cellulose  is  then  collected  on  a  weighed  filter,  washed  with  water,  alcohol, 
and  ether,  dried,  weighed,  and  its  ash  deducted ;  it  contains  only  traces  of  nitrogen. 
In  the  solution  sugar  is  determined  by  Fehling's  method,  and  the  amount  found  is 
calculated  as  starch.  The  heating  in  the  sealed  tube  is  repeated  with  1  to  1'2  gram  of 
the  original  meal.  The  sugar  thus  obtained  represents  starch  plus  sugar  and  dextrin  ; 
and  by  subtracting  the  starch  and  sugar  previously  determined,  the  amount  of  dextrin 
is  found.    Fat,  total  nitrogen,  and  ash  are  determined  in  the  usual  manner. 

The  following  are  analyses  made  by  this  method.  The  millet,  buckwheat,  and  spelt, 
were  free  from  their  external  shells  ;  the  other  grains  were  in  their  ordinary  market- 
able condition:  — 


100  p.irts  dried  .at  100° 

coiitniii  .— 

Prince 

3 

t 

'  Millet 

Earley 

Oats 

Rice 

1 

M 

Cellulose  . 

3-07 

4^76 

3^38 

4-22 

4-28 

8-88 

18-98 

4-82 

•87 

2-05 

Stareli  . 

73-51 

70-17 

71-60 

65-60 

69-20 

62-65 

53-62 

72-27 

85-41 

77-64 

Dextrin  . 

2-28 

5^27 

2-46 

5-78 

1-29 

1-96 

1-46 

-83 

1-27 

Sugar 

1-56 

1-07 

r23 

2-17 

•52 

2-71 

•37 

1-59 

trace 

Extractive  matter/ 
undetermined  ( 

4-54 

-81 

3^00 

3-50 

•52 

1-73 

1-66 

1-65 

•12 

3-65 

Fat. 

2-03 

1-79 

2-72 

2-52 

4^79 

3-08 

4-92 

5-03 

-90 

Albuminoids     inso-  \ 
luble    .       .  ( 

10-89 

12-93 

10-77 

10-60 

16-22 

14-28 

12-13 

9-95 

10-01 

7-40 

.Albuminoids  soluble. 

•38 

-96 

2-63 

3-87 

1-36 

2-05 

2-69 

2-16 

-46 

«, 

Ash  insoluble  . 

•69 

•61 

■60 

•24 

•64 

1-23 

2-73 

-38 

-61 

Ash  soluble 

lOo 

1-63 

1-61 

1-60 

1-18 

1-45 

1-44 

1-32 

-51 

1-09 

%nd  S'.'.p.  p  p 
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GRAfmE.  From  an  examination  of  English  and  Irish  gianites,  S.  Haughton 
(Prnc.  Boy.  Soc.  xvii.  '200)  concludes  that  they  arc  either  eruptive  rocks  belonging  to 
the  formations  from  the  Silurian  to  the  c  irbonacoous,  or  metamorphic  rocks.  The 
eruptive  granites  contain  orthoclase  and  albite,  but  no  lime  felspar ;  the  metamorphic 
granite.s.  on  the  other  hand,  contain  orthoclase  and  a  lime  felspar,  viz.,  oligoclase,  but 
no  albito. 

The  granites  of  central  and  western  Scotland  are  metamorphic,  like  those  of  Donegal 
and  Norway,  with  which,  in  fact,  they  are  geologically  identical ;  eruptive  granite  is 
met  with  only  occasionally,  as  near  Peterhead.  The  felspars  are  the  same  as  in  the 
English  and  Irish  granites  (Haughton,  Jahrbuch  f.  Miiieralogie,  1871,  83). 

J.  Lemberg  (Zeitschr.  (jeol.  Gesellsck.  xxii.  85)  has  analysed  several  series  of  the 
decomposition-products  of  Einlaud  felspars  and  granites.  The  results  show  that,  in 
the  process  of  weathering,  the  bases  EO,  and  especially  CaO.  diminish  in  proportion 
to  Al-O',  whereas  H=0,  Fe-0^  and  MgO,  are  taken  up ;  or  that,  under  the  influence 
of  water  containing  potash  and  magnesia,  CaO  and  K'-'O  are  exchanged  for  MgO  ; 
jNVO  and  CaO  for  K"0.    For  the  analyses,  see  Jahresb.f.  Chcm.  1870,  ]3o3. 

GRAXO'VX.XTE.  Scheerer  (Jahrbuch  f.  Mmcralogie,  1873,  673-691).  The  true 
granulites  form  a  class  of  rocks,  sharply  characterised  by  their  petrographic  constitu- 
tion, which  may  be  regarded  as  co-ordinate  with  that  of  the  gneisses,  consisting  mainly 
of  a  fine-grained  mixture  of  felspar  and  quartz,  and  distinguished  by  admixture  of 
garnet  (sometimes  also  of  cyanite) :  they  exliibit  for  the  most  part,  notwithstanding 
their  characteristic  deficiency  in  mica,  the  parallel  structure,  and  therefore  the  cha- 
racter, of  a  stratified  rock.  They  may  in  fact  be  regarded  as  gneisses  containing  little 
or  no  mica,  and  having  that  mineral  replaced  by  garnet. 

In  chemical  constitution  also,  the  granulites  are  sufficiently  near  to  the  gneisses  to 
admit  of  their  division  into  groups  corresponding  with  the  red,  middle,  and  grey 
gneisses  (or  upper  middle  and  lower  plutonites).  Scheerer  has  shown  {ZeiUchr.  d. 
Deutschen  gcologischcn  Gcscllschaft,  xiv.  23-150),  that  the  chemical  constitution  of 
these  gneisses  may  be  represented  by  the  following  formulse,  and  by  the  oxygen-ratios, 
degrees  of  silicatisation  (ratio  of  number  of  molecules  of  silica  to  number  of  molecules 
of  Isaae)  and  percentage  of  silica,  thence  deduced  :— 


"Upper  plutonite 
lied  Gneiss 

Middle  plutonite 
Middle  Gneiss 

Lower  plutonite 
Grey  Gneiss 

Chemical  formula 

4E0.9SiO=. 

4E0.9SiO'H-2(2E0.3SiO-'). 

2E0.3SiO-'. 

Oxygen  ratio  i 
EO  :  SiO-^  /  • 

1  :  i-b 

1  :  3 

Degree  of  sili- ) 
catisation  \ 

2-25 

1-875 

1-5 

Percentage  of  silica 
Mean 

76-74 
75 

71-69 
70 

66-64 
65 

The  following  are  analyses  of  seven  Saxon  gi-anulites  :— 1 .  Eeddish  granulite  from 
Penig,  containing,  in  a  fine-grained  euritic  ground-mass,  numerous  small  crystals  and 
granules  of  red  garnet:  no  perceptible  trace  of  mica.  2.  Greyish  flesh-red  granidite 
from  Neudorfchen,  similar  in  structure  to  the  preceding,  but  containing  also  small 
granules  of  quartz  and  crystalline  felspar.  3.  Greyish- white  granulite  from  Limbach  ; 
ground-mass  fine-grained  to  compact,  with  splintry  fracture,  and  containing,  besides 
pale-red  garnet,  granules  of  an  imknown  black  mineral,  to  which  the  greyish  colour  is 
due.  4.  Grey  granulite  from  Penig,  similar  to  3,  but  containing  more  of  the  black 
mineral.  5.  Dark  grey  granulite  from  Burgstadt,  containing  brown  granules  of  garnet 
and  black  scales  of  mica.  6.  Light-grey  granulite  from  Neudorfchen,  rather  fine- 
grained, containing  granules  of  quartz  and  crystalline  felspar,  together  with  scattered 
crystals  of  garnet,  and  here  and  there  scales  of  pinchbeck-brown  mica,  with  traces  of 
the  black-mineral.  7.  Greyish-white  slaty  granulite  from  Steina  near  Hartha.  shows 
distinct  parallel  structure.  The  ground-mass  appears  under  the  magnifying  glass  to 
bo  made  up  of  parallel  layers  of  quartz  and  felspar  with  brown  garnet  and  scales  of 
pinchbeck-brown  and  black  mica  imbedded.  According  to  Forsters  observations,  this 
rock  is  the  most  abundant  of  all  the  true  granulites,  and.  together  with  gueiss-granulite 
and  trap-gran ulito,  makes  up  l.iy  for  the  greater  part  of  tlio  granulite  field  of  Saxony: — 
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Anulijses  of  Saxon  Gramditcs. 


SiO= 

APO" 

Fo=0' 

CaO 

llgO 

K=0 

N,vO 

H-0 

76-33 

12-89 

2-35 

0-45 

0-35 

7-59 

0-22 

=  100-18 

75'8() 

12-09 

2-42 

1-45 

0-38 

4-27 

2-72 

0-39 

r-^  99-52 

75-46 

12-09 

3-75 

1-22 

0-66 

3-96 

2-46 

0-25 

=  99-85 

4.      .      .  . 

72-97 

12-69 

4-55 

0-63 

3-46 

3-16 

0-13 

=  99-92 

5.     .     .  . 

71-25 

14-28 

4-32 

2-84 

0-92 

3-02 

2-76 

0-16 

=  99-55 

73-47 

14-86 

3-64 

1-62 

0-67 

3-95 

1-80 

0-21 

=  100-22 

5:  :  :  : 

73-37 

14-09 

3-31 

1-54 

0-76 

4-25 

2-49 

0-27 

=  100-08 

From  these  analyses  may  be  deduced  tlio  foUo-wiug  oxygen-ratios,  EO  :  SiO-,  and 
degrees  of  silicatisatiou  : — ■ 


Oxygen  ratio 

Degree  of  silicatisation 

Found 

Normal 

Difference 

Found 

Normal 

Difference 

1.    .  . 

1  :  4-74 

1  :  4-50 

+  0-24 

1-58 

1-50 

+  0-08 

2.     .  . 

1  :  4-64 

+  0-14 

1-55 

-t-  0-05 

3.     .  . 

1  :  4-47 

-  0-03 

1-49 

-  0-01 

4.     .  . 

1  ;  3-93 

1  :  3-75 

+  0-1 S 

1-31 

1-25 

+  0-06 

1  :  3-56 

-  0-19 

1-19 

-  0-06 

6.     .  . 

1  :  3-83 

+  0-08 

1-28 

+  0-03 

1  :  3-90 

+  0-15 

1-30 

+  0-05 

These  numbers  show  that  the  Tiormal  granulites  are  co-ordinate,  partly  -with  the 
upper  plutonite  (red  gneiss),  partly  with  the  middle  phitonite  (middle  gneiss),  but 
they  do  not  indicate  the  existence  of  any  granulite  representatives  of  the  lower  pluto- 
nite (grey  gneiss).  Graniilites  of  the  last-mentioned  variety  (with  64-66  p.c.  silica) 
appear  indeed  to  occur  much  more  rarely  and  in  less  extent  than  the  two  more  highly 
silicated  classes,  but  not  to  be  altogether  wanting.  At  Ehrenberg  in  the  Zschopauthal, 
for  example,  there  occurs  a  grey-black  granulite  containing  65-4  p.c.  silica;  and  a 
very  dark  grey-black  gi-anulitc  from  Waldheim  has  been  found  to  contain  65"5  p.c. 
silica.  The  latter  contains,  together  with  a  large  quantity  of  garnet,  a  small  quantity 
of  pinchbeck-brown  mica;  the  former,  on  the  other  hand,  contains  garnet  without 
mica,  and  its  dark  coloiu'  appears  to  be  due  to  the  black  mineral.  Parallel  structure 
is  visible  in  the  latter,  but  not  in  the  former. 

On  comparing  the  analyses  of  the  granulites  with  those  of  the  gneisses  which  they 
most  nearly  resemble,  it  is  seen  that  they  differ  considerably  from  the  latter  in  their 
amount  of  water.  In  the  granulites  1-3,  the  average  amount  of  water  is  0-29  p.c, 
and  in  the  granulites  4-7,  it  is  only  0-19  p.c,  whereas  the  average  proportions  of  water 
in  the  normal  upper  and  middle  plutonites  are  respectively  1  and  1-5  p.c.  This 
deficiency  of  water  in  the  granulites  is  a  simple  consequence  of  the  almost  total  absence 
of  mica.  The  several  species  of  mica  are  indeed  the  only  hydrated  constituents 
of  plutonic  silicious  rocks,  the  proportion  of  water  contained  in  them  being  between 
4  and  5  p.c.  Where  they  are  absent,  in  rocks  which  have  not  undergone  alteration, 
water  is  either  absent  or  present  in  small  quantity  only ;  in  the  latter  case  its  presence 
may  be  due  to  small  scattered  particles  of  mica  imperceptible  to  observation,  or  to  an 
incipient  weathering  of  the  felspar. 

These  facts  lead  to  the  conclusion  that  granulites  have  been  formed  from  gneisses 
(plutonites)  by  a  process  of  transformation  which  has  removed  the  chemically-combined 
water  of  the  latter.  That  this  process  has  consisted  in  a  more  or  less  complete  re- 
melting,  or  at  least  in  a  softening  of  the  mass  by  heat,  maybe  inferred  from  the  occur- 
rence of  crystalline  garnet,  which  has  been  formed  by  dehydration  of  mica.  Garnets, 
indeed,  having  the  composition  expressed  by  the  general  formula  3(2EO.SiO-)  4- 
2Il203.3SiO=,  may  have  derived  their  constituents  from  the  micas,  their  formation  being 
accompanied  by  that  of  felspar  and  cyanite,  or  one  of  the  two,  according  to  the  composi- 
tion of  the  mica.  Certain  dark  magnesia  micas  ha\'ing  the  composition  3(2EO.SiO-)  + 
2R-0'.3SiO^,  differ  indeed  from  garnet  only  by  the  water  included  in  thefirst  member; 
and  in  the  case  of  other  magnesia  micas,  2(2EO.SiO=)  H- 2(E=0^.3SiG=),  the  formation 
of  garnet  is  nearly  as  simple.  Less  simple  is  the  derivation  of  garnet  from  the  more 
silicious  potasli  micas  ;  but  even  in  this  case  it  is  pos'i^iblc,  taking  into  account  the 
p  p  2 
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simultaucoiis  fomation  of  the  minerals  above  mentioned,  or  perhaps  of  the  black 
mineral  before  alluded  to  as  occurring  especially  in  the  granulites  3  and  6,  most  pro- 
bably as  a  product  of  the  decomposition  of  mica. 

In  the  granulito  district  of  Saxony  there  occur,  together  with  the  true  granulites  I 

above  considered,  chiefly  the  following  rocks  : — a.  Gjieiss-granulites  (and  granu-  | 

litic  gneisses),  i.e.,  rocks  more  or  less  fine-gi'ained  and  micaceous,  but  likemse  con-  ' 
taining  garnet,  forming,  indeed,  transition-stages  between  gneiss  and  graniilite. 
h.  Gneisses  (and  gneiss-granites),    c.  Granites  (together  with  granulitic  granite, 

granitic  granulite,  and  Forster's  granular  normal  granulite.    d.    Trap-rocks,  the  ; 

so-called  trap-granulites  (together  with  gabbro).  ' 

From  the  oxygen-ratios  and  degrees  of  silicatisation  of  these  rocks  it  is  inferred 
(a)  that  the  gneiss  granulites,  like  the  true  granulites,  are  co-ordinate  with  the  upper 
and  middle  plutonites ;  the  gneiss-granulite  of  Waldheim,  however,  which  contains 
66-3  p.c.  silica,  is  a  representative  of  the  lower  plutonite  or  grey  gneiss ;  (b)  that  the 
gneisses,  which  occur  but  sparingly,  belong  to  the  middle  and  lower  plutonite ;  (s)  that 
the  granites,  which  occupy  a  large  portion  of  the  district,  belong  to  the  upper  and 
middle  plutonite ;  (d)  that  the  trap-granulites,  including  gabbro  and  hypersthenite, 
which,  as  already  observed,  form,  together  with  slaty  normal  granulito  and  gneiss- 
granulite,  by  far  the  greater  part  of  the  whole  granulite  field,  exhibit  oxygen-ratios 
2K0  :  3SiO'-,  included  between  1  :  1-49  and  1  :  1-36,  that  is  to  say,  they  are  similar 
in  constitution  to  the  corresponding  rocks  in  other  localities. 

From  all  the  facts  above  detailed  Sclieerer  infers  that,  in  the  formation  of  granulite 
from  gneiss,  the  rocks  chiefly  concerned  have  been  the  red  and  middle  gneisses  (upper 

and  middle  plutonites).    The  eruptive  rock  which  has  brought  about  the  remelting  j 

and  consequently  dehydration  of  the  gneiss— or  which  has  been  thrown  up  simulta-  ' 

neously  with  the  granidites — cannot  have  been  granite,  although  this  rock  traverses  | 

and  intersects  the  whole  granulite  district  in  numerous  veins.    The  remelting  must,  < 

in  fact,  be  assigned  to  a  much  later  geological  period,  as  indicated  by  the  occur-  ] 

rence  of  the  trap-granulites,  i.e.,  especially  of  the  gabbro  and  hypersthenite  rocks.  i 

But  whether  any  other  eruptive  rocks  have  taken  part  in  the  metamorphosis  or  | 

not,  the  view — first  advanced  by  Naumann  from  a  purely  geognostic  standpoint —  j 

that  the  granulites  themselves  are  eruptive  rocks,  is  fully  confirmed  by  their  chemical  i 

constitution.  | 

Analyses  of  the  Saxon  granulites  have  also  been  made  by  A.  Stelzncr  (Jahrbiicli  f.  \ 

Mineralogic,  1871 .  244  ;  Chan.  Soc.  J.  [2],  ix.  807),  who  regards  them,  not  as  eruptive,  j 

but  as  metamorphic  rocks.  i 

GRAPBS.    Eesearches  on  the  ripening  of  grapes  have  been  made  by  E.  Pollacci  ' 

(  Gazzctta  chimica  italiana,  ii.  392).    A  comparison  of  the  amount  of  sugar  and  of  acid  ; 

in  the  external  and  internal  portions  of  the  flesh  of  the  fruit,  shows  that  the  part  \ 

nearest  the  centre  contains  more  of  the  acid  principle,  and  is,  consequently,  the  last  to  ;l 

ripen.    Diuring  the  ripening,  the  amount  of  sugar  goes  on  increasing  to  a  cerfciin  I 

point,  and  then  remains  stationary,  whilst  the  proportion  of  acid  still  continues  to  de-  i; 

crease,  so  that  the  grape  must  be  considered  to  be  ripe,  not,  as  heretofore,  "ivhen  the  '\ 

amount   of  sugar  ceases  to  increase,   but  rather  when  the  acidity  no  longer  j 

diminishes.  |I 

GRAPE-SVGAB.    See  Sugab.  i; 

GjREEN'STOII'B  (Th,  Petersen,  J.pr.  Chem.  [2],  vi.  197).    The  greenstones  may  \] 

bo  divided  into  two  classes,  viz.  :  (1.)  The  amphibolic  or  hornblende  greenstones;  Ij 

(2.)  The  pyroxenic  or  augitic  greenstones.  I" 

To  the  hornblende  group  belong  diorite,  with  its  varieties  and  congeners,  the  essen-  '» 

tial  constituents  of  which  are  hornblende  and  a  triclinic  alkali-felspar.    Sometimes  '  \ 

also  quartz  is  present,  in  which  case  the  rock  approximates  to  the  trachytie  series,  and  ji 

may  even  pass  into  syenite  if  it  also  contains  orthoclase.    The  augitic  greenstones  are  !i 

the  true  basic  rocks.    They  all  contain  a  plagioclastic  alkali-  or  lime-felspar,  but  no  ' 

quartz.    They  may  be  conveniently  divided  into  two  groups,  the  older  and  tlie  !' 

younger.  !' 

The  older  division,  which  is  developed  chiefly  in  the  transition  formation,  includes  '\ 
the  rocks  of  the  diabase  family,  to  which  belong:  («.)  True  diabase.  (6.)  Melaphyr  |! 
and  augitic  porphyry,  whicli  contain  true  augitoand  are  very  much  alike,  (c.)  Hyper-  < 
sthenite,  containing  ferruginous  hyporsthene,  which,  according  to  the  recent  investiga-  lo- 
tions of  Deseloizeaux,  crystallises  in  the  rhombic  system,  (rf.)  Gabbro,  containing  ,1 
comparatively  light-coloured  non-ferruginous  eustatite,  diallage,  or  smaragdite.  All  ,,i 
these  rocks  may  be  conveniently  designated  as  'true  greenstones.'  L 

To  the  later  division  of  tho  augitic  rocks  belong  those  of  the  basaltic  fi.mily :  basalt,  |,| 

diorite,  and  basaltic  lavas,  for  which,  as  proposed  by  Naumann,  the  collective  name  U| 

'  trap '  may  be  retained.  V 
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Tho  basic  greenstones,  and  cspscially  tlioso  containing  augile,  exhibit  on  the  whole  a 
considerable  resemblance  to  one  anothei-,  and  their  percentage  composition  is  also  nearly 
tho  same.  The  alkaline  silicates  are  more  variously  developed  in  tho  basaltic  than  in 
the  diabasie  rocks,  wliich  latter  do  not  contain  glassy  felspar,  nepheline,  &c.  In  the 
former,  on  the  other  hand,  the  augitie  substance  has  in  the  course  of  ages  been  more 
or  less  altered  and  converted  into  chlorite.  Titaniferous  magnetic  iron  ore  (in  some 
case  also  titaniferous  iron),  and  in  small  quantity  apatite,  is  common  to  both  groups. 

The  most  important  ConsiitueHts  of  the  Basic  Socks. — It  has  long  been  questioned 
•whether  any  triclinic  felspar  is  a  regular  constituent  of  diabases.  Petersen  finds  that 
oligoclase  is  usually  present,  whereas  lime-felspar  occiu-s  in  considerably  smaller  pro- 
portion, or  is  altogether  wanting.  In  the  younger  greenstones,  especially  the  basal- 
tites,  the  oligoclase  is  sometimes  replaced  liy  orthoclase.  Zeolites,  mostly  of  compara- 
tively recent  formation,  are  diflfuseil  through  all  greenstones,  especially  tho  basaltites. 

Augite  and  Hornblende. — The  constitution  of  those  minerals,  and  especially  the  part 
which  alumina  and  ferric  oxido  play  in  them,  has  not  yet  been  satisfactorily  explained. 
Most  of  the  analyses  agree  with  the  formula  of  a  bisilicate,  the  excess  of  base  which 
some  of  them  exhibit  being  due  to  the  iron,  whicli  is  often  present  as  magnetic  oxide. 
Augite  and  hornblende  sometimes  occur  togetlicr  in  greenstones,  the  augite,  however, 
generally  predominating. 

Chlorite. — The  constitution  of  miuerals  of  tlio  clilni-id- family  is  but  imperfectly 
understood,  the  obscurity  arising  chicHy  from  the  f.^  i  ili.  v  an?  products  of  tho 
more  or  less  advanced  transformation  of  augitic  niinrr,ii<,  .md  ihereforo  difficult  to 
obtain  pure.  Their  mean  composition  is  best  expressed  l)y  Piammelsberg's  formula 
2(3RO.SiO'')-(-Al=O^SiO-  +  4ffO.  In  the  diabases  ferruginous  chlorite  is  almost 
always  present,  the  augite  beiug  sometimes  completely  converted  into  this  mineral.  It 
is  often  accompanied  by  a  largo  quantity  of  finely-divided  magnetic  iron  ore. 

Magnetic  and  Titaniferous  Iron  Ores. — iVfagnetic  iron  oxide  is  a  regular  constituent 
of  the  basic  rocks,  both  old  and  now,  especially  of  the  augitic  greenstones.  It  often 
contains  titanic  acid.  Titaniferous  iron  is  of  frequent  occurrence  in  the  dolerites. 
Titanic  acid  occurs  in  basic  rocks,  sometimes  isolated,  more  frequently,  however,  as 
titaniferous  iron. 

Apatite,  to  the  amount  of  several  units  per  cent,  is  rarely  absent  from  basic  rocks, 
and  is  frequently  met  with  in  other  rocks  of  plutonic  origin,  especially  trachj^tes  and 
lavas. 

Formation  of  Scr pontine. —GTeeustone^  aro  not  unfrequentlyserpontinised.  Serpen- 
tine more  or  less  distinctly  stratified  is  often  found  amongst  crystalline  rocks,  as  gneiss, 
granite,  diorite,  gabbro,  diabase,  &c.,  but  also  nearest  to  those  which  contain  a  con- 
siderable quantity  of  magresia.  Silica,  and  magnesia  appear  therefore  to  have  a 
peculiar  tendency  to  unite  into  a  mass  exhibiting  the  character  of  serpentine. 

The  Greenstones  as  Matrices  of  useful  Minerals  and  Ores. — The  beds  of  ore  of 
Wittichen  in  Baden,  appear  to  owe  their  existence  to  neighbouring  horblendo  slates 
containing  nickel,  cobalt,  arsenic,  bismuth,  and  silver.  Many  iron  and  copper  ores, 
particularly  tho  copper  schist  of  Oberhessen,  also  the  nickel  and  copper  ores  of  tho 
Dillenburg  district,  are  probabl}'  derived  from  diabase.  The  origin  of  tho  important 
deposits  of  phosphorite  in  Nassau  must  also  be  assigned  to  diabase,  which  is  every- 
where rich  in  apatite. 

GITAXACVnZ.  E.  Schaor  {Zeitschr.  anal.  Chcm.  ix.  430)  prepares  tincture  of 
guaiacum  by  dissolving  1  part  of  tho  recently  pulverised  resin  in  100  parts  of  absolute 
alcohol,  and  keeps  it  in  black  glasses,  in  which  it  will  remain  unaltered  for  a  long  time. 

The  reaction  of  this  tincture  with  copper  salts  in  presence  of  hydrocyanic  acid  and 
with  various  cyanogen  compounds  of  copper  has  been  already  noticed  (p.  383). 
Schaer  either  pours  the  guaiacum  tincture  on  the  liquid  to  be  tested,  or  mixes  it  with 
tho  latter  till  a  strong  opalescence  is  produced.  In  the  former  case  a  blue  zone  be- 
coming continually  broader  makes  its  appearance  at  the  surface  of  contact ;  in  tho 
latter  "the  resinous  precipitate  assumes  in  a  few  minutes  a  light  blue  colour. 

The  true  homologues  of  hydrocyanic  acid,  viz. :  acetonitril,  propionitril,  capronitril, 
&c.,  produce  a  very  distinct  lilueing,  oven  when  they  have  been  completely  freed  from 
isocyanides  or  carbamines  by  repeated  treatment  with  dilute  hydrochloric  acid.  Of 
the  carliamines,  only  the  tolujd-compound  was  examined,  which,  whether  in  the  state 
of  liquid  or  of  vapour,  does  not  produce  any  blueing,  either  with  tincture  of  guaiacum 
contaiiiina  cojipcr.  (u-  on  guaiac  paper  moistened  with  a  very  weak  solution  of  a  copper 
salt.  Si'li.iri-  ii(M  s  nut,  however,  infer  from  this  that  the  entire  group  of  carbamines  is 
incapable  of  producing  this  reaction,  inasmuch  as  tho  action  of  benzene  derivatives 
may  bo  much  weaker  than  that  of  methyl-,  ethyl-,  or  amyl-compounds.  Normal  sul- 
phoeyanatcs,  as  those  of  ethyl  and  aniyl,  blue  tlie  guaiac-copper  solution  as  strongly 
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tis  their  isomeridos,  the  mustard-oils  or  sulphocarbimides.  The  blueing  produced  ly 
these  sulphocyaniites,  especially  in  tlie  state  of  vapour,  is  much  weaker  than  that  do.- 
veloped  by  the  normal  cyanides.  Methyl-,  ethyl-,  amyl-,  and  phenyl-sulphocarbimides 
behave  in  the  same  manner  as  ordinary  mustard-oil.  Tlie  amyl-compound,  however, 
is  distinguished  from  tlie  rest  by  its  much  stronger  action  in  the  state  of  vapour. 
Phenyl-sulphocarbimide,  on  the  other  hand,  exerts  but  a  very  feeble  action,  especially  in 
the  state  of  vapour. 

Schonn  (Zeitschr.  anal.  Chem.  1870,  209)  observes  that  great  care  is  necessary  in 
the  use  of  tincture  of  guaiacum  for  the  detection  of  hydrocyanic  acid,  chromic  acid,  and 
ozone,  inasmuch  as  the  same  effect  may  bo  produced  by  other  substances.  Guaiacum- 
paper  moistened  with  solution  of  cuprie  sulphate  is  turned  blue  by  ammonia,  as  well 
as  by  hydrocyanic  acid.  Tincture  of  guaiacum,  in  presence  of  sulphuric  acid,  is 
rendered  blue,  not  only  by  chromic  acid,  but  also  by  ferric  chloride,  potassium  ferri- 
cyanido,  gold  chloride,  potassium  permanganate,  molybdic  acid,  potassium  nitrate,  and 
potassium  nitrite.  Guaiacum  resin  assumes  a  blue  colour  with  oxidising  substances, 
and  with  potassium  antimonate,  barium  carbonate  and  hydrochloric  acid,  lead  acetate, 
calcium  chloride,  manganese  chloride,  copper  nitroprusside,  mercurous  nitrate,  and 
sodium  sulphocyanate.  Copper  salts  also  colour  tincture  of  guaiacum  blue  when  very 
dilute.  The  reaction  is  more  sensitive  in  presence  of  ammonium  chloride,  barium 
chloride,  ammoniuE!  bromide,  potassium  iodide  or  cj'anide,  or  ammonium  fluoride. 

GVANAPXTE.    See  Guako. 

(NH- 

CVAXriDXlfE,  CH^N'  =  C  -  NH  .    Erlenmeyer  obtained  this  base  by  the  action 

of  cyanogen  chloride  on  ammonia  (i.e.  of  eyanamide  on  ammonium  chloride,  Isi  Suppl. 
654).  According  to  Bannow  {Deut.  Cliem.  Ges.  Bcr.  iv.  161)  the  chloride  of  cyanogen 
may  be  conveniently  replaced  by  the  iodide.  The  solubility  of  ammonium  iodide  in 
alcohol  appears  to  hasten  the  formation  of  guanidine.  Iodide  of  cyanogen  with  three 
times  its  v/eight  of  alcoholic  ammonia  (of  10  p.  c),  heated  in  a  sealed  tube  in  the 
waterrbath  for  three  hours,  gave  almost  the  theoretical  quantity  of  nearly  pure  guani- 
dine salt.  According  to  Ossikovsky,  however  {Bull.  Soc.  Chim.  [2],  xviii.  161),  otlier 
products,  including  a  volatile  fiitty  acid  are  formed  at  the  same  time. 

G.  Bouchardat  (Convpt.  rend.  Ixix.  961)  by  passing  150  litres  of  phosgene  gas  into 
ammonia,  obtained,  together  with  sal-ammoniac  and  urea,  small  quantities  of  guanidine, 
ammelide,  and  cyanuric  acid. 

Guanidine  boiled  with  dilute  sulphuric  acid,  or  witli  baryta-water,  assimilates  the 
elements  of  water,  and  gives  ammonia  and  urea,  or  the  products  of  its  decompo- 
sition. 

CH^N'  -^         =  GONDII'  Nff. 

fNH.C'H' 

Substituted  Guanidines.    Dibenzyl-guanidine,  CWiCmyW  =  C  J  NH 

(nH.C'H' 

Tlie  hydrochloride  of  this  base  is  formed  by  boiling  an  alcoholic  solution  of  cyanben- 
zylamide  (p.  182)  with  benzylaniine  hydrochloride,  and  the  free  base  is  formed  by  the 
action  of  dry  cyanogen  chloride  on  pure  dry  benzylaniine.  The  hydrochloride  crystal- 
lises iu  laminae  melting  at  176°,  slightly  soluble  in  water,  more  freely  in  alcohol.  The 
'platinocMoride  is  crystalline.  On  adding  caustic  soda  to  a  sohition  of  the  hydro- 
chloride, dibenzylguanidine  separates  as  an  oil  which  soon  solidifies,  and  crystallises 
from  alcohol  in  colourless  laminae  or  plates  which  melt  at  100°,  and  dissolve  freely  in 
water,  alcohol  and  ether  (Strakosch,  Beut.  Chem.  Ges.  Bcr.  v.  692). 

Phenyl-,  tolyl-,  and  methyl-guanidine  may  be  formed  by  the  action  of  eyana- 
mide on  the  hydrochlorides  of  aniline,  toluidine,  and  methylamine  respectively  (Erlen- 
meyer, iPfli;;;.  Chan.  Ges.  Bcr.  iii.  896);  the  last  also  by  the  action  of  methyl-cyanamide 
on  ammonium  chloride  (Tawildarow,  ibid.  477). 

(NH.CH' 

Methyl-gzianidinc,  CYL\GIP)^^  =  C  j  NH       ,  appears  to  be  identical  with 

(nh- 

metliyluramine — which  Dessaigues  obtained  by  boiling  an  aqueous  solution  of  creatine 
or  creatinine  •srith  mercuric  oxide  (iii.  1009) — in  every  respect  excepting  in  the  form  of 
its  platinum  salt,  that  of  methyluramine  crystallising,  according  to  Senarmont,  iu 
rhombohedrons,  whereas,  according  to  v.  Kobell's  measurements,  that  of  methyl- 
guanidine  crystallises  in  monoolinic  forms  (Erlenmeyer). 

Glycolyl-methyl-guanidine,  C'H"N^O^  is  formed  by  the  action  of  mono- 
chloracetic  acid  at  the  boiliqg  heat  on  methyl-guanidine,  the  action  being  analogous 
to  that  whicli  the  same  acid  exerts  on  triethylamine,  triethylphosphine,  piperidiue, 
and  strychnine  : 

2G^H'N»  +  C-WQIO-  +  H^O  =  C=H'N».HCI  +  C*H"N'0\ 
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■\Yhon  an  aqueous  solution  of  chloracotate  of  methyl -guanidine  is  heated  to  120°,  the 
product  boiled  with  load  hydrate,  the  lead  precipitated  by  liydrogen  sulphide,  and  tho 
liltrate  evaporated  to  a  thin  syrup,  glycolyl-methyl-guanidine  is  obtained  in  colourless, 
thick,  rhombic  tablets,  which  soon  agglomerate  in  irregular  groups.  These  crystals 
are  easily  soluble  in  water,  and  are  neutral  to  litmus-paper.  When  strongly  heated 
they  melt  without  subliming.  Glycolyl-methyl-guanidine  unites  with  gaseous  hydro- 
chloric acid,  forming  the  salt  C*H"if'0-'.HCl,  which  cannot  be  prepared  with  the 
aqueous  acid.  With  plaiinic  chloride  and  silver  nitrate  it  yields  respectively  the  com- 
pounds C^H"N30lffPtCl"  and  C'H"N30=.Ag-0.  The  hydrochloride  melts  below 
100°,  and  if  gaseous  hydrochloric  acid  be  passed  over  it  at  100°,  2  niols.  of  the  salt 
give  up  1  mol.  water,  leaving  the  compoimd  C^H-"N''0^.2HC1. 

Triphenyl-guanidinc,  C(C''iP)'H-.N^,  is  formed  by  the  action  of  mercuric 
cliloride  on  sulphocarbanilide.  When  equal  parts  of  these  two  substances  in  the  dry 
state  are  heated  together  in  an  oil-bath  to  140°-150°,  tho  mass  first  melts,  then  froths 
and  gives  off  hycbochloric  and  sulpliydrle  acids.  Tho  fused  mass,  which  smells  like 
phenyl-sulphocarbamide,  is  lixiviated,  tirsi  with  boiliut;  v.iit.  r  and  then  with  alcohol. 
The  aqueous  extracts,  treated  witli  sd.l.i-lry,  yield  yellow  and  while  precipitates  of  tri- 
phenyl-guanidine,  which,  after  recrystallisatiou  from  alcohol,  nu  lls  at  145°.  It  crystal- 
lises in  thin  needles  which,  according  to  Groth's  measurements,  are  rhombic  six-sided 
prisms,  having  the  axial  ratio  a  :  h  :  c  =  0-6703  :  1  :  0-5575  (H.  L.  Buff,  Deut.  Chem. 
Ges.BerW.  498;  Zcilschr.f.  Chem.  1870,64). 

The  alcoholic  extract  of  the  fused  mass  obtained  in  the  above  reaction  yielded  long, 
shining,  strongly  refractive  needles  of  diphenvlurca,  melting  at  235°  and  solidify- 
ing at  210°. 

Cyantrifhenyl-guanidine,  G-^W'W  =  CH=(C'^ff )^N^2CN,  is  formed,  toge- 
ther with  cyananiiine,  by  the  action  of  cyanogen  on  aniline.    AVheii  purified  it  forms 
beautiful  aurora-red  crystals  having  a  violet  iridescence.    Heated  with  dilute  alcohol 
It  gives  off  ammonia  and  aniline,  and  yields  diphenyl-parabanic  acid: 
C'-'H"N^  +  3H-'0  =  2NH=  +  CH'N  +  (CO)(C=0=)(C"ff)=.N^ 

When  its  alcoholic  solution  is  boiled  with  hydrochloric  acid,  the  diphenyl-parabanic 
acid  is  likewise  decomposed,  tho  p)roducts  being  ammonia,  aniline,  carbon  dioxide,  and 
oxalic  acid : 

C='II"N*  +  6H-0  =  2NK^  +  3C«H'N  +  CO-  +  C=IPO^ 
(Hofmann,  Dexf.  Chem.  Ges.  Ber.  iii.  763). 

A  compound  isomeric  with  the  above  is  obtained  by  the  action  of  cyanogen  on  an 
alcoholic  solution  of  triphenyl-guanidine.  It  forms  yellowish-white  crystals  which, 
in  contact  with  hydrochloric  acid,  turn  red  and  are  quickly  resolved  into  ammonia  and 
oxalyl-triphonyl-guanidino,  C.(C''H*)-XC'0-)"N^  This  latter,  boiled  with 
alcohol  and  hydrochloric  acid,  yields  diphenyl-parabanic  acid  and  its  products  of  do- 
composition  (Hofmann,  ibid.  764). 

_Naphthyl-diphe7iijl-guanidinc,  C^^H^N^  =  C(C'«H')(C''ff )2H=.m— When 
diphenyl-sulphoearbamide  and  naphthylnmine  in  equal  numbers  of  molecules  are 
boiled  in  alcoholic  solution  with  lead  oxide  till  the  whole  of  the  sulphur  is  pre- 
cipitated, the  filtrate  then  evaporated,  the  residue  dissolved  in  dilute  hydrochloric 
acid,  and  ooncontratcd  hydrochloric  acid  added  to  the  solution,  hydrochloride  of 
naphthyl-dijihnii/l  (iiKiiiidinc  separates  in  indistinct  crystals  which  form  a  crystalline 
double  .salt  \\  itli  platinic  chloride.  The  nitrate  is  sparingly  soluble.  The  free  base 
forms  crystalline  crusts  which  melt  at  155  (F.  Tiemann,  Beut.  Chem.  Ges.  Ber.  iii.  6  ; 
Zeitschr."/.  Chem.  [2],  vi.  309). 

Naphthyl-tolyl-jyhcnyl-guanidine,  C=^H-'N3  =  C(C'»H')(C'H')(C«ff)H2.N», 
is  prepared,  like  the  preceding  compounds,  from  phenyl-tolyl-sulphocarbamido  and 
naphthylamine.  In  the  free  state  it  forms  a  clear,  brittle  resin,  melting  below  60°. 
Tho  nitrate  is  sparingly  soluble  and  crystalline ;  the  hydrochloride  is  crystalline,  and 
forms  a  sparingly  soluble  double  salt  with  platinic  chloride  (Tiemann). 

Tctraphenyl-toluylen  e  diguanidine,  or  Bicarbo-tetraphenyl-toluyl- 
ene-hexamine,  C^^H^N-^  =  C-(C«H^)''(C'H«)"mN«,  is  obtained  in  the  manner 
above  described  from  2  mols.  diphenyl-sulphoearbamide  and  1  mol.  toluylene-diamine. 
The  free  base  forms  a  clear  resin  which  melts  at  76°  and  dissolves  in  chloroform, 
ether,  alcohol,  and  benzene.  The  fhitinochloride  has  the  composition  C^'H'-N''.2HC1. 
PtCl'  ;  the  nitrate  is  sparingly  soluble  (Tiemann). 

GUAXS-IWE.  This  base  has  been  found  in  the  excrement  of  a  heron  fed  partly  on 
fish,  jiartly  on  flesh  (Iloppe-Seyler,  Med.-Chern.  Untersiichimgen,  1871,  682). 

G-UANO.    According  to  Chevi-eid  {Compt.  rend.  Ixxvii.  453,  569,  001)  the  crystal- 
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lisalile  material  dissolved  from  guano  hy  cold  watei",  consists  mainly  of  ammonium 
oxalate  mixed  -with  yellow,  red,  and  brown  organic  colouring  matters.  Tlie  residue 
left  after  complete  extraction  of  guano  with  cold  water  yields  avic  acid  to  hot  alcolioi, 
although  the  residue  originally  possessed  no  smell  of  the  acid.  Prolonged  washin;,' 
does  not  remove  the  whole  of  the  ammonium  carbonate  from  the  insoluble  residue  of 
guano.  The  bones  of  birds  found  in  guano  have  entirely  lost  their  cohesion,  being 
reduced  by  trituration  with  water  to  orange  flocks,  the  water  at  the  same  time  becom- 
ing acid  and  dissolving  some  calcium  phosphate.  One  example  of  guano  yielded  asalt 
containing  calcium,  ammonium,  potassium,  and  oxalic  acid,  soluble  in  a  little  water, 
hut  decomposed  by  a  larger  quantity  with  precipitation  of  calcium  oxalate.  Chevreul 
concludes  that  these  crystalline  substances  have  been  formed  by  a  slow  action  in  the 
absence  of  any  notable  proportion  of  water. 

On  the  composition  and  properties  of  guano,  see  further,  Chevreul  {Compt.  rend. 
Ixxvi.  1376,  1600;  Ixxvii.  165;  Chem.  Soc.  J.  [2],  xi.  1052;  xii.  90). 

Guano  from  Maiden  Island. — This  guano  is  in  the  form  of  a  coarse  po-n  dcr,  of  bright 
brown  colour,  and  has  the  following  composition : — 

Fe=0=  K=0  Na'O  JIgO     CaO      P=0=   SO'    CO"     CI  Sand  '^^^^^  Water  N 
•26  -28  1-71  1-86  43-51  37-58  -22  2-61  -82  -01     0-61     4-70  -29  =  100-49 

It  is  similar  to  tliat  from  Baker  Island,  and  is  well  adapted  for  the  manufacture  of 
superphosphate  (J.  Fittbogon,  Ann.  d.  Landwirthschaft,  Wochcnhlatt,  1872,  310). 

Minerals  found  in  Guano.— C.  U.  Shepard  {Sill.  Am.  J.  [2],  I.  273)  describes  two 
new  minerals — the  homogeneity  of  which  is  perhaps  doubtful — from  the  guano  of 
Guanape  Island,  north-east  of  the  Chincha  Islands,  Peru.  One  of  them,  guauapite , 
occurs  in  nodules  and  veins,  has  a  rhombic  cleavage,  and  gives  oiF ammonia  in  coubiet 
■with  the  air.  Hardness  =1-5;  sp.  gr.  =2-3.  The  other,  guanoxalite,  is  aproduct 
of  transformation  of  a  bird's  egg.  It  is  milk-white,  sliglitly  translucent,  has  a  nacreous 
lustre,  and  forms  laminse  with  rhombic  cleavage.  Hardness  less  than  2  ;  sp.  gr. 
=  1-58.  "When  heated  it  swells  up,  blackens,  and  melts,  giving  off  a  large  quantity  of 
ammonia,  and  leaving  a  white  residue.  The  composition  of  these  minerals  is  as 
follows : — 

Guanapite.  Giianoxnlite, 

Potassium  sulphate  67'75  40-20 

Ammonium  sulphate  27  88  — 

Ammonium  oxalate   3-75  29-25 

Water  —  30-46 

99-38  99-91 


Shepard  also  enumerates  five  other  minerals  found  in  the  vertebral  column  and  the 
stomach  of  a  bird  imbedded  in  the  guano,  viz. :  Taylorite,  Aphatalitc  (calcium  oxalate), 
Oxawinife  (ammonium oxalate),  Phosphammite,  and  Dipkospkammitc  (ammonium  phos- 
phate in  different  stages  of  saturation). 

GTTAItAXl'III'E.  For  the  preparation  of  this  substance  from  guarana,  the  follow- 
ing process  is  recommended  by  C.J.  Williams  (C/<c>/;.  News,  xxvi.  97).  Finely-powdered 
guarana  is  mixed  with  one-third  of  its  weight  of  hydrate  of  lime,  and  moistened  with 
water.  After  an  hour  or  two,  it  is  placed  in  a  drying  closet,  and  completely  dried 
at  a  moderate  heat.  It  is  then  exhausted  with  boiling  benzene,  filtered,  and  the 
benzene  distilled  off.  A  small  quantity  of  light-coloured  oily  matter  is  left,  which  is 
treated  with  boiling  water,  and  again  digested  over  a  water-bath,  until  all  traces  of 
benzene  have  been  dissipated,  then  filtered  through  a  wetted  filter  so  as  to  keep  back 
the  oil  ;  the  aqueous  portion  evaporated  to  a  small  bulk,  and  set  aside  for  twenty-four 
hours,  yields  the  guaranine  white  and  pure,  and  requiring  no  further  purification. 

GVKBEXiZTS.  A  mineral  occurring  at  Nordhalben.  near  Steben,  in  Uppei 
Franconia,  in  thin  fibrous  layers  on  clay  slate,  or  on  the  iron  pyrites  which  occurs  in 
small  flattened  masses.  It  is  greyish-white,  of  a  soapy  to  pearly  lustre,  translucent, 
soft,  and  pliant,  and  feels,  when  rubbed,  like  fine  asbestos.  It  intumesces  before  the 
blow-pipe,  and  the  fine  fibres  fuse  into  a  mass  resembling  porcelain.  It  gives  off 
water  when  heated,  and  resists  the  action  of  acids.  Its  analysis  gave  the  following 
numbers : — 

trndecompoFcil 

SiO'  A1=0"         FeO         MgO        K=0         H'O  siibpt.mce 

50-52       31-04       3-00       1-88       3-18       7^00       1-46  =  98-08 


(v.  Kobell,  Ja/irb,  f.  Mincralogi<;  1871,  174). 
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G-UBX.  Tlie  compound  obtained  by  heating  gum-firabic  to  loO'  with  2  parts  of 
.i.cetic  anlmli'ide,  and  regarded  by  Schiitzenberger  a.  Naudin  {1st  Siij)j)l.  658)  as  dia- 
cetyl-arabin,  C'^H'(C-H^O)-'0^  appears  from  more  recent  experiments  by  Schiitzen- 
berger {Ann.  Chim.  Phys.  [4],  xxi.  235)  to  be  tetracetyl-diarabin,  C'=H"^(C-H.^O)'0"', 
inasmuch  as  the  saturated  acetyl  derivative  obtained  by  heating  gum  to  180°  for  five 
or  six  hours  with  6  to  8  parts  of  acetic  anhydride,  has  tin;  composition  C'-H"'(C-H^0)50"', 
Botli  these  acetyl-derivatives  are  white  amorphous  powders. 

Distinction  of  Gum-arabic  from  Dextrin. — According  to  Hager  {Zciischr.  anal.  C'hem. 
xi.  360)  these  bodies  may  lie  distinguished  from  one  another  by  the  following 
characters : 

Gum  contains  no  dextroglucose,  wliich,  however,  is  present  in  dextrin,  and  may  bo 
found  by  Trommsdorft's  sugar-test. 

G  um  contains  a  lime-*compound  :  hence  its  solution  is  rendered  turbid  and  milky  hy 
oxalic  acid,  whilst  a  solution  of  dextrin  remains  almost  clear. 

Gum  gives  a  slimy  yellow  dejjosit  when  its  solution  is  mixed  with  ,'i  neutral  ferric 
salt. 

Distinction  between  Gum-arabic  and  Senaar  Gtun. — The  presence  of  the  clieaper 
Senaar  gum  in  gum-arabic  iniiy  br  (Icii^cfcd  by  dissoh  intc  3  grams  of  the  gum  in  15 
grams  of  cold  distilled  Wat rr.  .1  il  l  .Mlilin;^  jimiii--  'if  basic  lead  acetate  in  several 
portions,  with  constant  stirring  ami  tllh  rini;.  i'ui- ■  gum-arabic  filters  easily,  yielding 
in  an  hour  18  to  20  grams  of  scarci'ly  oiialosct  nt  filtiate,  and  leaving  on  the  filter  a 
residue  which  is  no  longer  fluid.  When  6  grams  of  tlie  filtrate  are  mixed  with  5  grams 
of  water  and  1 J  gram  of  ammonia  is  added,  the  liquid  remains  almost  clear.  Gum- 
Senegal  behaves  in  a  similar  manner.  Senaar  gum,  on  the  otlier  hand,  gives  a  milky 
filtrate,  and  the  filtration  goes  on  for  24  hours  till  the  filtrate  weighs  from  18  to  20 
grams,  ,'ifter  which  tlio  residue  on  the  filter  still  appears  fluid.  AVhen  G  grams  of  the 
filtrate  clarified  by  a  second  filtration  are  diluted  witli  5  grams  of  water  and  mixed 
with  the  above  specified  quantity  of  ammonia,  a  while  gelatinous  mass  is  formed  on 
agitation.  By  tin's  character  a  mixture  of  the  two  kinds  of  gum  may  easily  be  recog- 
nised (Schlosser,  Chem.Neivs,  xx.  120). 

Gum  mixed  with  dextrin  exhibits  the  same  characters  as  when  mixed  with  Senaar 
gum  ;  but  dextrin  solution  alone  is  merely  clouded  by  basic  lead  acetate,  so  that  the 
smaller  quantity  of  the  precipitate  produced  by  this  reagent,  is  sufficient  of  itself  to 
indicate  the  presence  of  dextrin.  Characteristic  of  dextrin  also  is  the  peculiar  smell 
of  bread  which  is  emitted  on  dissolving  it  in  hot,  water  (Schlosser). 

Estimation  and  Separation  of  Gum  and  Dc.vtrin  (Z.  Eoussin,  J!  Phann.  [4],  vii. 
251). — These  substances  may  be  separated  by  means  of  ferric  chloride,  which  x^recipi- 
tates  the  gum  and  not  the  dextrin.  The  liquid  containing  them  is  evaporated  to  a 
syrup,  mixed  with  10  times  its  volume  of  90  p.  c.  spirit,  and  the  resulting  precipitate 
is  washed  with  spirit  of  the  same  strength  and  dried.  One  gram  of  the  residue  is 
then  dissolved  in  10  c.  c.  of  water  ;  the  solution  is  mixed  with  30  c.  c.  spirit  of  56  p.c, 
4  drops  of  ferric  chloride  solution  (containing  26  p.c.  of  the  anhydrous  cldoride)  and  a 
few  decigrams  of  pounded  chalk ;  and  after  stirring  briskly  and  leaving  the  liquid  at 
rest  for  three  or  four  minutes,  tlio  whole  is  thrown  on  a  filter.  The  precipitate  is 
washed  with  spirit  of  56  p.c.  and  from  the  filtrate  the  dextrin  is  precipitated  by 
spirit  of  90,  or  better  95  p.  o.  After  24  hours  the  alcoholic  liquid  is  decanted,  and 
the  dextrin  is  dissolved  in  a.  small  quantity  of  water,  tlien  dried  on  the  water-bath  and 
weiglied.  The  compound  of  gum  with  ferric  chloride  must  be  dissolved  in  dilute 
hydrochloric  acid,  the  gum  separated  by  precipitation  witli  alcohol  of  95  p.  c.  and  after 
washing  likewise  dissolved  in  water,  dried  ami  ^\('iuh''d. 

The  precipitation  of  gum  from  the  sliglil  I y  .il.  Mhnlir  liquid  by  ferric  chloride  with 
•addition  of  chalk  is  so  complete  that  nothing  iiiil  caK  linn  chloride  can  be  found  in  the 
filtrate.  Ontheother  hand,  the  prnMpitali-  u{  ferric  oxide  separated  from  pure  dextrin 
solutions,  does  not  contain  a  t  l  ai  r  .  f  drxtrin,  the  whole  of  I  hat  suli>l  ance  being  found 
in  the  filtrate.  If  a  precipital.'  is  lornied  on  addition  ..f  firi-i.-  chloride  .alone  the 
presence  of  gum  is  demoiistratuil ;  the  clouding  of  the  filtrate  by  addition  of  8  or  10 
times  its  volume  of  90  p.c.  spirit  indicates  the  presence  of  dextrin. 

GirnsnsiC  ACXD.  A.  Clans  {J.  pr.  CTicm.  [2],  iv.  63)  in  continuing  his  exami- 
nation of  the  products  of  decomposition  of  grape-sugar  by  potash  in  alkaline  solution 
{1st  Suppl.  659),  has  arrived  at  the  somewhat  modified  view  that  the  acid  obtained  by 
Eeichardt  from  the  so-called  gummates  (ii.  956)  was  a  mixture  of  tartronic  acid  with 
several  other  syrupy  or  difficultly  crystiiUisable  acids,  while  the  crystallised  acid 
analysed  by  Eeichardt,  was  tolerably  pure  tartronic  acid,  which  had  separated  in  small 
quantity  from  the  evaporated  mixture  of  acids. 

PVN'PO'WDER.    Important  researches  on  the  products  of  combustion  of  gun- 
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powder  fired  under  circumstances  similar  to  those  -which  exist  when  it  is  exploded  in 
guns  or  mines  have  rocentlj'  been  published  by  Captain  Noble  and  Mr.  F.  A.  Abel. 

The  gunpowder  used  in  the  experiments  included  five  kinds,  viz.  pebble  powder,  rifle 
large-grain  (cannon)  powder,  fine-grain  powder,  and  rifle  fine-grain  powder  (all  of 
Waltham-Abbey  manufacture),  and  also  a  spherical  pellet  powder  of  Spanish  manufac- 
ture, specially  selected  for  experiment  as  presenting  considerable  difference  in  compo- 
sition from  the  English  powders.  The  composition  of  these  powders  is  shown  in  tlie 
following  Table  :— 

Table  I. 


Eesulis  of  Analysis  of  Gunpowders  employed. 


Components, 
per  cent. 

Description  of  Gunpowders  employed  in  Experiments 

Pebble 
powiier 

Waltham 
Abbey 

Rifle 
Large-groin 

Waltham 
Abbey 

Eifle 
Fine-grain 

"Waltham 
Abbey 

fine-grain 

Waltham 
Abbey 

Spanish 
Spherical 
Pebble 
powder 

Saltpetre 

Potassium  sulphate 
Potassium  chloridt 
Sulphur 

(  Carbon  . 
Char-  J  Hydi'ogen 
coal    1  Oxygen  . 

|,Ash 
Water. 

74-67 
0-09 

10-07 

12-12"] 
0-23  J 

0-95 

7'l-95 

0-  lii 

10-27 

10-86-1 
!S  ^3-52 
0-25  J 

1-  11 

75-04 
0-14 

9-93 

10-671 
0-24  J 

0-80 

73-55 

0-  36 

10-02 

11-361 
1 

2-57  r*^'^ 

017  J 

1-  48 

75-30 
0-27 
0-02 

12-42 

8-65-) 

1 11-34 

1-68 
0-63  J 

0-65 

The  apparatus  consisted  of  a  mild  steel  vessel,  of  great  strength,  carefully  tempered 
in  oil,  in  the  chamber  of  which  the  charge  to  bo  exploded  was  placed.  The  main 
orifice  of  the  chamber  was  closed  by  a  screwed  plug,  called  the  firing-plug,  fitted  and 
ground  into  its  place  with  great  exactness.  In  the  firing-plug  itself  was  a  conical  hole, 
stopped  by  a  plug,  also  ground  into  its  place  with  great  accuracy,  and  for  purposes  of 
insulation,  covered  with  the  finest  tissue-paper.  THvo  wires  (one  in  the  insulated  cone, 
the  other  in  the  plug)  were  inserted,  and  joined  by  a  very  fine  platinum  wire  passing 
through  a  small  glass  tube  filled  with  mealed  powder.  By  completing  connection  with 
a  Daniell's  battery,  the  charge  could  be  fired. 

There  were  two  other  apertures  in  the  chamber — one  communicating  with  the 
arrangement  for  letting  the  gases  escape,  the  otlier  containing  tlie  crusher-apparatus 
for  determining  the  tension  at  the  moment  of  explosion. 

The  pressures  actually  observed  with  this  apparatus  varied  from  over  36  tons  on  the 
sqiiare  inch  to  about  1  ton  on  tlie  square  inch. 

On  opening  the  explosion-vessel  after  the  gases  had  been  allowed  to  escape,  tiie 
solid  products  were  found  collected  at  the  bottom  in  a  hard  compact  mass  extremely 
diflScult  to  remove,  there  being  generally  an  exceedingly  thin  (in  fact,  with  largs 
charges,  quite  an  inappreciable)  deposit  on  the  sides. 

The  surface  of  the  deposit  was  generally  perfectly  smooth  and  of  a  very  dark  grey, 
.almost  black,  colour.  This  colour,  however,  was  only  superficial,  and  through  the 
black  could  be  perceived  what  was  probably  the  real  colour  of  the  surface,  a  dark 
olive-green.  The  surface  of  the  deposit  and  the  sides  of  the  cylinders  had  a  somewhat 
greasy  appearance,  and  were  indeed  greasy  to  the  touch. 

The  deposit  always  smelt  powerfully  of  sulphuretted  hydrogen,  and  often  strongly 
of  ammonia.  It  was  always  exceedingly  deliquescent,  and  after  a  short  exposure  to 
the  air  became  black  on  the  surface,  gradually  passing  over  into  an  inkj'-looking  pasty 
mass. 

As  regards  the  proportions  of  total  solid  and  gaseous  products  furnished  by  the 
several  powders,  remarkable  uniformity  was  exhibited  by  the  results  of  explosion  of 
the  same  powder  at  different  pressures,  and  no  very  considerable  difference  existed  be- 
tween the  proportions  furnished  by  the  three  powders  chiefly  used  in  the  researches. 
The  largest  grain,  or  pebble  powder,  yielded  most  gas;  the  quantity  furnished  by  R.L.G. 
powder  was  not  greatly  inferior,  but  was  decidedly  more  considerable  than  that  yielded 
by  the  smallest  powder  (F.G.). 

The  composition  of  the  gas  furnished  by  the  explosion  of  all  the  English  powders 
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Wfis  tliroiighout  remarkably  uniform,  but  presented  certain  apparently  well-definod 
small  variations,  regulated  by  the  pressure  under  which  the  products  were  developed, 
the  chief  being  a  steady  increase  in  the  proportion  of  carbonic  anhydride,  and  decrease 
iu  that  of  carbonic  oxide,  in  proportion  as  the  pressure  was  increased.  The  composi- 
tion of  the  solid  products  exhibited  much  greater  variations,  chiefly  iu  regard  to  the 
state  of  combination  in  which  the  sulphur  existed.  These  variations  were  exhibited, 
not  merely  by  the  products  obtained  from  the  different  powders,  but  also,  and  to  as 
great  an  extent,  by  those  which  one  and  the  same  powder  furnished  at  different  pres- 
sures, and  apparently  without  reference  to  the  pressure,  excepting  in  the  case  of 
the  very  lowest  (the  powder  occupying  10  per  cent,  of  the  total  space  in  the 
chamber). 

The  reactions  which  occur  among  the  powder-constituents,  in  addition  to  tliose 
which  result  in  the  development  of  gas  of  fairly  uniform  composition  (and  very  uni- 
form as  regards  the  proportions  whiciiit  bears  to  the  solid),  from  powders  not  differing 
widely  in  constitution  from  each  other,  are  susceptible  of  very  considerable  variations, 
regarding  the  causes  of  which  it  appears  only  possible  to  form  conjectures.  Any 
attempt  to  express,  even  in  a  comparatively  complicated  chemical  equation,  the  nature 
of  the  metamorphosis  which  a  gunpowder  of  average  composition  may  be  considered  to 
undergo  when  exploded  in  a  confined  space,  would  therefore  only  be  calculated  to 
convey  an  erroneous  impression  as  to  tlie  simplicity  or  the  definite  nature  of  the 
chemical  results,  and  their  uniformity  under  different  conditions,  while  it  would  in 
reality  possess  no  important  bearing  upon  the  elucidation  of  tlie  theory  of  explosion  of 
gunpowder.  Eut  tlie  experiments  under  consideration  show  decidedly  that  the  chemi- 
cal theory  of  the  decomposition  of  gunpowder,  as  based  upon  the  results  of  Bunscn  a. 
Schischkoff,  and  accepted  in  recent  text-books,  is  as  far  from  representing  the  gene- 
ral metamorphosis  of  gunpowder  as  was  the  old  and  long-accepted  theorj',  according 
to  which  tlio  primiiry  products  were  simply  pot:issiu7n  sulphide,  carbonic  anhydride, 
nnd  nitrogen. 

The  principal  results  of  the  investigation  are  summarized  as  follows,  and  for  con- 
venience are  computed  upon  1  gram  of  powder,  occupying  1  c.c.  : — 
(a)  First,  with  regard  to  powder  fired  in  a  close  vessel. 

1.  On  explosion,  the  products  of  combustion  consist  of  about  57  hundredths  by  weight 
of  matter  which  ultimately  assumes  the  solid  form,  and  IS  hundredths  by  weight  of 
permanent  gases. 

2.  At  the  moment  of  explosion, the  fluid  products  of  combustion,  doubtless  in  a  very 
finely  divided  state,  occupy  a  volume  of  about  0-6  c.c. 

3.  At  the  same  instant  the  permanent  gases  occupy  a  volume  of  0'4  c.c,  so  that  bot  h 
the  fluid  and  gaseous  matter  are  of  approximately  the  same  specific  gravity. 

4.  The  permanent  gases  generated  by  the  explosion  of  a  gram  of  powder  are  such 
that,  at  0°  C.  and  760  mm.  barometric  pressure,  they  occupy  about  280  c.c,  and  there- 
fore about  280  times  the  volume  of  the  original  powder. 

5.  The  constituents  of  the  solid  and  gaseous  products  are  as  shown  in  Tables  II. 
and  III.  :— 

Table  II. 


Pressure  of  explosion  in  tons  per)  j^,.- 

square  inch       .       .       .  ) 

Percentage  weight  of  solid  jSro-)  .-g.19  r-.-,- 

ducts        .       .       .       .        j  o     -    .)J  < 

Percentage  weight  of  gaseous  pro-}  .^^.gg 

duets        .       .       .       .       i     '  ' 


0-23  trace  0-36  002  0  23 

3-20  0-56  0-19  0  08  0-19 

—  —  —  —  2-9S 

0-08  0-06  0  18  0  1,-,  0  03 

G-17  1-2:)  9-22  ,'j-72  0  47 

trace    trace  0-71  —  trace  trace 


Percentage  weiglits  of  solid  prof. 

I  nets  of  expl 

Potassium  carbonate  . 

.    .50 -50 

sulphate 

.  1;V02 

thiosulphate 

.  20-73 

,,  monosulphide 

.  7-41 

sulphoeyanate 

.  0-09 

nitrate 

0-48 

„       oxide  . 

Ammonium  sesquioarbonate  . 

016 

Sulphur  .... 

.  0-Gl 

ical  Ees 

uUs  ohia 

<r,ud. 

R.L.G. 

F.G. 

1-6 

3.J-G 

3-7  lS-2 

57-14 

58-17  58-09 

42-78 

42-80 

41-83  41-92 

.52-56 

65-71 

59-39    43  00 

20-47 

8-52 

24-22    21 -(to 

20-37 

8-59 

5o(l  32-07 

4-02 

7-23 

5-12  — 
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Table  II  {continued). 

Porccntage  volumes  of  gaseous  products  : — 

Pebble  R.L.Cr.  F.G. 

Carbonic  anhydride      .       .       .    J6-66    49-82  48-99  01-79  47-41  '"o3-02 

Carbonic  oxide     ....    14-76    13-36  8-9H  8  32  12-35  7-91 

Nitrogen                                        32-75    32-19  35-60  34-64  32  35  34-20 

Sulphhydrie  acid  ....      3-13      1-96  4-06  2-61  3-76      2  03 

Marsli-gas  —        0-58  0-29  0-41  —  0-50 

Hydrogen                                        2-70      2-08  2-07  2-04  4-13  2-13 

Oxygen  —        —  —  0-18  —  015 


Showing  the  Conqwsitio'/i  h/  Weight  of  the  Products  of  Kxplosion  of  a  Gram  of 
Powder  as  furnished  by  the  above  Exam'ples. 


Potassium  carbonate 
„  thiosulphatt! 
,.  sulphate 
,,  sulphide 
„  sulphocyanate 
„  nitrate 
.,       oxide  . 

Ammonium  sesquicarboua 
carbon  . 
Bulphnr 

Total  solid  . 

Sulphhydrie  acid  . 
Oxygen 
Carbonic  oxide 
Carbonic  anhydride 
Marsh -gas  . 
Hydrogen 
Nitrogen 


-1103 

•0843 
■0416 
•0005 


•0338 
•0658 
■1055 
•0013 


•5612  ^5517 
•0134  -0084 


•0473 
•2770 
•0012 
•0005 
•1139 


-0007 
■1151 


gram 

grair? 

sram 

gran? 

•30C7 

•3454 

•2499 

•1100 

■0491 

•0308 

•1803 

•1171 

•0487 

•1409 

•1220 

•0230 

•0413 

•0298 

•0000 

■0021 

•0001 

•0013 

-0032 

•0011 

■0005 

■0011 

■0173 

•0003 

•0009 

■0009 

■0002 

•0072 

■0041 

•0527 

•0333 

•0027 

•5722 

•5714 

■5817 

•5808 

•0166 

•0077 

•0154 

•0081 

•0006 

•0303 

■0356 

■0416 

■0258 

■2507 

•2750 

•2512 

■2718 

•0006 

•0015 

•0009 

•0005 

•0003 

•0010 

•0005 

•1201 

•U'85 

•1091 

■1117 

•4278 

•4286 

•4183 

■4192 

Total  gaseous 

6.  The  tension  of  the  products  of  combnstion,  when  the  po-n^der  fills  entirely  the 
space  in  which  it  is  firod,  is  about  6,400  atmospheres,  or  about  42  tons  per  square  inch. 

7.  The  tension  varies  -n-ith  the  mean  density  of  the  products  of  combustion,  accord- 
ing to  the  law  given  in  tlie  equation  : 

p  =  coiisl:.   X   —  (1) 


-where  a  is  a  constant  determined  from  the  experiments.  The  close  agreement  of  the 
results  of  calculation  from  this  form  and  those  of  experiment,  is  sho-mi  in  the  following 

Table  :— 

Table  IV. 


She 


ving  the  comparison,  in  tons  per  square  inch,  between  the  pressures  actual!)/  observed 
in  a  close  vessel  and  those  calculated  fr07n  the  formula  (1). 


Density  of 
products  of 
combustion 

Value  of  p 
deduced  from 
direct  obser- 
vation 

Value  of  p 
deduced  from 
equation  (1) 
a  =  -G5 

Density  of 
products  of 
combustion 

Value  of  p 
deduced  from 
direct  obser- 
vation 

Value  of  p 
deduced  from 
equation  (1) 

Tons  per 

Tons  per 

Tons  iier 

Tons  per 

square  inch 

Bquare  inch 
V56 

square  inch 

square  inch 

■10 

1-47 

•60 

14-39 

14^39 

-20 

3-26 

3^36 

•70 

19^09 

18-79 

•30 

6^33 

545 

•80 

25^03 

24-38 

•40 

7-75 

7-91 

■90 

32-46 

31-73 

■50 

1069 

10-84 

1-00 

41-70 

41-70 
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8.  ALout  705  gram-units  of  heat  are  developed  by  the  dcfonipositiou  of  1  gram  of 
powder,  such  as  used  in  the  experiments. 

9.  The  temperature  of  explosion  is  about  2200°  C. 
(h)  Wlwii  powder  is  fired  in  the  bore  of  a  gun. 

1.  The  products  of  explosion,  at  all  events  as  far  as  regards  the  proportions  of 
total  solid  and  gaseous  matters,  are  the  same  as  iu  the  case  of  powder  fired  in  a  closu 
vessel. 

2.  The  work  on  the  projectile  is  efFccted  by  the  elastic  force  due  to  the  permanent  gases. 

3.  The  reduction  of  temperature  and  pressure  due  to  the  expansion  of  the  permanent 
Rases  is  in  a  great  measure  compensated  by  the  heat  stored  up  in  the  liquid  residue. 

4.  The  law  connecting  the  tension  of  the  products  of  explosion  with  the  volume  they 
occupy  is  stated  in  the  equation  : 

Cp  +  )3\. 

^  =p„  Tfllz^ncvT^A'      ....  (2) 

in  which  p  denotes  the  tension  and  u  the  volume  of  the  products  of  explosion  ;  a  llie 
proportion  occupied  by  the  solid  products  ;  c«  and  c,,  the  specific  heats  of  the  perma- 
nent gases  at  constant  temperature  and  pressure ;  \  the  mean  specific  heat  of  the  non- 
gaseous products ;  ^  the  ratio  between  the  weights  of  the  gaseous  and  non-gaseous 
portions  of  the  charge. 

5.  The  work  that  gunpowder  is  c<apable  of  performing  in  expanding  in  a  vessel 
impervious  to  heat  is  given  by  the  equation  : 

_  jW(l-a)(C,.  +  UK)  r  ,  _  (V,{  1  -  a)\'^!T^A  1         .        .  («) 


w  =  iwi-°)(c,.  +  UK)  r J _ /vjj-^^Yrr^fK ^ 

and  the  temperature  during  expansion  by  the  equ;\tion : 


t  = 


-  Co 

r«„(l-a)\c„  +  .        .        .        .  (4) 


6.  The  total  theoretic  work  of  gunpowder,  when  indefinitely  expanded,  is  about 
332,000  gram-met.  per  gram  of  powder,  or  486  foot-tons  per  lb.  of  powder. 

With  regard  to  one  or  two  other  points  to  which  attention  was  specially  directed,  the 
results  appear  to  warrant  the  following  conclusions  : — 

1.  Very  small-grain  powders,  such  as  F.  G.  and  K.  F.  G.,  furnish  very  decidedly 
smaller  proportions  of  gaseous  products  then  a  large-grain  powder  (R  L.  G.)  ;  whilo 
the  latter,  again,  furnishes  somewhat  smaller  proportions  than  a  still  larger  powder 
(pebble),  though  the  diiference  between  the  total  gaseous  products  of  tliese  two  powders 
is  comparatively  inconsiderable. 

2.  The  variations  in  the  composition  of  the  products  of  explosion  furnished,  in  close 
chambers,  by  one  and  the  same  powder  under  different  conditions  as  regards  pressure, 
!ind  by  two  powders  of  similar  composition  under  the  same  conditions  as  regards  pres- 
sure, are  so  considerable,  that  no  value  whatever  can  be  attached  to  any  attempt  to 
give  a  general  chemical  expression  to  the  metamorphosis  of  a  gimpowder  of  normal 
composition. 

3.  The  proportions  in  which  the  several  constituents  of  solid  powder-residue  are 
formed  are  quite  as  much  aflfected  by  slight  accidental  variations  in  the  conditions 
which  attend  the  explosion  of  one  and  the  same  powder  in  difTerent  experiments,  as 
l)y  decided  differences  in  the  composition  as  well  as  in  the  size  of  grain  of  different 
powders. 

4.  In  all  but  very  exceptional  results,  the  solid  residue  furnished  by  the  explosion 
of  gunpowder  contains,  as  important  constituents,  potassium  carbonate,  sulphate,  thio- 
sulphate,  and  sulphide,  the  proportion  of  carbonate  being  very  much  higher,  and  that 
of  sulphate  very  nmch  lower,  than  stated  by  recent  investigators. 

CTPSVax.  Schott  {Bingl.  pal.  J.  cxc^i.  357)  has  examined  tlie  reaction  of  gypsum 
with  potassium  sulphate.  In  the  first  place  he  has  verified  the  previously  observed 
fact,  that  even  uuburnt  gypsum,  when  mixed  with  solutions  of  certain  salts,  especially 
potassium  sulphate,  hardens  like  burnt  gypsum  with  water.  Equal  parts  by  weight 
(corresponding  with  equal  numbers  of  molecules)  of  pulverised  selenite  and  potassium 
sulphate  solidify,  when  made  into  a  paste  with  water,  more  quickly  than  burnt  gypsum 
with  water.  A  hardening,  though  slower,  may  also  be  observed  when  only  mol. 
potJissium  sulphate  is  mixed  with  1  mol.  gypsum.  The  hardening  of  burnt  gypsum 
is  very  much  accelerated  by  the  addition  of  potassium  sulphate  to  the  water  used. 
When  the  two  salts  are  mixed  in  molecular  proportions,  and  stirred  up  with  a  small 
quantity  of  water,  the  mixture  solidifies  before  it  can  be  poiu'ed  out  of  the  vessel. 
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With  equal  weiglits  of  water  and  the  mixture  of  salts  just  mentioned,  a  paste  is  obtained 
■which  may  be  poured  out  just  before  it  solidifies,  and  in  solidif3'ing  exudes  crusts  of 
potassium  sulphate.  Burnt  gypsum,  mixed  with  a  cold-saturated  solution  of  potassium 
sulphate,  solidifies  instantly,  and  the  mixture  cannot  bo  poured  out  of  the  vessel  if 
the  weight  of  the  solution  is  less  than  about  double  of  that  of  the  gypsum.  If  the 
quantity  of  water  is  greater,  the  mixtures  solidify  more  slowly,'  always,  however,  more 
quickly  than  gypsum  with  water.  The  casts  become  curved  in  solidifjing.  When 
burnt  gypsum  is  mixed  with  a  solution  of  potassium  sulphate  saturated  at  the  boiling 
heat,  the  mixture  can  scarcely  be  completed  before  solidification  takes  place.  The 
casts  made  with  gypsum  and  potassium  sulpliato  are  not  more  compact  than  those 
made  with  water,  since  a  large  quantity  of  water  is  required  to  make  a  mixture  that 
will  pour  out,  and  this  makes  the  solidified  masses  of  looser  texture.  But  the  casts 
obtained  with  potassium  sulphate  solution  have  a  nacreous  and  satiny  lustre,  and  are 
altogether  handsomer  than  the  chalky  products  obtained  with  gj'psum  and  water. 

Schott  confirms' the  suggestion  of  L.  Gmelin  that  double  sulphates  of  calcium  and 
potassium  are  formed  in  this  process.  When  pulverised  selenite  is  added  to  a  solution 
of  i^otassium  sulphate,  and  the  liquid  quickly  stirred  and  filtered,  the  filtrate  deposits 
satiny  laminae  having  the  composition  CaSO'.K-SO*.H-0. 

Potassium  carbonate,  stirred  up  with  gj'psum  and  water,  produces  potassium  sulphate, 
which  then  acts  as  above.    Sodium  sulpliate  does  not  produce  the  same  effect. 

A  solution  of  cream  of  tartar  does  not  bring  about  the  solidification  of  unburnt 
gypsum,  but  burnt  gypsum  mixed  with  the  same  solution  hardens  very  quickly.  The 
formation  of  the  above-mentioned  double  salt,  however,  does  not  appear  to  take  place, 
the  casts  being  merely  mixtures  of  gypsum  and  crystals  of  cream  of  tartar. 

On  crystals  of  gypsum  from  various  localities,  see  Jalirhuekfilr  Mincralogic,  1871, 
572,  881  ;  Jahresh.f  Chem.  1869,  1240;  1870,  1328;  1871,  1180. 

Gypsum  as  a  Fertiliser. — The  power  of  gypsum  to  augment  the  fertility  of  soils  may 
doubtless  be  ascribed  in  great  measure  to  its  property  of  facilitating  the  decomposition 
of  complex  rocks  containing  alkaline  silicates,  and  thereby  bringing  tlie  alkalis  into  a 
condition  favourable  to  their  ready  absorption  by  the  roots  of  plants. 

To  estimate  the  intensity  of  this  decomposing  action,  A.  Cossa  {Ga^zctta  chimica 
italiana,  iii.  185)  has  compared  the  quantity  of  matter  dissolved,  in  a  given  time  and 
within  given  ranges  of  temperature,  from  various  rocks,  by  a  saturated  solution  of 
gypsum,  with  the  quantities  dissolved  out  of  the  same  rocks  under  similar  conditions 
by  pure  distilled  water.  He  finds  that  1,000  parts  of  pure  water  dissolve  2'19  parts 
of  pure  crystallised  gypsum  at  16°'25  and  2-352  at  22°,  numbers  agreeing  nearly  with 
those  obtained  by  other  experimenters. 

The  rocks  were  reduced  to  very  fine  powder,  and  left  for  twenty  days  in  contact  with 
a  saturated  solution  of  gypsum  at  temperatures  ranging  from  1 6°  to  22".  The  results 
are  given  in  the  following  Table,  together  with  those  obtained  in  like  manner  with  pure 
water :— 


Matter  dis 

solved  out 

By  pure 
water 

By  a 
saturated 
solution  of 
gypsum 

Gneiss,  containing   undecomposed   orthoclasc  and } 

Trachyte,  decomposing,  from  Monte  Chioja,  Vicenza  . 

Trachyte,  undecomposed,  from  Monte  Ortona  (Eugan- } 
ian  Hills)  S 

Trachyte,  porphyroi'dal,  decomposing  (containing'! 
sanidine,  mica,  hornblende),  from  San  Pietro  - 
Montagnone  (Euganian  Hills)        ...  J 

Granite   (albite,  quartz,  mica),  from   Montorfana, } 

Granite  (orthoelase,  mica  containing  a  trace  of  lithia^l 
quartz),  from  Baveno,  Lago  Maggioro     .       .  j 

Felspar,  white,  compact,  in  veins  in  Diorite  :  from  > 
Mosso,  Biella  \ 

Basalt,  compact,  of  Monte  Nuova  (Euganian  Hills)  . 

Perlite,  from  Monte  Sieva  (Euganian  Hills) 

Per  cent. 
0-125 

Per  cent. 
0-463 

0  0937 
0'0871 

00567 
0-0750 
0-0727 
0-009G 

0-350 

0-1271 
0-062i 

0-2562 
0-138 

0  0927 
01630 
0-207 
0-2875 

0-714 

0-304 
0-1082 
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Tho  sulveut  action  exercised  by  gypsum  on  rocks  containing  alkaline  silicates  may 
perhaps  give  rise  to  the  presence  of  potash,  soda,  and  lithia  in  certain  mineral  waters, 
especially  in  sulphuretted  -waters. 


HJEMATOPORPH  YRXH',  > 
H.SBXA.TOXYX.IU',  C^H'^O"  =  C"^HS(OH)''  (F.  Eeim,  Dcut.  Chem.  Gcs.  Bcr.  iv. 
329).  This  compound,  treated  with  oxidising  agents,  yields  nothing  but  oxalic  acid  ; 
and  it  does  not  form  any  nitro-derivatives.  With  chlorine,  bromine,  phosphorus 
pentachloride,  potassium  chlorate  and  hydrochloric  acid,  and  with  hydriodic  or 
hydrobromic  acid,  it  yields  only  resinous  products  not  admitting  of  purification. 
Treated  with  sodium-amalgam,  or  with  zinc  and  sulphuric  acid,  it  does  not  taky  up 
hydrogen.  Heated  with  zinc-dust,  it  yields  only  a  very  small  quantity  of  a  crystal- 
lisable  body  suspended  in  an  oily  liquid. 

Acetyl  chloridi;  acts  easily  on  hsematoxylin  ;  and  on  evaporating  the  product  over 
the  water-bath,  pouring  the  remaining  syrupy  mass  into  water,  quickly  collecting  the 
curdy  precipitate  on  a  filter,  and  dissolving  it,  after  washing,  in  gently  heated  alcohol 
or  in  acetic  acid,  the  solution  on  cooling  deposits  the  hexacetyl-compound, 
C'^II'*(C-H'0)'*0'',  in  tho  form  of  extremely  fine,  soft,  silky,  crystalline  tufts  which, 
after  pressing,  may  be  kept  without  sensiljlo  alteration,  but  become  coloured  on  ex- 
posure to  the  air  when  moist.  This  compound  may  be  dried  at  100°  without  decom- 
position.   A  similar  suljstitution-product  is  formed  with  benzoyl  chloride. 

When  an  ethereal  solution  of  ha^matoxylin  is  mixed  with  a  few  drops  of  strong 
nitric  acid,  hsematein,  C'"H"0''.3H-0  (iii.  1),  separates  in  small  brown-red  tufts  of 
crystals,  which  give  off  2  mols.  water  over  oil  of  vitriol  and  the  whole  when  heated  to 
130°.  By  boiling  it  with  zinc  and  sulphuric  acid,  or  better  with  sulphurous  acid,  till 
it  is  decolorised,  it  is  reconverted  into  hsematoxylin. 

Htematoxylin  fused  with  potash  yields  pyrogallic  acid.    This  reaction  shows  that  it 
belongs  to  the  aromatic  group,  and  the  formation  of  its  hexacetyl  and  hexbenzoyl 
derivatives  shows  that  it  contains  six  hydroxyl  groups. 
H2:niOCHItOIVIOCEM-.    See  Blood  (p.  202). 

H.  SMOGIiOBXM'.  Sec  Bloob  (p.  198).  Observations  on  the  variations  in  tho 
amount  of  h;emoglobin  in  the  blood  according  to  the  age  of  the  animal  and  its  position 
in  the  zoological  series  have  been  made  by  Quinquaud  {Coini^t.  rend.  Ixxvii.  487).  Ho 
finds  that — 

I.  Tho  progressive  diminution  in  the  amount  of  haemoglobin  contained  in  equal 
volumes  of  the  blood,  follows,  as  a  rule,  the  steps  of  the  animal  scale. 

2.  The  blood  of  young  animals  contains  less  hemoglobin  than  that  of  adults.  The 
amount  decreases  slightly  during  the  first  few  days  of  extra-uterine  life,  rises  during 
childhood,  remains  stationary  during  adult  life,  and  finally  falls  slowly  during  old 
age. 

3.  Tho  blood  of  birds  is  much  less  rich  in  haemoglobin  than  that  of  mammals,  but 
the  weight  of  the  globules  is  rather  greater  in  the  former  than  in  the  latter,  though 
the  mammalian  globules  contain  only  a  third  of  the  quantity  of  albuminous  material 
present  in  those  of  birds. 

i.  As  a  rule,  the  females  have  less  haemoglobin  than  the  males. 

6.  The  lymph  of  crustaceans  contains  4  to  5  cubic  centimeters  of  oxj-gcn  in  100,  whereas 
ordinary  water  in  the  middle  of  winter,  when  completely  saturated,  contains  only 
1  cubic  centimeter  in  100. 

Quinquaud  also  finds  that  there  is  an  exact  relation  between  the  quantity  of  oxygen 
■which  blood  can  absorb  and  the  amount  of  haemoglobin  it  contains,  so  that  the  latter 
can  be  determined  by  ascertaining  the  former,  Tho  quantity  of  oxygen  absorbed  by 
loo  cubic  centimeters  uf  human  blood  is  260  c.c,  of  ox-blood  210  c.c,  and  of  duck's 
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blood  170  c.c.  The  qufintities  of  iron  in  1,000  grams  of  these  kinds  of  LIotJ  nre 
0'53,  0--18,  and  0'3i  grm.  respectively.  According  to  Hoppe-Seyler's  computation, 
that  0-43  grm.  of  iron  corresponds  with  100  grams  of  haemoglobin,  the  quantities  of 
this  substance  in  1,000  grams  01  these  kinds  of  blood  are  125,  120.  and  82  grams 
respectively.  The  numbers  obtained  by  Preyer  from  obsei-vatious  with  the  spectro- 
scope are  a  little  higher,  but  bear  the  same  proportions.  The  amount  of  Iisemoglobin 
in  the  blood  of  the  fowl  is  nearly  the  same  as  in  that  of  the  duck  (Com^rf.  rend.  Ixxii. 
148G). 

HAKKO'S'SX'SJB  (iii.  6).    A  specimen  of  this  mineral  from  Elba  analysed  by 
A.  d'Achiardi  (»S'i7;.  Am.  J.  [4],  slix.  402)  was  found  to  contain  : 
SiO=  A1=0"  JIgO      CaO  K-0  H=0 

55-15  27-72  5-10  1-15  10  20    =  99-32. 

It  is  milk-white  with  black  and  flesh-coloured  spots,  opaque,  but  becomes  translucent 
when  immersed  in  water. 

HAXiOGSSrS,  OSCYGEir-ACXas  of  (Kiimmorer,  Tnyy.  Ann.  cxxxviii.  390). 
Kammerer  proposes  to  designate  these  acids,  together  with  hydrochloric  acid,  as 
follows  : — 

CI       .       .       .  Chlorine 

CIH    .       .       .    Chloric  acid  (Hydrochloric  acid) 
CIHO  .       .       .    Oxychloric  (Hypochlorous)  acid 
CIHO-        .       ,    Dioxychloric  acid 
CIHO'        .       .    Trioxychloric  (Chloric)  acid 
CIHO''        .       .    Tetroxychloric  (Perchloric)  acid. 

Similar  names  are  given  to  the  acids  of  bromine  and  iodine. 

Bromic  {Trioxyhromic)  Acid,  BrHO'.  According  to  Henrj-,  potassium  bro- 
mide is  converted  into  bromate  by  fusion  with  the  chlorate.  Eammelsberg  did  not 
succeed  in  obtaining  the  bromate  by  this  process.  Kammerer,  on  the  other  hand, 
finds  that  the  formation  of  the  bromate  really  takes  place,  but  that  on  account  of  the 
decomposibility  of  the  salt  it  is  not  easy  to  carry  the  process  to  a  successful  issue. 
"The  best  result  was  obtained  by  fusing  10  grams  of  poUissium  chlorate  in  a  porcelain 
crucible  at  the  lowest  possible  temperature  and  adding,  with  stirring,  the  calculated 
quantity  (or  better,  rather  less)  of  potassium  bromide  by  small  portions  at  a  time,  and 
heating  till  the  mass  had  become  pasty  and  began  to  give  off  large  bubbles.  Many 
experiments  failed,  however,  in  spite  of  all  precautions,  and  the  yield  was  always  below 
the  calculated  amount.  Addition  of  potassium  hydrate  or  sodium  carbonate,  and  the 
use  of  sodium  bromide  or  barium  bromide,  did  not  improve  the  result.  The  potassium 
bromate  may  be  obtained  pure  by  repeated  crystallisation  from  water.  A  better  and 
surer  method  of  preparing  it  is  by  the  action  of  bromine  on  chloric  acid  or  its  potas- 
sium salt.  Chlorine  is  passed  into  a  solution  of  potassium  carbonate  (6K-'C0')  till 
effervescence  l  iogins,  and  bromine  (2Br)  is  then  added.  The  hypochlorous  acid  formed 
in  the  first  instance  serves  to  oxidise  the  bromine  : — 

2Br  +  bCl-0  -(-  H=0  =  2HBr03  -1-  lOCl; 

and  the  chlorine  thereby  set  free  acts  on  the  still  undecomposed  potassium  carbonate, 
again  producing  chloric  acid,  carbon  dioxide,  and  potassium  chloride.  To  prepare  free 
bromic  acid  HBrO',  either  a  slow  stream  of  hypochlorous  anhydride,  CFG,  is  passed 
into  bromine  under  water,  or  bromine  is  added  to  silver  bromate  suspended  in  water  till 
It  no  longer  disappears.  The  acid  obtained  by  this  latter  process  is  quite  pure. 
Evaporated  in  an  open  dish  till  decomposition  began  (formation  of  bromine  and  free 
oxygen),  it  exhibited  a  strength  of  4-26  p.c.  HBrO'.  On  distilling  it  in  a  retort,  the 
distillate  mostly  exhibited  an  amount  of  oxygen  somewhat  less  in  proportion  to  the 
bromine  than  that  required  by  the  formula  HBrO'.  It  appears,  therefore,  that  bromic 
acid  is  not  volatile  under  ordinary  pressures,  but  splits  up,  on  distillation,  like  chloric 
acid,  probably  yielding  a  lower  oxygen-compound  of  bromine,  which  is  perhaps 
resolved,  by  prolonged  contact  with  water,  into  bromic  acid  and  bromine,  or  hydro- 
bromic  acid.  The  boiling  points  of  the  several  solutions  of  the  acid  could  not  be 
determined,  on  account  of  its  great  tendency  to  decompose ;  the  thermometer,  how- 
ever, never  rose  above  100°.  Wlien  concentrated  in  a  vacuum  till  it  begins  to 
decompose,  it  contains  50-59  p.c.  HBrO^,  corresponding  exactly  with  the  formula 
HBrO»  +  7H-0. 

Chloric  {Trioxychloric)  Acid,  HCIO'.— The  aqueous  solution  of  this  acid  like- 
wise exhibits,  when  concentrated  in  a  vacuum,  the  compositiou  HCIO^  +  7n'-'0.  The 
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specific  givavity  of  this  hydrate  at  14'2°  is  1'282.  If  left  longer  in  the  vacuum  over 
sulphuric  acid,  it  finally  attains  a  degree  of  concentration  at  which  tumultuous  evolu- 
tion of  gas  takes  place.  Just  before  this  point  is  attained  the  liquid  has  the  composi- 
tion 2HC10'  +  OH-0. 

Iodic  {Trioxyiodic)  Acid,  HIO',  was  pMpared  by  decomposing  its  silver  .salt* 
•\i  ith  iodine,  as  the  acid  separated  from  the  barium  salt  by  dilute  sulphuric  acid 
always  contains  either  barium  or  sulphuric  acic'.  All  solutions  of  this  acid,  the  most 
concentrated  as  well  as  the  most  dilute,  were  found  to  boil  exactly  at  100°.  At  13°  om^ 
part  of  water  dissolves  1'j874  pt.,  1-0''.  Tliis  solution  is  viscid,  cannot  be  filtered 
through  paper,  on  which  indeed  it  acts  like  strong  sulphuric  acid,  converting  it  into  a 
kind  of  vegetable  parchment.  It  crystallises  at  — 17°,  apparently  in  hexagonal  p)lates, 
melts  constantly  at  —15°,  and  has  the  composition  2HI0' -i- OH'-'O,  analogous  to  tliat 
of  the  second  hydrate  of  chloric  acid  ;  sp.  gr.  =  2-1269  at  13°.  The  anhydride, 
PO^  has  a  specific  gravity  of  4'7987  at  9°  ;  Filhol  found  it  to  be  4'250.  According  to 
Kammerer's  number,  the  atomic  volume  is  69'60.  Fm-ther  determinations  of  specific 
gravity  showed  that  the  atomic  volumes  of  the  corresponding  hyilrates  of  chloric  and 
iodic  acid  are  equal. 


Formula  of  the 
Hydrate 

Amount  of 
Anhydride 
per  cent. 

Atomic  -Weight 

Specific  Gravity 

Atomic  Volume 

HCIO'  +  7H-0 

35-73 

210-5 

1-262 

166-7 

HIO-'    +  7H-0 

55-30 

304 

1-8256 

165-4 

HCIO^  +15H-0 

21-29 

354-5 

1-161 

305-2 

HIO^  +15H-0 

37-44 

446 

1-486 

299-5 

IIC103  +20II-O 

16-98 

444-5 

1-1-28 

394-2 

HIO'    +  20ir-O 

31-16 

536-0 

1-389 

391-6 

The  corresponding  solutions  of  the  hydrogen- compounds  did  not  oxliibit  this  rela- 
tion. 

Periodic  {Tctra-oxyiodic)  Acid,  HIO*. — AVhen  a  hot  aqueous  solution  of  tlio 
salt,  KIO',  is  mixed  with  a  hot  solution  of  barium  nitrate,  and  the  mixture  heated  for 
a.  short  time,  no  precipitate  is  formed,  even  after  cooling,  but  the  liquid  exhibits  ;i 
strong  acid  reaction.  If,  however,  the  acid  solution  be  mixed  with  an  equivalent 
quantity  of  potassium  or  sodium  acetate,  a  precipitate  is  immediately  formed,  perfectly 
amorphous  and  not  quite  insoluble  in  water.  This  precipitate  has  the  comjiosition  of 
Langlois'  salt.  BaH^IO",  and  not  that  assigned  to  it  by  Eammelsbcrg,  viz.,  Ba-I'-O''  + 
3^H-0.    Its  formation  is  represented  by  the  equation  : — • 

KIO*  +  Ba(NO')=  +  2H=0  =  BaH^IO"  +  KNO'  +  HNO'. 

This  salt  is  not  decomposed  either  by  the  carbonate  or  tho  sulphate  ef  •potassiun?.  or 
ammonium.  Tlie  reaction  between  potassium  pcriodate  and  lead  nitrate  takes  place 
as  represented  by  the  equation — 

2KI0*  +  3Pb(N0^)-  +  4H-0  =  Pb'H'(IO'')-  +  2KN0'  +  4HN0^. 

In  preparing  the  acid,  HIO*,  from  tho  brown  silver  salt,  it  is  better  to  decompose 
this  salt  with  chlorine  or  bromine  than  with  nitric  acid. 

Tho  polybasicity  of  periodic  acid  sliows  that  iodine  must  be  a  polyatomic  element, 
since,  if  it  is  regarded  as  only  monatomic,  the  acid  in  question  must  be  represented  by 
tho  formula  I — 0 — 0 — 0 — 0 — H,  which  is  that  of  a  monobasic  acid. 

Belations  of  Affinity  of  the  Haloqm  Elements  in  thdr  Oxygen-compounds. — The  order 
of  affinity  of  the  three  elemenls,  olilorine,  bromine,  and  iodine,  is  not  the  same  in  their 
oxj'gen-compounds  as  in  tin  ii-  llyllr(l^;on-eompou^ds.  In  the  latter,  as  is  well  known, 
iodine  is  displaced  by  lirdiiiiiir.  .nid  bromine  by  chlorine  ;  in  the  oxygon-compounds, 
on  tho  other  hand,  chloric  acid,  for  example,  chlorine  is  displaced  by  iodine.  To  throw 
further  light  on  these  relations,  Kiiramerer  has  studied  the  following  reactions  : — • 

Br  on  IICIO       .       .    this  action  has  been  already  described. 

Br  on  IICIO-      .       .    no  action  in  aqueous  solution. 

Br  on  CIO-         .       .    no  action,  even  in  presence  of  v.-ater. 


This  salt  Vios  prepared  from  tho  ■n  ell-crystnllised  ammonium  salt  which  is  fci  "med  by  the  aotloil 
of  fnmmonium  carbonate  on  barium  iodate  even  at  ordinary  temperatures. 

ind  Sup.  a  Q 
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lonClO^  .       .    no  action  iu  the  dry  state,  and  very  little  in  presence 

of  -water. 

Br  on  HCIO^      .       .    production  of  HBrO',  but  in  vei^  small  quantity. 

Br  on  HCIO^  .  .  production  of  HBrOS  but  only  under  peculiar  condi- 
tions, not  easy  to  determine. 

I  on  HCIO'  .  .  HC10'+  I  =  CI  +  HIO*,  the  reaction  complete  on 
heating. 

CI  on  HBrO^      .       .    no  action. 

I  on  HBrO^        .       .    HBrOf  +  I  =  Br  +  HIO^. 

CI  on  HIO^        .       .    no  action. 

CI  on  HIO'        .       .    no  action. 

Br  on  HIO'  .  .  no  action. 
HAMARTITE.  Tlio  mineral  from  the  Bastuas  mine,  near  Eiddarhj'ttiui  in 
Sweden,  called  Hj/drofliiocerite,  and  represented,  according  to  Hisinger's  analysis  (1838), 
by  the  formula  CeT'O^  +  4H=0  (i.  834),  appears,  from  an  analysis  by  A.  E.  Norden- 
skjold  {Fogg.  Ann.  cxxxvi.  628),  to  be  a  mixture  of  a  carbonate  -with  a  fluoride  having 
the  composition  2(LaO  ;  CeO)C02  +  CeF-. 

LaO  CeO  C0=  H^O     F  aud  0  (Loss) 

Found  .       .       .    45-77  28-49  19-50  1-00  5-23 

Calculated    .       .    46-15  28-60  20  20  —  5-05 

Nordenskjold  proposes  to  replace  the  old  name,  no-w  become  inapplicable,  by  the  name 
Hamartite.  The  mineral  occurs,  between  crystals  of  allanite,  in  small  wax-yellow 
druses  having  a  fatty  lustre;  it  exhibits  cleavage-planes,  probably  parallel  to  the  faces 
of  a  rhombic  prism,  and  two  pairs  of  faces.  Sp.  gr.  =  4-93  ;  hardness  =  4.  Before 
the  blo-vvpipe  it  blackens  and  gives  off  a  very  small  quantity  of  water,  then  becomes 
whitish-yellow,  fissured,  and  opaque,  but  does  not  melt.  Fused  with  potassium  sul- 
phate, it  gives  a  distinct  fluorine  reaction.  After  ignition  it  dissolves  easily  in  sulphuric 
acid  with  evolution  of  hydrofluoric  acid. 

•  HARTITE.  This  fossil  resin,  from  the  lignite  of  Oberdorf,  near  Voitsberg  in 
Styria,  occurs  sometimes  in  small  fragments  or  as  a  coating,  sometimes  in  crystals 
having  a  magnitude  of  6  to  8  and  4  to  6  mm.  The  crystals  are  triclinic,  having  the 
axial  angles,  ch  =  74°,  ca  =  86°,  and  ab  =  80°__15',  where  a<b<c.  The  observed 
faces,  in  the  order  of  their  predominance,  are  :  ooPco  .  ooPoo  .  oP  .  'P'  .  os'P  .  col"');. 
The  prisms  sometimes  exhibit  hemimorphism.  The  pinacoi'ds  are  often  curved,  even 
to  the  shape  of  hooks.  Cleavage  parallel  to  the  pinacoi'ds.  Sp.  gr.  =  1-051.  It 
melts  at  74°,  and  at  150°  gives  off  bubbles  of  vapour,  the  temperature,  however,  not 
becoming  stationary  even  at  340° ;  it  solidifies  from  fusion  at  66°,  becomes  negatively 
electric  by  friction.  Its  composition,  according  to  analyses  by  F.  Ullik,  and  that  of 
Schrotter  already  given  (iii.  14),  agrees -with  the  formula  CH'",  which  requires  87-8  p.c. 
carbon  and  12-2  liydrogen  (J.  Eumpf,  J.  jpi:  Chen.  cvii.  189). 

HAinrXTE.  Kenngott  {ibid.  cvi.  65)  has  endeavoured  to  bring  the  different 
analyses  of  this  mineral  into  accordance  without  the  assumption  of  isomorphous  re- 
placement between  Na-0  and  CaO.  In  explanation  of  the  differences  between  the 
analyses,  he  adduces  the  tact  that  water  extracts  from  pulverised  hauyno  a  substanca 
which  remains  in  small  crystals  as  the  water  evaporates,  and  appears,  from  his  obser- 
vations, to  be  sodium  sulphate.  Presuming  that  a  similar  process  tiikes  place  in 
nature,  ho  supposes  that  all  the  analyses  of  the  mineral  have  been  made  with  sub- 
stance which  had  previously  lost  soda  and  sulphiiric  acid.  He  therefore  makes  up 
tlie  amount  of  Na-0  to  1  molecule  for  every  2SiO-,  and  adds  to  the  quantity  of  SO^', 
found  by  analysis,  a  quantity  equivalent  to  this  additional  quantity  of  Na'-'O.  Accord- 
ing to  this  method  of  recalculation,  the  four  most  exact  analyses  of  hauyne  give  very 
nearly  the  proportion  ; 

2Si02   :   lAl-O"  :   lKa=0   :  fCaO   :  §S0^ 
leading  to  the  formula  3(Xa=O.SiO=  +  Al-'O^SiO'-)  +  2(CaO.S03). 

HAmnrOPHYB.  Tlio  microscopic  structure  of  this  lava  from  the  Valtaro  ueap 
Melfi  has  been  examined  by  F.  Zirkel  (JalirbiKh  fur  Mincralogic,  1870,  818).  The 
hauynes,  wliose  actual  substance  is  either  colourless  or  blue,  are  essentially  altered  in 
colour  by  numerous  gas-pores  and  imbedded  pieces  of  glassy  substance,  also  by  lamellae 
of  ferric  oxide.  The  rock  also  contains  leucite  rich  in  enclosed  liquids ;  nephelin  witli- 
out  foreign  euclosures;  augite,  mclilite,  magnetic  iron  ore,  and  apatite.  Olivine  and 
felspar  are  absent. 

HAT.    See  Fodder. 

SCEATi  Calorimcfri/. — Buusen  {Fogg.  Ann.  cxli.  1  ;  I'hil.  Mcig.  [4].  xli.  61; 
Chan.  Soc,  -J.  [2],  ix,  180)  has  devised  a  now  method  of  caloriinctry.  whicli  is  .-ippli- 
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litates  the  estimation  of  the  specific 


r 


cable  to  small  qiiautities  of  material,  and  thus  fa 
heat  of  rare  substances. 

It  depends  on  the  principle  of  measuring  the  quantity  of  ice  melted  Ijy  a  heated 
body  by  the  diminution  of  volume  which  the  ice  undergoes  in  melting. 

The  instrument  consists  of  a  glass  vessel  a  (fig.  16)  in  the  form  of  a  test-tube,  fused 
into  a  vessel  b,  -ndiich  terminates  in  the  bent  tube  c.  Into  the  upper  extremity  of  this 
tube  a  graduated  tube  s  of  small  calibre  is  inserted,  and 
luted  with  fine  sealing-wax  into  a  cork  /i.  An  iron 
collar  d  serves  the  double  purpose  of  containing  mer- 
cury to  refiderthe  joint  perfect,  and  affording  the  means 
of  clamping  the  instrument  to  a  firm  support. 

The  inner  vessel  a  is  filled  with  boiled  water  from  fi 
to  a,  as  also  is  the  outer  vessel  from  j8  to  A..  The  rest 
of  the  apparatus  from  ;8  to  7  is  filled  with  boiled  mer- 
cury. 

A  cylinder  of  ice  is  formed  in  the  vessel  i  by  sur- 
rounding the  whole  instrument  with  snow.  When  the 
water  congeals,  the  mercury  is  driven  out  through  the 
tube  c.  The  scale-tube  s  is  inserted  into  its  place,  and 
the  mercury  thread  adjusted  to  the  desired  position 
either  by  depressing  the  cork,  or  in  a  manner  which 
will  be  described  further  on.  The  siibstance  to  be 
examined,  after  it  lias  been  heated  sufficiently  and  its 
temperature  noted,  is  allowed  to  drop  into  the  water  in 
the  tube  a.  In  the  bottom  of  this  tube  a  piece  of 
cotton-wool  is  placed  and  kept  in  position  by  means  of 
a  piece  of  platinum  wire  coiled  round  it.  This  prevents 
breakage,  and  facilitates  the  extraction  of  the  substance 
after  the  operation  is  completed.  The  tube  a  is  closed 
with  a  corli,  to  prevent  change  of  air. 

When  the  heated  body  under  examination  is  introduced  into  the  vessel  a.  some  of 
the  surrounding  ice  is  melted,  and  the  volume  becomes  less.  The  mercury  below 
rises,  and  indicates  its  rise  by  the  retraction  in  the  graduated  tube  s.  For  relativo 
measurements  of  the  amount  of  heat  given  up  by  substances,  it  is  sufficient  to  observe 
the  number  of  divisions  through  which  the  mercury  is  drawn  back.  To  convert  these 
readings  into  thermal  units  they  must  be  multiplied  by  a  constant  to  be  determined 
for  each  instrument  by  a  method  described  in  Bunsen's  paper. 

As  the  cylinder  of  ice  surrounding  the  inner  vessel  weighs  from  40  to  50  grams, 
and  the  quantity  of  ice  melted  in  a  single  determination  of  specific  heat  does  not 
exceed  about  0'35  gram,  it  is  easily  seen  that  one  cylinder  of  ice  will  suffice  for  about 
100  such  determinations,  so  that  the  .apparatus  once  set  up  in  the  manner  above  de- 
scribed, may  be  used  for  weeks  if  the  snow  surrounding  it  be  renewed  every  morn- 
ing and  evening.  The  accuracy  of  the  determinations  depends  in  great  part  on  the 
care  with  which  the  water  and  mercury  in  the  instruments  have  been  freed  from  ab- 
sorbed air.  The  delicacy  of  the  instrument  is  shown  by  the  fact  that  the  rise  of 
temperatm-o,  produced  by  immersing  in  the  water  O'i  gram  of  brass  at  37°,  which 
would  amount  to  only  0'07°  of  the  centigrade  thermometer,  will  move  the  quicksilver 
thread  of  the  calorimeter  through  20  divisions  of  the  scale,  each  measuring  a  milli- 
meter. 

Specific  Heat.  For  Bunsen's  determinations  of  the  specific  heats  of  elementary 
bodies  by  the  method  above  described,  see  Firsf  Supplement,  p.  665. 

Specific  Heat  of  Carbon. — The  numbers  found  by  different  observers  for  tho 
specific  heat  of  the  allotropic  modifications  of  carbon  agree,  as  the  following  table 
shows,  so  little  with  each  other,  that  their  diffijrenee  cannot  lie  explained  by  the  dif- 
ferent methods  of  observation,  or  by  the  impurities  of  thesubstnnces  employed  ; — 


Observer             j  Cliarcoal 

"  <;.„ ' 

Carbon 

N.atuval  \ 

Grapbite  ,  ^'^^^^^^ 

j  Interval 
Diamond  j  of  tom- 
j  pcratiirc 

Rcfrnault     .       .       .!  0-2415 
DolaRivo  and  Marcet  i  0-2009 
Kopp  .       .       .       .  _ 
i  Wiillncr  and  Bettendorf  j  — 

0-2036 
0-18.5 

0-2019  0-1970 

O'17-l     1  0165 
0-1919   i  — 

0-U69   j  8°— 98° 
0-1146      3°— 14° 

0-1452    22°— 70^ 
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These  differences  may,  however,  bo  accounted  for  Ly  the  rapid  increase  of  the 
specific  heat  of  carbon  with  the  temperature.  H.  F.  Weber  {Bcut.  Chen.  Gas.  Bcr.  v. 
303)  finds  indeed  that  the  specific  heat  of  this  element  increases  with  the  temperature 
far  more  rapidly  than  that  of  any  other  substance  ;  the  specific  heat  of  the  diamond,  for 
example,  becoming  three  times  as  great  -when  the  temperature  rises  from  0°  to  200^. 

Weber  has  determined  the  specific  heat  of  the  diamond  for  twelve  different  tempera- 
tures at  about  equal  intervals  between  0^  and  200^,  and  finds  that  the  mean  specific 
heat  Co_t,  between  0°  and  the  temperature  t,  may  be  calculated  by  the  formula — 
Co_(  =  0-0947  +  0-000497  i  -  0-00000012  2=     .       .       .  (1) 

This  rapid  variation  with  the  temperatures,  however,  renders  the  mean  specific  heat 
of  but  little  value,  and  it  becomes  necessary  to  calculate  from  it  the  frue  specific  heat 
for  the  temperature  t,  that  is  to  say,  the  quantity  of  heat  required  to  increase  the 
unit  of  weight  of  the  substance  at  t°  by  1  degree.  This  true  specific  heat  ft  may  be 
calculated  fro«i  the  formula — 

^•C'o_f  =  /'o7^^^«  (2) 

wlience  by  differentiation — 

7(  =  0-0947  +  0-000004  i!  -  0-00000036  2^    .       .       .  (3) 
Tliis  formula  gives  the  following  values  for  the  specific  heats  at  intervals  of  50°  be- 
tween 0°  and  20" — 

Temperatures  0°  50°  100°  150°  200° 

Actual  specific  heats  0-0947     0-1435      0-1905       0-2357  0-2791 
The  specific  heat  of  graphite  was  found  to  be  0-1439,  betv/een  0°  and  34°,  and  = 
0-1967  between  0°  and  100°,  whenever  its  mean  specific  heat  between  0°aud  any  tem- 
perature t  can  be  calculated  from  the  formula— 

Co_,  =  0-1167  +  0-0008  2, 
and  its  true  specific  heat  at  any  definite  temperature  t  from — 
7(  =  0-1167  +  0-0016  t. 
Finally,  the  specific  heat  of  charcoal  was  found  by  De  la  Eive  and  Mareet  to  bo 
0-2009  between  3°  and  14°,  and  by  Kegnaidt  =  0-2415  between  8°  and  18°,  whcneu 
it  appears  that  the  porous  varieties  of  carbon  exhibit  variations  in  their  specific  heat 
similar  to  those  observed  in  graphite  and  diamond. 

The  great  increase  in  the  specific  heat  of  carbon  as  its  temperature  rises  is  quilc 
sufficient  to  account  for  its  deviation  from  the  law  of  Dulong  and  Petit.  If,  however, 
the  equation  (3)  be  supposed  to  hold  good.for  diamond  up  to  the  temperature  of  500° 
(which  is  proljably  not  strictly  true),  the  specific  heat  of  diamond  at  about  525°  would 
be  0-52,  which  would  bo  quite  in  accordance  with  the  law  in  question,  since  0-52  x  12 
=  6-24. 

The  specific  heat  of  carbon  at  temperatures  considerably  above  those  above  men- 
tioned has  been  determined  by  Dewar  {Vhil.  Mag.  [4],  xliv.  461).  To  determine  the 
mean  specific  heat  between  20°  and  1040°,  gas-carbon,  graphite,  cocoa-nut  charcoal  and 
diamond  were  heated  in  an  iron  tube  in  boiling  zinc  (temp,  about  1040°)  and  then 
plunged  into  a  water-calorimeter.  The  mean  value  of  the  specific  heat  deduced  from 
the  results  was  0-32. 

To  determine  it  at  much  higher  temperatures,  a  cubical  block  of  lime  2  inches  in 
the  side  was  pierced  to  the  centre  with  two  channels  a  quarter  of  an  inch  wide,  and  in 
directions  at  right  angles  to  each  other.  Generally  only  one  of  the  channels  passed 
entirely  through  the  mass.  Two  powerful  oxy-hydrogen  flames  were  caused  to  play 
into  these  holes  till  the  interior  was  at  a  white  heat.  The  carbon  was  then  placed  at 
the  point  of  meeting  of  the  holes,  and  kept  exposed  to  the  oxy-hydrogen  flame  for  a 
considerable  time,  whereby  it  was  exposed  to  a  heat  estimated  at  2100°,  after  which  it 
was  allowed  to  drop  from  the  mass  of  lime  into  the  calorimeter. 

'J'ho  mean  specific  heat  deduced  from  these  experiments  was  0-42,  and  Dewar 
is  of  opinion  that  the  true  specific  heat  at  about  2000°  must  be  at  least  0-5.  If  it  be 
so,  carbon  conforms  at  these  high  temperatures  also  to  the  law  of  Dulong  and  Petit. 

Specific  Heat  of  Solutions. — J.  Thomson  (Pn^^y.^jjM.  cxlii.  337)  has  determined 
the  specific  heats  of  the  aqueous  solutions  of  several  acids,  alkalis,  and  salts  by  observ- 
ing the  rise  of  temperature  produced  in  about  1000  cub.  cent,  of  the  solution  contained 
in  a  calorimeter  by  the  combustion  of  a  given  volume  of  hydrogen,  and  comparing  the 
result  with  the  rise  produced  under  like  conditions  in  a  known  weight  of  water. 

The  results  are  given  in  the  following  table,  in  wliich  column  1  gives  the  number 
of  molecules  of  water  (n)  present  in  the  solution  for  one  molecule  of  tlie  substance  dis- 
solved ;  column  2  the  specific  heat  of  tlii.s  solution ;  column  3  its  molecular  weight,  or, 
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more  strictly,  the  weight  corresponding  -w  ith  tlic  chemical  formula  of  the  solution.  It  is 
given  in  two  terms,  the  first  being  the  molecular  weiglit  of  the  substance  in  solutioii. 
the  second  the  sum  of  tlie  weights  of  the  molecules  of  water.  Column  4  gives  the 
molecular  heat  of  the  solution,  i.e.  the  products  of  its  specific  heat  and  molecular 
weight ;  column  5,  tho  ditference  between  this  molecular  heat  and  the  heat  whieli 
would  be  required  by  the  water  of  tho  solution  alone ;  column  6  gives  the  speciiic 
gravity  of  the  solutions  ;  column  7,  their  molecular  volume  ;  and  lastly,  column  8,  the 
difference  between  this  volume  and  that  of  the  water  alone. 


Specific  Heat  of  Solutions. 


n 

2 

Specific 
llwit, 

Molecule 

4 

■3W 

5 

Specific 
Gravity 

II 

Difference  ! 

1 

Sidph 

ric  Acid, 

80-^ 

-;-  nt 

I-O. 

80 

+ 

90 

1-4723 

115-5 

25 '5 

10 

0  700 

80 

180 

182-0 

2-0 

1-2870 

202-0 

•l<^ 

0-821 

80 

360 

361-2 

1  2 

1-1593 

379-6 

19-6 

0-918 

80 

+ 

900 

900 

0 

1-0692 

916-6 

+ 

16  6 

100 

0-956 

80 

1800 

1797 

3 

1-0355 

1815-5 

+ 

15-5 

■■m 

0-977 

80 

3600 

3595 

1-0180 

3615-4 

15-4 

mtric 

Acid,  NC 

+  nir-o. 

10 

0-768 

63 

180 

1S6-6 

+ 

6-6 

1-1542 

210-5 

+ 

30-5 

20 

0-819 

+ 

360 

359-1 

0-9 

1-0851 

389-8 

29-8 

50 

0-030 

63 

900 

896 

4 

1-0360 

929-5 

29-5 

100 

0-96.3 

63 

+ 

1800 

1794 

6 

1-0185 

1829-2 

4- 

20-2 

200 

0-982 

63 

3600 

3597 

1-0094 

3G290 

-1- 

39-0 

nilih-ochloi-lc  Achl 

UCl  +  1 

ir-0. 

10 

0-7-19 

36-5 

+ 

180 

162-2 

17-8 

1-0832 

199-9 

20 

0-855 

36-5 

360 

338-9  1  - 

21-9 

1-0456 

379-2 

+ 

19-2 

50 

0-932 

36-5 

'+ 

900 

873 

- 

27 

1-0103 

918-8 

+ 

18-8 

100 

0-964 

36-5 

1800 

1770 

- 

30 

1-0100 

1818-5 

+ 

18-5 

200 

0-979 

36-5 

3600 

3561 

09 

1-0052 

3617-7 

17-7 

Tartai'it 

Acid,  C^IPO''  +  nU-O. 

10 

0-745 

150 

+ 

180 

246 

+ 

C6 

1-2409 

2G6-9 

85-9 

0-856 

150 

450 

513 

+ 

03 

1-1229 

534-3 

+ 

84-3 

60 

0-911 

1.50 

+ 

900 

957 

57 

1-0677 

983-4 

83-4 

100 

0-952 

150 

+ 

1800 

1856 

+ 

66 

1-0358 

1882-6 

+ 

82-5 

200 

0-975 

160 

+ 

3600 

3656 

+ 

66 

1-0186 

3681-3 

81-3 

Sodium  Hi/dratc.  NaOH  +  nH-0. 

0-847 

40 

135 

148-2 

4- 

13-2 

1-2676 

139-2 

4-2  1 

15' 

0-878 

40 

+ 

270 

2-2 

1-1450 

270-7 

0-7 

SO 

0-919 

+ 

540 

633 

1-0782 

537-9 

2-1  1 

50 

0-942 

40 

900 

885 

15 

1-0486 

896-4 

3-6 

100 

0-968 

40 

+ 

1800 

1781 

19 

1-0246 

1795-9 

4-1  1 

200 

0-983 

40 

3600 

3578 

■ 

22 

1-0124 

3.594-8 

5-2  , 
I 
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Spt'ctjic  Heat  of  SohUions. 


i 

C 

i 

: 

!  Specific 
°     !  Heat 

■  1 
 1  

Jtolecule 

DifEcren 

Specific 
Gravity 

Jfolecu: 
Volun- 

Diffcrei 

1 

Potamtm  Hydrate,  KHO  +  iiH-'O. 


30 

0-876 

56  +  540 

522 

-„ 

1  0887 

547-5 

7'0 

0-916 

56  +  900 

870 

-  24 

1-0550 

906-3 

+ 

6-3 

100 

0-954 

56  +  1800 

1770 

-  30 

1-0284 

1804-9 

4-9 

200 

0-975 

.56  +  3600 

3565 

-  35 

1-0144 

3604-1 

4-1 

Ammonium 

Bijdmte,  NH'.OII 

+  nH-0. 

30 

0-997 

35  +  510 

573 

+  33 

0-9878 

582-1 

+ 

42-1 

50 

0-999 

35  +  900 

934 

+  34 

0-9927 

941-9 

+ 

41-9 

100 

0-999 

35  +  1800 

1833 

0-9967 

1841-2 

41-2 

Sodium  Chloride,  NaCl  +  nH=0. 


10 

0-791 

58-5 

+ 

180 

188-5 

+ 

8-5 

1-1872 

200-9 

20-9 

20 

0-863 

58-5 

360 

361  0 

1-0 

1-1033 

379-3 

19-3 

30 

0-895 

58-5 

+ 

540 

636 

4 

1-0718 

558-4 

18-4 

50 

0-931 

58-5 

+ 

900 

892 

: 

8 

1-0444 

917-8 

17-8 

100 

0-962 

58-5 

+ 

1800 

1788 

1-0234 

1816-1 

+ 

16-1 

200 

0-978 

58-5 

3600 

3578 

1-0118 

3616-0 

16-0 

Pofassiim  Chloride,  KCl  +  iiH=0. 


,„ 

1 

0-761 

74-6 

270 

262-4 

-  7-6 

1-1468 

300-4 

+ 

30-4 

30 

0-850 

74-6 

+ 

540 

522-4 

-  17-4 

1-0800 

569-0 

29-0 

50 

0-904 

74-6 

900 

881 

-  19 

1-0496 

928-2 

28-2 

100 

0-948 

74-6 

+ 

1800 

1775 

-  25 

1-0258 

1827-3 

27-3 

200 

0-970 

1 

74-6 

3600 

3565 

-  35 

1-0136 

3625-0 

25-0 

Ammoniv.rn  Chloride,  NH^Cl 


7i 

0-760 

53-5 

+ 

135 

143-3 

+ 

8-3 

1-0718 

175-9 

+ 

40  9 

10 

0-778 

63-5 

180 

181-6 

+ 

1-6 

1-0664 

219-0 

+ 

39-0 

25 

0-881 

63-5 

+ 

450 

443-6 

6-4 

1-0314 

488-2 

60 

0-937 

53-5 

+ 

900 

893 

7 

1-0167 

937-8 

37-8 

100 

0-966 

63-5 

+ 

1800 

1791 

9 

1-0086 

1837-7 

37-7 

200 

0-982 

63-5 

3600 

3588 

12 

1-0044 

3637-6 

+ 

37-6 

Sodii'.m  mtratc,  NaNO'  +  nH-0. 


10 

0-769 

85 

+ 

180 

203-8 

+  23-8 

1-2474 

212-5 

+ 

32-5 

25 

0-863 

85 

+ 

450 

461-7 

+  11-7 

1-1137 

480-4 

+ 

30-4 

60 

0-918 

85 

+ 

900 

904 

+  4 

1-0600 

929-2 

+ 

29-2 

100 

0-960 

85 

+ 

1800 

1791 

-  9 

1-0311 

1828-2 

+ 

28-2 

200 

0-975 

85 

+ 

3600 

3593 

1-0160 

3627-0 

+ 

27-0 
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Nitrate,  KNO' 


0-832 

101 

■1,")0 

-l,j8-l 

+  8-4 

1 

:  1-1228 

•190-7 

^-  40-7 

.30 

0-901 

101  -1- 

900 

902 

l-06dl 

939-8 

+  39-8 

100 

0-942  1 

101  + 

1800 

1791 

-  9 

1-0336 

1839-2 

+  39-2 

200 

0-966  i 

101  + 

3600 

357o 

;  1-0173 

1 

3638-3 

+  38-3 

Aiiuiwuii'1,1  Kilnite,  Kli'.NO'^  +  r\WO. 


5 

0-097 

80  +      90  j 

118-7 

.  28-7  1 

! 

1-2046 

1411 

+ 

51-1 

20 

0-859 

80  +  360 

378-0 

+  18 

1-0743  1 

409-fi 

49-6 

;')() 

0-929 

80  +  900 

910 

+  10 

1-0331 

948-0 

48-6 

100 

0-902 

SO  H-  1800 

1808 

+  8 

1-0180 

1846-8 

468 

Sodii'in  Carbonate.  Na-CO^  + 

nH-0. 

1 

oO 

0-896 

106  +  900 

901 

+  1 

1-1131 

903-8 

+ 

3-8 

100 

0-933 

106  +  1800 

1778 

1-0593 

1799-3 

0-7 

200 

0-958 

106  +  3600 

3550 

-  50 

1-0306 

3596-0 

4-0 

SocJitm  SuJ-phatc.  I 

nH-0. 

6.5 

0-892 

142  +  1170 

1170 

0 

1-1010 

1191-6 

+ 

21-6 

100 

0-920 

142  +  1800 

1787 

-  13 

1-0675 

1819-5 

+ 

19-2 

200  j  0-955 

M'i  +  3600 

3574 

-  26 

1-0350 

3615-4 

+ 

15-4 

Ainmoniitm  Sulphate,  (NH^)=SO^ 

+  nH=0 

30 

0-820 

132  +  540 

.551 

+  11 

1-1 148 

602-8 

62-8 

50 

0-S71 

132  +  900 

890 

-  1 

1-0774 

257-6 

+ 

57-6 

100 

0-924 

132  +  1800 

1785 

-  15 

1-0420 

1854-1 

+ 

64-1 

200 

0-259 

132  +  3600 

3579 

-  21 

1-0214 

3653-8 

+ 

53-8 

Magnesium 

Sulphate.  MgSO* 

+  nlFO. 

20 

0-744 

120  +  360 

357 

-  3 

1-2864 

373-1 

13-1 

50 

0-857 

120  +  800 

874 

-  26 

1-1253 

906-4 

6-4 

100 

0-917 

120  +  1800 

1761 

-  39 

1-0649 

1803-0 

+ 

3-0 

200 

0-952 

120  +  3600 

3541 

-  59 

1-0334 

3599-8 

0-2 

Sodium  A 

cctute.  NaC-'H^O=  4 

nH^O. 

20 

1 

I  0-884 

\ 

82    h  360 

391 

-1-  31 

1-0993 

402-1 

4- 

42-1 

50 

0-938 

;      82  +  900 

921 

+  21 

1-0442 

940-4 

+ 

40-4 

100 

0-965 

1      82  +  1800 

1817 

+  17 

1-0230 

1839-7 

+ 

39-7 

200 

j  0-983 

j      82  +  3600 

3620 

+  20 

1-0120 

3638-3 

38-3 

600 


HEAT. 

Sjpccific  Heat  of  Solutions. 


u  +  200H-O. 


1 

4 

'• 

s 

+ 

3578 

1-0236 

3Goo 

+ 

33 

n'oM 

08 

op 

3580 

1-0154 

3642 

+ 

42 

0-954 

3600 

3634 

ki . 

0-950 

166 

+ 

3600 

3578 

22 

1-0355 

3644 

44 

NH^I  . 

0-963 

145 

+ 

3600 

3606 

6 

1-0248 

54 

Bad-  . 

0-932 

208 

+ 

3600 

3549 

51 

1-0502 

3626 

26 

CaCl-  . 

0-957 

111 

+ 

3600 

3551 

49 

1-0253 

3619 

19 

K'O.SO^  . 

0-940 

174 

+ 

3600 

3548 

52 

1-0380 

3636 

36 

ZnO.SO^  . 

0-947 

161 

3600 

3562 

38 

1-0455 

3598 

2 

FeO.SO'  . 

0-951 

152 

+ 

3600 

3568 

1-0413 

3603 

+ 

b 

CuO.SO'  . 

0-953 

159 

+ 

3600 

3583 

17 

1-0444 

3599 

1 

BaO.N-0^ 

0-933 

261 

+ 

3600 

3602 

1-0584 

3648 

48 

PbO-N-0^ 

0-919 

331 

3600 

3613 

13 

1-0771 

3649 

+ 

49 

Tho  immbors  in  column  4  of  the  preceding  tables  express  the  water-value  of  the 
solution,  that  is  the  -sveight  of  -ivater  which  requires  tlie  same  amount  of  heat  as  tho 
molecular  -weight  of  the  solution,  and  the  table  sho-ws  that  this  -water-value  differs  in 
most  cases  but  little  from  the  amount  of  -water  present  in  the  solution.  In  the  case  of 
sulphuric  acid  for  example,  the  solution  -with  5  molecules  of  -water  has  a  -water-value 
of  92-7,  the  weight  of  the  molecules  of  water  in  the  solution  being  90,  that  of  tlie 
whole  molecule  170;  in  the  solution  with  50  molecules  of  water,  these  values  are 
900,  900  and  980  respectively.  In  still  more  dilute  solutions  the  water-value  sinks 
even  below  tho  molecular  weight  of  the  water  actually  present.  Similar  phenomena 
are  observed  in  most  other  solutions.  The  differences  in  column  5  are  generally 
positive  in  concentrated  solutions,  gradually  sink  to  zero,  and  become  negative  in 
tlilute  solution.  In  some  few  cases,  as  with  hydrochloric  acid  and  potassium  hydrate, 
they  are  always  negative. 

Previous  researches  by  other  experimenters,  as  well  as  those  of  Thomsen,  have  shown 
that  when  an.  aqueous  solution  is  mixed  with  water,  contraction  takes  place,  i.e.  the 
volume  of  the  solution  is  less  tlian  the  sum  of  the  volumes  of  tho  constituent  liquids  ; 
thus  (p.  597)  270-7  volumes  of  a  soda-solution  NaHO  +  15H-0,  mixed  with  15 
molecules  or  270  volumes  of  water,  give,  not  540,  but  only  537-9  volumes;  and  the 
foregoing  experiments  show  that  when  an  aqueous  solution  is  mixed  with  water,  the 
resulting  solution  lias  a  lower  molecular  heat  than  the  sum  of  the  molecular  heats  of 
tho  constituents  ;  e.g.  tlie  same  soda-solution  requires  272-2  units  of  heat  to  raise 
its  temperature  by  a  cert'iin  amount;  but  when  mixed  with  270  grams  of  water  it 
requires  for  that  pm-pose,  not  542-2,  but  only  533  units.  A  similar  relation  is  found 
when  acids  and  alkalis  are  mixed.  When  potash  or  soda  is  neutralised  with  hydro- 
chloric, nitric,  or  sulpliuric  acid,  the  molecular  heat  of  the  resulting  compound  is  higher 
than  the  sum  of  the  molecular  heats  of  the  constituents,  while  on  the  other  hand  it  is 
found  that  these  potassium  and  sodium  salts  have  a  molecular  volume  greater  than 
tho  sum  of  the  volumes  of  their  constituents ;  in  other  words  expansion  has  taken  place 
during  combination.  In  the  case  of  ammonia  salts  the  reverse  takes  place.  Contrac- 
tion is  the  result  of  the  combination,  and  tho  molecular  heat  of  the  compound  is  less 
than  the  sum  of  the  molecular  heats  of  the  constituents. 

Marignac  (N.  Arch.  Ph.  Nat.  xxxis.  217)  has  estimated  the  specific  heats  of  various 
aqueous  solutions,  and  of  the  solution  of  sulphur,  phosphorus,  iodine,  and  bromine  in 
carbon  sulphide,  by  determining  the  relative  weights  of  water  and  of  the  liquid  under 
examination,  which,  are  heated  to  the  same  temperatiu-e  by  equal  quantities  of  heat. 
The  source  of  heat  was  a  mercurial  thermometer  with  a  large  bulb,  heated  to  65-10°. 
Marignac's  results  with  sulphuric  acid,  liydrochloric  acid,  and  sodium  chloride,  agree 
nearly  with  those  of  Thomsen.  The  following  table  contains  his  determinations  of  the 
specific  heats  of  otlier  aqueous  solutions  of  the  two  sodium  sulphates  and  of  sugar,  and 
those  of  tlio  solutions  of  the  bodies  above  mentioned  in  carbon  sulphide.  The  num- 
bers in  the  several  columns  have  the  same  signification  as  those  in  the  first  four  columns 
of  Thomsen's  table. 
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Spocific  Heat         j     Molecular  T'eigiit      I       ilo'.eculav  Hciit 


,-,0 
100 
200 
400 


Sodu!„i  Sidphatc,  NirSO' 

0-8890 
O-OGirj 
0-9G2j 

0-9805  i 


10-12 
19-12 


Sodhim-IIi/drogcn  Sidiiha 


7312 
NiiHSO' 


92G-; 
181.") 
u(;02 
7199 


2,5 

0-8083 

570 

495 

.■)0 

0-91 4G 

1020 

933 

100 

0-9497 

1920 

1823 

200 

0-9719 

3720 

3G15 

Siirjar.  G"-U--()"  +  ?;Aq. 

0-7558 

792 

598-6 

50 

0-8425 

1242 

104G 

100 

0-9091 

2142 

1947 

200 

0-9500 

3942 

S745 

400 

0-9742 

7542 

7347 

Sjicc/Jic  Heals  of  Solutions  in  Carbon  Sulphide. 

Specific  Heat 

Molecular  -Weiglit 

ilolcca'.ai-  Heat 

Sulplnu; 

S  +  nQS-. 

1 

0-229 

108 

0-232 

184 

42-8 

4 

0-232 

330 

77-9 

10 

0  235 

792 

18G-0 

I'hosplionis 

r  +  wC3=. 

0-219 

50 

10-9 

0-222 

09 

15-3 

0-225 

107 

24-2 

2 

0-229 

183 

41-9 

4 

0-2295 

335 

"° 

Iodine, 

r  +  ?,.cs=. 

10 

0-21!) 

887 

194 

20 

0-2  2S 

1G47 

Broiiiine, 

El-  -f  hCS^. 

002 
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Those  .solutions  in  ciirbon-sulpbide  differ  considerably  in  their  behaviour  from 
aqueous  solutions  of  acids  and  salts.  The  molecular  heat  of  the  mixture  of  bromino 
and  carbon  sulphide  is  exactly  equal  to  the  sum  of  the  molecular  heats  of  the  two 
liquids.  In  like  manner  iodine  dissolves  in  carbon  sulphide  without  perceptible 
diminution  of  the  specific  heat  -n'hich  belongs  to  it  i.n  the  fused  state.  "When  diminu- 
tion takes  place,  as  in  the  case  of  sulphur  and  phosphorus,  it  is  confined  witliin  narrow 
limits,  and  the  molecular  heat  of  the  solution  never  becomes  less  than  that  of  the 
solvent  alojae. 

Enspecting  the  Specific  Heats  of  Mixtures  of  Ethyl  Alcohol  and  Methyl  Alcohol 
■with  Water,  see  Ethyl  Alcohoi.  (p.  475)  and  Methyi,  Alcohol  ;  of  Ethyl  Alcohol 
■with  Carbon  Sulphide,  Chloroform,  and  Benzene,  sec  p.  477- 

Eolations  between  the  Specific  Heats  of  Mixtures  and  the  Heat  evolved  in  their  Form- 
ation.— These  relations  have  been  investigated  by  A.  Dupre  {Proc.  Boy.  Sac.  xx.  336), 
chiefly  in  the  case  of  mixtures  of  methyl  alcohol  and  water. 

1.  The  difference  between  the  number  of  heat-units  evolved  during  the  mixing  of 
given  -weights  of  two  substances,  at  the  temperatures  t  and  t'  respectively,  is  equal  to 
the  difierence  between  the  number  of  heat-units  required  to  raise  the  mixture,  and 
that  required  to  raise  the  two  constituents  taken  separately,  from  the  lower  to  the 
higher  temperature.  Or  let  U  and  U,  be  the  units  of  heat  evolved  by  mixing  x  and 
y  at  the  temperatures  t  and  t'  respectively ;  S,  S',  and  S",  the  specific  heat  of  the 
mixture  c  and  its  constituents  x  and  y  respectively  ;  then 

U— U'  =  0  .  S(i  -  t')—{x  .  S'(i  -  f)  +  y^"{t  -  t')]. 

2.  If  more  units  of  heat  are  evolved  at  the  higher  than  at  the  lower  temperature, 
the  specific  heat  of  the  resulting  mixture  will  be  below  the  calculated  mean,  and  vice 
versa. 

3.  The  absorption  of  a  lesser  number  of  heat-units  will  of  course  be  equivalent  to 
the  evolution  of  a  greater  number,  while  the  absorption  of  a  greater  number  -will  be 
equivalent  to  the  evolution  of  a  smaller  number  of  heat-units. 

A  great  many  mixtures  of  various  liquids  have  been  found  to  conform  as  closely  as 
can  be  expected  with  proposition  1.  If  these  propositions  prove  to  be  an  exposition  of 
a  general  law,  it  will  be  possible  to  calculate  the  specific  heat  of  one  constituent  of  a 
mixture  or  solution,  if  the  specific  heat  of  the  other  constituent,  the  specific  heat  of  the 
mixture,  and  the  heat  evolved  or  absorbed  at  two  diiferent  temperatures  between  which 
these  specific  heats  have  been  estimated,  be  kno\TH.  It  will  also  be  possible  to  com- 
pare the  specific  heats  of  liquid  and  solid  substances  when  both  are  placed  under  similar 
conditions. 

Expansion  l>y  Keat.  1.  Of  Gases.  Amagat  {N.  Arch.  Fhi/s.  Nat.  xl.  320; 
xli.  365)  has  determined  the  expansions  of  sulphurous  anhydride  and  carbonic  anhy- 
dride, as  compared  with  air  between  the  temperatures  of  0°  and  250°.  The  following 
table  gives  the  numbers  calculated  from  the  experimental  data,  the  expansion-coeffi- 
cient of  air  between  the  .above  limits  being  supposed  to  be  constant  and  equal  to 
0-00367:— 


Sulphurous  Anhydride 

Carbonic  Anhydride 

At  0°  

0  003724 

Between  0°  and  10°  . 

0  004233 

10°  and  20°  . 

0-004005 

At  50°       .  . 

0-003846 

0-003704 

„  100°  .... 

0-003757 

0-003695 

„  150=  .... 

0-003718 

0-003690 

„  200°  .... 

0-003605 

0-003687 

„  250°  .... 

0  003685 

0-003682 

The  coefficient  of  expansion  of  sulphurous  anhydride  decreases  with  increasing 
temperature,  at  first  rapidly,  up  to  a  temperature  of  50°,  and  then  slowdy  up  to  about 
250°,  above  which  it  apparently  remains  constant.  It  appears,  therefore,  to  tend 
towards  a  limit  diflferent  from  that  of  atmosplieric  air,  namely  0  00374.  Carbonic 
anhydride  shows  a  similar  result ;  the  coefficient  diminishes,  though  slightly,  np  to 
about  200°,  above  which  temperature  it  appears  to  remain  constant  at  0-003695,  or 
also  slightly  higher  than  that  of  atmospheric  air. 

2.  Of  Aqueous  Solutions. — Marignac  {Ann.  Cliem.  Phys.  [4],  xxii.  415)  has 
made  a  series  of  observations  on  the  density  and  expansibility  of  aqueous  solutions, 
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tlio  expansion  being  measured  by  means  of  dilatometcrs — tli.it  is,  Inrgc-sizcd  tliermo- 
meters  with  bulbs  of  25  to  28  c.c.  capacity.  The  divisions  on  the  stem  allowed  varia- 
tions amounting  to  no  more  than  y-f(i,^  of  the  total  volume  to  bo  read  off.  No  x^er- 
ceptible  variation  could  be  deteetodjii  the  volume  of  a  solution,  when  kept  at  a  con- 
stant temperature  during  several  days,  the  first  observation  being  made  as  soon  as 
possible  after  the  solution  was  prepared. 

The  following  tables  give  the  densities,  molecular  volumes,  and  coefficient  of  expan- 
sion, at  20°,  of  various  aqueous  solutions.  Column  n  gives  the  number  of  molecules 
of  water  present;  D,  the  density  of  the  solution;  W,  its  molecular  weight ;  V,  its  mole- 
cular volume  (water  =  18) ;  V  —  18;?,  the  difference  Ijetween  the  molecular  volume 
of  the  solution  and  that  of  the  water  which  it  contains  ;  E,  the  coefficient  of  expansion ; 
all  at  20°. 

Si'Iphm-ir  ylcid,  ir-SO'  +  wAq. 


■  n 

W 

V 

V-18H 

E 

0 

.  1  1-83211 

98 

53-40 

53-40 

0-0005585 

0 

1-41317 

188 

132-80 

42-80 

0  0005660 

10 

1-26091) 

278 

220-08 

40-08 

0  00058-i5 

15 

.  1  1-19033 

368 

308-60 

38-60 

0-0005697 

25 

.  1  1-12292 

548 

487-14 

37-14 

0-0004975 

50 

.  1  1-06151 

998 

935-9 

35-9 

0-0003867 

100 

1-03251 

1898 

1835-0 

350 

0-0003107 

200 

.  ,  1-01392 

3698 

3633-6 

33-6 

0-0002602 

400 

1-00728 

7298 

7232-8 

32-8 

0  0002339 

Water  . 

.  :  0-99S2G 

18 

18 

The  continued  decrease  of  the  nimibers  in  the  last  column  shows  that,  whether 
sulphuric  acid  itself  be  mixed  with  water^  or  a  dilute  sulphuric  acid  be  still  further 
diluted,  contraction  always  results. 


Sodium  Sulphate,  Na=SO'  +  «Aq. 


1""  . 

1 

D          1  W 

V 

V-lSn 

E 

1  25 

1-23443    i  592 

478-7 

28-7 

0-0004102 

50 

1-12645    i  1042 

923-4 

23-4 

0-0003608 

1  100 

1-06545  1942 

1819-5 

19-5 

0-0003051 

1  200 

1-03287    1  3742 

3616-6 

16-6 

0-0002599 

1  400 

1-01586  7342 

7214-8 

14-8 

0-0002344 

Th!s  table  shows  that  contraction  takes  place  when  a  solution  of  sodium  sulpluite  is 
diluted  with  water. 


Acid  Sodium  SidpJude.  NaHSO'  +  wAq. 


D 

W 

V 

V-18« 

E 

25 

1-17053 

570 

486-1 

36-1 

0-0005554 

50 

1-09168 

1020 

932-7 

32-7 

0-0004349 

100 

1-04718 

1920 

1830'3 

30  3 

0-0003390 

1  200 

1-02357 

3720 

3628-0 

28-0 

0-0002776 

Compara/ive  Table  of  the  Molecular  Volumes  of  Solutions  of  Ncutrcd  Sodium  Sulfhatc, 
Acid,  Sodium  Sulphate,  and  Sid'phvric  Acid. 


■ 

H=SO' 

Na=SO» 

25 

487-1 

486-1 

478-7 

50 

935-9^ 

932-7 

923-4 

100 

1835  0 

1830-3 

1819-5 

200  . 

3633-6 

3628-0 

3616-6 

1  400  . 

7232-8 

7214-8 

GO-i. 


HEAT. 


It  will  be  seen  that  the  molecular  volume  of  the  acid  sulphate  is  .always  above  that 
of  tlio  mean  of  the  sulphuric  acid  and  neutral  sulphate  ;  so  that  when  a  solutiou  of 
neutral  sulphate  is  mixed  witli  sulphuric  acid,  expansion  alwaijs  takes  place.. 


Hydrochloric  Acid,  HCl  +  «Aq. 


1  n 
1 

B 

W 

V 

V-18n 

6-2.5  . 

1-12030 

149 

132-77 

20-27 

0-0004546 

1-06700 

261-5 

244-65 

19-65 

0-0003460 

j  12-50 

1-03500 

486-5 

469-23 

19-23 

0-0002799 

60        .       .  . 

1-01755 

918-75 

18-75 

0-0002394 

100  ... 

1-00815 

1836-5 

1818-42 

18-42 

0-0002240 

200  ... 

1-00330 

3636-5 

3618-23 

18-23 

0-0002107 

Sodium  Chloride,  NaCl  +  ?jAq. 

I) 

V 

V-1S« 

E 

12-5  . 

1-15292 

283-5 

245-47 

20-47 

0-0004135 

2.3  ... 

1-08207 

608-5 

469-12 

19-12 

0-0003530 

60        .       .  . 

1-04227 

958-5 

918-02 

18-02 

0-0002960 

100  ... 

1-02069 

1858-5 

1817-66 

17-66 

00002532 

200  ... 

1-00965 

3658-5 

3617-58 

17-58 

0-0002305 

Si'.gar, 

C'=H"0> 

+  JiAq. 

,  D 

w 

V 

V-18n 

E 

1-19242 

792 

663-0 

213-0 

0-0003434 

oO  ... 

1-11506 

1242 

1111-9 

211-9 

0-0002985 

100 

1-06333 

2142 

2010-9 

210-9 

0-0002595 

200 

1-03265 

3942 

3810-8 

210-8 

0-0002312 

■100 

1-01594 

7542 

7410-8 

210-8 

0-0002118 

These  results  show  that,  in  a  mixture  of  a,  solution  with  water,  the  coefficient  of 
expansion  of  the  mixture  is  higher  than  the  mean  of  the  coefficients  of  expansion  of 
the  two  constituent  liquids.  They  also  confirm  the  general  law  that  the  dilution  of  a 
solution  is  attended  with  contraction.  This  contraction,  however,  diminishes  as  the 
temperature  at  which  the  mixture  is  made  rises,  so  that  it  seems  very  probable  that 
at  temperatures  sufficiently  elevated  the  dilution  of  a  solution  would  no  longer  be 
accompanied  by  contraction  of  volume. 

As  a  general  result  of  his  experiments  on  the  specific  heat,  density,  and  expansion 
of  solutions,  Marignac  concludes  that  the  state  of  combination  of  a  salt  in  solution  is 
invariable,  and  is  established  immediately  and  finally  at  the  moment  of  mixtiu-e  or 
dilution.  This  conclusion  is  strengthened  by  the  fact  already  noticed  that  the  volume 
of  a  solution  remains  constant  at  the  same  temperature,  and  that  the  equilibrium  of 
temperature  is  established  as  quickly  on  the  mixing  of  two  solutions  as  on  that  of  t'n  o 
masses  of  water  at  different  temperatures. 

Fusion  and  Solidification.  Determination  of  Melting  Poin/s.~For  the  exact 
determination  of  melting  points,  E.  Kopp  (JDeut.  Chem.  Gcs.  Bcr.  v.  645)  recommends 
the  \ise  of  a  mercury-b.ith  instead  of  an  oil-  or  water-bath.  The  substance  is  placed 
on  the  mercury,  and  covered  -ndtli  a  small  funnel  of  thin  glass.  The  melting  point 
and  the  solidifying  point  can  be  observed  most  readily  if  the  substance  is  opaque  and 
becom.es  transparent  when  fused.  Substances  which  soften  before  melting  are  fused  and 
introduced  into  a  little  conical  capillary  tube,  which,  after  cooling,  is  placed  0-5  to  1-0 
centimeter  before  the  surface  of  the  mercury.  As  soon  as  the  substance  becomes  soft 
or  begins  to  melt,  it  is  forced  out  of  the  tube  and  appears  above  the  surface  of  tho 
mercury. 

Iiijlucnce  of  a  Change  of  Bcvsity  tipon  Melting  Point. — In  accordance  with  the 
mechanical  theory  of  heat,  which  requires  that  the  melting  point  be  raised  or  lowered 
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according  as  the  specific  gravity  is  Increased  or  diminislied,  F.  Mohr  (Ann.  Ch.  i'harm. 
clxii.  61  -67)  lias  found  \ty  experiment  that,  in  the  case  of  garnets,  fusion  lowers  tlio 
melting  point  at  the  same  time  that  it  diminishes  the  specific  gravity. 

Melting  and  Solidifi/ing  Points  of  Fats. — F.  Kiidorff  (Pogc/.  Ann.  cxlv.  279),  after 
testing  all  the  usual  methods  for  determining  the  melting  points  of  fats,  finds  that  the 
most  concordant  results  are  obtained  by  covering  a  thermometer-bulb  with  a  layer  of 
fat  about  3  mm.  thick,  immersing  it  in  hot  water,  and  observing  the  temperatures  at 
which  the  fat  begins  to  separate  from  the  bulb  and  to  ascend  through  the  water. 

The  solidifying  points  of  some  fats  were  determined  by  obsernng  the  temperatures 
at  which  they  became  solid  whilst  they  were  violently  agitated  ;  but  with  the  glyce- 
rides  and  some  other  fats  ;  which  exhibit  a  rise  of  temperature  during  solidification,  it 
was  frand  best  to  take  as  solidifying  point  that  temperature  to  which  the  thermometer 
rises  during  solidifjing. 

The  following  table  exhibits  the  results  : — 


Melts  at 

Solidifies  .it 

Tcmi)eratHre 
solidification  to 

°C. 

61-5 

Yellow  bees' -was  . 

63-i  1 

62-6 

62-3 

White  bees'-wax  , 

61-8 

61-6 

f 

40-6 

49-6 

ParatBn       ...  J 

02-5  to  oi 
.53 

53 
52-9 

i 

52-7  to  53-2 

52-7 

Spermaceti  .       .       .  j 

-13 -.5 

43-4 

4i-l  to  4-1-3 

44-2 

.55-3 

55-2 

Stearic  acid         .       .  | 

56-2  to  0(3-6 

55-8 

56-0  to  54-4 

55-7 

50-4  to  51-0 

50-8 

Cacao  butter 

33-5 

27-4 

Nutmeg  butter 

70  to  80 

41-7— 41-8 

Mutton  suet 

Beef  suet  .... 

46-5  to  47-4 
43-5  to  45-0 

32  to  36 
27  to  35 

■  Several  degrees 

The  phenomenon  of  a  rise  of  temperature  during  solidification  was  also  observed  i« 
artificial  mixtures  of  fats  ;  for  instance,  of  spennaceti  and  stearic  acid,  and  of  paraffin 
and  stearic  acid,  and  is  probably  due  to  the  constantly  varying  composition  of  the 
liquid  remaining  behind  during  partial  solidification.  A  change  in  composition  as 
solidification  goes  on  may  possibly  also  explain  the  great  interval  of  temperature 
during  which  beef  and  mutton  suet  pass  from  the  liquid  into  the  solid  state. 

An  apparatus  for  determining  the  melting  points  of  organic  bodies  is  described  by 
J.  Lowe  {Dingl.  folyt.  J.  cci.  250 ;  Chcm.  Sue.  J.  [2],  ix.  973). 

For  I)e  Coppet's  experiments  on  the  Soli<lifieatiou  of  Saline  Solutions,  see  Aim. 
Chim.  rh,,s.  1 4].  xxiii.  366  ;  Chcm.  Snc.  J.  [2],  x.  1062. 

Thermic  Phenomena  accompanying:  AUotropic  and  Xsomeric  Trans- 
formation. According  to  Berthelot  (Cw)(^j<.  rend.  Ixx.  Oil).  1  gram  of  octohedral 
sulpliur  on  dissolving  in  carbon  sulphide  absorbs  12,800  units  of  heat  (gram-degrees). 
According  to  Person,  the  heat  of  fusion  of  octohedral  sulphur  is  9,400  units  for  1  gram. 
Ecrthclot  finds,  moreover,  the  transformation  of  amorphous  soluble  sulphur  into  octo- 
liedral  sulphur  under  tlie  influence  of  aqueous  sulpliydi-ic  acid  is  attciidcd  with  the  ab- 
snrpliou  of  2,600  units  of  heat  for  1  gram,  and  tli.ii  of  Milplnir  from  flowers 

of  sulphur  into  octohedral  sulphur,  with  the  devi  l(i]iiiii  iii  (.f  2.700  units.  Hence  it 
appears  that  the  transformation  of  insoluble  into  octohedral  sulphur  at  185°  is  not 
attended  either  with  evolution  or  with  absorption  of  heat.  The  conversion  of  prismatic 
into  octohedral  sulphur  develops,  according  to  Mitscherlich,  2,300  units  of  heat :  con- 
sequently, the  transformation  of  prismatic  into  amorphous  insoluble  sulphur  at  ordi- 
nary temperatures  develops  about  5,000  units.  Accordingly  the  transformation  of  dis- 
solved octohedral  into  insoluble  sulphur  under  the  influence  of  direct  sunlight  at 
ordinary  temperatm-es  is  attended  with  a  development  of  12,800  units  for  1  gram,  and 
that  which  takes  place  in  ordinary  sulphur  at  about  113°  after  fusion  is  likewise  at- 
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tended  -with  development  of  lieat.  Liglit  seems  to  incite  the  cliange,  but  does  not 
effect  the  actual  work  of  transformation. 

Eespecting  the  heat-phenomena  attending  tlie  transformation  of  cyanic  acid  into 
cyamelide,  and  of  cj-amelide  into  cyauuric  acid,  see  1st  Siifpl.  (p.  518). 

Reat  of  Cbemlcal  Action. 

I.  Heat  developed  in  the  Combination  of  the  Elementary  Bodies. 

A.  In  the  Coiiibitiations  of  Hi/drogc  ii  with  the  'Non-mctalilc  Elements. 
—J.  Thomscju  {Bait.  Chem.  Gcs.  Bar.  iv.'  9-il ;  v.  769)  lias  determined  the  affinity  of 
hydrogen  for  the  non -metallic  elements,  as  measured  by  the  quantities  of  heat  evolved 
in  their  several  combinations,  with  the  following  results : — 

1.  Chlorine. — The  affinity  between  hydrogen  and  chlorine,  estimated  by  burning 
chlorine  in  an  atmosphere  of  dry  hydrogen,  gave — 

(H,C1)  =  22,000  heat-imits, 

a  number  differing  considerably  from  that  obtained  by  Favrc  a.  Silbermauu.  viz. 
23.783  (iii.  100). 

For  the  absorption  of  hydrochloric  acid  gas  Ijy  water,  Thomson  finds — 
(HCl,Aq)  =  17,314  heat-units, 

Vv'lien  400  niol.  water  are  present  to  each  molecule  of  hydrogen  chloride.    Hence  for 
the  formation  of  hydrochloric  acid  in  aqueous  solution,  wo. have — 
(H,Cl,Aq)  =  39,315  heat-units. 

2.  Bromine. — The  affinity  of  bromine  for  hydrogen  was  determined  from  the  heat 
evolved  in  tho  decomposition  of  an  aqueous  solution  of  potassium  bromide  by  chlorine, 
which  gives — ■ 

(KBrAq.Cl)  =  11,478  heat-units. 

Further  it  is  known  that  (Br,Aq)  =  539  h.-u. ;  (H,C1,  Aq)  =  39,315  h.-u. ;  KHOAq, 
HClAq  =  13,740  h.-u.  and  (KHOAq.HBrAq)  =  1 3,750  h.-u. :  hence,  by  calculation— 

(BrAq.H)  =  27,837  heat-units, 

(Br,H,Aq)  =  28,376 

Further,  the  absorption  of  hydrobromic  acid  gas  by  water  gives 

(HBr,Aq)  =  19,207  heat-units : 
consequently,  for  the  affinity  between  bromine  and  hydrogen  we  have — 
(H,Br)  =  8,440  heat-units. 

3.  Iodine. — The  affinity  of  hydrogen  for  iodine  was  determined  in  like  manner  by 
the  decomposition  of  aqueous  potassium  iodide  with  chlorine,  which  gives — 

(KIAq,Cl)  =  26,209  heat-units, 

andtheheatof  neutralisation  of  hydriodic  acid  by  potash  is  (KAq,HIAq)  =  1 3.657  h.-u. ; 
hence  the  affinity  in  aqueous  hydriodic  acid  is  found  to  be — 

(H,I,Aq)  =  13,171  heat-units. 
Moreover,  the  heat  of  absorption  of  hydriodic  acid  is  found  to  be — 

(HI,Aq)  =  19,207  heat-units  : 
hence,  for  tho  affinity  of  hydrogen  for  iodine  in  gaseous  hydriodic  acid  wo  fiud — 
(I,H)  =  -  6036  heat-nnits. 

4.  Oxi/gcH: — Direct  combustion  of  oxygen  in  an  atmosphere  of  dry  hj-drogen 

(H'-.O)  =  68,357  heat-units, 

which  is  intermediate  between  the  number  determined  by  AntU-ews  and  that  found  ]>j 
Favre  a.  Silbermann  (iii.  105).* 

5.  Sulphur. — The  affinity  of  sulphur  and  hydrogen  was  determined  by  the  heat  evolved 
on  passing  gaseous  hydrogen  sulphide  into  a  solution  of  iodine  in  dilute  hydriodic  acid, 
in  which  iodine  dissolves  more  freely  than  in  pure  water  and  without  change  of  tem- 
perature.   Experiment  gave — • 

(I-',.Vq,SH=)  =  21,830  heat-units; 

*  The  numbers  in  the  tr.ble  here  referred  to  relate  to  the  combustion  oC  1  gram  (or  cue  atom)  of 
hydrogen ;  Thomseu's  mmibcr  to  t)ic  combustion  of  grnms. 
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and  since 

(I,H,Aq)  =  13,171  hcat-imits, 

wo  li;ive  for  tlic  :iflinity  of  sulphur  to  hydrogen — 

(ir-,8)  =  4,512  heat-units. 

Funlier,  Thomson  lias  found  for  the  heat  of  absorption  of  hydrogen  sulphide  in 
wiitor— 

(II-8,Aq)  =  4,7o-t  heat-units  : 

lioneo,  the  affinity  of  hydrogen  for  sulphur  in  aqueous  solution  is  expressed  hy — 

(H-,S,Aq)  =  9,266  heat-units. 

The  number  for  tlie  affinity  of  hydrogen  to  sulphur  in  gaseous  Iiydrogeu  sulphide 
applies  strietly  only  to  sulphur  in  llie  state  in  whieh  it  separates  from  that  combina- 
tion, viz.,  as  yellow,  somewhat  elastic  sulphur,  and  would  require  a  small  correction 
to  make  it  applicable  to  rhombic  sulphur. 

6.  Nitrogen. — Every  atom  of  chlorine  passed  into  an  aqueous  solution  of  ammonia 
pr.iduces  an  evolution  of  heat  represented  by— 

(NIPAq,Cl)  =  39,871  heat-units; 

and  as  the  neutralisation  of  hydrochloric  acid  by  ammonia  gives  (HClAq,NH^Aq)  = 
12,270  hoat-units,  we  obtain  for  the  affinity  between  nitrogen  and  hydrogen  in  aqueous 
solution  : 

(N,IP,Aq)  =  3.5,142  heat-units  ; 
but  the  heat  of  absorption  of  ammonia  in  water  is  - 

(NH^Aq)  =  8,435  heat-units  ; 

theref(jre,  by  subtraction — 

(N,IPj  =  2G707  heat-units. 

The  mode  of  calculating  the  total  heat  of  cojubination  of  the  ammonium-compounds 
is  indicated  by  the  equation — 

(NH'.ClAq)  =  (N,IP,Aq)  +  (H,Cl,Aq)  +  (Nir'Aq,HClAq). 

From  his  former  determinations  of  the  reactions  on  the  right-hand  side,  Thomseii 
obtains — 

(N,H',Cl,Aq)  =  86,730  heat-units. 
(N,H',Br,Aq)  -  75,790 
(N,H\I,Aq)    =  60,580 
(N,IP,S,Aq)   =  50,600 

As  also  the  latent  heats  of  solution  of  the  first  three  of  these  compounds  arc  known, 
viz. : — 

(NH'Cl.Aq)  =  -3,880  heat-units. 
(NH'Br,.Aq)  =  -4,380 
(NH'I,Aq)     =  -3,550 

the  lieats  of  comfiination  of  the  ammonium-compounds  in  the  solid  state  can  be  cal- 
culated— 

(N,H',C1,)  =  90,610  heat-units. 
(N.H'.Br)  =  80.170 
(N.IIM)     =  64,130 

7.  Carhon. — The  affinity  between  hydrogen  and  carbon  is  calculated  from  the  heat 
developed  in  the  combustion  of  hydrocarbons.  For  marsh-gas  and  ethylene  this 
amount  of  heat  has  been  already  several  times  determined.  Thomssu  lias  extended 
thn  investigation  to  acetylene. 

a.  Marsh-gas. — Since  the  heats  of  combustion  of  marsh-gas,  ns  found  by  Dulong, 
Andrews,  Favre,  and  Silbermann,  do  not  differ  much  from  each  other,  Thomsen  adopts 
the  mean  of  these  determinations,  viz.: — 

(CH',0')  =  209,900  heat-tinits  ; 

from  which  the  affinity  of  hydrogen  antl  carbon  is  deduced  by  the  equation — 

(CH*,0')  =  209,900  heat-units  -  (C,0')  +  2(ir-,0)  -  (0,11'). 
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Xow  Favre  a.  Silbermann  found,  for  the  heat  of  combustion  of  graphite  (which  mny 
ho  regarded  as  the  normal  form  of  carbon)  7,800  heat-units  per  gram:  consequently 
(C,0-)  =  12-7800  =  93,600  heat-units ;  and  since,  according  to  Thomsen,  (H^O) 
68,367,  it  follows  that 

(C,H^)  =  (C,0=)  +  2(H=.0)  -  (CH',0^) 
=  93,600  +  136,714  -  209,900 
=  20,414  heat-units. 

The  affiHity  of  carbon  and  hydrogen  in  marsh-gas  is  therefore  jjositivc. 

0.  Ethylene. — The  heat  of  combustion  of  this  gas  is,  according  to  Thpmsen's  experi- 
ments, 

(C-H<,0«)  =  334,800  heat-units  ; 
from  whici),  by  the  equation 

(C^HSO"^)  =  2(C,0=)  -•-  2(H-,0)  -  (C=,H'), 

there  follows 

(C-,H')  =  -  10,880  heat-units. 
y.  Acetylene. — The  affinity  of  carbon  and  hydrogen  in  acetylene  is  calculated  from 
its  heat  of  combustion — 

(C-H=,0^)  =  310,570  heat-units; 
from  which,  by  the  equation 

(C^H^.O*)  =  2(C,0=)  4-  (H^O)  -  (C=,H^), 

there  follows 

(C-,H")  =  -  55,010  heat-units. 

Tlie  affinity  of  hydrogen  for  every  first  member  of  the  four  natural  groups  of  the 
non-metallic  elements  is  positive,  but  diminishes  for  the  members  with  greater  atomic 
weights,  and  is  even  negative  for  some  of  the  highest  members,  namely,  for  iodine,  and 
according  to  Hautefeuille,  for  selenium  (p.  616).  Although  no  satisfactory  explana- 
tion of  this  can  be  given  at  present,  it  must,  at  all  events,  be  remembered  that  many 
thermo-chemical  equations  do  not  represent  the  actual  physical  conditions,  inasmuch 
as  they  express  the  reactions  of  atoms  upon  each  other  instead  of  molecules.  Thus, 
the  heat  of  combustion  of  hydrogen  in  chlorine  ought  to  be  expressed,  not  by  CIH  — 
22,001  heat-units,  but  by  (C1-,H-)  =  44,002  heat-units,  and  the  true  value  of  tlie 
(C1,H)  can  only  be  calculated  from  the  equation  (C1-,H-)  =  2(C1.H)  -  (Cl.Cl)  - 
(H,H),  in  which  the  terms  on  the  right-hand  side  are  at  present  unkno-vvn. 

From  the  reactions 

(CMI-)  =  -55,010  hoat-units, 
(C=.H')  =  -10,880 
(C,H')  =  -)- 20,420 

it  might  appear  that  the  affinity  of  carbon  for  hydrogen  is  negative.  But  as  the  hydro  - 
carbons  once  formed  produce  a  great  amount  of  heat  in  their  combination  with  more 
hydrogen,  thus  :— 

(C^H«)      =  -55,010  heat-units. 
-  (C-,H-)  =  (C-H-.ff)  =  +44,130 
2(C,H^)  -  (C-,H^)  =  (C^H'.H-)  =  -1-51,720 

it  can  scarcely  be  doubted  that  the  affinity  of  carbon  for  hydrogen  is  really  positive, 
as,  indeed,  appears  directly  from  the  formation  of  marsh-gas. 

The  fact  that  the  formation  of  the  lower  compounds  of  carbon  with  hydrogen  and 
oxygen  produces  less  heat  than  their  combination  with  more  hydrogen  or  oxygen,  and 
that  the  direct  combination  of  carbon  with  other  elements  can  only  be  effected  at  very 
high  temperatures,  may  perhaps  be  explained  by  the  following  hypothesis : — 

Carbon,  as  it  is  known  as  graphite,  diamond,  or  charcoal,  is  in  a  negative  or 
passive  condition,  out  of  which  it  must  be  brought  before  it  can  combine  chemically  ivith 
other  elements,  a  certain  amount  of  force  being  necessary  to  effect  this  transformation 
from  the  passive  into  the  chemically  active  state. 

This  force  cannot  at  present  be  estimated,  but  amounts  probably  to  about  70,000 
heat-units  for  every  carbon-atom. 

B.  In  the  Combination  of  Oxygen  with  other  Non-metallic  Elements. — 
Formation  of  the  Oxygen-acids  of  Sidphur  {Thomsen,  Beut.  Chem.  Ges.  Bcr.x.  1014). — 
The  following  detorminaticus  relate  to  the  affinities,  of  sulphur  and  oxygen  in  th? 
aqueous  solutions  of  the  several  acids. 

For  the  heat  of  absorption  of  sulphurous  anhydride  in  water : 
(SO-,Aq)  =  7,698  hoat-units, 
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i*'or  llie  oxidation  of  iiqueous  sulpliurous  acid  by  means  of  clilorine  gas  : 

(SO=Aq,Cl-)  =  73,907  heat-units. 

Fur  the  complete  oxidation  of  sodium  tliiosulpliate  by  liypochlorous  acid  in  aqueous 
solution  : 

(Na-S-0Uq,lC101IAq)       2.-)l,624  heat-units. 
For  the  action  of  iodine  on  a  solution  of  sodium  tluosnlphato  : 
(2Na=S-0'Aq,I2)  =  7,9.31-  heat-units. 

For  the  decomposition  of  sodixim  thiosulpliate  by  hydrochloric  acid  in  aqueous  solu- 
tion: 

(Na%S^0'Aq,2HClAq)  =  -  2,176  heat-units. 

For  the  resolution  of  potassium  dithionatc  in  the  dry  way  into  potassium  sulphate 
and  sulphur  dioxide: 

(K-SO',SO-)  =  0. 
For  the  latent  heat  of  sulphate  and  dithionate  of  potassium  : 
(K-SO',Aq)  =  -  6,38i  heat-units. 
(K-S-■O^Aq)  =  -12,980 

To  calculate  from  these  numbers  the  relations  of  affinity  of  the  sulphur  acids,  the 
following  determinations,  previously  established  by  Thomsen,  are  required :  relating 
to  the  thermic  phenomena  in  the  formation  of  water,  of  aqiieous  hydrochloric  and 
liypuchlorous  acid  (p.  606) ;  in  the  neutralisation  of  sulphuric  acid,  &c. ;  and.  finally, 
in  the  reaction  between  2  mol.  hydrochloric  acid  and  1  mol.  sodium  dithionate  ia 
aqueous  solution : 


)Ic.",t-units 

(2NaH0Aq,S0-Aq)  .  .  .  2t!,970 
(2NaH()Aq,S-0^\,|)  .  .  .  27,070 
2(Nali'»A.|.II(r\,i)  .  .  .  27,480 
2(NaJrn.\,|,lIIA.|)  .  .  ,  27,3r)0 
(NaI10SU'Aq,2HClAq)     .       .  —978 


Heat-units 

(ir-,0)   68,357 

(I,H,Aq)  13,171 

(Cl,H.Aq)  39.315 

(Cl,0,n,Aq)  ....  28,322 
(NaHOAq,SO^xVq)      .       .       .  M,754 

Also,  tlie  heat  of  combustion  of  sulphur,  as  determined  by  Favre  and  Silberman.i : 
(S*,0-)  =--  71,072  heat-units. 

The  calcidation  of  the  affinities  in  question  is  made  from  these  numbers  as 
follows : — 

Since  sulphurous  acid  in  aqueous  solution  is  converted  by  clilorine  into  sulpliurie 
and  hycbochloric  acid,  we  have  the  equation  : 

(SO=Aq,CF)  =  (SO^Aq.O)  -  (H-.O)  +  (Cl-,ir-\Aq) ; 
ii;id  therefore,  according  to  the  numbers  above  given, 

(SO-Aq,0)  =  63,634  heat-units, 

and 

(SO-,0,Aq)  =  (SO-Aq,0)  +  (.SO=,Aq)  =  71,332  heat-units. 
From  this  follow  the  total  heats  of  formation  of  sulphurous  and  sulphuric  acids  : 
(>S,0-,Aq)  =  i^,0-)  -i-  (SO=,Aq)  =  78,770  heat-units, 

aad 

(S,O^Aq)  =  (S,0-)  -1-  (80-,0,Aq)  =  142,404  hcnt-units. 

The  decomposition  of  potassium  dithionate  in  the  dry  way  into  sulphur  dioxide  a;id 
potassium  sulphate,  is  not  attended  either  with  evolution  or  with  absorption  of  heat : 
therefore 

(K-SO',SO=)  =  0,    and    (K-,0-,SO-)  =  (K-,0--,2S0-). 
These  reactions  may  bo  split  up  into 

(K-,0',SO=)  +  (K-SO',Aq)  =  (Iv,0,Aq)  +  (,SO-',0,Aq)  +  (2KTT0Aq,S0'Aq), 
and 

(K-,0-,2S0'-)  +  (K=S'O^Aq)  =  (K-,0,Aq)  +  (2S0^0,Aq)  +  (2KnOAq.S-0;''Aq). 

On  subtracting  these  two  equations  from  each  other,  the  first  and  third  terms,  being 
equal,  disappear;  and  all  the  remaining  terms  are  known,  except  (2S;0',0,Aq\  which 
tau  therefore  be  calculated,  viz. : 

(2S0-,0,Aqj  =  GS.Oo'J  hua(,-nnils. 
2Hd  Sup.  Ji  U 
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We  have  then,  for  the  total  heat  of  formation  of  dithiouic  acid : 

(S-,OSAq)  =  (2S0=,0,Aq)  +  2(S,0=)  =  211,094  heat-units. 

In  the  reaction  of  hypochloroiis  acid  on  sodium  thiosulphate,  2  mol.  of  sulphuric 
are  formed,  together  -with  4  mol.  of  hydrochloric  acid  resulting  from  the  deosidation 
of  the  hypochlorous  acid : 

r(S=02Aq,0<) 

(Na'S=03Aq,4C10HAq)  =     2(NaHOAq,S03Aq,2HClAq)  -  (2NaHOAq,S202Aq).  . 
i4(Cl,H,Aq)  -  4(Cl,0,H,Aq) 

Now,  according  to  the  preceding  data,  the  heat  evolved  in  the  reaction  between  1  mol. 
sulphuric  acid  and  2  mol.  hydrochloric  acid  with  1  mol.  sodium  hydrate  is  14,764  — 
978  =  13,776  units.  The  heat  of  neutralisation  of  thiosulphuric  acid  cannot  be  deter- 
mined directly,  on  account  of  the  instability  of  this  acid  ;  but  the  decomposition  of  its 
sodium  salt  by  hydrochloric  acid  is  immediately  attended  -with  an  absorption  of  heat 
amounting  to  2,176  units,  which  indicates  that  the  heat  of  neutralisation  of  thiosul- 
phuric acid  exceeds  that  of  hydrochloric  acid  by  about  this  number,  and  is  therefore 
equal  to  about  29,666  units.  As  this  number  agrees  nearly  "with  the  heat  of  neutrali- 
sation of  sulphurous  acid,  viz.  28,970  units,  it  is  assumed  to  bo  equal  to  the  latter. 
The  decomposition  of  the  thiosulphuric  acid  into  sulphur  and  sulphurous  acid  takes 
pla.ce  gradually  only,  and  is  therefore  without  perceptible  influence  on  the  quantity 
2,176.  By  introducing  these  values,  together  •with  those  previously  given,  into  the 
above  equation,  we  obtain  for  the  heat  liberated  in  the  osidation  of  thiosulphuric  to 
sulphuric  acid, 

(S-0-Aq,0<)'  =  209,070  heat-units  ; 
and  by  means  of  the  equations 

2(S^0^Aq)  =  (S^O=,Aq).  -f  (S'O^Aq,0') 
(S^O^Aq)  =  (S,0-,Aq)    +  (SO'-,Aq,S) 

Vfe  obtain  further : 

(S^O-Aq)    =      75,738  heat-units. 
(SO'^Aq,S)    =  -  3,032 
(SO^S,Aq)  =   -t-  4.666 

for  the  heat-reactions  implied  in  tlie  formation  of  thiosulphuric  acid. 

The  heat  produced  in  the  oxidation  of  thiosulphuric  acid  to  tctraihionic  acid  can  be 
calculated  from  the  heat  liberated  in  the  reaction  of  iodine  upon  sodium  thiosulphate : 

f(I^H-Aq)  -f  2(NaAq,HIAq) 
2Na'S20'Aq,P  =  j  (2S-0=Aq,0)  -  (0,H-) 

((2NaAq,S'0^Aq)  -  2(2NaAq,S^O=Aq). 

By  assigning  to  these  reactions  their  values,  as  given  above  (the  neutralisation  heat 
of  tetrathionic  acid  is  taken  as  equal  to  that  of  dithionie  acid,  27,070  heat-units),  we 
have 

2(S20=Aq,0)  =  63,489  heat-units  ; 
from  which,  by  the  equations 

(S*,0\Aq)  =  2(S=,0-,Aq)  +  (2S-0=Aq,0) 
(S',0»,Aq)  =  2(S,0-)         +  (2S0-,0,S=,Aq), 

the  affinities  satisfied  in  the  formation  of  tetrathionic  acid  are  found: 

(S^O^Aq)  =  204,965  h,eat-units. 

If  we  consider  thiosulphuric  acid  to  be  formed  by  the  reaction  of  sulphurous  acid, 
sulphur,  and  water,  we  obtain  the  effect  of  the  second  atom  of  sulphur  by  the  equa- 
tion : 

(2S0=,Aq)  -  (SO^.S.Aq)  =  7,698  -  4.666  =  8,032  heat-units, 

and  considering  tetrathionic  acid  to  be  formed  in  an  analogous  way  from  dithionie  acid, 
we  obtain  the  effect  of  the  two  additional  atoms  of  sulphur  from  the  equation— 
(2S0^0,Aq)  -  (2S0'-,0,S^Aq)  =  68,930  -  62,821  =  6,129  heat-units. 

As  6,129  =  2  X  3,064,  while  the  former  difference  was  =  3,032,  and  as  the  calcu- 
lations for  thiosulphuric  and  dithionie  acid  are  quite  independent  of  each  other,  it 
follows  that,  for  every  additional  atom  of  mlphur,  the  total  heat  of  formation  of  the 
milphur-acids  is  diminkhed  by  3,032  to  3,064  hcat-units._ 

It  has  not  therefore  been  thought  necessary  to  determine  experimentally  the  heats  of 
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fonmition  of  trithionie  and  pouUithiouie  acids,  as  tluit  of  tetratliionic  acid  may  bo 
safely  assumed  to  be  about  3,064  units  less  than  that  of  trithionie  acid,  and  that  of 
pentathionic  acid  about  as  much  less  than  that  of  tetrathionic  acid. 

The  heats  of  formation  of  the  seven  acids  of  sulphur  are  collected  together  in  tiie 
folio-wing  tables.  Table  I.  shows  the  development  of  heat  in  the  formation  of  the 
acids,  from  sulphur,  oxygen,  and  water.  Table  II  those  which  arc  obtained  when  tlio 
acids  are  derived  from  sulphurous  anliydride. 

Taulk  I.  Table  II. 


Heat-iinits 

Heat-um 

(S,0=,Aq)  . 

.    =  78,770 

(SO=,Aq)   .  . 

.     =  7,698 

(S-,0=,Aq) 

.    =  75,708 

(SO^S,Aq) 

.     =  4,666 

(S,(P,Aq) 

(s^o^Aq)  . 

.     =  142,404 

(SO^O,Aq) 

.     =  71,333 

.     =  211,094 

(2S020,Aq) 

.     =  68,950 

(s^o^Aq) 

(S',0\Aq)  . 

.     -  208,030 

.    (2S0^S,0,Aq)  . 

.     =  65,886 

.    =  204,965 

(2S0^S=,0,Aq)  . 

.     =  62,821 

(s^o^Aq) 

.    =  201.901 

(2S0',S',0,Aq)  . 

.    =  59,757 

If,  in  calculating  the  heat  of  formation  of  these  acitls,  we  take  account  also  of  tlie 
quantity  evolved  in  the  formation  of  the  water  contained  in  the  hydrates,  we  obtain 
the  values  in  Table  III. 

Taulk  III. 

Heat-uiiits 

Sulphxirous  acid  (S0-,O,H-,Aq)  .  .  .  =  76,055 
Thiosulphuric  acid  (SO-,S,0,H-,Aq)  •  •  =  73,023 
Sulphuric  acid  (SO^O^H■-,Aq)  .  .  .  =  139,869 
Dithionic  acid  (2SO-,02,H-.Aq)  .  .  .  ^  137,307 
Trithionie  acid  (2,S0-.S,0^H-,Aq)  .  .  -  134,243 
Tetrathionic  acid  (2S0-S-.0=,H=,Aq)  .  .  =  131,178 
Pentathionic  acid  (2S0^S^0■-,H^Aq)  .  .  =  128,114 
If  we  suppose  the  acids  to  be  formed  from  sulphurous  acid  and  hydroxyl,  for  which 
Thomsen  has  found — 

(.H-,0-,Aq)  =  45,045  heat-units, 

we  obtain  for — 

Sulphuric  acid  (SO-Aq.H-O^Aq)       .       .    =  86.946  heat-units. 
Dithionic  acid  {2S0-'Aq,H=0^Aq)       .       .    =  76,886 
The  coiTcsponding  values  for  every  other  polythionic  acid  with  n  sulphur-atoms  may 
be  found  by  subtracting  («  — 2)  3,064  heat-units  from  that  of  dithiouie  acid. 

C.  General  Results. — The  results  of  the  preceding  investigations  on  the  affinities 
of  the  elements,  together  with  others  obtained  hy  similar  methods,  are  collected  in  the 
following  Tables.    [Deuf.  Chem.  Gcs.  Bcr.  vi.  1533.) 


Beactioii 

Ueat-units  evolved 
or  absorbed 

Remarks 

1.  Hydrogen. 

r(H^o) 

68,360 

Water  . 

1 

Mol.  Heat  of  volatilisation 

at  100° 
Mol.  Heat  of  Fusion 

9.660 
1,440 

Rcgnault 
Bunscn 

45,290 

Hydroxyl 

1 

(H^0,0) 
eO^Aq,H-') 

-  23,070 
91,430 

2.  Chlorine. 

^(Cl--,0) 

-  18,040 

Gaseous  acid 

(Cl-0,Aq) 

+  9,440 

Aljsorption  of  the 

Hypochlorousacid 

(Cl^O.Aq) 

-  8,600 

gas  by  water 

(Cl.O.H.Aq) 
1  (C10HAq,K0HAq) 

^(Cl^o^Aq) 

(Cl,O^H,Aq) 

+  29,880 
+  9,980 
-  20,480 
-f  23,940 

Chloric  acid 

i 
1 

(ClO'IIAq.KOIIAq) 

+  13.760 

(C10^K,Aq) 

(KCl.On 

(HC1Aq,0') 

(KClAq,0^) 

-  10,040 

-  9,760 

-  16.380 

-  15,370 
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2.  GMovino. ~Co7iii}ii!cd. 


r(ci.H) 

Hydrochloric  acid  ■;  /q^'^^^ 


(Cl,H,Aq) 
L(ClHAq,K0H.'iq) 


Bromic  acid. 


((Br^O^Aq) 


(Br,O^H,Aq) 
((BrO'HAq,KOHAq) 
(Bl%Aq) 
(BrHAq,0^) 

HydroLromic  acid-jfj^^j-gj^q^ 

(Br,H,Aq) 
UBrHAq,KOHAq) 


•(I%0^) 

(PO^Aq) 

(^,O^Aq) 

(I,o^H) 

(lO^H.Aq) 
(I.O^H.Aq) 
(IHAq,O^0 
•^(lO^HAq.KOHAq) 

i  (IO«H^Aq) 

(I,O^H^Aq) 
J  (I.O<,H,Aq) 

(IHAq.O') 

(F.O'.Aq) 

(IO°H»Aq,KOHAq) 

(I0«IPAq,2K0HAq) 
r(H,I) 

I  (in.Aq) 

](H.I,Aq) 
l(HIAq,KOnAq) 


Hydriodic  acid 


Sulphurous  acid 


Sulph 


Sulph 


/(SO^Aq) 
I  (SO^Aq) 
■!  (S,0^) 
(S.O-^Aq) 

l(SO-Aq,2NaOHAq) 
(SO-,0) 

(SO^.O.Aq) 
(SO^Aq.O) 
(SO-,O^H-) 
(SO^H^O) 

(SO^H=,Aq) 
(SO'Aq) 
(S,0^) 
(S,0»,H=) 
(S.O'.H^.Aq) 
L(S0='Aq.2NA0IIArj) 


22,000 
17,320 
39.320 
13,750 


-  43,.320 
+  12,420 

13,750 
1,080 

-  15,960 
+  8,440 

19,940 
28,380 
13,750 


44,960 

-  1,900 
+  43,060 

57.880 

-  2,170 
55,710 
42.540 
13,810 

185.780 

-  1,380 
+  184,400 

47,680 
84,610 
27,000 
5,150 
26,690 

-  6,040 
+  19,210 

13,170 
13,080 


7,700 
1,500 
71,070 
78,770 
28,970 
32.100 

71,330 
63,630 
121,840 
21,320 

17,860 
39,170 
103,230 
192,910 
210.700 
31,380 
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6.  yulpli  ur. — ContinucJ. 


Ditliionio  acid 


f  (2S0^0,Aq) 
(2S0'^Aq,0) 
J  (SO'Aq.SO-Ao) 

(s^o^H^. 


Aq) 

L  (S^O^Aq,2NaOIIAq) 
r(SO=,S,Aq) 
(SO=Aq,S) 
Thiosulpliurieackl  i  (S=0=Aq,0') 
(S=,O^Aq) 

t(s^o^H-Aq) 

(2S0-,0,S-,Aq) 


Tetratliionic  acid, 


Hydrogen  sulphide 


J  (2S02Aq,0,S=) 

[(S^O^H■^Aq) 

I  (SH-,Aq) 
1  (S.H^Aq) 
[(SH'^Aq),N;iOHAq) 


r(Se,0^) 

]  (SeO-,Aq) 

]  (Se,O^Aq) 

L(SeO-Aq,2NaOHAq) 

r  (Se,0».Aq) 

1  (.SeO-,0,Aq) 

1  (WeO-Aq.O) 

[(Se03Aq,2NaOnAq) 


+  68,950 
63,.5o0 

-  10,080 
+  211,090 

1^79,450 
27,070 

-  1,570 

-  9,270 
225,300 

09,500 
137.860 
62,820 
47,-120 
204,960 
273,320 
4,510 
4,760 
9,260 
7.740 


57.710 
920 
56,700 
27,020 
77.240 
19,530 
20,450 
30.390 


7.  Tellurium. 


Tollurous  acid 
Telluric  acid 


(Te,0=,H=0) 
S  (Te02Aq,0) 
HTe,O^Aq) 


8.  Nitrogen. 


(N,H2) 
(Nff.Aq) 
(N,ff,Aq) 
(NH'Aq,HClAq) 
(NH3Aq,H'S,Aq) 
(N,H'.Cl,Aq) 
(N,H<,Br,Aq) 
Ammonia    .       .  (N,HSI,Aq) 
(N,ff,S,Aq) 
(N,ff,Cl) 
(N,H^Br) 
(N.HM) 
(NH^HCI) 
(NH^HB^) 
|.(NH^HI) 
Nitrogen  monoxide  (N-,0) 
Nitrogen  tetroxide  ^  \  ^Q-j^q-) 

\  (2N6-Aq.O) 
Nitric  acid  .       .  (N-0-,O^Aq) 
((KO=,0,H,Aq) 


81,190 

25,85(> 
107,040 


26,710 
8,440 
35,150 
12.270 
6,190 
S6,740 
75.800 
60,580 
50,600 
90,620 
80,180 
01,130 
41,910 
45,030 
43,460 
18,320 
19.570 
7,750 
18,301) 
72.940 
51,080 


If  S-0\Aq  is  formed 
I  K  (S,0-^)  = 
S  71,070 


If  (S,0=)  =  71,070 


If(S,0-)=  71,07" 


\Pogg.  Ann.cslJyl'l. 


Cryst.  anlijdi-ido  \ 
i 


lAmmonia  gas 


! Cryst.  salts 
formed  from  the 
gaseous  con- 
stituents 

\  Ga.seour)  product 
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Carbon  monoxide 
and  dioxidu 


Marsh  gas,  ethy- 
lene, and  acetylene 


(00,0) 
(CO'^Aq) 
(CO,O.Aq) 
(0,0=) 


.(CO) 
CHSO' 

C,H« 


30,150 
52,480 
65,800 
62,110 
23,760 
4,160 
48,270 


Favre  a.  Silbor- 
mann,  for  wood- 
charcoal 

If  (0,0-)  =  06,960' 


If  (C,0=)  =  96,960 


D.  The  Common  Constant  of  Affinity. — A  comparison  of  the  quantities  of 
heat  evolved  in  a  large  number  of  chemical  reactions  leads  to  the  conclusion,  that 
these  quantities,  and  therefore  also  the  forces  of  affinity  which  they  measure,  are  mul- 
tiples of  a  common  constant,  the  value  of  which  is  about  18,000  heat-units.  The 
following  numbers  exhibit  this  reaction  in  two  series  of  chemical  processes: 


(N-0^0,Aq) 

2 

18,170  heat-units 

(N=0=,02,Aq) 

3 

18,214 

(N=0^0',Aq) 

4 

18,23.) 

(Cu,0,S03Aq) 

18,075 

(Pb,0,S0'Aq) 

18,888 

(Fe,0,S0'Aq) 

18.772 

(Cd,0,SO^Aq) 

18,094 

(Zn,0,S03Aq) 

6 

18.077 

(Mg,0,SO'Aq) 

10 

18,092 

In  these  two  series  the  character  of  the  chemical  reaction  is  perfectly  analogous  for 
the  members  of  each ;  the  former  representing  the  formation  of  the  oxygen-acids  of 
nitrogen  from  nitrogen  dioxide,  oxygen  and  water,  the  latter  that  of  metallic  sulphates 
from  metal,  oxygen,  and  sulphuric  acid. 

The  conversion  of  aqueous  chlorine  into  hydrochloric  acid  with  decomposition  of 
water,  gives  the  thermic  relation : 

(CPAq,H2)-(H^0)  =  5,403  heat-units  ; 
whence,  since  (H%0)  =  6,836  h.  u.,  we  find  for  the  conversion  of  chlorine-water  into 
hydrochloric  acid,  by  direct  addition  of  hydrogen  (Cl-Aq.H'')  =  73,764  h.  u. ;  and  in 
like  manner  may  be  calculated  the  quantities  of  heat  which  would  be  evolved 
in  the  conversion  of  aqueous  solutions  of  bromine  and  hydroxyl  into  water  by  direct 
addition  of  hydrogen.    The  residt  is  as  follows  :— 

(Br=Aq,H2)    =  55,654  =  3  .  18,551  heat-units 
(Cr-Aq,H2)    =  73,764  =  4  .  18,441 
(H-0=Aq,H=)  =  91,675  =  5  .  18,335 
A  similar  group  of  jiroeesses  is  exhibited  by  the  action  of  chlorine  on  solutions  of 
ferrous  cMoride,  stannous  chloride,  and  sulphurous  acid  also  on  mercury  and  cuprous 
chloride  suspended  in  water: 

(Hg=Cl=,Aq,CP)   =  37,075  -  2  .  18,537  heat-units 
(2FeCl'-,Aq,CP)    =  54,810  =  3  .  18,270 
(SnCl=,Aq,Cl=)      =  73,875  =  4  .  18,469 
(SO=Aq,Cr-)         =  73,907  =  4  .  18,477 
Those  numbers  show  that  the  common  constant  of  affinity  has  the  same  value,  whether  _ 
the  element  wliieh  enters  into  combination  be  oxygen,  hydrogen,  or  clilorino. 

A  similar  relation  is  exhibited  by  the  quantities  of  heat  evolved  in  the  following 
reactions : — 

(2FeS0<Aq,0,S0'Aq)     =  36,800  =  2  .  18,400  heat-units 

(2Cr03Aq,3S02Aq)        =  36,884  =  2  .  18,442 

(Mn'0'Aq,2S0=Aq)        =  72,647  =  4  .  18,162 
The  first  of  these  reactions,  in  wliicli  ferrous  sulphate  is  converted  into  ferric  sul- 
phate by  oxygen  and  sulphuric  acid,  is  perfectly  analogous  to  the  conversion  of  ferrous 
into  feme  chloride  by  the  action  of  chlorine;  and  the  quantities  of  heat  evolved  in  the 
two  reactions  are  as  2:3,  In  the  two  otlier  processes,  chromic  and  permanganic  acids 
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are  converted  by  sulphuric  acid  into  the  normal  sulphates  of  chromium  and  manganese, 
with  evolution  of  oxygen.  The  quantities  of  heat  evolved  are  as  2:4,  and  the 
common  constant  is  the  same  as  before. 

When  hydrogen  dioxide  and  permanganic  acid  act  on  one  another  in  presence  of  a 
free  acid,  sulphuric  or  hydrochloric  acid,  for  example,  5  mol.  of  oxygen  are  evolved 
for  each  molecule  of  pernumganic  acid  decomposed,  the  products  of  the  reaction  being 
water  and  manganous  sulphate  or  chloride.  The  thermic  effects  of  the  two  reactions 
are : 

(Mu=0'Aq,5H=0-Aq,2SO^Aq)  =  180,237  =  10  .  18,924  hoat-units. 
(M=0'Aq,oH-"0=Aq,2H-Cl-Aq)  =  182,177  =  10  .  18,218 

10  atoms  or  5  mol.  of  oxygen  are  given  oflf,  and  the  quantity  of  heat  developed  amounts 
to  10  times  the  value  of  the  common  constant. 

The  mean  value  of  the  common  factor  in  the  twelve  reactions  above  cited,  in  whicli 
hydrogen,  chlorine,  sulphuric  acid,  and  hydrogen  dioxide  are  the  reagents  common  to 
the  several  groups,  is  18,427  heat-units;  and  the  mean  value  for  the  nine  processes 
in  which  oxygen  is  the  common  reagent,  is  18,361  heat-units.  It  may  therefore  be 
inferred  that,  allowing  for  unavoidable  errors  of  observation,  the  actual  value  of  the 
constant  of  affinity  is  the  same  in  all  these  cases  (Thomsen,  Dent.  Chem.  Gcs.  Ber.  vi. 
239). 

E.  Dcvelo-pmcnt  of  Heat  in  the  Comhination  of  Hydrogen  with  the 
various  Modifications  of  Siilphur  and  Selenium. — Hautefeuille  {Compf. 
rend.  Isviii.  1564)  has  determined  the  quantities  of  heat  evolved  in  the  combination  of 
hydrogen  with  sulphur  and  selenium  in  their  various  molecular  states.  The 
mode  of  experimenting  consisted  in  decomposing  hydriodic  acid  gas  with  sulphur  and 
selenium  at  ordinary  temperatures  within  a  mercury  calorimeter.  According  to  Favre, 
1  mol.  hydriodic  acid,  in  separating  into  free  hydrogen  and  solid  iodine,  evolves  6,840 
units  of  heat.  Now  Hautefeuille  finds  that  the  substitution  of  1  atom  of  oetohedral 
sulphur  for  iodine  (2HI^-S  =  H-S-^^-)  develops  13,680  heat-units.  Consequently,  in 
the  combination  of  1  atom  oetohedral  sulphur  with  hydrogen  there  are  evolved  13,680 
—  2  .  4,430  =  4,820  units  of  heat.  Moreover,  the  heat  of  combustion  of  1  atom  of 
hydrogen  is  34,462  units  (iii.  105),  and  that  of  1  atom  of  oetohedral  sulphur  is  71,968 
units  ;  therefore  the  heat  of  combustion  of  34  grams  of  hydrogen  sulphide  is: 
2  .  34.462  -t-  71,968  -  4,82'J  =  136,072  heat-units. 

Tlio  direct  oxidation  of  hydrogen  sulphide  by  means  of  hypochlorous  acid,  gave  a 
*>omewhat  higher  number,  viz.,  136,400;  but  this  reaction  is  complicated  by  the  form- 
ation of  sulphur  chloride,  which  oxidises  but  slowly. 

The  conversion  of  1  atom  of  insoluble  into  crystallised  sulphur  is  attended,  according 
to  Favre,  with  the  absorption  of  6,204  units  of  heat.  Consequently,  in  the  decomposi- 
tion of  hydrogen  sulphide  into  hydrogen  and  insoluble  sulphur,  there  are  absorbed 
6,104  —  4,820  =  1,284  units  of  heat ;  and  in  the  combination  of  hydrogen  with  in- 
soluble sulphur,  effected  by  means  of  hydriodic  acid,  13,S80  —  6,104  ="7,476  units 
are  evolved.  Direct  experiment  gave  a  larger  number,  but  still  below  S,860  •  the 
difference  is  attributed  by  Hautefeuille  to  the  difficulty  of  preparing  insoluble  sulphur 
in  the  pure  state. 

The  development  of  heat  which  takes  place  in  the  preparation  of  hydriodic  acid  by 
hydrogen  sulphide  and  iodine  is  due,  partly  to  the  solution  of  the  hydrogen  sulphide 
in  water,  partly  to  the  chemical  reaction.  Estimating  the  heat  of  solution  of  1  mol. 
hydrogen  sulphide  in  water  at  6,750  units,  it  is  found  that  1  mol.  of  this  dissolved 
acid,  on  decomposing  in  the  manner  above  mentioned,  evolves  24,000  heat-units.  The 
hydriodic  acid  (2  mol.)  thereby  produced  contains,  in  the  dilute  state,  according  to 
Tavre,  28,950  heat-units  less  than  its  elements;  and  the  whole  of  this  quantity  of  heat 
must  have  been  set  free  if  the  dissolved  hydrogen  sulphide  had  decomposed  with- 
out absorption  of  heat.  The  4,950  units  thus  absorbed  represent  the  quantity  of  heat 
which  would  be  developed  in  the  direct  combination  of  hydrogen  with  the  undetermined 
variety  of  sulphur  which  is  obtained  by  precipitating  this  element  from  a  solution  of 
hydrogen  sulphide. 

The  evolution  of  heat  in  the  formation  of  hydriodic  acid  becomes  less  as  the  con- 
centration of  the  solution  is  greater.  The  reaction  will  go  on,  attended  with  evolution 
of  heat,  so  long  as  the  solution  of  hydriodic  acid  has  not  attained  the  degree  of  con- 
centration at  which  it  loses  the  quantity  of  he.at  which  is  required  for  the  decomposi- 
tion of  the  hydrogen  sulphide  in  aqueous  solution,  that  is  to  say,  about  11,650  units. 
It  is  a  question  whether,  at  a  higher  degree  of  concentration,  the  reverse  action  would 
take  place.  Under  pressure  this  seems  to  be  the  case ;  otherwise  concentrated 
hydriodic  acid  acts  upon  sulphur  only  when  gaseous  acid  is  evolved  in  consequence  of 
elevation  of  temperature. 
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The  evolution  of  heat  in  tlio  conibinalion  of  selenium  v.itli  IiyJrogen  may  be 
determined  in  a  similar  manner.  The  decomposition  of  gaseous  hydriodic  acid  by  red 
selenium. and  by  metallic  selenium,  is  attended  v/ith  only  a  very  slight  evolution  of 
heat.  1  mol.  hydrogen  selonide,  in  resolving  itself  into  hydrogen  and  metallic  sele- 
nium, -would  give  out  5, •100  heat-units  ;  if  it  were  resolved  into  hydrogen  and  red 
selenium,, it  would  evolve  4,280  units.  Consequently,  the  combination  of  hydrogen 
with  these  two  modifications  of  selenium  must  be  attended  with  absorption  of  heat. 
Hydrogen  selenide  is  likewise  decomposed  by  iodine,  with  separation  of  red  selenium, 
which  then  unites  with  the  excess  of  iodine  (Hautofeuille). 

A.  Naumann  {Deut.  Cliem.  Gcs.  Ber.  ii.  177)  finds  that  liydi-ogen  sulphide  does  not 
act  at  ordinary  temperatures  on  iodine  dissolved  in  dehydrated  carbon  sulphide,  or  on 
solid  or  aqueous  iodine  in  the  absence  of  water.  A  solution  of  iodine  in  carbon  sul- 
phide satiu-ated  with  hydrogen  sulphide  does  not  lose  the  odour  of  that  gas  by  keep- 
ing; but  -when  shaken  with  water  it  makes  the  water  turbid  by  separation  of  sulphur. 
This  behaviour  of  iodine  to  hydrogen  sulphide  is  explained  by  the  thermic  relations 
of  the  two  substances.  The  reaction  represented  by  the  equation  H-S  -1- 1-  =  2HI  +  S, 
which  is  intended  merely  to  exhibit,  in  their  simplest  form,  the  quantitative  relations 
of  the  bodies  present  before  and  .after  the  chemical  change,  requires  an  absorption  of 
5,480  +  2  .  3,600  =  12,620  units  of  heat  (iii.  115).  It  cannot,  therefore,  take  place 
independently  at  ordinary  temperatures.  That  it  takes  place  in  presence  of  water  is 
due  to  tlie  fact,  that  the  dissolution  of  the  hydriodie  acid  produced  (2HI)  gives  rise  to 
the  evolution  of  37,800  heat-units  (iii.  113  ;  1477  x  128  x  2  =  37,811).  The  tofcil 
evohition  of  heat  is  therefore  37,800  +  .r  —  12,680  =  26,120  +  x,  where  x  denotes 
the  negative  heat  of  solution  of  iodine  alone,  taken  with  a  positive  sign.  But  it  is 
found  that  the  heat  developed  by  the  absorption  of  equal  quantities  of  hydriodie  acid 
gas  is  less  as  the  quantity  of  that  acid  already  dissolved  in  the  water  is  greater.  The 
positive  sum  of  the  quantities  of  heat  evolved  must  therefore  diminish  as  the  quantity 
of  hydriodie  acid  in  the  liquid  increases,  imtil  the  positive  and  negative  evolutions  oi 
heat  neutralise  one  another,  and  the  total  evolution  is  reduced  to  nothing.  The  in- 
ference thence  deducible,  that  the  mutual  action  of  iodine  and  hytlrogen  sulphide  which 
goes  on  in  presence  of  water  will  reach  its  limit  at  a  certain  degree  of  concentration 
of  tlie  resulting  solution  of  hydriodie  acid,  at  which  gaseous  hydriodie  acid  must  be 
dissolved  with  absorption  of  heat,  is  fully  verified  by  experiment.  The  limit  of  con- 
centration in  question  corresponds  with  a  specific  gravity  of  1'56  at  ordinary  tempera- 
tures referred  to  water  at  the  same  temperature  ;  whereas  the  acid  which  distils  over 
at  127°-128°  under  the  ordinary  atmospheric  pressure  has  a  specifi.c  gravity  of  1'67 
{1st  Siijppl.  738),  and  a  sohition  saturated  at  0°  a  specific  gravity  of  1-99.  Aqueous 
hydriodie  acid  of  specific  gravity  1-56  absorbs  hydriodie  acid  gas  passed  into  it,  with 
considerable  rise  of  temperature. 

F.  Heat  of  Combination  of  Iodine  with  Oxygen.— k.  Ditte  Chim. 
Phys.  [4]  xxi.  52)  has  determined  the  heat  of  combustion  of  iodine  in  oxygen  by  means 
of  the  formation  of  phosphoric  acid  resulting  from  the  action  of  iodic  on  red  phosphorus 
(see  Iodic  Acid);  also  the  heat  of  solution  of  iodic  anhydride  and  iodic  acid,  and  the 
heat  of  contraction  of  iodic  acid  from  the  corresponding  densities,  expansion-coeffi- 
cients, and  specific  heai.s,  whence  also  the  heat  of  combination  of  iodic  acid  with  water 
is  deduced : 

Heat-units 


I  \ 

For  1  gram      For  1  mol.* 

Heat  of  Combination  of  Iodine  (P)  to  Iodic  Anhydride  .  +110-00  +2792-0 
Heat  of  Solution  of  Iodic  Anhydride  rO^    .       .       .       .    -    5-7  -1902-4 

Heat  of  Solution  of  Iodic  acid  HIO=  -  12-7  -2240-O 

Heat  of  Contraction  of  Iodic  acid  +    G-45  +1135-7 

Heat  of  Combination  of  Iodic  Anhydride  (I-O')  with  Water     +    0-G  +  307 

Specific  Heat  of  Iodic  acid  .       .'   0-1 G25 


G.  Heat  of  Combination  of  Boron  and  Silicon  with  Chlorine  and 
Oxygen  (Troost  a.  Hautefeuille,  Compf.  rend.  Ixx.  185,  252). — The  experiments, 
made  with  a  mercury  calorimeter,  gave  the  following  results  : — 

Amo-qihows  Boron. 

Heat-iuiits 


For  1  gi-nm  For  1  atom 

In  Combination  with  Oxygen                                                 14.420  168.600 

In  Combination  with  Chlorine                                                 9,455  104',000 

lu  the  action  of  Boron  Chloride  on  140  times  its  weight  of 

Water                                                                       7,200  79,200 


*  This  number  ilifftTS  widely  from  Tliomscn's  (p,  C12), 
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Tor  I  yraiu 

Tor 

7.830 
,5.030 

Si  =  L'S 
219,240 
157.640 

>s; ='->?' 
104,430 
118,230 

2.91;-) 

81,040 

61,220 

290 

8.120 

6,090 

adiioiu  III. 

In  d  i  u  m . 

and  Zuio 

AnioqjJiOUS  Silk 


In  Combination  with  Oxygen  .... 
In  Combination  with  Chlorine  .... 
In  the  action  of  Silicon  Chloride  ou  140  times  iLs 

weight  of  Water  

In  the  Isomeric  Tr.insformation  of  Amorphou.s  iuto 

Crystallised  Silicon  

H.  Heat  of  Oxidation  of  Maqnes  mm .  (. 
(A.  Ditte.  Co'iivpi.  rend.  Ixxii.  762,  8.j8  :  Ixxiii.  108). — The  determinations  were  mnde 
in  the  mereury-calonmetor  1)V  two  melhods.  In  tlie  first,  equivalent  weights  of  the 
mefcil  and  ot  its  nxidd  wit.'  dissol  vi'd.  m  siil]>!inrii'  ai'nl,  ;ii!d  \w  (|i!:irii  ii  icy  of  heat  there- 
hycvolvi^l  v.vir,'.;  '.-mw'.rX.  I  lie  uilic  .  i.r  i!,!  ;\,-.,  mni; , .  ,  ■ncsthe  quantity  of 
heat^rodiir.'d  when  tin  is  ..xidi.-c!      i  lU' (jxp. ■:,..(' ..1  hvdr<MV!.,  :iiid  by  combining 

this  result  with  tue  known  heat  di  eonibustiui!  ot  hvdr.igeu  itsult.  ilie  heat  developed 
by  the  direct  combustion  ot  the  metal  can  be  calculated.  In  the  second  merhod.  the 
heats  of  solution  ol  the  metal  and  ot  its  oxido  in  iodic  acid  were  determined.  l\ow 
1  eq.  of  the  metal m  passing  to  the  state  of  lodate  decomposes  J  eq.  iodic  acid,  whereby 
2,792  units  of  lieat  are  cxpendocl,  and  from  ttiis  the  Jieat  of  combustion  of  the  metal 
may  be  calculated.  For  magnesium  both  methods  were  used;  for  zinc  and  indium,  tho 
first ;  for  cadmium,  the  second.  The  following  are  tho  mean  values  of  the  heats  of 
eorabustion  obtiiiuod : — 

Heat  of  Combustion 


Efiuiralcnt  for  1  gram  for  1  eq.* 

Magnesium    .    12  6130-,j  73.566  heat-units 

Zinc     .       .    32-5  13,57-6  44,122 

Indium .       .    37-8  1044-6  39,486 

Cadmium     .    53  271-1  15,182 

The  difference  between  the  number  found  by  Ditto  for  zinc  and  tlie  number  42.451 
determined  by  Favre  a.  Silbermann  arises  from  the  diSerenee  in  the  heat  of  solutioa 
of  oxides  according  to  the  temperatures  to  which  tliey  have  been  previously  raise;!. 
For  zinc  oxide,  Ditte  found  the  following  thermic  effects  on  solution  in  dilute  sulphuric 
acid,  according  to  the  temperature  to  whicli  the  zinc  hydrate  had  been  pro\'iousiy 
heated  :— 

TomiKT.atnre  for  1  gr:im  for  1  cquiv. 

350°  244-3  9,890  hent-units 

Dark  red  heat  .  272  11.016 
Bright  red  heat    .       2997  12,138 

This  marked  effect  of  temperature  alone  on  the  properties  of  a  body  is  shown  b)'  the 
experiments  with  magnesia  cited  in  the  following  table,  where  T  denotes  tlie  tempera- 
ture of  ignition,  D„  the  density  of  the  ignited  oxide,  a  its  expansion-coefficient  for  1° 
between  0°  and  100°;  tho  heat  of  solution  of  1  eq.  magnesia  in  dilute  sid^jhuric 
acid  ;  D'„  the  density  of  tho  liydrate  reproduced  by  moistening  the  calcined  magnesia 
with  water  ;  Q.-  the  heat  of  .'■:olution,  in  gram-degrees,  of  1  eq.  of  this  hydrate: — 

T  D„  n  Q,  D'„  Q, 

350°  .       .       .    3-1932       0-0003104       16,655       2-3261  14,244 
440=  .       .       .    3-2014       0  0002402       18.417       2-3631  14,431 
Dull  rod  heat    .    3-2482       0-0001704       19,234       2-6040  18,340 
Bright  red  heat .    3-5099       0  0001634  20,094 
These  numbers  show  that  after  strong  ignition,  the  rate  of  expansion  diminislies 
while  the  density  and  the  development  of  heat  attending  combination  with  sidpluirie 
acid  increase.    This  last  result  is  contradictory  to  the  generally  received  opinion  that 
the  quantity  of  heat  iu  a  body  diminishes  as  its  density  increases. 

Ditte  [Coiiiiit.  rmd.  Ixxiii.  272)  has  also  determined  the  heat  of  combination  of 
cadmium  oxide  in  two  modifications  with  dilute  sulphuric  acid  (382-6  gr.ams  in  a 
litre). 

For  1  gr.-.n:        For  1  i^i. 

Dl:;ek  ci-yst:iiriSL'ii  oxido  (obtained  by  igi.itiug  the  niti'i-ts)     22'J-O  14,238 
Orange-coloured  amorphous  oxide  (obtained  by  igniting 

the  carbonate  or  by  combustion  of  the  metal)        .      234-1  14,513 
*  Tp  find  tlie  quantities  of  heat  evolved  in  tlio  conibu^tion  of  .an  atom  of  each  of  these  metal.'?.  Vao. 
:  ■'•rhor  for  indium  inu-rt  be  multipii"d  by     ;:!o:o  for  tiio  other  metals  b.y  2. 
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Marignac  {Arcldvcs  des  Sciences  [2],  xliii.  209)  has  also  dbtermined  the  heat  of 
solution  of  magnesia  and  zinc  oxide,  after  calcination,  at  different  temperatures,  in 
dilute  sulphuric  acid,  and  has  arrived  at  conclusions  different  from  those  of  Ditte. 
The  acid  diluted  with  25  eq.  water  and  having  a  sp.  gr.  of  0-8537  was  contained  in  a 
cylindrical  metallic  vessel  whose  lieat-eapacity  was  equivalent  to  6  grams  of  water  ; 
this  vessel  was  suspended  within  an  iron  cylinder  surrounded  by  water  at  the  tem- 
perature of  the  room.  After  the  temperature  of  the  acid  had  become  constant,  a 
weighed  quantity  of  the  oxide  was  introduced.  A  thermometer  divided  into  of  a 
degree  was  used  as  a  stirrer  and  indicated  the  rise  of  temperature,  which  was  in  all 
cases  read  off  four  minutes  after  the  introduction  of  the  oxide.  The  dissolution  of  the 
oxides,  which  were  finely  divided  and  added  in  small  quantities  (not  exceeding  1-2 
gram),  was  complete  in  two  or  tliree  minutes.  Taking  account  of  the  circumstance 
that  magnesium  nitrate  and  magnesium  hydrate  cannot  be  completely  freed  by  heating 
from  nitric  acid  and  water  respectively,  the  means  of  several  experiments  give  tho 
following  relative  values  : — 

Gram-degrees 

1  gram  of  Magnesia  heated  to  440        .       .       .  874 
„  .,  ,,  dull  redness  .       .  875 

l)right  redness       .  867 
Zinc  oxido  „  350°      .       .  .261 

„  „  „  dull  redness  .       .  266 

„  ,,  ,,  bright  redness       .  264 

From  the  first  three  values,  Marignac  does  not  think  himself  justified  in  concluding 
that  the  heat  of  solution  of  magnesia  is  diminished  by  previous  strong  ignition,  since 
the  differences  fall  within  the  limits  of  probable  experimental  error  ;  but  he  regards 
them  as  showing  at  least  that  no  increase  takes  place.  The  three  values  for  zinc 
oxido  likewise  do  not  exhibit  any  appreciable  alteration  in  the  lieat  of  solution,  the 
somewhat  smaller  number  obtained  at  350°  being  probably  due  to  a  residue  of  0'5  p.c. 
of  water.  As  the  most  probable  absolute  values  of  the  heat  of  solution  of  1  gram  of 
the  oxides  in  dilute  sulphuric  acid,  Marignac  gives  for  magnesia  905,  and  for  zinc- 
oxide  275  gram-degrees.  He  is  of  opinion  that  Ditto's  observations  are  affected  l)y  an 
error  arising  from  tho  calorimetric  method  employed.  • 

Tbermal  ISffects  of  tbe  Combination  of  Alcobols  witb  Sases. — Berthelot 
{  Cunqit.  roic?.  Ixxiii.  663)  has  examined  the  thermal  effects  of  the  combination  of  bases 
with  alcoliols,  phenols,  and  aldehydes,  and  with  some  compounds  v^-hich,  like  salicylic 
acid,  have  a  character  intermediate  between  acids  and  alcohols,  -with  the  view  of  throwing 
some  light  upon  the  chemical  character  of  those  bodies.  The  calorimeters  used  were  of 
platinum,  holding  about  600  cubic  centimeters  tip  to  1  litre  and  2'25  litres  of  liquid  ; 
these  were  placed  within  a  vessel  having  several  concentric  walls,  some  of  whicli  were 
lined  with  silver-plate,  the  rest  with  tin-plate.  The  external  compartment,  -which  was 
very  large,  was  filled  with  water  several  days  before  the  experiment.  The  thermometers 
used  indicated  differences  of  temperature  within  Tji^;  of  a  degree.  When  the  liquids 
operated  iipon  contained  half  an  equivalent,  which  was  most  frequently  tho  ease, 
they  were  called  normal  solutions,  but  sometimes  they  contained  only  one-quarter  of 
an  equivalent  in  1  litre. 

Ethyl  Alcohol. — It  is  well  known  that  the  alcoholates  of  barium,  potassium,  sodium, 
are  decomposed,  gradually  at  least,  by  water ;  and  that  the  presence  of  an  excess  of 
water  does  not  permit  their  existence  is  shown  by  mixing  a  solution  of  alcohol  (32 
grams  in  1  litre)  -with  a  solution  of  potash  (20-2  grams  of  K-0  in  1  litre).  The  rise 
of  temperature  observed  was  '005°,  which  is  so  small  that  it  falls  within  the  errors  of 
experiment,  and  may  be  neglected.  Also,  if  the  water  be  added  after  the  mixing  of  the 
alcohol  and  the  potash  (160H^O  for  C-H"0),  the  formation  of  the  alcoholate  is  com- 
pletely stopped,  whilst  with  this  degree  of  dilution  the  polyatomic  alcohols  still  mani- 
fest their  affinity  for  the  alkalis. 

Glycerin. — The  thermal  reaction  taking  place  when  the  normal  solutions  are  mixed 
IS  expressed  as  follows  : — 

(C^H^O^  -f  Aq)  -f  (^-^      Aq  j  evolve  372  lioat-units. 

The  dilution  of  the  resulting  mixture  with  five  times  its  volume  of  water  produces 
an  absorption  of  363  heat-units.  The  heat  evolved  on  mixing  being  nearly  equal  to 
that  absorbed  on  diluting,  it  may  be  concluded  that  the  compound  formed  in  the  first 
reaction  is  destroyed  by  tho  addition  of  so  much  water. 

Further  experiments  showed  that  more  heat  is  evolved  on  adding  more  glycerin, 
as  well  as  on  adding  more  soda  to  a  solution  of  glycerin  containing  100  grams  in 
;i  litre. 
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These  oxperimente  lead  to  tlio  following  general  conclusions  : — 

1.  The  reaction  of  glycerin  upon  the  alkalis  produces  heat,  not  exceeding,  in  the 
case  of  the  normal  solutions,  the  j^gth  part  of  the  heat  evolved  by  the  combination  of  an 
aoid  with  a  base. 

2.  The  heat  increases  with  the  number  of  equivalents  of  glycerin  ac^dod  to  1  equiva- 
lent of  sodium  hydrate,  and  vice  versa,  without  being  proportional  to  the  quantities 
added,  either  of  the  one  or  the  other  compound. 

3.  The  heat  diminishes  as  the  dilution  becomes  greater,  and  none  at  all  is  evolved 
in  the  presence  of  1200  H-0.  In  short  the  compound  formed  in  a  concentrated  solution 
is  decomposed,  with  absorption  of  heat,  on  the  addition  of  a  sufficient  quantity  of  water. 

Those  phenomena,  particularly  the  continual  division  of  the  base  between  the 
alcohol  on  the  one  and  the  water  on  the  other  side,  may  bo  considered  as  characteris- 
ing in  general,  and  almost  numerically,  the  combination  of  bases  with  alcohols  ;  they 
differ  from  the  phenomena  attending  tlie  combination  of  bases  with  true  acids,  inas- 
much as  the  neutral  salts  of  the  latter  are  formed  in  fixed  proportions,  and  are  not  de- 
stroyed by  the  addition  of  any  amount  of  water. 

3Iaiimie.— The  thermic  reaction  observed  on  mixing  the  normal  solutions  was — 

(C''II"0»  +  Aq)  +  +  Aq^  evolve  1.107  heat-units. 

The  heat,  although  much  more  considerable  than  in  tlio  case  of  glycerin,  is  still  only 
the  jr.th  part  of  the  heat  of  combination  of  the  true  acids. 

On  adding  the  soda,  successively,  the  following  results  wore  obtained  :— 

Heat-units 

(C-H'^O"  -i-  Aq)  +  'j  +  Aq^  evolve  +  696 

+  -^  Aqj      ,.  +372 


That  is  . 


.,  -1-1.058 


which  value  agrees  with  the  first  determination. 

The  addition  of  another  i^— +         evolved  +  151 

Total  ..    +  1,209 

The  evolution  of  heat  does  not,  therefore,  increase  proportionately  to  the  weight  of 
sodium  hydrate  added. 

The  absorption  of  1,430  heat-units  observed  on  diluting  the  solution  obtained  in 
this  experiment,  proved  the  decomposition  of  the  eomjiound  formed  in  the  concentrated 
liquid. 

The  reaction  (CsH"0"  +  Aq)  +  ^-^^^'^  +  Aq^  produced  1,U5  h.u.,  that  is  to  say, 

almost  the  same  as  when  sodium  hydrate  is  taken. 

Lime  in  its  reaction  with  mannite  was  found  to  be  thermieally  equivalent  to  potnsh 
or  soda. 

In  general,  whether  an  alcohol  combines  with  an  acid  to  form  an  ether,  or  with  a 
base  to  form  an  nlcoholato,  it  appears  that  the  amount  of  combination  ticking  place 
always  depends  upon  the  quantity  of  water  present,  which  itself  exhibits  a  strong 
tendency  to  combine  with  the  acid  or  base. 

Although  in  the  reactions  of  etherification,  equilibrium  is  obtained  after  a  consider- 
able time  only,  while  the  formation  and  decomposition  of  the  alcoholates  in  the  pre- 
sence of  water  seems  to  be  instantaneous,  it  appears,  notwithstanding  this  difference, 
that  the  combination  of  alcohols  with  acids,  as  well  as  with  bases,  obeys  laws  of 
chemical  statics  which,  tliough  less  general  but  more  simple,  predominate  in  the  forma- 
tion of  neutral  salts. 

Gum. — 300  CO.  of  a  solution  of  1  part  of  gum  in  100  parts  of  water  were  mixed 
with  134  c.  c.  of  a  solution  of  soda  (24-6  per  litre). 

The  heat  evolved  was  +132  units 

The  addition  of  137  c.  c.  of  soda-solution  produced    .       .    +  29  ,, 
Finally,  the  addition  of  other  39  c.  c.  produced  .       .       .    +  6 
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The  Iient  nbsorbcd  on  adding  .5  volumes  of  water  to  tho  mixture  was  —174  units, 
•vrliich,  differing  Tory  little  from  the  Iieiit  of  combination,  indicates  an  almost  complete 
decomposition  of  the  compoimd  at  first  formed. 

Fhciiol. — 100  parts  of  -water  dissolve  1  part  and  more  of  crystallised  phenol,  2,07o 
he;it-uaits  being  absorbed  during  the  solution  of  every  04  grams  (tlie  molecular  weigiit) 
of  plieiiol.  When  a  solution  of  this  strength  acts  upon  an  equivalent  solution  of  so(ia 
occupyiiig  a  ten  times  smaller  volume,  the  folio-wing  reactions  are  observed: — 

(CTPO  +       Aq)  +      ^5^  +  Aqj  evolve  +  7,310  hcal-uniUs 
2(CTI«0  +        Aq)  +      ^^^"P  +  Aqj     „        +  7,  !20 
(C^ffO  +        Aq)       U  +  Aq^     „        +  7.W0 

(CTPO  ~   }^;-  Aq)  +      ^^'^2  +  Aq^    ..       +  7.390 

These  numbers  show,  1st,  that  only  one  plienate  of  sodium  is  formed  ;  2;id,  that  the 
evolution  of  hejit  is  independent  of  the  quantity  of  -water  present ;  and  that,  for  these 
reasons,  phenol,  in  accordance  with  other  properties  already  known,  seems  to  act  to- 
wards tho  alkalis  like  one  of  the  true  acids,  from  whioli  it  differs  by  having  only  half 

great  a  heat  of  combination.  . 

It  was  found  tliat  — 

(CH'^O  +  Aq)  +  ^?^  +  Aq^  evolve  7,510  heat-units. 

On  adding  tho  potash  in  successive  portions,  tho  heat  increased  proportionately  to 
the  quantity  of  base  added. 

AVith  ammonia  phenol  exhibits  peculiar  thermic  phenomena  : — 

(OTPO  +  Aq)  +  O'-t  (NIP  -1-  Aq)  evolves  1,270  heat-units 

530 
380 
340 
■  180 

2,700 

These  numbers  show  that  tho  heat  evolved  on  adding  ammonia  in  successive  portions 
to  phenol  is  not  proportional  to  the  quantity  added,  being  greater  for  the  earlier  tlian 
Ibr  tlio  later  portions.  This  result  is  attributed  by  Berthelot  to  the  partial  decompo- 
sition of  ammonium  phenato  by  water. 

Baryta  and  lime  gave  the  follov.'ing  results: — ■ 

(C»H«0  +  Aq)  +  +  Aq^  evolved  7,300  and  7,o30  hoat-units. 

(C^H'=0  -1-  Aq)  +  ^1^,-?  +  Aq^  7.480  hcat-uuits. 

No  more  heat  is  produced  by  an  excess  of  base. 

The  following  reactions  show  that  the  heat  evolved  is  in  proportion  to  the  weight  of 
base  added : — 

The  1st  third  of  barium  hydrate  added  evolved  2.500  heat-units 
„    2iid  „  „  .,  2,530 

.,    3rd  „  „  „  2,450 

The  phenates  of  the  alkali-metals  yield  their  total  heat  of  comL-ini-ition  at  tho 
moment  of  their  formation. 

The  fact  that  the  amount  of  heat  evolved  by  the  combination  of  the  hydrates  of 
potassium,  sodium,  barium,  and  calcium  witli  phenol  is  very  nearly  the  same,  and 
that  it  is  scarcely  influenced  by  the  greater  or  smaller  quantity  of  water  present, 
strengthens  the  conclusion  arrived  at  before,  as  to  the  close  relationship  of  phenol  to 
the  true  acids. 

TrinitropJicnol,  or  Picric  Acid. — That  picric  acid  possesses  the  character  of  a  true 
acid  is  shown  from  the  following  results  : — 

The  heat  of  combination  with  Potash     is  13,800  units 
Soda        .,  13.700  „ 
„  ,,  Amnaonia  ,,  12,700  „ 
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Tlie  addition  of  a  second  equivalent  of  soda  produces  no  more  Iioa.t.  The  behaviour 
of  ammonia,  on  Leing  added  by  successive  thirds,  is  illustrated  by  the  following 
Uible:— 

The  1st  third  of  an  equivalent  of  ammonia  added  evolved  4,240  heat-units 
„    2nd  „  „  „  4,200 

„    3rd  „  „  „  4,270 

4tK  „  „  .,  — 


It  appears,  then,  that  neither  an  acid  nor  a  basic  ammonium  salt  can  have  been 
formed. 

The  heat  absorbed  during  the  solution  of  picric  acid  was  found  =  7,000  units. 

Aldehyde. — The  solution  of  1  mol.  of  aldehyde  in  water  produces  .3,620  heat-units, 
tliree-fourths  of  which  are  evolved  almost  instantaneously,  whilst  several  minutes  are 
required  for  the  liberation  of  the  remaining  fourth.  Tliis  large  evolution  of  heat  seems 
io  indicate  the  formation  of  a  definite  compound,  with  a  constitution  perhaps  resem- 
biiiiij;  that  of  the  hydrate  of  cliloral. 

On  mixing  equivalent  solutions  of  aldehyde  and  of  sodium  hydrate,  it  was  found 
that 

(C-H^O  +  Aq)  +  (NaHO  +  Aq)  evolve  4,326  heat-units, 

which  is  about  one-third  part  of  tlio  heat  of  combination  of  the  true  acids. 

Here,  also,  a  little  more  than  lialf  of  tlie  heat  is  given  oiF  at  once,  whilst  the  second 
half  requires  four  or  five  minutes.  Dilution  of  the  mixture  obtained  with  five  times 
its  volume  of  water  causes  an  absorption  of  1,510  Iieat-units,  indicating  a  decomposition, 
at  least  partial,  of  the  compound  at  first  formed.  It  appears,  therefore,  that  aldehyde 
partakes  of  the  character  of  an  acid  as  well  ns  of  a  base;  the  combination  with  water, 
liowever,  and  the  evolution  of  the  heat  of  combination  in  succes.sivc  unequal  quantities, 
are  phenomena  peculiar  to  aldehyde. 

Alcoholic  acids. —  1.  Salicylic.  The  first  of  these  compounds  behaves  as  a  mono- 
basic acid  and  as  an  acid  alcohol  at  the  same  time.  Tlie  heat  evolved  on  mixing  a 
solution  of  salicylic  acid  with  a  solution  of  sodium  hydrate  is  14,600  units,  which 
number  agrees  with  its  first  character. 

When  a  second  equivalent  of  soda-solution  is  added,  the  liquid  becomes  too  dilute  for 
the  exhibition  of  any  sensible  increase  of  heat. 

Cn^O'  (cr>-stallised)  -}-  ^  +  Aq  ^  evolves  .       .       .    5,270  heat-units 

On  addition  of  a  second  equivalent  of  soda  evolves  .  .  .  2,000  „ 
Then,  on  dilution  with  a  five-fold  volume  of  water    ,       .       .  —  2,050  „ 

whence  it  appears  that  the  bibasic  salicylate  is  decomposed  by  a.  large  quantity  of 
water,  wliereas  the  monobasic  salt  is  independent  of  tlie  quantity  of  water  present. 
2.  Lactic  acid,  CH^O-'. — 1  equivalent  (  =90  grams)  was  dissolved  in  2  litres  of  water 


and  half  an  equivalent  of  soda  in  1  litre  of  water : — 
(CTIoQ'  +  Aq)  +  i  ^  ^l"'-   +  Aq  j  evolve  ....    6,810  beat-units 

+  ^  Aq)       „  ...    6,520  „ 

13,330 

In  another  experiment        .  •  13,440 

On  further  addition  of  1  eq.  soda  210 

Then,  on  dilution  with  5  vol.  water   70  ,. 

3.  Tartaric  acid,  C'H«0":— 

(C'H<Na=0'=  +  Aq)  -t-  •*  Aq.  gave        ....     -50  heat-units 

On  dilution  with  an  equal  volume  of  water  —35 

Therefore,  in  the  union  of  the  neutral  tartrate  with  soda      .       .     +  30 


It  appears,  then,  that  the  alcoholic  acids  exhibit  their  double  function  l)y  tlio  quan- 
tities of  heat  developed  in  their  combination  with  bases.  Their  acid  cliaracter  shows 
itself  in  all  cases  by  the  evolution  of  a  quantity  of  heat  proportional  to  the  quantity 
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of  base  added,  and  independent  of  the  quantity  of  water  present  so  long  as  a  neutral 
salt  is  being  formed.  The  alcoholic  character,  on  the  other  hand,  is  exhibited  espe- 
cially in  the  action  of  bases  in  very  concentrated  solutions,  and  by  the  rapid  diminu- 
tion of  the  thermic  effects  on  dilution  witli  water. 

Tbermic  Relations  of  tbe  Cyanogen  Compounds  (Borthelot,  Compi.  rend. 
Ixxiii.  448). 

1.  Hydrocyanic  acid. — A  known  weight  of  the  acid  was  decomposed  by  very  strong 
hydrochloric  acid,  the  mixture  was  diluted  with  water  after  the  reaction  was  com- 
pleted, and  the  evolution  of  heat  determined : 

Heat-units 

HCN  (pure  and  liquid) -fHCI  (dilute)  +  2H=0  =  CH'0=  (dissolved) 

+  NH^Cl  (dissolved)  gave    + 10,900 

and 

C  +  H  +  N  =  CNH  (pure  and  liquid)  „  -37,700 

The  same  acid  on  dissolving  in  Avater  may  evolve  or  absorb  heat,  according  to  cir- 
cumstances. "With  a  largo  quantity  of  water  400  units  are  evolved.  The  heat  of 
volatilisation  of  HCX  is  o,700  units.  Hence: 

Heat-units 

Formation  of  the  dissolved  acid  from  its  elements     ...    —  37,300 
,,  gaseous  „  .,  ...    —  43,400 

Heat  of  combustion  of  liquid  hydrocyanic  acid         .       .       .  +166,000 
,,  ,,         gaseous  „  ...  +172,000 

Hydrocyanic  acid,  like  other  bodies  whose  formation  from  their  elements  is  attended 
with  absorption  of  heat — acetylene,  for  example — is  very  much  inclined  to  condensation 
and  polymerisation. 

From  an  examination  of  tlie  other  methods  of  forming  this  compound,  Berthelot 
infers  that  if  it  could  be  produced  by  directly  combining  cyanogen  and  hydrogen,  each 
equivalent  would  absorb  —4,800  heat-units.  This  reaction,  as  shown  by  Gay-Lussae, 
and  confirmed  byBertlielot,  does  not  take  place.  Assuming  this  number  from  a  priori 
considerations,  it  may  be  compared  with  the  heat  of  formation  of  the  analogous  com- 
pounds of  chlorine,  bromine,  and  iodine: 

Heat-units 

CIH  +23,900 

BrH  + 12,300 

IH  +  800 

CyH  -  2,400 

The  first  three  are  formed  directly,  but  with  increasing  difficulty  as  they  descend  in 
the  series  ;  the  last  cannot  be  formed  direetlj'. 

Hydrocyanic  acid  is,  however,  formed  directly,  witli  absorption  of  heat,  from  acetylene 
and  nitrogen,  under  the  influence  of  the  electric  spark : 

C-H=  +  N=  =  2CNH       ...    -  4,200  heat-units. 

The  production  of  hydrocyanic  acid  (formonitril)  from  ammonium  formate  throws 
some  light  on  the  theory  of  the  amides : 

CH=0=.NH'  =  CHN  +  2H^0. 

This  equation  represents  the  full  dehydration  of  ammonium  formate.  If  it  took 
place  at  ordinary  temperatures  with  the  solid  salt,  and  with  production  of  water  and 
liquid  hydrocyanic  acid,  there  would  be  an  absorption  equal  to  —13,400  heat-units;  if 
tlie  salt  were  dissolved,  and  the  products  were  water  and  gaseous  hydrocyanic  acid, 
the  absorption  would  be  about  —36,000  units.  But  the  dehydration  might  be  accom- 
plished in  two  steps,  formamide  and  water  being  first  produced  : 

CH=0=.NH'  =  CONH»  +  H=0 ; 

and  the  formamide  being  then  converted,  by  further  loss  of  H-0,  into  formonitril  or 
hydrocyanic  acid  ;  and  in  the  two  phases  of  this  deliydration  equal  quantities  of  heat 
should  be  absorbed.  This,  however,  would  be  true  for  gaseous  products  only.  The 
combination  of  the  elements  of  water  with  the  amide  to  form  the  ammonia  salt  dis- 
engages 1,400  heat-units;  with  the  nitril,  10,800. 

7^)/ans~itcm  Cyanide. — Experiment  gives  the  following  data  : — 
Hydrocyanic  aeid,  in  dissolving  in  40  times  its  weight  of  water,  emits  heat  cqu;il 
to  too  heat-units.    Dilute  hydrocyanic  aciil  and  dilute  potash  give  +  2,960  units. 
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PoOissiuni  cyanide  when  dissolved  in  a  largo  quantity  of  water,  absorbs  lieat  equal  to 
2,960  units. 

From  theso  data  the  hoat  of  formation  of  potassium  cyanido  from  its  elements  may 
be  deduced,  namely,  —12,200  heat-units. 

When  cyanogen  unites  with  potassium,  there  is  a  disengagement  of  heat  equivalent 
to  53,000  units.  This  number  is  loss  than  that  which  the  analogous  elements  give 
in  their  imion  with  potassium,  viz.  :  -,t  ^ 

CIK  -f  102,702 

BrK  +  89,200 

IK  +  76,300 

The  heat  evolved  in  the  combination  of  hydrocyanic  acid  with  j)otash  is  less  than  that 
produced  in  the  union  of  the  same  base  with  other  acids,  organic  or  inorganic ;  con- 
sequently, hydrocyanic  acid  is  expelled  from  solutions  of  potassium  cyanide,  even  by 
carbonic  acid.  Potassium  cyanide,  when  dissolved,  changes  into  potassium  formate 
and  ammonia,  with  disengagement  of  heat : 

CNK  -!-  2H-0  -  CHKO'-  +  NH^    .       .       .    +  8,500  heat-units. 

Anunoniuin  Cyanide. — Ammonia  in  solution,  and  hydrocyanic  acid  also  in  solution, 
give  on  uniting  about  1,300  heat-units.  Recently  prepared  ammonium  cyanide  dis- 
solved in  180  parts  of  water  absorbs  4,400  heat-units.  From  these  data  we  can 
deduce  the  amount  of  heat  disengaged  when  the  two  gases  unite,  namely  20,500  imits. 
This  is  only  half  the  amount  which  chlorine,  bromine,  and  iodine  give  \uider  similar 
conditions.    Starting  from  the  elements,  we  should  have  : 

C-  -t-  N-^  -)-  2H=  =  CNH.Nff  (solid)    .       .       .    +  5,500  heat-units. 

Mercuric  Cyanide. — The  formation  of  this  cyanide  from  the  elements  themselves 
(C-  +  N-  +  Hg  =  HgC-N-)  would  be  accompanied  by  an  absorption  of  about 
82.000  heat-units. 

The  simple  substitution  of  chlorine  for  cyanogen,  with  formation  of  mercuric 
chloride  (C-N-Hg  4-  CP  =  CPHg  +  C-N-),  would  disengage  50,000  heat-units,  or 
25,000  for  each  atom  of  cyanogen  ON ;  almost  the  same  amount  as  that  which  is  dis- 
engaged when  chlorine  is  substituted  for  cyanogen  in  hydrocyanic  acid.  The  actual 
reaction,  Cy-Hg  -f  2CP  =  CPHg  -h  2CyCl,  gives  -(-  86,000  heat-units,  the  cyanogen 
chloride  being  supposed  to  be  gaseous. 

Potassium  Cyanate. — Tliis  body,  when  decomposed  by  hydrochloric  acid  in  presence 
of  sufficient  water  to  dissolve  the  liberated  carbonic  acid,  disengages  28,*800  heat-units. 
The  solution  of  the  cyanate  in  300  parts  of  water  absorbs  5,200  heat-amits.  From 
this  we  may  deduce  that  in  tlie  formation  of  this  salt  from  its  elements  108,400  heat- 
units  would  be  disengaged.  The  union  of  the  cyanide  with  oxygen  to  form  the  cyanate 
Avould  thus  give  108,400  -  12,200  =  96,200  units. 

Potassium  cyanate,  when  dissolved,  changes  by  degrees  into  jiotassium  carbonate 
and  ammonium  carbonate.  In  tliis  decomposition  23,300  units  of  lieat  are  evolved, 
or  less  by  about  5,500  units  than  in  the  reaction  w-ith  hydrochloric  acid.  The  de- 
composition of  the  molten  cyanate  by  aqueous  vapour  into  potassium  carbonate,  carbon 
dioxide,  and  ammonia  gas,  gives  about  13,000  heat-units.  This  explains  the  great 
care  required  in  the  preparation  of  potassium  c  anide,  to  prevent  access  of  oxygen  and 
water-vapour,  inasmuch  as  the  reaction 

2CNK  +  0-  +  ZWO  =  Jv-CO='  +  CO-  +  2NH^ 
gives  nearly  220,000  units  of  heat. 

Cyanogen  Chloride. — The  mixture  of  cyanate  and  carbonate  olitained  by  the  action 
of  potash  on  this  Ijody  was  converted  by  hydrochloric  acid  into  carbon  dioxide  and 
sal-ammonia.  The  entire  reaction  gave  rise  to  the  evolution  of  61,700  units  of 
heat.    The  heat  of  volatilisation  of  cyanogen  chloride,  CyOl,  is  8,800  units.  From 


these  data  the  following  results  arc  deduced : — 

Heat-units 

C  H-  N  +  CI  =  CNCl  (liquid)        .       .       .  -14,.500 

=  CNCl  (gaseous)      .       .       .  -23,300 

Moreover,  Cy  -h  CI  =  CyCl  (Hquid          .       .       .  -f  26,500 

=  CyCl  (gaseous)      .       .       .  4-17,700 
Cyanogen  Iodide. — Berthclot  found — 

CyK  (dissolved) -I- 12  =  Cyl  (dissolved) -i-  KI  (dissolved)  +  6,400 

Cyl  in  dissolving  in  much  (75  pts.)  water         ...  -  2,800 

Hence  C  -)-  N  +  I  =  CNI  (soli<l)   -53,100 

Cy  -1-  1  =  CNI  (solid)   -12.100 

If  all  the  bodies  are  gaseous  about  -  10,400 
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Cijanogcn  Bromide. — In  like  manner —  Heat-units 
CyK  (dissolved)  +  Br^  =  CyBr  +  KBr  ....       35,400  (?) 
Hence  C  +  N  +  Br      =  ONBr  (dissolved)    .       .       .  -40,000 
=  CNBr  (solid)  .       .       .       .  -37,000 

Cy  +  Br  =  CyBr  (solid)  +  40,000 

If  all  tho  bodies  are  gaseous  ....  about  —  1,000 
The  combination  of  cyanogen  -with  chlorine  yields  therefore  a  large  quantity  of  heat, 
■with  bromine,  less  or  none,  according  to  the  state  of  the  resulting  bromide,  while  with 
iodine,  there  is  always  absorption  of  heat.  Consequently,  the  iodide  and  even  the 
bromide  of  cyanogen  cannot  bo  formed  by  direct  combination,  but  they  are  produced 
by  the  use  of  potassium  cyanide,  through  the  intervention  of  the  supplementary  energy 
arising  from  the  formation  of  bromide  or  iodide  of  potassium. 

In  fui-thcr  illustration  of  the  different  behaviour  of  chlorine,  bromine,  and  iodine, 
Berthelot  adduces  some  of  the  results  formerly  obtained  by  himself  and  Longuinine 
(Compt.  rend.  six.  626),  with  regard  to  tlie  substitution  of  those  elements  for  hydrogen 
in  cyanogen  chloride  and  in  acetic  acid  : — 

Simple  substitution  of  H  by  CI  . 

H  „  Br  . 
II  .,    I  . 

Action  of  CP,  with  formation  of  HCl  +  KCl 
Br-  „  HEr+EBr 

I-  „  HI    +  111 

Heat  evolved  in  the  Formation  and  various  Reactions  of  tbe  Oxides  of 

Kltrogen  (Berthelot,  Compt.  rend.  hixnVi.  162,  205). 


CNU  c=H'0= 

+  23,000  +   6,000  heat-units 

0  -  2,000 

—  15.000  -14,000  ., 
47,000  -f  30,000  „ 

+  8,000  +  6,000 

-  11,000  -18,000 


I.  Heat  of  Formation  of  the  Nitrogen  Oxides. 

Heat-UEits  Diff. 

Monoxide  +  0  =  NO  (gas)  —18,000  -68,800 
Dioxide     W-  -^  0=  =  N0=    „      -86,800  22,000 

Trioxide    N-  4-0^=  N0=    .,      -64,800  -f- 16.200 

Tetroxido  W  -i-  0^  =  NO'  -48,600  +  3,400 

Pentoxidc  N-  -f  0^  =  NO^    „  -45,200 

Tho  numbers  in  this  table  are  of  course  not  obtained  by  direct  experiment,  but  are 
calculated  from  a  number  of  reciprocal  transformations  of  the  several  oxides  and  acids 
of  nitrogen. 

A.  comparison  of  the  results  shows  that  the  progressive  formation  of  tho  oxides 
of  nitrogen  follows  a  peculiar  course.  In  all  cases  there  is  an  absorption  of  heat, 
which  is  greater  for  the  second  than  for  the  first,  but  is  progressively  smaller  for  tho 
last  three.  The  formation  of  the  most  soluble  compound,  the  tetroxide,  is  not  at- 
tended with  either  a  maximum  or  a  minimum  of  absolute  heat.  Neither  do  tho  quan- 
tities of  heat  concerned  in  the  formation  of  the  different  oxides  exhibit  any  simple  re- 
lation. 

As  the  formation  of  all  the  oxides  of  nitrogen  from  their  elements  is  attended  with 
absorption  of  heat,  their  decomposition  must  be  attended  with  evolution  of  heat. 
Nevertheless,  these  compounds  are  not  of  themselves  explosive ;  the  dioxide,  the  for- 
mation of  which  is  attended  witli  the  greatest  absorption  of  heat,  is  the  only  one  that 
is  easily  resolved  into  its  elements.  The  heat  absorbed  in  its  formation,  —86,800,  is 
near  to  that  for  cyanogen  ( —  82,000  for  C'N-),  and  for  acetylene  (CH-) ;  and  these 
three  bodies  all  exhibit  a  power  of  combination  approaching  nearly  to  that  of  the  simple 
radicles.  These  facts  explain  why  the  oxides  of  nitrogen  are  never  formed  by  direct 
combination,  their  formation  always  requiring  the  aid  of  an  extraneous  energy,  such  as 
electricity,  or  the  simultaneous  occurrence  of  another  chemical  reaction. 

The  same  facts  explain  the  great  energy  of  explosive  mixtures  and  compounds  con- 
taining an  oxygen-compound  of  nitrogen.  The  force  of  gunpowder  and  other  explosive 
mixtures  depends,  partly  on  the  volume  of  tho  gases  produced,  and  on  the  temperature, 
i.  c.  on  the  quantity  of  heat  set  free  on  tho  decomposition.  Tho  latter  has  been  bnt 
imperfectly  determined  by  experiment ;  the  following  numbers  are  more  exact : — 


N 

0» 

K 

N0=K  s 

ilid.  OTolrcs  -i- 02,800 

N 

+ 

0» 

Na  = 

NO^Na 

+  85,600 

N 

0^ 

As  = 

NO^Ag 

+  n,500 

N= 

0' 

H' 

NO^NH' 

+  80.700 

N 

0' 

+ 

n  = 

+  19,000 
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11.  Reciprocal  Transformaiions  of  ike  Nitrogen  Oxides. 

Ilcat-units 

C  N=0  =  N-     +  0  .       .    +  18,000  (heat  or  electric  spark), 
moxide  ]  2N'0  =  N-     +  .    -51,800  (imaginary  reaction). 

(■IN^O  =  3N-  +  N-0'     .    +  11,400  (spark). 

<  N-0=  =  N=     +  0'^        .    +  86,800  ;  then  +  F-0-  =  X-O',  or 
\2WO-  =  N=     +  N'0<     .        125.000  (heat  or  spark). 
\  N^O'  =  ]SI=0  +  0-        .         68,800 ;  then  +  N'^O'^  =  lN-0^  or 
J2N=0=  =  N=0  +  N=0'     .        91,000  (heat  or  spark). 

<  N-O^  =:  N=0=  +  0  .  -  22,000;  then  +  WO^  =  N=0',  or 
i2N-05  =  N-0-  +  N-0*     .    -  5,800 


Dioxide 


Trioxide 


Thctrioxide  dissolves  in -water  without  apipreciablo  decomposition  when  the  quantity 
of  vater  is  large  and  the  temperature  low;  but  with  insufficient  water  or  an  elevated 
temperature,  a  double  dissociation  appears  to  take  place,  part  of  the  hydrate  being 
decomposed  into  water  and  anhydride,  and  a  portion  of  the  latter  into  dioxide  and 
oxygen.  •  The  oxygon  converts  a  furtlier  portion  of  nitrous  acid  into  nitric  acid,  and 
the  dioxide  is  evolved  until,  by  the  destruction  of  the  nitrous  acid,  the  solution  has 
become  so  dilute  that  the  tension  of  dissociation  is  balanced  by  the  dioxide  which  re- 
mains dissolved. 

f  N^O'  =  N=       +  0'     .       .    +  48,600  (spark). 
Tetroxide-    N-'0<  =  N'O^   +  0      .       .    - 16.200 ;  then  +  N-0'  =  N^O',  or 

t2NW  =  NW    -f  N^O^gas)  .  -12,800. 

The  last  reaction  is,  however,  imaginary.  It  is  noticeable  that  the  parallel  reaction 
of  the  dioxide  is  real,  and  disengages  heat;  that  of  the  trioxide,  which  absorbs  a  small 
amount  of  heat,  leads  to  a  dissociated  system,  and  that  of  the  tetroxide,  which  theo- 
retically absorbs  a  larger  quantity  of  heat,  cannot  bo  effected. 

Pcntoxide. — N^O^  (gas)  =  N=0^  H-  O    .       .       .    3,400  heat-units. 
The  inverse  reaction  does  not  appear  actually  to  Uiko  place.    In  the  case  whore  both 
N-'O'  and  N'-'O'  are  liquid,  this  reaction  woulil  produce  no  thermic  effect  whatever. 

Tile  difrerrnt  modes  of  action  between  nitrogen  tetroxide  and  water  may  be  well 
illustrated  by  filling  two  tubes  of  different  diameters  with  the  vapours  of  the  dry 
tetroxide,  leaving  rather  more  of  the  liquid  in  the  narrow  tube  than  in  the  wide  one. 
After  cooling,  the  tubes  are  opened  under  water,  when  the  wide  one  fills  entirely, 
owing  to  the  reaction,  N-O*  +  nWO  =  NO»H  (dilute)  +  NO-H  (dilute)  (which  dis- 
engages 13,600  heat-units  for  N"0'  =  92  grams).  In  the  narrow  tube,  the  vapotirs 
(and  especially  the  liquid  tetroxide),  coming  in  contact  with  a  smaller  quantity  of 
water  at  once,  decoinpose  thus  : 

3N=0'  +  nWO  =  4N0^H  (dilute)  +  N^O^    .       .       .     -h  8,800  for  N^O'. 
The  tube  remains  partly  filled  with  the  dioxide. 


III.  Action  of  Metals  on  Nitric  and  Nitrotis  Acids. 

N-0'*H-'0(<lilute')  =  N-0' (gas)         +H20+  0  (combined)  disengages -33,200+  Q* 

=  N=0'(gas)         +W0  +  20  „  „  -  49,400 +  2Q 

=  N-''0' (dissolved) +  H20 -1-20  „  „  -36,400+  2Q 

=  N=0-  +H-0  +  30  „  „  -  71,400 +  3Q 

=  N20  +  IPO +  40  „  .,  +  2,600 +  4a 

=  N=  +ITO  +  50  ,.  ,.  _  15,400 +  5Q, 

N-0' dilute  =  N-0-  +    0  (combined)  disengages  -35,000+  Q 

=  N-      +30  „  „  -  51,800 +  3Q 

The  value  —41,400  obtained  by  Favre  for  the  reduction  of  WO^  to  N-0'  has  been 
hitherto  accepted.  The  presence  of  9  p.e.  of  N'O  or  6  p.c.  of  free  nitrogen  in  the  gas 
evolved  by  the  action  of  copper  on  nitric  acid  would  account  for  the  discrepancy. 

IV.  Formation  of  Ammonia  from  Nitric  Acid. — If  nitric  acid  bo  reduced  to  ammonia 
by  the  nascent  hydrogen  evolved  by  a  metal  from  dilute  sulphuric  or  hydrochloric 
acid,  the  reaction  NO'H  (dilute)  +  8H  =  Nff  (dilute)  +  3H=0  evolves  +21, .500. 
With  nitrous  acid  the  reaction  is  : 

N=03  (dilute)  +  6H'  =  2Nn'  (dilute)  +  3H-0  .       .       ,    h  329,000. 


Q  is  the  qnraitity  of  heat  produced  by  the  union  of  16  grams  of  oxvgen  witli  the  uictid  employed. 
2ndSiqji.l.  SS 
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V.  Decom2)ositwn  of  Ammonium  Xi irate. — This  salt  is  capable  of  decomposition  in 
five  different  ways  : — 

Heat-units 

(NO'NH*  solid  =      N=0  +  2H-0  liquid    .       .       .  +57,300 
^     I     „       fused  =      N-0  +  2H-0gas       .       .       .    +46,000  about 

(2)  „         „      =      N=  +  0  +  2H-''0gas        .       .  +64,000 

(3)  „        „      =      N  +  NO  +  2H-'0gas       .       .  +21,000 

(4)  „         „      -■=  UN  +  iNO-  +  2H-0gis     .       .  +52,000 

(5)  „  „  =  'NO^H  gas  +  NH^  gas  .  .  -  30,000  about. 
The  first  four  of  these  reactions  correspond  with  explosive  phenomena.    The  -vvidflj' 

different  quantities  of  heat  evolved  indicate  how  various  may  be  the  effects  of  the  same 
body  when  exploded  in  different  ways. 

VI.  Formation  of  Metallic  Nitrates,  and  of  ffi/dria  Nitrate. 

Heat-miits 

N=05  (solid)  +  BaO  =  BaN^O"  dry  .  .  .  +  81,400 
N-OMgas)  +  BaO  =  BaN^O'' dry  .  .  .  +111,200 
N^OVgas)  +  BaO  =  BaN^O' dry  .  .  .  +  67.600 
N=  +  H'  +  0»  =  HN'NO^  .  .  .  .  +  80.700 
N-  +  H'  +  0--  =  NH'NO-  .  .  .  .  +  57,600 
N    +  0'  +  II   =  HNOMiquid         .       .       .    +  19,600 

,,  ,,      gaseous       .       .       .     +   13,000  about. 

A  comparison  of  these  numbers  with  the  heat  of  formation  of  similar  compounds, 
such  as  barium  sulphate,  acetate  and  carbonate,  ammonium  chloride,  iodide,  sulphide 
and  cyanide,  and  of  nitric  with  hydrobromic  acid,  shows  that  these  reactions  present 
no  abnormal  characters. 

VII.  Heat  evolved  in  the  Formation  of  the  Onjanic  Derivatives  of  Nitric  Acid. — The 
followirig  determinations  have  been  made  by  Berthelot  {Compt.  rend.  Ixxiii.  260) : — 

Ethyl  Nitrate  * :  llcal-units 

C^H-^O  +  NO'H  =  IPO  +  C-H'(NO=)H  ,  .  .  58,000 
Nitroglycerin  : 

C^H'O'  +  SNO^H  =  3H-0  +  C^H-XNO^H)'  .  .  .  13,000 
Nitromannite  ; 

CH'^O"  +  6N0^H  =  6H=0  +  C«H=(NO^H)''  .  .  .  21,200 
Gun-cotton : 

C'^ff»0'»  +  5N03H  =  5H-0  +  C'=H"'05(N0'H)^  .  .  .  65,000 
Nitramidin  * : 

C''H'»0^  +  NO'H  =.  H=0  +  C«HsO'(NO'H)  .  .  .  12,000 
Nitrobenzene  *  : 

C^H"  +  NO^H  -  H-'O  +  CH'NO'-;  ,  .  .  36,200 
Dinitrobenzeno  : 

CH'NO^  +  NO'H  =  H-0  +  C'=H'(NO=)=  .  .  .  36,060 
Chloronitrobenzene : 

CH^Cl      +    NO'H  =  H-O  +  C'H'CKNO-)  .      .      .  36,000 

Nitrobcnzoic  acid   36,000 

The  explosive  force  of  these  bodies  is  greater  in  proportion  to  the  quantity  of  gas 
evolved  and  the  quantity  of  heat  of  their  (internal)  combustion.  The  development  of 
heat  attending  their  combustion  will,  however,  under  otherwise  similar  conditions,  be 
greater  in  proportion  as  less  heat  has  been  evolved  in  the  previous  combination  of 
the  nitric  acid  with  the  organic  body,  that  is  to  say,  in  proportion  as  the  energy  of  the 
nitric  acid  and  of  the  combustible  constituent  has  been  less  diminished  in  the  process 
of  combination.  The  quantity  of  heat  evolved  in  the  formation  of  nitroglycerin  is  about 
4,300  units  for  each  equivalent  of  nitric  acid.  This  is  much  less  than  for  ethyl  nitrate, 
and  shows  that  the  nitric  acid  and  glycerin,  in  entering  into  combination,  have  retained 
nearly  all  their  energy.  This  explains  the  ready  deComposibility  of  nitroglycerin  and 
its  formidable  effect. 


•  The  bodies  marked  witli  stars  were  prepared  with  nitric  acid  ot  5p.  gi',  I'oO  ;  the  rest  with  nitri- 
sulphuric  acid. 
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The  Heat-pheuomcna  accoini):inyliig  the  trausformation  of  Nitrogen  Tetroxido 
into  Nitric  Acid,  and  the  introduction  of  these  two  bodies  into  Organic  Compounds  have 
also  been  determined  by  Troost  a.  Hautefenille  (Compt.  rend.  Isxiii.  378),  with  results 
agreeing  nearly  with  those  of  Berthelot. — The  heat  evolved  in  the  combination  of  1 
ri].  liquid  nitrogen  tetroxide  with  oxygen  gas  to  form  nitric  anliydride,  N-0',  was 
found  to  be  23,600  units,  the  experiment  being  so  made  that  the  nitric  anhydride  was 
dissolved  in  100  parts  of  water.  The  reduction  of  nitric  anliydride  by  hydrogen,  with 
formation  of  nitrogen  tetroxide  and  water,  yields  therefore  34,460  —  23,500  =  10,960 
units  for  1  equivalent.  The  reduction  of  nitric  acid  to  nitrogen  tetroxide  disengages 
more  heat  the  greater  the  concentration ;  thus  acid  of  the  maximum  density  gives 
17,500  heat-units;  acid  of  sp.  gr.  1-48  gives  17,100;  acid  of  sp.  gr.  1-46 gives  16,900; 
and  acid  of  sp.  gr.  1-43  gives  15,300. 

The  heat  disengaged  in  the  reduction  of  nitric  acid  (whatever  be  its  state  of  con- 
centration) in  substitution  is  always  much  smaller  than  the  total  heat  observed  in  the 
combustion  of  the  substitution-compounds.  The  following  table  gives  the  principal 
results.  The  second  column  of  figures  shows  the  heat  disengaged  by  the  reduction  of 
the  nitric  acid  employed,  as  determined  in  each  case  : 


Products  o£  substitution 

Heat  disengaged  by 
an  equivalent  o£ 
the  organic  body 

Heat  disengaged  ia 
the  reduction  of 
the  nitric  acid 

Heat  lost  in  the 
combination 

Nitrobenzene 

38,400 

16,900 

21,500 

Dinitrobenzeue 

76,800 

34,400 

42,400 

Nitrotoluene 

38,000 

16,900 

21,100 

Dinitrotoluene 

76,000 

34,400 

41,600 

Nitronaplithalene 

36,500 

15,200 

21,300 

Dinitronaphthalenc 

73,000 

32,300 

40,100 

In  t  lie  production  of  nitric  ethers  the  amount  of  heat  disengaged  is  not  so  great  as 
with  the  substitution-compounds.    This  appears  from  the  following  table  : — 


Nitric  ethers 

,     Heat  disengaged  Ijy  au 
equivalent 

Heat  disengaged  by  au 
equivalent  of  the 
nitric  acid  used 

Nitroglycerin 

19,000 

6,330 

Gun-cotton 

.  1  52,000 

10,400 

Nitromannite 

.  i  24,500 

4,080 

These  results  confirm  Berthelot's  conclusion,  that,  for  a,  given  quantity  of  nitrogen 
entering  into  combination,  the  available  mechanical  work  is  greater  in  the  nitric  ethers 
than  in  the  nitro-substitution-products. 

Tbermochemical  Researcbes  on  the  Ammonia  Salts  (Berthelot,  Compt. 
rend.  Ixxiii.  745,  864,  957,  1003,  1050). — These  researches  are  divided  into  throe 
parts,  relating :  1.  To  the  formation  of  ammonium  salts  of  strong  acids,  such  as 
hydrochloric,  nitric,  and  sulphuric  acid.  2.  To  that  of  the  salts  of  weak  acids,  as 
carbonic,  boric,  hydrocyanic,  phenic,  and  sulphydrio  acid.  3.  To  tho  reciprocal 
actions  between  various  ammonium  salts  and  the  corresponding  salts  of  tho  alkali- 
metals. 

Part  1.  Ammo/tiiiiii  Salts  formed  by  Strong  Acids. 

Tho  toUowing  values  relate  to  liquids  containing  .\  cq.  in  a  litre,  so  that  their 
mixture  in  equal  volumes  yields  a  liquid  containing  eq.  of  neutral  salt  in  the  litre 
(1  :  210  H^O). 

HCl  +  NIP    12,030    12,270    mean  12,450  hoat-units 
IlNf)^  +  NH^    12,530    12,620      „  12,570 
iH-SO*       Nn»    14,750    14,320       „  14.530 
Those  numbers  are  not  sensibly  altered  by  the  addition  of  an  excess  of  water,  or  acid 
or  ammonia. 

These  values  were  determi7ied,  in  the  first  place,  by  the  reci'proccd  action  oj  acidf. 
and  salts.  The  diifercnce  K,  —  K  of  the  quantities  of  heat  evolved  in  tho  two  reactio'.is 
(e.g.  decomposition  of  'immonium  chloridt;  by  sulphm'ic  acid  and  of  ammonium  sul- 
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phate  by  hydroehlorie  acid)  is  equal  to  the  difference  of  the  heats  of  neutralisation  of 
ammonia  by  sulphuric  and  hydrochloric  acid  :  K,  — K  =  N— N, ; 

NH'.HCl  +  iH^SO'     .       .       .     +  388 
Nm^^mSO'  +  HCl  .       .       .       .     -  1,656\^'^^^  2'°^° 

Tnomsen  found  320  and  148. 

NH'.HNO'  +  iH^SO'      .      .       .      +    303  > 
NH^AH^SO<  +  HNO^       .      .       .     -1,7571'"°'^'^  ^'^'^^ 

Another  mode  of  determination  is  found  in  the  reciprocal  action  of  bases  or  salts.  The 
diiference  K,  — K  of  the  two  quantities  of  heat  thus  evolved  is  likevpise  equal  to  tlio 
two  heats  of  neutralisation  N  —  N, : 

-K  N-N, 
,480  1,180 


+ 

iK=0 

+  1,340 

+ 

NH'  . 

-  140 

iNa'^SO^ 

+ 

^iNa-O 

+  1,2.50 

+ 

Nff  . 

-  130 

'  NH^Cl 

-^K-O  . 

+  1.340 

KCl 

+ 

-NR"  . 

-  30 

NH'Cl 

+ 

^Na'-O 

+  1,330 

NaCl 

+ 

NIP  . 

40 

Berthclot 

Thomsen 

15,710 

15,645 

13,500 

13,750 

13,830 

13,770 

15,870 

15,690 

13,690 

13,740 

13,680 

15,570 

13,850 

13,950 

18,400 

18,450 

^  +  1,370  1,140 
1  +  1,370  1,240 

These  calculations  of  N  — N,  depend  upon  the  knowledge  of  the  developments' of 
heat  attending  upon  the  action  of  other  bases  on  tlie  same  acids. 

AH^SO*  +  iKO  .... 

HCl  +  ^K^O  .... 

HNO»  +  ^K'^O  .... 

^H^SO^  +  iNa^O  15,870 

HCl  +  ^Na'O  13,690 

HNO'  +  ^Na'-O  13,720 

^H^SO^  +  |CaO  16,020 

HCl  +  iCaO  (dissolved)    .  .   

iH'SO^  +  |Ba-'0  .... 

A  third  mode  of  determination  adopted  by  Berthelot  consists  in  causing  four  salts, 
formed  by  two  bases  and  two  acids,  to  act  on  one  anotlier  in  pairs  {the  reciprocal  ac- 
tion of  salts).  The  difference  of  the  two  thermal  effects  K,  —  K  is  said  to  be  equal  to 
the  excess  obtained  by  subtracting  the  difference  of  the  heat  of  neutralisation  of  the 
two  acids  by  the  one  base  from  the  same  difference  for  the  other  base  : 

Ki-K  =  (X-Ni)  -  (N'-N/). 

But  the  examples  adduced  do  not  afford  very  satisfactory  evidence  in  favour  of  this 
conclusion ;  it  is  difficult  to  see,  for  example,  in  what  sense  146  can  be  said  to  be  coual 
to  80. 

K,-K         (N-N,)— (N'-N/) 
i(NH^)=SO<  +  KNO^  .      .      •    -lOU  ,ofin  ro 

WiW  +  fflH')NO^     .       .    +  45J~^-^^    1,180-1,260  =  -80 
KNH*)^SO«  +  KCl     .       .       .  0}  1  180-1  140  -  +40 

K-SO'  +  (NH*)  .       .       .    _  24$ 1,180-1,140  _  +40 

KCl  +  NH^NGl      .      .    +IIIK022      i"6    iitn-  -120 
NH'Cl  +  KNO^O^       .       .    -114  +"^'^      126-1,140  -  ^120 


Part  2.  Ammonium  Salts  formed  hy  Weak  Acids 
Boric  Acid. 

Heat-iinil 

(1  eq.  cryst.  acid,  i.e.  70  grams  of  boric  auliydride  in  4  litres 

of  liquid)  +  NH'  (1  eq-  in  2  litres)   8,930 

+  NH' (second  eq.)   2,620 

+  NH'  (third  eq.)   1,050 

12,620 

20' (same  liquid)  +  NH^  (1  cq.  in  4  lit.)  8,440 

20'.i(NH')-0  (1  eq.  ill  4  lit.)  +  1  vol.  water     ....  -1.000 
5        .,  ....  -2,170 
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Ilcafc-nnits 

EHO' (1  cq.  iu  ■Hit.)  +  ANa-O  (1  eq.  in  2  lit.)      ....      n,660>,  „„„ 

+  ^N.V-O  (second  eq.)   8,260  J 

+    '.X-i-O  (third  eq.)  -  170 

B-0'  (simo  liquid)  +   '.Xii-O  (1  eq.  in -i  lit.)      ....  11,130 

l!-()\iN.'!-0  (1  eq.  in  I- lit.)  +   1  vol. -n-ater  -  .560 

+  T)       ,  -  780 

DisodieEoratoftheabovcliq.)-;-  5       ,.  --  145 

Trisodi.'  Borate       „  +5  -  16G 

Here  then  there  is  a  progro.s.«ivo  dooomposition  of  the  nninionium  borate  hy  water, 
duqier  and  more  rapid  than  that  of  the  sodium  borate. 

Carbonic  Acid. 
(iCO-  +  Aq)  +  + Aq)    .    .    .    6,3,50  hoat-units. 

This  value  relates  to  a  .solution  of  r2o0  grni.  carbonic  anhydride  in  the  litre  or  1  eq. 
of  salt  produced  in  20  litres. 

Moreover,  the  solution  of  ammonium  bicarbonate  in  50  pts.  water  gave  —6,280 
heat-units  for  1  cq.  A  solution  of  79  gms.  in  2  litres  gave,  on  dilution  with  9  vol.  water 
—  COO  heat-units  for  1  eq.  The  decomposition  of  this  salt  (1  eq.  in  20  lit.)  by  hydro- 
eldorie  ,acid  gave  3,320  units  ;  and  since  dis.solved  carbonic  acid  has  no  appreciable 
action  on  a  solution  of  sal-ammonium,  wo  have — 

(CO''  +  Aq)  +  (NH^-l- Aq)  =  12,450-  3,320  =  9,130  for  20  lit.  of  liquid, 
or  9,130+     GOO  ==  9,730  .,    2  „ 

Indirect  determinations  : — 

(.',CO=-l-Aq)  +  (iK^O  +  Aq)    10.100  heat-units 
JCO-  +  Aq    -1-  (iNa-0-fAq)  10,20a 

For  the  formation  of  the  bicarbonates  of  sodium  and  potassium  Berthelot  assumes 
the  values  1,110  .and  1,100  ;  greater  dilution  produced  scarcely  any  alteration  in  the 
amount  of  heat  evolved. 

(1.)  Neutrcd  Corhouatc, 

K,-K   N  (cilc.) 

iAtn^CO^  (1  eq.  in  4  lit.)  +     KNO^   (leq.  in4lit)      -    120>  o,,n^--!n 
IK-Crv  „  +    AmNO»  „  -3,22oi 

4Am=CW  .,  +    NaCl  „  -     20  > 

JXVCO'  „  -t     AmCl  „  - 3,060 J 

i.\mW  „  +  ^iraO^  „  -    100  > 

„  JAm-.SO*  „  _3  jgyj -h3,080  0,830 

These  values  agree  nearly  enough  with  the  above  value,  7,170,  for  liquid  of  half  this 
degree  of  dilution.  They  were  obtained  at  22°.  N  appears  to  increase  slightly  with 
decreasing  temperature.  The  value  6,700  was  actually  found  by  the  combination 
of— 

UnrCO^iK-O  =  3,400  and  iK-CON- NIP  =  0. 
(2.)  Ammonium  Bicarbonate,  AmllCO^. 

K,-K   N  (calc.) 

AmHCO^  (1  eq.  in  4  lit.)  -f  KNO^     (1  eq.  in  4  lit.)       -     40|  „ 
KHCO^  ,  +  AmNO^  „  -     80^+     40  0,7-0 

AmHCO'  „  +  NaCl  .,  0?,    .,.,0  n  fi,n 

NalICO'  „  -f  AmCl  „  -    260  (+    ^00  9,620 

AmHCO'  ,.  +  .tI«SO^  .,  +      20l  ,,no-nn 

KHCO^  ,.  +  iAm'^SO'         ,.  -    120$+    IW  9,,00 

AmHCO^  „  -r  4lv-'0  ..  +  4,940  > 

KHCO»  ..  -)  NIP  ,.  +3,770i  +  ^-^^^ 

These  values  agree  With  that  previously  found,  namely  9,730. 

Dissolved  carbonic  acid  evolved  no  sensible  heat  in  its  action  on  solutions  of  am- 
monium bicarbonate.  In  presence  of  water,  on  the  other  hand,  the  action  of  ammonia 
on  carbonic  acid  increases  with  its  quantity,  as  in  the  case  of  boric  acid  and  of  phenol. 
The  heat'  evolved  in  the  action  of  1  eq.  carbonic  acid  on  varying  quantities  of  ammonia 
varied  from  5,300  to  7.400  units,  becoming  greater  as  the  concentration  increased. 

The  ncnitral  carbonates  of  potassium  and  sodium  may  be  mixed  together  or  with 
other  neutral  fixed  alkali-salts  without  perceptible  evolution  or  absorption  of  heat. 
The  bicarb  jnates  of  potassium  and  sodium  exhibit  the  same  behaviour.    So  likewise 
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does  ammonium  bicarbonate  ;  it  is  but  slightly  docomposible  by  water  or  by  stable 
neutral  salts,  as  potassium  nitrate,  sodium  sulphate,  sodium  chloride,  or  ammonium 
chloride  ;  neither  does  it  act  on  bicarbonate  of  potassium. 
With  neutral  ammonium  carbonate  the  case  is  dilForont : 

Heat-units 

^'^^^^'^l  (1  eq.  in  -1.  lit.)  +     I  (1  eq.  in  2  lit.1         -  860 

+  1       ,.  „  -1,290 

-I-  I  A    .,  „  -1,5-iO 

+  2       „  „  -1,660 

KHCO^  (1  eq.  in  1  lit.)  +      i  ^H'^i^'  (]  eq.  in  2  lit)        +  ,560 

„  +  1  .,  „  -f  800 

^  1  -J       .,  „  +  980 

„  „  +  2  .,  .,  +1,106 

On  the  other  hand,  ammonium  bicarbonate  is  decomposed  by  potassium  carbonate 
and  sodium  carbonate  with  absorption  of  heat : 

]^HCO'  (1  eq.  in  4  lit.)  +  (i  eq.  in  2  lit.)       -  940 

+  1  „  .,  -1.170 

+   1  i       „  „  -2,290 

+  2  „  „  -2,690 

Ammonium  bicarbonate  is  attacked  even  by  the  neutral  carbonate  — 

AmH  (1  eq.  in  2  lit.)  +  ^Am^CO^  (1  cq.  in  2  lit.)       .       +  620 

a  result  which  would  be  inexplicable  if  the  two  carbonates  could  really  mix  without 
alteration. 

Lastly,  the  solution  of  potassium  carbonate  is  not  attacked  by  ammonia,  whilst  the 
solution  of  neutral  ammonium  carbonate  progressively  absorbs  heat  as  ammonia  is 
gradually  added  to  it. 

From  the  preceding  observations  Berthclot  infers  that  weak  acids  are  characterised 
by  imperfect  combination,  and  by  a  division  of  the  base  of  a  salt  between  the  acid  and 
the  water.  The  vague  notions  hitherto  entertained  respecting  the  distinction  between 
strong  and  weak  acids  and  bases  may  thus  be  reduced  to  greater  precision.  A  strong 
acid  and  a  strong  base,  form,  by  their  union,  neutral  stable  salts  which  are  not  per- 
ceptibly decomposed  by  water,  and  are  not  modified  by  excess  of  base ;  to  this  class  of 
salts  belong  the  sulphates,  chlorides,  and  nitrates  of  potassium  and  sodium.  On  the 
other  hand,  a  wea/c  acid  forms  with  all  strong  bases,  and  especially  with  ammonia, 
neutral  salts  which  are  partially  decomposed  by  water.  Moreover,  the  energy  of  weak 
acids  exhibits  different  degrees,  recognisable  by  the  heat-phenomena  produced  by  the 
action  of  water  on  their  salts,  and  by  the  progressive  action  of  several  equivalents  of 
ammonia.  These  differences  of  energy  arc  strikingly  displayed  in  the  following  double 
decompositions  of  salts  : — 

Part  3.  Seciprocal  Action  of  the  Ammonia  Salts  and  the  Salts  of  the  Fixed  Alkalis. 

1.  Both  Salts  jornied  hy  Strong  Acids  (1  equivalent  of  each  salt  previously  dissolved 
in  such  a  manner  that  the  volume  of  the  liquid  shall  be  2  litres) : 

^iAm^SO'   +  KNO^  -100 

}|k-SO'      +  AmNO'  40 

iiAm-SO'    +  KCl    0 

1|K=S0<      +  AmCl  -  20 

5  AmNO'    +  KCl   +110 

\  KNO^      +  AmCl  -110 

C^H'AmO^  +  NaCl  +120 

C^ffNaO-  +  AmCl  -  20 

The  heat-phenomena  developed  on  diluting  the  same  saline  solutions  with  an  equal 
volume  of  water  at  the  same  temperature  are  as  follow 

iK-SO'  +  Aq  .  -  70  UNa-SO^  +  Aq  .  -  70  I  ^Am-SO^  +  Aq  .  +  20 
KCl  +Aq  .  +90  NaCl  +Aq  .  --  20  AmCl  +Aq  .  +  10 
KNO'  +  Aq       .    -160  I   NaNO^+Aq       .    -110  |    AmNO^  +  Aq       .  -100 

From  this  it  appears  that  the  mixing  of  two  neutral  stable  salts  is  always  attended 
with  slight  eyoJutiQn  or  absorption  of  heat,  which,  however,  is  not  the  suni  of  the 
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actions  of  water  on  the  two  solutions  in  tlic  sopuvatci  state.  Hence  Bertlielot  concludes 
that  the  thormoneutrality  of  salts  asserted  by  Hesse  {Ann.  Chim.  Phys.  1842 
[3],  iv.  222)  does  not  exist.  The  true  law  of  the  mutual  action  of  t>aUs  i.s  represented, 
according  to  Berthelot,  by  the  equation  (p.  628) : 

K,  _  K  =  (N  -  N,)  -  (N'  -  N',). 

2.  One  Salt  formed  by  a  Strung,  the  other  by  a  Weak  Acid. 

a.  Neutral  Carbonates. 

Heat-units 

U-K-CO^  +  AmNO^  ....  -3.220 
}iAm=CO'  +  KNO''  120 
jJrK-CO^  +  iAm-SO'  ....  -3.180 
||Am-Co-'  +  .iK"SO*  .  .  .  .  -  100 
UNa-CO^   +  AmCl  ....  -3,060 

i4Am-C0»  +  NaCl  .       .       .       .    -  20 

These  numbers  show  that  stable  ammonia  salts,  in  presence  of  -water,  are  almost 
completely  decomposed  by  the  carbonates  of  potassium  and  sodium,  with  formation  of 
the  still  more  stable  nitrates,  chlorides,  and  sulphates  of  the  potassium  and  sodium, 
and  of  the  least  stable  carbonate  of  ammonium.  The  latter  being  immediately  de- 
composed in  presence  of  water  gives  rise  to  the  observed  thermic  eftect,  corresponding 
with  a  complete  or  at  least  a  considerable  action. 

h.  The  bicarbonates  of  potassium,  sodium,  and  ammonium,  being  stiible  iu  water, 
exhibit  but  feeble  thermal  effects  in  their  reaction  with  neutral  stable  alk.'ili-salts, 
inasmuch  as  the  latter  also  do  not  give  rise  to  any  salt  deconipo.^iblo  by  water  with 
absorption  of  heat. 

c.  Phe nates  (1  cq.  in  11-5  litres). 

jCTPNaO  +  AmCl  - 4,100  heat-units 

(.C^H'AmO  +  NaCl  -  100 

C«H^NaO  +  Mm'SQi  -4,300 

Hence  it  appears  that  sodium  phenate  in  presence  of  stable  ammonia  salts  is  com- 
pletely or  almost  completely  decomposed  into  sodium  chloride,  sulphate,  &c.,  and 
ammonium  phenate. 

d.  Borates  (1  eq.  in  ll-o  litres). 


5i^B=0^  -t-  AmCl  .  .  -2,250 
Am20_jj,Q3^    NaCl    .       .    -  480 


<^"^J?  .11-^0^  ^.  iAm=SO'    .  -2,250 


-  .  B^O^  -1-  iNa'SO'    .    -  400 


Tlio  chief  product  of  these  reactions  is  ammonium  borate.  The  borates  of  sodium 
and  ammonium  appear,  however,  to  act  upon  one  another : 

^  B^03  +  BW    .       .       .       .  -200; 

while,  on  dilution  with  an  equal  volume  of  water,  sodium  borate  alone  gives  —  ,500, 
and  ammonium  borate  —1,000  heat-units. 

f.  Cyanides. 

|KCy  (1  eq.  in  2  litres)  +  AmCl  (1  eq.  iu  2  litres)       .       .  -600 

lAmCy  .,  -1-  KCl  .,  .       .  -  40 

KCy  +  JAm-SO'   -5'J<I 

The  entire  transformation  of  potassium  cyanide  into  ammonium  cyanide  and  potas- 
sium chloride  (or  sulphate)  would  give  1,140  -  (2,040  -  1,300)  =" -500  heat-units, 
to  which,  on  account  of  the  dilution,  must  be  added  —100,  giving  the  number  —600, 
obtained  as  above. 

Afconling  to  Thomsen,  -whose  results  are  confirmed  by  Berthelot,  the  sulphides 
of  potassium,  sodium,  and  ammonium,  are  completely  resolved  by -\vater  into  sulphy- 
(Irate  and  free  alkali.  But  the  sulphydrates  are  stable  in  presence  of  water,  or  if  not 
completely,  at  least  as  much  so  as  the  bicarbon.ates : 

2AmCl  +  Na^S    .       ..       .    -f  1,260. 

This  quantity  of  heat  answers  to  the  action  of  1  eq.  free  soda  on  ammonium  chlcride, 
both  of  \\  liicli  come  into  pi  ly  in  the  reaction. 
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3.  Both  Salts  formed  by  Weak  Acids. 

a.  Carbonutes  and  Cyanides  (eacL  solution  confciining  \  eq.  in  the  litre). 

jKCy    +  iAm^CO^  +  90 

lAmCy  +  ^K-CO'  -2,180 

In  the  second  case  tlie  transformation  is  complete.  Potassium  hydrate,  potassium 
carbonate,  and  ammonium  cyanide  do  not  act  on  potassium  cyanide  ;  the  bicarbonates, 
on  the  other  hand,  produce  with  the  cyanides  an  evolution  of  heat,  because  the  excess 
of  acid  in  the  bicarbonate  takes  up  part  of  the  base  united  v'ith  tlie  hydrocyanic 
acid. 

b.  Carbonates  and  Phenatos. 

C«H^NaO  +  :VAni-C03  ....  -2,010  • 
C"H=AmO  +  |Na-'CO'         .       .       ...  -1,120 

In  both  cases  decomposition  takes  place  in  consequence  of  dilution  and  of  the  pecu- 
liar reaction ;  the  most  stable  salt,  viz.  sodium  carbonate,  is  the  chief  product. 

c.  Carbonates  and  Borates. 
.  +  JAni^CO^    .       .       .       .    -  200 

+  iNa'^CO^    ....  -1,690 

In  tho  second  case  the  transformation  is  almost  complete;  and  it  probably  takes  place, 
to  a  small  extent  also  in  the  first,  since  the  first  number  is  smaller  than  that  -^yhieh 
answers  to  the  simple  dilution  of  the  sodium  borate  (  —  560). 

+  AmHCO'    ....  -1,530 

2  ,  . 

.  +  NaHCO''     .       .       .       .    _  490 

In  this  case  ammonium  borate  and  sodium  bicarbonate  are  almost  the  only  products, 
the  latter  being  the  most  stable,  and  not  perceptibly  decomposible  by  water.  The 
.vonverse  reaction  appears,  however,  to  take  place  to  a  certain  extent,  inasmuch  as  the 
dilution  of  ammonium  borate  absorbs  a  quantity  of  heat  ( — 1,000)  greater  than  —  490. 
The  latter  conclusion  is  confirmed  by  the  following  reaction  : 

NiV^O  _  j^.Q,  _^  NaHCO^    .       .  .  .    -  560. 

This  is  exactly  the  heat  of  dilution  of  sodium  borate  by  pure  water;  there  is,  there- 
fore, no  transformation  of  any  importance. 

Tho  foregoing  researches  on  the  double  decompositions  of  dissolved  salts  show  that 
under  the  conditions  of  the  experiments  the  most  stable  compound  is  formed  in  largest 
quantity,  and  often  to  the  cxclv.sion  of  all  the  rest  (Berthelot,  Compt.  rend.  Ixxiii. 
1050). 

Heat  evolved  or  absorbed  In  the  formation  and  decomposition  of 
Formic  Acid. — Favre  a.  Silbermann  found  the  heat  of  combustion  of  formic  acid  to 
amount  to  96,000  heat-units  per  molecule,  that  is  to  about  as  much  as  that  of  the 
carbon  contained  in  it.  According  to  this  determination,  the  production  of  formic  acid 
from  sodium  hydrate  and  carbon  monoxide  must  be  attended  with  an  absorption  of 
heat  amounting  to  2 J, 000  heat-units,  instead  of  a  development  of  heat,  as  in  most 
other  cases.  In  tho  formation  of  formic  acid  from  carbon  monoxide  and  sodium  car- 
bonate or  bicarbonate,  the  absorption  of  Iieat  must  amount  to  24,500  and  381,000 
heat-units  respectively.  Honce  Berthelot  infers  that  formic  acid  must  have  a  consti- 
tution different  from  that  of  the  other  fatty  acids,  and  he  seeks  to  explain  the  anomaly 
in  several  ways.  Yet  the  number  given  by  Favre  a.,  Silbermann  rests,  according  to 
their  own  statement,  on  an  imperfect  experiment,  and  its  deviation  from  the  theoretical 
number  is  regarded  by  them  as  due  to  this  circumstance. 

Thomsen  has  therefore  made  a  determination  of  the  heat  of  combustion  of  formic 
acid,  based  on  the  fact  that  potassium  formate  in  dilute  aqueous  solution  is  completely 
oxidised  to  carbonate  by  potassium  permanganate.    He  finds  that 

(CO-HK  Aq,0,  +  KAq)  =  72,912  heat-units; 

that  is,  that  72,912  heat-units  are  developed  in  tlie  oxidation  of  tlie  formate  in  the 
above  manner  (the  symbol  K  stands  for  KOH). 
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From  this  number  he  calculates  the  heat  of  combustion  of  formic  acid,  r.s  well  as 
heat  evolved  in  the  formation  of  the  acid  from  its  elements  : — 

Heat-units  ITeat-uiiits 

rronlST'^^^H      UOT.O)    =  co,i93 


This  calculation  gives  60,193  heat-units  for  the  heat  developed  by  the  complete  oxida- 
tion of  a  molecule  of  formic  acid  to  water  and  carbon  dioxide,  which  is  about  36.000 
le.^s  than  the  amount  determined  by  Favre  a.  Silbermann,  and  adopted  by  Berthelot. 

In  the  formation  of  formic  acid  from  its  olemenis,  the  development  of  heat  is  calcu- 
lated to  amount  to  105,124  heat-units: — 

(C,H',0=)  +  (CH=0=,0)  =  (CO-)  -I-  {IP,0) 
10o,12-l:  +  60,193  =  96,960  +  68,376 
Heat-imits         Heat-units     Heat-units  Heat-units 

Thomsen  further  shows  that  the  formation  of  the  acid  from  carbon  monoxide  and 
water  would  be  accompanied  by  an  evolution  of  6.607  heat-units  ;  that  the  formation 
of  sodium  formate  from  carbon  monoxide  and  sodium  hydrate  is  attended  with  a  de- 
velopment of  at  least  19,954  heat- units  ;  that  the  formation  of  the  acid  from  carbon  di- 
oxide and  hydrogen  would  likewise  be  attended  with  an  evolution  of  heat  amounting  to 
8,164  heat-units  ;  that  the  heat  absorbed  in  the  decomposition  of  formic  acid  into  carbon 
monoxide  and  water  by  sulphuric  acid  is  compensated  by  the  heat  evolved  in  the 
union  of  the  sulphuric  acid  with  the  water ;  and  that  the  decomposition  at  a  high 
temperature  of  the  vapour  of  formic  acid  into  carbon  dioxide  and  hydrogen,  and  the 
rise  of  temperature  which  Berthclot  husoljservod  to  accompany  that  decomposition,  are 
perfectly  normal  phenomena. — lie  I  hi  i-rtoiv  .■oiicludes  that  formic  acid  does  not  present 
the  remarkable  anomalies  in  the  In  .it -| ili.n. dh.  iia,  of  its  formation  and  decomposition, 
which  Berthelot  supposes  it  to  exliiliii  i  II  id.  Cliem.  Gcs.  Ber.  v.  957).  See  further, 
Berthclot  (Co Mp/".  rend.  Ixxvi.  1433;  Chen.  Snc  J.  1874,  1099). 

Heat  evolved  in  tbe  Combination  of  Sulphuric  Acid  and  Water. — The 

quantities  of  heat  evolved  in  the  hydration  of  sulphuric  acid  have  been  determiued  liy 
different  observers,  not  always  with  concordant  results.  The  following  table  exhibits 
these  determinations  of  the  cjuantities  of  heat  in  kilogram-degrees  evolved  by  the 
mixture  of  1  mol.  hydrogen  sulphate,  H-SO^,  with  1,  2,  3  .  .  .  mol.  water;  the  numbers 
being  reduced,  when  necessary,  to  a  common  unit : — 


1  gram  H'^SO* 

Abria 

Hess 

Hess 

Favre  a. 
Silborinann 

Tiiomsen 

Favre  a. 
Quaillard 

H-SO'  witli  H'-'O     .  . 

64-2 

63-5 

77-7 

64-7 

65-3 

66-4 

2W0     .  . 

94-7 

95-3 

110-4 

94-6 

99-5 

3H-'0     .  . 

113-0 

111-9 

111-9 

118-3 

4H-0     .  . 

■124-2 

122-2 

130-1 

5H-0     .  . 

131-1 

127-1 

148-9 

130-7 

130-3 

139-2 

6H-0     .  . 

136-2 

146-9 

7IT-0     .  . 

141-8 

152-9 

8H-0     .  . 

145-1 

9ffO     .  . 

148-5 

excess  of  w.-iter 

148-5 

i7o 

= 

Pfaundler  (.7«^m-i./.  C/icm.  1869,  122)  has  measured  the  quantities  of  heat  evolved 
by  the  difteront  hydrates  of  sulphuric  acid  when  mixed  with  an  excess  of  water,  and 
has  thence  e.-ileidated  the  values  sought.  The  hydrate  to  be  examined  was  enclosed 
in  quantities  ]  jet  ween  10  and  50  grams  in  thin  narrow-necked  glass  bulbs,  which  were 
wuiglied  before  and  after  filling.  Oue  of  these  bulbs  was  placed  in  a  small  shallow 
brisket  suspended  in  the  calorimeter,  and  moved  about  in  the  water — the  quantity  of 
which  was  calculated  so  as  to  yield,  on  mixing,  the  hj'drato  SO^  .  120H-O  or  H'-'SO*  . 
IIOH'-'O — till  the  v/ater  and  acid  had  attained  the  same  temperature.  The  thermo- 
meter was  then  read  off,  and  the  bulb  immediately  broken.  Tlie  acid,  oa  stirring, 
mixed  with  the  entire  liquid  in  less  than  a  second,  and  the  thermometer  rose  quickly 
and  soon  came  to  rest,  the  large  quantities  of  liquid  employed  and  the  short  duration 
of  the  experiment  rendering  the  influence  of  the  surrounding  strata  of  air  quite  im- 
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perceptible.  From  the  observed  results,  the  values  in  the  following  table  were 
determined : — 


Formula 

Quantity  of  h 
an  exce 

Per  gram  of 
sulfetance 

eat  evolved  with 
of  water 

Per  gram  of 
monobydrate, 
H"SO*,  contained 
in  the  substance 

Quantities  of  heat 
evolved  in  the 
formation  of 
several  hj'drates 
from  1  gram  of 
monohydrate, 
H=SO' 

evolved  on  addi. 
tion  of  each  mole- 
cule of  water  to 
1  gram  of  mono- 
hydrate 

gQ3  H-0 

181-16 

181-16 

SO^!  fH-O 

130-66 

142-69 

38-47 

SO'.  2R-0 

91-]  5 

111-44 

69-72 

69-72 

so\  m.-o 

73-06 

03-19 

87-97 

SO'.  3H'0 

■56-8i 

77-72 

103-44 

33-72 

so^  m-o 

47-05 

68-66 

112-50 

so\  imo 

40-15 

62-31 

118-85 

16-41 

S0^  6H=0 

28-50 

.  49-43 

131-73 

12-88 

SO^  6H-0 

21-04 

40-36 

140-80 

9-07 

SO^  7H=0 

15-73 

33-07 

148  09 

7-27 

SO'.126h-0 

b 

b 

181-16 

The  numbers  in  the  last  column  but  one  are  immediately  comparable  with  those  of 
former  observers  given  in  the  preceding  table.  Some  of  them  agree  most  nearly  -with 
those  of  Favre  a.  Silbermann,  others  with  those  of  Favre  a.  Quaillard. 


Heat  disengraged  in  tbe  Reaction  between  the  Haloid  Acids  and 
Water,  and  its  relation  to  tbe  ItXoIecuIar  Volume  of  the  Solutions 

(Berthelot,  Compt.  rend.  Ixxvi.  679). 

1.  Hydrochloric  Acid. — A  molectde  of  the  gas  (36'5  grams)  in  presence  of  100  to 
400  times  its  weight  of  water  disengages  17,430  heat-units  (gram-degrees),  and  when 
aqueous  hydrochloric  acid  of  different  degrees  of  concentration  is  diluted  with  water, 
the  heat  disengaged  varies  inversely  as  the  quantity  of  water  already  united  with  the  hy- 
dracid.  The  molecular  volume  of  the  solution  HCl  +  7iffO  is  expressed  by  the  formula  : 

V  =  18n  +  i^. 

2.  Hydrobromic  Acid. — The  heat  evolved  in  this  case  by  a  molecule  of  the  gas  is 
20,700  heat-units,  and  the  effects  of  dilution  are  the  same  as  those  produced  -vvith 
hydrochloric  acid,  except  that,  at  the  maximum  of  concentration,  the  solutions  of  hydro- 
bromic acid  disengage  somewhat  more  heat,  a  relation  analogous  to  that  obtained  with 
the  two  gases.  The  molecular  volume  of  the  solution  HBr  +  ?«H-0  is  expressed 
nearly  by  the  formula  : 

V  =  18)1  +  25-5  +  1  . 

n 

3.  Hydriodic  Acid.— HI  Jr  700  H'O  disengages  19,570  heat-units,  and  the  heat  dis- 
engaged on  diluting  the  concentrated  solution  is  nearly  the  same  as  that  from  hydro- 
chloric acid  and  hydrobromic  acid,  from  which  it  would  appear  that  the  molecular 
work  accomplished  in  the  reaction  by  these  three  hydracids  on  the  same  number  of 
equivalents  of  water  is  the  same.  The  formula  representing  the  molecular  volume  of 
the  solution  HI  +  nWO  is 

V  =  18«  +  35-5. 

At  0°  C.  one  volume  of  water  dissolves  600  volumes  of  hydrochloric  acid  gas,  and  at 
—  12°,  560  volumes;  of  hydrobromic  acid  at  10^,  about  600  volumes;  and  of  hydriodic 
acid  about  425  volumes. 

An  almost  constant  difference  is  observed  between  the  molecular  volumes  of  dilute 
solutions  of  hydriodic  acid  and  hydrochloric  acid,  and  also  between  hydrobromic  acid 
and  hydrochloric  acid,  which  in  the  former  case  is  17'3  c.c,  and  in  the  latter  7'3  c.c. 
The  same  differences  are  found  in  dilute  solutions  of  the  chlorides,  bromides,  and 
iodides  of  potassium,  sodium,  and  ammonium  ;  also  between  the  solid  salts,  the  volume 
occupied  by  KI  being  17-2  c.c.  gre.ater  than  that  of  KCl,  and  KBr  7-3  c.c.  greater  than 
KCl.  Nearly  the  same  differences  in  the  molecular  volumes  exist  in  certain  organic 
compounds,  such  as  the  chloride  .-ind  iodide  of  acetyl.  In  numerous  cases,  however, 
this  does  not  obtain,  as  in  the  comparison  of  the  metallic  salts;  but  it  is  always  found 
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that  tbe  raulcculnr  Volume  of  a  eliloriild  is  Icsstlinii  tliat  ff  tlu' lironiiilo.  and  this  again 
li'ss  than  the  corresponding  iodide.  This  agrees  wiili  tin'  lli  i-nii>'  n  sulis  obtained  in 
the  formation  of  these  compounds,  the  formation  of  rlilMi  iili  s  dis,  iiLM  jiiig  more  heat 
than  that  of  the  bromides,  which  in  their  turn  disciii;iiL!.'  ihuit  iImh  ih.;  ciwresponding 
iodides.  It  would  seem,  moreover,  that  the  formation  of  coiniiounds  which  present  an 
almost  constant  difference  between  their  molecular  volumes,  corresponds  wiih  a  nearly 
constant  difference  in  the  amount  of  heat  disengaged. 

Thermal  Ptaenomena  of  Double  Becomposition. — a.  Berthelot  and  Longui- 
nine  (  ('<'/)//</.  rctiL  Ixix.  iVl%)  have  examined  the  thermal  effects  produced  in  double 
dfcoinpositioiis  vihicli  are  completed  in  a  short  time  and  at  ordinary  temperatures, 
without  yielding  secondary  products.  Such  reactions  are  found  in  the  decomposition 
of  tho  chloi-ides  and  anhydrides  of  acid  radicles  iiy  water  and  alkalis.  The  acid 
chloride,  or  dilute  acid  solution,  was  introduced  into  a  weighed  quantity  of  water  or 
dilute  alkali,  contained  in  a  platinum  calorimeter,  its  cjuantity  determined  by  a  final 
weighing,  and  verified  by  alkalimetrie  determinations.  The  correction  for  cooling  was 
always  less  than       and  sometimes  as  little  as  y^JL,  of  the  entire  rise  of  temperature. 

Becom-position  of  Acetyl  Chloride  hi/  Water. — For  1  eq.  =  78-5  grams  of  acetyl 
chloride,  the  mean  of  three  determinations  gave  23,300  heat-units.  The  heat  of  solu- 
tion of  1  eq.  hydrochloric  acid  gas  is,  according  to  the  mean  of  four  experiments, 
17,430  heat-units,  and  that  of  1  eq.  fused  glacial  acetic  acid  about  400  heat-units. 
Consequently,  tho  heat  evolved  in  the  reaction  C^H^OCl  +  H'-'O  =  C-H'O-  +  HCl 
is  23,300  -  17,400  —  400  =  5,500  units,  if  the  several  bodies  are  supposed  to  be  in 
their  ordinary  state. 

The  heat  of  combination  of  1  eq.  hydrochloric  aeid  with  1  eq.  potash  in  dilute 
solutions  was  found,  as  the  mean  of  two  experiments,  in  accordance  with  Favre  a. 
Silbermann's  determination,  to  bo  15,700  units,  which  number,  taking  account  of  the 
specific  heat  of  solutions  of  calcium  chloride  (p.  600),  must  be  reduced  to-14,900.  The 
iieat  of  combination  of  1  eq.  acetic  acid  with  potash  .amounted,  in  the  mean  of  three 
experiments,  to  14,100  units,  which,  taking  account  of  the  specific  heat  of  solutions  of 
potassium  acetate,  will  be  reduced  to  .about  13,400. 

Decomposition  of  Acetyl  Bromide  by  Water. — Tho  mean  of  three  determinations 
gave,  for  1  eq.,  23,300  heat-units,  and  the  heat  of  solution  of  1  eq.  hydrobromic  acid 
gas  was  found,  as  the  mean  of  four  experiments,  to  be  21,150.  Hence  the  heat  evolved 
in  the  reaction  C-H'OBr  -t-  ll^O  =  C-H'O-  +  HBr  is  23,300  -  21,150  -  400  = 
18,000,  the  several  bodies  being  supposed  to  be  iu  their  ordinary  state. 

DecoiiqMsition  of  Acetyl  Iodide  by  Wain: — Three  determination.s  g.ave,  as  a  mean 
for  1  eq.,  21,400  heat-units.  The  heat  of  solution  of  1  eq.  hydriodic  acid  was  found, 
as  a  mean  of  three  experiments,  to  be  19,570  units.  Hence  the  heat  evolved  in  tho 
reaction  C^ffOI  +  H-0  =  C'H'O-  -)-  HI  =  21,400  -  10,570  -  400  =  1,800  units. 

Vccomjiosition  of  Bidyryl  Bromide  by  Water. — The  heat  evolved  for  1  eq.  was 
27,000  units.  But  the  experiment  lasted  nearly  an  hour,  and  correction  for  cooling 
amounted  to  nearly  ith  of  the  total  value.  The  result  was  therefore  checked  by  tho 
decomposition  with  dilute  potash,  which  gave  56.100  heat-units.  If.  from  this,  we 
deduct  tho  heat  of  combination  of  butyric  acid  with  p)otash  in  dilute  solutions,  which 
appears,  from  the  mean  of  two  experiments,  to  be  14,950  units,  also  the  heat  of  com- 
bination of  dilute  hydrobromic  acid  with  potash,  which,  according  to  Favre,  is  15,500 
units,  we  find  indirectly,  for  the  heat  of  decomposition  of  butyryl  bromide  by  water, 
25,650  units.  The  mean  of  tho  direct  and  indirect  values  is  26,300  units.  The  heat 
of  solution  of  1  eq.  butyric  acid  in  water  was  found  to  be  about  600  units.  Hence  the 
heat  evolved  in  the  reaction  C^H'OBr  +  H-0  =  C^WO-  +  HBr  is  26,300  -  21,150 
—  600  =  4,650  units,  the  several  bodies  being  supposed  to  be  iu  their  ordinary  state. 

Decomposition  of  Acetic  Anhydride  by  Water. — For  1  eq.  =  102  grams  the  moan  of 
two  experiments  gave  12,800  heat-units.  The  duration  of  the  experiment  for  an  hour 
rendered  necessary  a  correction  for  cooling  amounting  to  y\th  of  the  total  value.  After 
deduction  of  heat  of  solution  of  acetic  acid,  the  reaction  (C^H^0)^0  +  H^0  =  2C-H'0- 
gave  12,000  heat-units. 

/3.  Thermal  Effects  accomjMnying  the  Dihition  of  Solutions,  and  Influence  of  Water 
in  Double  Decompositions. — Marignac  [N.  Arch.  Ph.  Nat.  xxxvi.  319  :  Compt.  rend. 
Ixix.  1180)  has  examined  these  phenomena  by  means  of  solutions  containing  1  gram 
of  substance  in  the  anhydrous  state,  or  (in  the  case  of  acids  and  salts)  containing  only 
constitutional  water,  in  10,  20,  40  .  .  .  e.c. ;  such  solutions  are  designated  as  ^q,  rffj, 
3^;  .  .  .  solutions.  The  thermic  effect  of  dilution  was  determined  by  mixing  each 
solution  with  an  equal  volume  of  water.  The  total  quantity  of  the  mixed  liquid 
usually  amounted  to  500-600  c.c.  The  thermometers  used  indicated  the  temperature 
to  jjxi'-h  of  a  dfgree.    The  results  are  as  follow  : — 
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1.  The  addition  of  ^-ater  to  the  solution  of  a  single  tody  produces  a  positive  or 
negative  alteration  (rise  or  fall)  of  temperature,  which,  for  the  most  part, -does  not 
exceed  0"2°  for  ^-solutions,  diminishes  to  J  for  dilution  to  and  to  for  dilution  tcr 
-ij ;  and  may  therefore  be  neglected  below  this  limit.  This  rule,  however,  does  not 
apply  to  all  cases.  Thus,  in  the  dilution  of  sulphuric  acid,  the  rise  of  temperature 
increases  the  more  the  solutions  are  diluted,  amounting  to  92,  135,  185,  and  235  heat- 
units  for  1  eq.  (  =  49),  accordingly  as  the  solutions  were  diluted  to      775,  ^,  or  ^. 

2.  The  mixture  of  the  solutions  of  two  salts  which  do  not  act  on  one  another,  pro- 
duces in  general  less  alteration  of  temperature  than  the  simple  dilution  of  these  solu- 
tions. Development  of  heat  takes  place  most  frequently  in  cases  where  the  two  salts 
may  be  supposed  not  to  act  on  one  another,  e.g.  with  two  salts  of  tlie  same  base,  and 
absorption  of  heat  when  they  are  capable  of  forming  a  double  salt.  Sometimes,  how- 
ever, the  thermic  action  in  these  reactions  is  much  more  considerable,  as  in  the  mixing 
of  sulphates  of  alkali-metal  with  sulphimc  acid,  which  is  attended  with  considerable 
absorption  of  heat. 

3.  The  dilution  of  a  solution  containing  two  salts  which  do  not  act  on  one  another 
with  an  equal  volume  of  water,  generally  produces  a  very  slight  thermal  effect,  which 
is  nearly  equal  to  the  sum  of  the  thermal  effects  produced  by  diluting  the  two  salts 
separately,  and  decreases  rapidly  as  the  solutions  are  more  dilute4.  A  remarkable 
exception  to  this  rule  is  exhibited  by  the  dilution  of  the. acid  sulphates  of  tlie  alkali- 
metals,  which  is  attended  with  a  considerable  absorption  of  heat,  rapidly  increasing 
with  the  dilution.  In  the  ease  of  acid  sodium  sulphate  this  thermal  effect  increases 
for  1  eq.  from  68  heat-units  for  a  J)-solution  to  525  units  for  a  J^-solution.  This 
result  affords  the  explanation  and,  to  a  certain  extent,  the  measure  of  the  decomposi- 
tion of  this  salt  by  water. 

4.  The  mixing  of  two  saline  solutions,  or  of  a  salt  and  an  acid  which  decompose 
one  another  -without  forming  an  insoluble  product,  gives  rise  to  more  or  less  consider- 
able thermal  effects,  which  Marignac  has  not  yet  completely  studied  on  account  of  the 
difficulty  of  separating  them  from  the  complicated  effects  resulting  from  the  dilution 
of  the  solutions  employed.  The  experiments  liave  therefore  been  limited  to  a  small 
number  of  bodies,  merely  to  ascertain  how  the  results  vary  according  to  the  degree  of 
dilution.  Tliese  preliminary  experiments  show  that  the  thermal  effect  varies  consider- 
ably with  the  degree  of  dilution,  and  therefore  that  the  chemical  action  may  also  vary 
therewith.  Thus  the  action  of  sulphuric  acid  on  an  equivalent  quantity  of  sodium 
sulphate  evolves  218  units  of  heat  for  J5-,  and  539  units  for  j^-solutions.  On  the 
otlicr  hand,  in  the  action  of  nitric  acid  on  sodium  sulphate,  there  is  an  absorption  of 
heat  varying  from  1,965  to  1,255  nnits,  accordingly  as  ^~  or  g^-solutions  are  employed. 
That  different  cliemical  actions  really  take  place  in  these  cases  follows  also  from  the 
thermal  effect  produced  on  diluting  such  a  mixture.  Equivalent  quantities  of  sulphuric 
acid  and  sodium  nitrate,  mixed  in  Jg-solutions,  yield  —90,  -1-45,  +169,  and  4-338 
heat-units,  when  diluted  to  i,  i,  i  and  Similar  effects  may  also  take  place  on 
mixing  the  solutions  of  two  neutral  salts.  The  mixing  of  eqiiivalent  quantities  of 
aluminium  sulphate  and  sodium  acetate  is  attended  by  an  absorption  of  heat  varying 
from  2,454  to  3,047  units  for  a  dilution  of  Jj  to  3^5.  This  experiment  shows 
further  the  incorrectness  of  the  assumed  principle  of  tlurmo-ncutrality,  according  to 
which  dcrtible  decomposition  between  two  neutral  salts  should  not  be  accompanied  by 
any  change  of  temperature.  Moreover,  it  does  not  appear  to  be  a  matter  of  indifference 
whether  two  concentrated  salt-solutions  are  first  mixed  and  then  diluted,  or  first  diluted 
and  tlien  mixed.  Dilution  after  the  mixing  of  concentrated  solutions  does  not  appear 
to  bring  about  so  complete  a  state  of  equilibrium,  or  to  produce  this  effect  so  quickly, 
as  the  mixing  of  previously  diluted  solutions. 

Decomposition  by  Heat.  Dissociation— Tbermolysls  (F.  Mohr,  Ann.  Ch. 
Tharm.  clxxi.  361). 

The  term  '  dissociation  '  was  originally  applied  by  Dovillc  to  signify  the  separation 
of  a  compound  into  its  elements,  ultimate  or  proximate,  by  tiie  agency  of  heat  alone, 
without  the  intervention  of  any  other  substance  capable  of  breaking  up  the  combina- 
tion by  its  superior  affinity  for  one  of  the  elements.  It  has  sometimes  been  used  to 
denote  more  especially  those  decompositions  by  heat  in  whicli  only  a  partial  separation 
of  the  constituents  take  place ;  but  the  original  signification  is  the  most  convenient, 
and  is  most  generally-adopted.  As  however,  '  Dissociation '  might  be  applied  equally  well 
to  the  separation  of  a  mass  into  its  constituent  particles,  similar  or  dissimilar,  by  mechan- 
ical or  any  other  means,  Mohr  proposes  to  replace  it  by  the  more  specific  term  '  Ther- 
molysis.' 

An  essential  condition  of  decomposition  .by  heat  is  tliat  one  or  botli  the  constituent 
elements  be  capable  of  assuming  the  gaseous  state:  compounds  like  borates  and  sili- 
cates, both  whose  constituents  are  fixed  in  the  fire,  are  never  decomposed  by  heat 
alone. 
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Another  essential  condition  of  thermolysis  is  that  the  constitiients  of  tlie  compound 
shall,  in  combining,  have  given  out  heat ;  and  the  process  of  thermolysis  consists  in 
restoring  to  the  elements  the  heat  which  they  have  lost  in  combination.  When  1  gram  of 
hydrogen  gas  unites  with  8  grams  of  oxygen  to  form  water,  a  quantity  of  heat  is  evolved 
capable  of  raising  the  temperature  of  34,462  grams  of  water  by  1°  centigrade,  the  two 
gases  and  the  water  prodxiced  being  supposed  to  be  at  the  temperature  of  0°  0. 
Whence  is  this  heat  derived?  It  did  not  pre-exist  in  the  gases  as  heat,  at  least  not  as 
sensible  or  communicable  heat ;  but  the  gases  in  combining  have  lost  that  peculiar 
movement  of  their  atoms  and  molecules,  which  is  the  essential  condition  of  the  gaseous 
state,  and  have  been  converted  into  the  much  less  volatile  compound,  Wiiter. 
Now  it  is  just  this  quantity  of  motion  which,  in  the  act  of  combination,  is  converted 
into  sensible  heat,  amounting  to  34,462  units  ;  and  if  the  water  is  to  be  resolved  into 
its  constituents,  these  34,462  units  of  heat  must  be  restored  to  the  elements,  and 
reconverted  into  the  kind  of  motion  which  is  essential  to  the  gaseous  state.  This 
may  be  eiiected  in  two  ways : — 

1.  By  Thermolysis,  whereby  the  heat  is  restored  to  the  water  directly,  either  by 
means  of  Grove's  white-hot  platinum  ball,  or  Deville's  white-hot  platinum  tube  {\st 
Stippl.  426). 

2.  By  Electrolysis.  In  this  mode  of  decomposition  the  required  quantity  of  motion 
is  imparted  to  the  elements  of  water  in  the  form  of  an  electric  current,  which  may  be 
generated  by  dissolving  zinc  in  acidulated  water.  Now  a  given  quantity  of  oxygen 
developes  more  heat  in  combining  with  zinc  than  in  combining  with  an  cqiiicalcnt 
quantity  of  hydrogen  :  hence  when  the  zinc  decomposes  water,  with  formation  of  zinc- 
oxide  and  liberation  of  hydrogen,  there  is  an  excess  of  heat  available  for  conversion 
into  other  forms  of  energy;  and  this  excess,  by  the  peculiar  arrangement  of  the  voltaic 
apparatus,  is  ti-ansferred  to  the  conducting  wire  and  thence  to  the  decomposing  cell, 
where  it  effects  the  decomposition  of  the  electrolyte.  The  required  amount  of  energy 
may  of  course  be  supplied  in  other  ways,  e.g.  the  application  of  muscular  ptower  or 
steam-power  to  drive  a  magneto-electric  machine,  &c. 

Mercury  heated  in  the  air  nearly  to  its  boiling  point  takes  up  oxygen,  forming  rod 
mercuric  oxide,  which  at  a  higher  temperature  is  resolved  into  its  elements.  In  this 
case,  also,  the  combination  of  the  oxygen  and  mercury  is  attended  with  evolution  of 
heat  (though,  from  the  peculiar  circumstances  of  the  reaction,  it  is  not  directly  oljsorv- 
able),  inasmuch  as  the  oxygen  has  passed  from  the  gaseous  and  the  mercury  I'rom  the 
liquid,  into  the  solid  state.  This  quantity  of  heat  is  restored  by  raising  the  mercuric 
oxide  to  a  high  temperature,  and  then  the  compound  decomposes. 

When  2  volumes  of  ammonia  gas  are  passed  through  a  red-hot  tube,  they  are 
resolved  into  4  volumes  of  permanent  gases.  Now  the  formation  of  ammonia  (which 
cannot  be  efi'ected  directly)  must  have  been  attended  with  evolution  of  heat :  1 .  because 
condensation  has  taken  place  ;  2.  because  two  elements  which  are  permanent  gases  in 
the  free  state,  have  passed  into  the  less  volatile  form  of  ammonia.  The  heat  thus  lost 
in  eomliination  is  restored  by  passing  the  ammonia  gas  through  the  red-hot  tubi'. 

Marsh-gas,  CH*=  16,  gives  out  in  burning  209,008  heat-units.    On  the  other  hand  : 
1  at.  carbon  gives  out  .       .  26,960  heat-units 
4  at.  hydrogen      „      .  137,942 

together  234.808 
Subtracting  the  above  .       .  209,008 

there  remains  .  25,800 
Hence  it  appears  that  marsh-gas  in  burning  evolves  26,800  heat-units  loss  than  its 
elements.  If,  now,  1  volume  of  marsh-gas  be  passed  through  a  white-hot  tube,  it  is 
resolved  into  2  vol.  hydi'ogen  and  a  small  quantity  of  carbon.  Here,  then,  is  a  proof 
that  marsh-gas,  in  condensing  into  half  the  volume  which  the  contained  hydrogen 
would  occupy  in  the  freo  state,  has  sustained  a  loss  of  molecular  movement.  If  the 
elements  are  burnt  after  separation,  they  again  give  out  the  entire  amount  of  234,808 
heat-units  ;  they  must,  therefore,  in  separating  liave  regained  this  amount  of  m.olecular 
movement. 

Thermolj'sis  takes  place  with  greater  facility  in  proportion  as  the  elements  of  a 
compound  differ  more  widely  from  one  another  in  their  chemical  character.s  ;  thus,  the 
(intimonido  of  hydrogen  is  decomposed  by  heat  more  easily  than  the  arsenide,  and  this 
more  readily  than  the  sulphide. 

The  oxides  of  the  noble  metals  are  very  easily  resolved  into  their  elements  by  hcnt. 
When  such  an  oxide  is  reduced  by  hydrogen,  less  heat  is  produced  than  when  the 
hydrogen  combines  with  free  oxygen,  because  the  latter,  in  its  state  of  coiuLiiiation, 
as  oxide  has  lost  its  rraseous  form,  and  the  molecidar  movement  belontrine  thereto. 
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The  peroxides  of  lead  and  manganese  are  resolved  by  heat  into  free  oxygen  and  lower 
oxides ;  and  it  is  conceivable  that  at  a  higher  temperature  they  might  be  resolved  into 
oxygen  and  metal. 

Carbon  bisulphide  is  resolved,  by  the  heat  of  an  electro-ignited  platinum-spiral,  into 
sulphur  and  carbon,  the  decomposition  being,  however,  attended,  not  with  absorption, 
but  witli  emission  of  heat.  This  apparent  anomaly  is  explained  by  the  fact  that  the 
carbon  and  sulphur,  in  combining  together  at  a  white  heat,  pass  from  the  solid  to  the 
gaseous  state,  and  absorb  heat.  A  gram  of  carbon  bisulphide  in  burning  in  oxygen 
develops  222  units  of  heat  more  than  its  elements  in  the  free  state  :  it  must,  therefore, 
in  the  act  of  combination  have  taken  up  molecular  movement ;  and  it  is  in  consequence 
of  this  that  the  compound  is  much  more  volatile  than  either  of  its  constituents. 

Many  salts,  such  as  the  carbonates,  containing  volatile  acids,  are  directly  resolved 
by  heat  into  acid  and  base,  and  the  facility  with  which  they  are  so  resolved  is  greater 
as  the  heat  evolved  in  their  formation  is  less. 

The  formation  of  barium  carbonate  is  attended  with  a  greater  evolution  of  heat  than 
that  of  calcium  carbonate,  and  that  of  calcium  carbonate  with  a  greater  evolution  of 
heat  than  that  of  magnesium  carbonate :  on  the  other  hand,  magnesium  carbonate 
gives  otf  its  carbonic  anliydride  at  a  low  red  heat,  calcium  carbonate  at  a  cherry-red 
heat,  and  barium  carbonate  only  at  very  high  temperatures,  so  that,  indeed,  it  was  long 
regarded  as  undecomposible  by  heat.  This  example  sliows  clearly  that  the  quantity 
of  heat  required  for  the  decomposition  of  a  compound  is  intimately  related  to  that 
which  has  been  evolved  in  its  formation. 

The  same  relation  is  seen  in  the  formation  and  decomposition  of  hydrates.  Anhy- 
drous potassium  oxide,  in  uniting  with  water,  evolves  a  very  large  quantity  of  heat, 
the  oxide  formed  when  a  globule  of  potassium  burns  on  the  surface  of  water,  sinking 
into  the  water  with  explosion ;  on  the  other  h^nd,  the  water  in  the  hydrate  is  absolutely 
fixed,  and  cannot  be  expelled  by  any  degree  of  heat,  the  hydrate  volatilising  iindecom- 
posed  at  a  cherry-red  heat.  Anhydrous  baryta  becomes  red-hot  in  combining  with 
water,  and  the  water  cannot  be  expelled  from  the  hydrate  by  heat.  Lime,  in  com- 
bining with  water,  also  evolves  a  considerable  quantity  of  heat,  though  less  than 
baryta,  and  the  hydrate  gives  up  its  water  at  a  strong  red  heat.  Anhydrous  cupric 
sulphate  emits  great  heat  in  uniting  with  1  mol.  of  water,  less  in  combining  with  4 
other  molecules  ;  and  accordingly  these  four  are  given  off  below  the  boiling  point  of 
water,  the  fifth  only  at  a  rod  heat. 

Sulphuric  anhydride  unites  with  1  mol.  of  water  with  hissing  and  explosion,  and 
the  hydrate  SO'.H-O  cannot  be  decomposed  by  heat,  but  distils  as  a  whole.  The  boil- 
ing point  of  the  water  has  risen  by  the  combination  from  100°  to  328°,  that  of  the 
sulphuric  anhydride  from  o2°  to  328°.  Now  when  a  body  becomes  less  volatile  it 
must  have  lost  molecular  motion.  Consequentlj',  rise  of  boiling  point  and  emission  of 
heat  are  intimately  connected,  although  in  the  case  just  cited  a  solid  body  (SO')  has 
passed  into  the  liquid  state. 

The  main  points  in  tlie  theory  of  Thermolysis  may  be  summarised  as  follows  :— 

1.  Thermolysis  or  Dissociation  is  the  process  opposite  to  chemical  combination:  the 
gaseous  constituent  of  the  compound  resuming  its  molecular  movement  in  the  form  of 
heat,  and  transforming  it  into  a  new  form  of  movement  which  it  had  lost  in  the  act  of 
combination. 

2.  The  quantity  of  heat  taken  up  by  the  separated  constituents  is  equal  to  that 
which  they  had  lost  in  combining. 

3.  Compounds  not  containing  any  volatile  constituent  cannot  be  decomposed  by  heat.* 
Siadlant  Heat.  Biatlicrmancy. — Only  a  few  substances  are  known  v/hich,  in  thick 

as  well  as  in  tliin  layers,  transmit  more  tlian  half  of  the  heat  emitted  by  lamp-black 
at  100°.  These  substances  are  partly  elements,  viz.,  iodine  in  solution,  bromine,  and 
sulphiir ;  partly  chlorides,  fluorides,  and  sulphides,  viz.  rock-salt,  fluorspar,  carbon 
sulphide,  and  sylvin.  It  appears,  however,  from  the  experinients  of  Sehulz-Scllack 
{Pogg.  Ann.  cxxxix.  182)  that  not  only  all  chlorides,  but  bkewiso  the  bromides, 
iodides,  and  fluorides  of  the  elementary  bodies,  besides  a  number  of  sulphides,  trans- 
mit a  considerable  proportion  of  tlie  heat  emitted  by  lamp-black.  The  percentage  of 
the  total  quantity  of  heat  transmitted  by  the  several  substances  is  shown  in  the 
following  table  : — 

*  Views  similar  to  tlie  .ibove  have  been  developea  by  Odliiig  in  a  lecture  on  Reverse  Ch.emical 
Action  aelivered  before  the  British  Association  at  Norwich  ia  18C8.  See 'A  History  of  Chemical  Theory, 
by  A.  Wiirtz,  translated  by  H.  W.atts,'  note  A,  p.  213. 
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Quantity  of  heat  transmitted 

Dliithei-manous  subitauco 

Thickness 

LaiTip-black 
at  100° 

Coal-gas 
flame 

Silver  cliloride  

Silver  bromide  ..... 
Potassium  bromide  .... 
Potassium  iodide  .... 

Arsenious  sulphide,  As-S^         .  j 

3  mm. 

3 
3 
3 
10 

()-8 

iC)  p.e. 
4.) 
16 
11 

7 
•20 
21 

S 

30  p.c. 

42 
13 
10 
23 
23 
26 
12 

Vitreous  Selenium      .       .       .  j 

0.1 

50 
16 

36 
•5 

Most  of  the  STibstances  examined,  however,  were  not  perfectly  homogeneous,  so  that 
part  of  the  heat  must  have  been  lost  by  diflfusion  and  reflection. 

A  number  of  liquid  compounds  and  solutions  of  substances  which  could  not  be  ob- 
tained in  the  solid  form  in  a  fit  state  for  experiment,  were  examined  in  a  layer  8mm. 
thick  in  a  glass  vessel  closed  with  parallel  plates  of  rock-salt  2ram.  thick.  The  follow- 
ing numbers  show  the  quantities  of  heat  transmitted  througli  the  filled  vessel  in  jier- 
ceutiiges  of  the  quantity  passing  througli  the  empty  vessel ;  but  like  those  in  the 
preceding  table,  they  do  not  exhibit  the  absolute  values  of  the  absorption  : — 


Transmitted  Heat 

Diathernianous  Substance 

Lamp-blacl£  at  100° 

Coal-gas  flame 

Stannic  chloride  

Sulphur  chloride,  SUP  .... 

10  parts  Phosphorus  in   1  part  Citi'bon] 

rS  part  Stannic  iodide,  SnI',  in  1  parti 
Carbon  bisulphide        ...  1 

1  part  Carbon  trichloride,  C-CP,  in  4  parts  ( 
Carbon  bisidphide        .       .       .  J 

Ethylene  chloride,  C-H'Cl- 

Ethyl  iodide.  C-^H-'I  .... 

44  p.c. 

41 
.jO 

44 
5 

0 
0 

80  p.c. 

95 
51 

57 
47 

38 

30 
12 
12 

Bisirihution  of  Heat  in  the  Solar  Spectrum  and  in  the  Spectnim  of  the  Lime-light.— 
From  experiments  by  S.  Lamansky  (Bcrl.  Acad.  Ber.  1871,  632)  it  appears  that  the 
strong  heat  observed  in  the  bright  part  of  the  lime-light  spectrum  proceeds  chiefly 
from  heat-rays  which  have  been  bent  from  their  course  by  diffuse  reflection  in  the 
rock-salt  prisms,  as  in  turbid  media.  The  law  established  by  Melloni's  experiments 
that  the  ultra-red  rays  in  passing  through  transparent  bodies  (as  water,  glass,  mica, 
quartz,  calcspar)  suffer  a  loss  which  is  greater  as  their  refrangibility  is  less,  is  shown 
by  Lamansky's  observations,  made  at  different  hours  of  the  forenoon,  to  apply  also  to 
the  absorption  of  these  rays  by  atmospheric  air. 

Conduction  of  Heat.  a.  In  Gases. — F.  Narr  (Poc/cf.  Ann.  cxVu.  123)  has  made 
experiments  on  heat-conduction  and  the  rate  of  cooling  in  hydrogen,  nitrogen,  air  and 
carbon  dioxide,  from  which  the  following  conclusions  are  drawn: — (1).  The  mathe- 
matical expression  given  by  Dulong  a.  Petit  (v.  53),  does  not  express  the  true  law  of 
the  variation  of  the  rate  of  cooling  of  a  heated  body  in  a  gas  with  the  temperature, 
inasmuch  as  it  gives  only  the  cooling  cfFect  of  the  gas.  (2).  The  cooling  effects  of 
different  gases  differ  very  considerably,  and  gases  must  be  ranged,  with  respect  to  this 
effect,  not  according  to  their  ehciuii  :il  Imt  rather  according  to  their  physical  character, 
since  hydrogen  and  carbon  dioxiiii-  I  wn  oases  differing  very  widely  in  specific  gravity 
and  in  capacity  for  heat — likewise  exhibit  the  greatest  diflference  of  cooling  power, 
whereas  nitrogen  and  atmospheric  air,  which  are  characterised  by  almost  identical 
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physical  constants,  like-wiso  exhibit  almost  equal  rates  of  cooling,  (y).  Calculations 
made  to  trace  the  dependence  of  the  observed  temperatures  on  the  times  of  cooling  by. 
means  of  the  formula,  log  T„  —  log  T  =  a-^x  +  a.^",  showed  that  in  all  cases  the  co- 
efficient a.,  has  a  very  small  value,  -which,  with  exception  of  the  data  of  observation 
relating  to  hydrogen,  was  negative.  Hence  it  appears  that,  for  most  gases,  the  devia- 
tions from  Newton's  law  of  the  proportionality  of  the  rate  of  cooling  of  a  body  to  the 
excess  of  its  temperature  above  surrounding  objects  (v.  52)  are  inconsiderable,  and 
that  hydrogen  exliibits  a  de\aation  in  the  contrary  sense.  (4).  Calculations  relating 
to  cooling  in  a  vacuum  give  also  a  very  small  value  for  the  cocflRcient  a^,  so  that  the 
deviations  of  the  rates  of  cooling  calculated  from  the  formula  v  =  wiT  from  the  rates 
actually  observed,  were  but  slightly  greater  than  those  relating  to  cooling  in  hydrogen. 
For  these  reasons  Narr  regards  it  as  highly  probable  that  Newton's  law  is  the  true 
expression  for  the  cooling  effect  due  to  radiation  alone. 

Stefan  {Wien.  Anzdge,  1872,  42;  Chcm.  Soc.J.  [2],  x.  177),  from  experiments  with 
double-walled  thermometers  of  brass  or  copper-plate,  having  the  space  between,  the 
metallic  envelopes  filled  with  the  gas  under  examination,  concludes  that  the  conducting 
power  of  air  is  nearly  20,000  times  less  than  that  of  copper,  and  3,400  times  less  than 
that  of  iron.  His  experiments  confirm  the  conclusion  deduced  from  the  dynamical 
theory  of  gases,  that  the  conducting  power  of  any  particular  gas  is  independent  of  its 
density  ;  also  the  conclusion  deduced  by  Maxwell  from  the  same  theory,  that  the  con- 
ducting power  of  hydrogen  is  seven  times  as  great  as  that  of  air. 

For  F.  Molir's  theoretical  views  on  the  heat-conducting  power  of  gases,  see  Beut. 
Chcm.  Ges.  Ber.  iv.  8o ;  Chem.  Sac.  J.  [2],  ix.  298. 

Conduction  of  Heat  in  Stratified  Liqtiids. — Experiments  relating  to  this  matter  by 
Despretz  have  been  published,  since  his  death,  by  Saigey  {Compt.  rend.  Ixxii.  484 ; 
Fogg.  Ann.  clxii.  626).  A  wooden  cylindrical  vessel  72  centimeters  high  and  40  cm, 
in  diameter,  was  half  filled  with  nitrobenzene  of  sp.  gr.  1'20,  and  water  was  poured 
on  the  top.  Ten  horizontal  thermometers  served  for  the  observation  of  the  stationary 
temperatures,  whilst  a  constant  source  of  heat  acted  on  the  surface  of  the  water.  In 
experiment  1,  the  bulbs  of  the  thermometers  were  placed  in  the  axis  of  the  cylinder; 
in  experiment  2,  they  reached  only  to  the  middle  of  its"  semi-diameter.  The  following 
table  gives  the  distances  of  the  thermometers  from  the  surface  of  separation  of  the  two 
liquids,  and  the  excesses  of  the  observed  temperatures  above  the  temperature  of  the 
surrounding  atmosphere : — 


Thermometers 

Experiment  No.  1 

E.xperiment  No.  2 

13;J7  mm. 

41-26° 

137-44  mm. 

41-15° 

101-8 

31-17 

110-34 

32-01 

Water      .       .  Jc 

69-1 

23-62 

80-25 

24-76 

41-5 

18-66 

49-25 

19-16 

[I 

17-5 

15-68 

15-90 

14-83 

17-5 

11-83 

15-90 

10-68 

46-6 

7-09 

41-90 

6-84 

Nitro-benzeue    .  \k 

75-7 

4-48 

69-80 

4-36 

106-2 

2-66 

101-40 

2-42 

138-6 

1-50 

133-00 

1-11 

On  tracing  the  curves  corresponding  with  these  numbers,  taking  the  dis- 
tances as  abscissEe  and  the  excess  of  temperature  as  ordinates,  it  is  found  that,  for 
equal  distances,  the  ordinates  are  nearly  in  geometric  proportion.  If  the  distances  ba 
taken  at  17-5  mm.,  the  mean  ratio  of  the  successive  ordinates  is  : 

Experimout  1  Experiment  2 

In  Water  ....  0-861  0-863 
In  Nitro-benzene   .       .       .    0-739  0-703 

At  tlio  boundary  of  the  two  liquids,  Despretz  had  unfortunately  not  placed  any  ther- 
mometers. Here  the  two  curves  separate  ;  from  the  waterto  the  nitro-benzene,  which  con- 
ducts on  the  average  3-7  times  less  easily,  the  calculated  tomperatiu-e  rises  about  2^  or  3°. 

HEXiXCZM-.  This  body  treated  with  phosphorus  oxychlorlde,  is  for  the  most  part 
converted  into  gl  ucoso-phosphoric  acid  (p.  561). 


HELLEBORE— HELVIN. 
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HE3CiIiEBO:RX:.  The  coiistiU;cnts  of  -vvliite  hellebore-root  have  been  examined  by 
11.  Wuppcu  (An-k.  Fharrn.  [3],  ii.  101,  IflS),  who  has  obtained  from  it  a  bitter  sub- 
st:;nco  called  veratramarin.  and  an  acid  called  jorvic  acid. 

Veratramarin  exists  in  aqueous  extracts  of  the  root  after  the  separation  of  the 
alkaloids,  imparting  to  them  its  bitter  taste.  To  obtain  it,  the  sliced  root  was  macer- 
ated with  cold  lime-water,  the  infusion  was  freed  from  lime  by  means  of  carbonic  acid, 
and  the  filtered  liquid  was  mixed  with  excess  of  neutral  lead  acetate  and  again  filtered. 
The  l.)itter-tasting  liquid  thus  obtained,  on  standing  for  some  days,  deposited  on  the 
sides  of  the  vessel  a  brown  crystalline  crust  (see  below).  The  liqiiid  decanted  from 
this  deposit  v\as  precipitated  with  a  slight  excess  of  basic  lead  acetate  ;  the  precipitate 
containing  the  whole  of  the  bitter  substance  was  decomposed,  after  thorough  washing, 
l)y  hydrogen  sulphide  ;  and  the  filtered  liquid,  after  boiling  to  expel  excess  of  the  gas,  and 
cooling,  was  mixed  with  solution  of  tannin.  The  precipitate  thereby  produced  was 
washed,  mixed  with  lead  hydrate,  evaporated  to  dryness  over  the  water-bath,  and  then 
exhausted  with  40  p.c.  alcohol.  The  pale  yellow-body  left  on  distilling  off  the  alcohol, 
proved  to  be  too  small  in  quantity  to  admit  of  full  investigation.  It  appears  to 
be  extremely  unstable  and  probably  undergoes  decomposition  during  preparation.  It 
reduces  alkaline  solutions  of  copper  after  boiling  with  acids  but  not  before,  and  hence 
appears  to  be  a  glucosido.  It  is  soluble  in  water,  but  insoluble  in  ether,  benzene, 
and  chloroform,  which  circumstance  makes  it  difficult  to  isolate.  It  is  very  hygroscopic, 
deliquescing  in  the  air  in  a  few  minutes,  and  rapidly  turning  dark  brown. 

Jcrvic  acid,  C'^II"'0'-  +  2H-0. — The  crystalline  body  above  referred  to,  which 
was  found  to  be  a  lead-salt,  was  suspended  in  water  and  decomposed  by  hydrogen 
sulphide  ;  and  the  acid  liquid,  filtered  hot,  was  evaporated,  leaving  a  mass  of  crystals 
which,  after  pm-ification,  formed  a  white,  light  crystalline  powder  not  obtain- 
able in  large  crystals.  This  body  is  jer vie  acid.  It  is  soluble  in  10  parts  of  hot 
and  100  parts  of  cold  water,  sparingly  soluble  in  alcohol  and  ether,  insoluble  in  ben- 
zene, carbon  sulphide,  chloroform,  amyl  alchohol,  and  dilute  acids.  It  gives  with 
neutral  and  basic  lead  acetates,  precipitates  insoluble  in  acetic  but  soluble  in  nitric 
and  hydrochloric  acids ;  with  silver  nitrate  a  white  precipitate,  soluble  in  ammonia 
and  unaltered  by  exposure  to  light ;  with  mercurous  nitrate  a  brilliant  white  crystal- 
line precipitate,  insoluble  in  water  but  soluble  in  nitric  acid.  With  baryta-  and  lime- 
water  it  gives  white  precipitates  which  turn  yellow  after  some  time. 

Jen-ic  acid  is  quadribasic.  Its  potassium  and  sodium  salts  are  obtained  by  neutral- 
ising an  aqueous  solution  of  the  acid  with  the  pure  carbonates  and  evaporating  over 
sulphuric  acid.    They  are  both  very  soluble  in  water,  and  have  an  alkaline  reaction. 

The  barium  salt  is  a  heavy,  glittering  crystalline  powder,  consisting  of  six-sided 
tables.  The  strontium  salt  is  a  crystalline  powder,  rather  more  soluble  than  the 
barium  salt. 

Calcium  jervate  crysfcillises  more  distinctly  in  four-  or  six-sided  rhombic  prisms. 
There  are  two  silver  .salts,  both  obtained  by  precipitation;  also  a  mercurous  salt  in  the 
form  of  a  crystalline  powder. 

The  composition  of  these  salts  is  represented  by  the  following  formulae  : — 

Potassium  jervate  .       .       .  E'Cn'O'^   +  2II-0 

.Sodium           „  ...  Na'C"H«0'-  +  3H-'0 

Barium    Ba»C'^H«0'- 

Strontium        „  ...  Sr''C"H'0'=  +  H'-O 

Calcium          „  ...  Ca'^C'^H^O'-  +  GIPO 

Acid  silver      „  ...  Ag-CH^O'^  +  211-0 

Neutral  silver  „  ...  AgiCH-iO'- 

Meretu-ous       „  ...  Hg<C"H«0'-  +  iWO. 

.Tervic  acid  is  coloured  yellow  by  alkalis.  When  boiled  with  baryta-water,  it  yields 
a  crystallisable  acid,  the  examination  of  which  is  not  yet  completed. 

HEIVIW.  N.  von  Kokscharow  (Jahrcsh.  f.  Ckcm.  1569,  1228)  describes  liclvin  : 
1.  From  Miask  in  the  Ilmen  Mountains,  in  spherical  masses,  some  as  big  as  a  man's 

head;  sp.  gr.  3'333.    2.  From  Lupiko  in  Finland,  in  crj'stals  -^1-  ,  some  more  than 

an  inch  long;  sp.  gr.  =3'23  to  3-37.  Analyses  of  two  specimens  from  each  locality 
have  been  made  by  N.  Tcich  : 

SiO'  APO*  GO  FcO  MnO    CaO  MgO        S  II'O 

,      \Z2-r^l  0-75  13-u7  15-03  3o-51     —  —  _  Oy-.l^. 

■     i  32-42  0-78  13-46  15-21  35-31     —  —  5-77  —  =102  05. 

„     J30-31  —  10-51  10-37  37-87    4'03  0  GO  5  05  0-22  =  90  25. 

133-88  —  10-40  10-37  37-00    4-10  0-66  —  0-22  =  01-03. 

2iul  Snn.  T  T 
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HEPTAMIWE-CHItOMIuni  COnSPOVn'DS.    See  Chromium  (p.  836). 

HEPTANES,  C'H'«.  a.  Normal  Heptane  or  Hcxyl -methane , 
CU^— C1I-— CH-— CH'— CH-— CH-— CH^ 
occurs,  together  with  other  paraffins,  in  Pennsylranian  petroleum  and  in  the  light 
oils  obtained  from  cannel-  and  Boghead-tar.  When  separated  as  completely  as  possi- 
ble by  fractional  distillation,  it  boils  .it  OT'S^-OS",  not  at  92°-94°  as  stated  by  Pelouzo 
a..  Cahours.  AVhen  chlorine  is  passed  into  its  vapour  at  the  boiling  heat,  two  isomeric 
hcptyl  chlorides  are  obtained,  which  boil  at  145°-160°,  and  are  converted,  by  heating 
to  200°  with  potassium  acetate  and  glacial  acetic  acid,  into  the  corresponding  hept}-! 
acetates  boiling  at  175°-185°.  Neither  the  chlorides  nor  the  acetates  can  be  separated 
by  fractional  distillation,  but  by  heating  the  mixed  acetates  with  potash  they  are  con- 
verted into  heptyl  alcohols,  the  mixture  of  which  can  be  separated  by  fractional  dis- 
tillation into  a  primary  and  a  secondary  heptyl  alcohol,  each  having  a  nearly  constant 
boiling  point,  though  still  not  quite  pure.'  The  primary  heptyl  alcohol  thus  obtained  boils 
at  170°-175°,  and  is  converted  by  oxidation  into  oeuanthylic  acid,  C'H"0-,  boiling  at 
219°-222°,  and  identical  wth  th.at  which  is  prepared  from  castor-oil.  The  secondary 
heptyl  alcohol  boils  at  160°-162°,  and  is  converted  by  oxidation  into  methyl- 
pentyl  ketone,  CO  |q5jjii.  boiling  at  150°-152°.  The  secondary  alcohol  is  there- 
fore methyl-pentyl  earbinol,  ^^^^'l  CII.OH.    The  ketone  is  converted  by 

further  oxidatiou  into  acetic  and  normal  valeric  acid,  CH' — (CR-)^ — COOH,  showing 
that  the  heptane  from  which  these  derivatives  have  been  obtained  is  the  normal  com- 
pound CH'— (CH-y— CH-^ 

j3.  Ethyl-amyl  or  Dimetlujl-hi'.tylmcthanc,  CH  or  CH^— CH=— 

CH'-— CI1=— CH,  .—This  modification  of  the  hydrocarbon  C'H'i=  is  produced 

CH' 

by  the  action  of  sodium  on  a  mixture  of  the  bromides  or  iodides  of  ethyl  and  amyl 
{\st  Suppl.  696).  Grimshaw  {Cliem.  Soc.  J.  [2],  xi.  309)  prepares  it  by  gradually 
adding  sodium  to  a  mixture  of  the  bromides  contained  in  a  flask  with  reversed  con- 
denser, in  such  proportion  as  to  keep  the  liquid  at  20°-25°,  then  heating  it  to  100° 
for  some  hours,  and  afterwards  distilling  otF,  The  mixture  of  hydrocarbons  thus  ob- 
tained is  left  standing  for  some  weeks  over  sodium,  then  repeatedly  rectified  over 
sodium  and  fractionally  distilled,  and  finally  purified  by  treatment  with  strong  nitric 
and  sulphuric  acid,  washing  with  water,  leaving  it  in  contact  for  48  hours  with  sticks 
of  potash,  again  distilling  it  with  sodium,  and  then  leaving  it  in  contact  for  a  week  or 
two  with  sticks  of  potash. 

The  ethyl-amyl  thus  prepared  boiled  constantly  at  90°  and  had  a  specific  gravity  of 
0'6833  at  18'4°.  By  the  action  of  chlorineon  its  vapourat  the  boiling  heat,  amixtuie 
of  chlorides  was  obtained  which  did  not  give  any  constant  boiling  point,  but  yet  dis- 
tilled almost  entirely  within  about  10°.  This  mixture  yielded,  by  the  action  of  potas- 
sium acetate  and  acetic  acid,  a  liquid  which  also  could  not  be  obtained  of  constant 
boiling  point,  but  distilled  within  about  15°.  From  this,  however,  a  mixture  of 
alcohols  was  obtained,  of  which  a  more  or  less  complete  separation  could  be  eifected 
into  a  primary  alcohol  boiling  at  16,5°,  and  a  secondary  alcohol  boiling  at  about  147°. 

The  primary  alcohol  thus  obtained  is  an  iso-heptyl  alcohol,  as  shown  by  its  boiling 
point,  which  is  about  10°  lower  than  that  of  normal  lieptyl  alcohol,  and  by  the  fact 
that  it  is  converted  by  oxidation  into  an  iso-oenanthylic  acid,  CH^O^  boiling  at  210°- 
213°,  that  is  to  say,  8°  or  10°  lower  than  normal  cenanthylic  acid. 

Now,  as  ethyl-amyl  contains  three  methyl -groups,  two  isomeric  primary  alcohols 
may  be  derived  from  it,  namely  : 
H^Cn. 

(1 )  .  ^  cii— cir--CH=-CH-— cm 

HO.H^C  ^ 
H'C 

(2)  .         ^  CH— CH2-CH2— CH-— CH-.OH. 

H^C  ' 

It  is  for  the  present  impossible  to  decide  which  of  these  two  formulae  expresses  the 
true  constitution,  but  the  second  formula  is  perhaps  the  more  probable.- 

The  secondary  alcohol  is  m  e  t  h  v  1-i  s  o  a  m y  1  -c  a  r  b  i  n  o  1,  CH  IClil^ 

iCH-— CH=— CH(CH')2, 

as  is  proved  by  tlio  fact  of   its  yielding  by  oxidation  methyl-isoamyl  ketone, 
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CH3— CO— C^H",  boiling  at  143'^-14o°,  and  identical  wltli  that  which  Popoff  ob- 
tained (Zciischr.  f.  Chcvi.  18(55,  577)  by  the  action  of  ziuc-amyl  (from  ordinary  umyl 
alcoliol)  on  acetyl  chloride. 

y.  Dimcthyl-dicthylmcthanc,  c|  ^^.J^sy:  . — This  modification  is  contained, 

together  with  normal  heptane  and  other  hydrocarbons,  in  Penusylvanian  petroleum. 
After  separation  by  fractional  distillation,  it  boils  at  89'5°  to  90°.  Like  normal  heptanu 
and  ethyl-amyl,  it  yields  by  chlorination,  &c.,  two  series  of  derivatiyes,  the  boiling 
points  of  which  differ  in  some  Gises  from  those  obtained  from  ethyl-amyl : — 


ParafBn,  C-H'«  . 
Oletine,  CH'*  . 
Chloride,  C-H'^Cl 

C^H-^O/'^ 

Alcohol.  {^'^j'Jfo 

Ketone,  C'H'^0  . 
Acid,  C'H"0=  . 

The  heptane,  C'H'^,  was  obtained  in  both  cases  as  a  secondary  product  in  the  pre- 
paration of  the  acetate  from  the  chloride. 

The  acid  C'I1"0-,  derived  from  the  y  heptane,  boils  at  the  same  temperatirre  as  iso- 
cenanthylic  acid,  and  has  a  very  similar  smell ;  its  salts  also  resemble  the  correspond- 
ing iso-oeuauthylates.  The  silver  salt,  C'H"AgO-,  is  a  flocculent  crystalline  precipi- 
tate. The  barium  salt  does  not  crystallise,  but  forms  an  amorphous  mass,  like  barium 
iso-cenanthylate.  The  calcium  salt  separated,  on  evaporating  its  solution  Ijy  heat,  as 
an  amorphous  pellicle,  but  by  spontaneous  evaporation  it  was  obtained  in  long,  trans- 
parent needles  or  prisms. 

The  ketone,  C'H"0,  boils  at  the  same  temperature  as  methyl-isoamyl  ketone,  and 
smells  very  like  the  latter  compound ;  but  on  oxidising  it,  a  marked  difference  between 
the  two  compounds  is  observed.  Methyl-isoamyl  ketone  yields,  by  oxidation,  acetic 
and  valeric  acids,  whereas  the  ketone  derived  from  y  heptane  yields  nothing  but  acetic 
acid. 

Now  PopolF  has  shown  that  when  a  ketone  is  oxidised,  the  lower,  or  more  stable, 
of  the  alcohol-radicles  always  remains  attached  to  the  carbonyl,  while  the  other 
radicle  is  oxidised  just  as  its  alcohol  would  be  {\st  Suppl.  765).  According  to  this 
law  there  may  exist  two  ketones,  C'H'^0,  yielding  by  oxidation  only  acetic  acid,  viz  : 

CH'  Cff 
IPC^         I  I 

^Cn— CH— CO— CH^    and    CH^— CH-— C— CO— CH^. 

CIP 

The  first  of  these  two  ketones  will  in  the  first  instiina^  h,-  rrsolved  into  acetic  acid 
and  methyl-isopropyl  ketonr,  jnd  th.  will  yield  by  I'milicr  oxidation  acetic  acid 

and  dimctliyl  ketone,  whicli  will  iiniiUy  br  .-ilsn  'ixiiii.si'il  In  iin  lic  acid. 

The  second  ketone  must,  according  to  ropotf's  biw,  yield  acetic  acid  and  the  oxida- 
tion-products of  tertiary  amyl.  But  the  latter  also  consist  only  of  acetic  acid  :  for 
Butlerow  has  shown  that,  on  oxidising  a  tertiary  alcohol,  the  most  simple  radicle 
always  remains  combined  with  the  carbon-atom  by  which  the  whole  group  is  kept 
together,  whilst  the  two  other  radicles  are  oxidised  separately  ;  and  experiment  has 
proved  that  tertiary  amyl  alcohol,  or  dimethyl-ethyl  carbinol,  is  oxidised  completely 
to  acetic  acid. 

The   first  of  the   ketones  is   a  derivative  of  methyl  -  ctlnjl-isop-oj>ylmctlianc, 

Cll    C'lP        ,  a  paraffin  which  is  not  yet  known  ;  whilst  the  second  ketone  is 
iCH(CH^)= 

Amveiiimm  dimctlnjl-dictlrylmcihanc  ov  nirhodimcthy^^  C  "[|(jJjp5yj '  which  com- 

pound Fricdid  and  T,ailciil mru'  prc|);ired  by  the  action  of  zinc-etliyl  on  dimethyl- 
dicblornmclli.iiic  ( '( T-'i ( ' II  M-'  i  1.-,/  .s."/7''-  «26'). 

At  prcsoiil  it  is  iin)iM-MM,.  icicvMlc  w  it h  certainty  with  which  of  those  two  paraffin.i 
7  heptane  is  iil.  nlical,  lln'  (jiiantily  nf  tlio  ketone  obtained  having  been  too  small  to 
allow  of  the  isolation  of  tlie  inl(  rmediatL!  prcxhicts  of  oxidation,  which  would  elucidate 


Derivatives  of  the  iiprivntivcs  of 

.    89-5°-  90°  90° 

90°-  92°  91° 

.     1-14°-158°  M0°-lo0^ 

.     160°-185°  100°- 175^ 

(Primary     165°-170°  163°-155° 

jSecondary  148°-150°  1-16'-M8° 

.     142°-146°  143°-14r)° 

.     209^-213°  210°-2I3° 
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its  constitution,  and  therefore  tliat  of  tlio  paraffin.  Tho  properties  of  7  heptane  agree, 
however,  with  those  of  dimcthyl-diethylraothane  sufficiently  to  render  their  identity 
not  improbable.  The  latter  paraffin  boils  at  86°-87°,  and  has  at  20'6°  the  specific 
gravity  0-6958,  whilst  the  hydrocarbon  from  petroleum  boils  at  89-5°-90°,  and  has  at 
16°  the  specific  gra^^ty  0'709.  Tho  higher  boiling  point  of  the  latter  is  caused,  partly 
at  least,  by  an  admixture  of  normal  Jieptane  boiling  at  98°  (Schorlemmer,  Chem. 
Soc.  J.  [2],  xi.  319). 

HBPTEWSS-CHIOBHYDRIW,  C'H'^(0H)C1,  is  formed,  together  with  other 
products,  by  treating  octene  with  a  2  to  3  p.c.  solution  of  hypochlorous  acid,  which,  in 
a  solution  of  this  strength,  exerts  an  oxidising  as  well  as  a  reducing  action.  By 
fractional  distillation  the  heptene-compound  may  be  separated,  boiling  at  206°-208°. 
A  weaker  solution  of  hypochlorous  acid  p.c.)  forms  chiefly  octene-chlorhydrin 
(P.  de  Clermont,  Bull.  Soc.  Ckim.  [2],  xiii.  404). 

KEPTYX.  AX.COHOX.,  C'H'»0.  Xormcd  Rcptijl  alcohol.  CH^— CH=— CH-— CH= 
■ — CH- — CH- — CH^OH,  may  be  advantageously  prepared  from  osnanthol,  C'H'^0,  by 
the  action  of  sodium-amalgam.  QSnanthol  is  shaken  with  fifty  times  its  weight  of 
water,  and  a  little  more  than  the  required  quantity  of  an  amalgam  containing  1  per 
cent,  of  sodium  is  added,  together  with  an  equivalent  quantity  of  dilute  sulphuric  acid, 
care  being  taken  to  keep  tho  liquid  always  slightly  acid.  As  soon  as  tho  action  is 
over,  the  liquid  is  distilled,  and  the  distillate  again  treated  in  the  same  way  with  the 
amalgam.  The  alcohol  floating  on  the  top  is  then  removed,  and  the  portion  remaining 
in  the  aqueous  solution  is  isolated  by  repeated  distillation,  the  alcohol  always  coming 
over  with  the  first  portion,  from  which  it  may  be  finally  separated  by  adding  potassium 
carbonate.  The  product  is  dried  over  ignited  potassium  carbonate,  and  the  alcohol 
separated  from  another  very  high-boiling  liquid  by  fractional  distillation.  To  get  rid 
of  some  oenanthol  and  water  still  present,  the  liquid  is  several  times  distilled  over 
small  pieces  of  sodium,  and  then  left  for  several  weeks  in  contact  with  anhydrous 
baryta. 

Normal  hoptyl  alcohol  thus  prepared  is  a  limpid  oily  liquid,  having  an  aromatic 
odour,  and  boiling  under  a  pressure  of  766  mm.  at  175'5°-177'5°,  the  whole  column 
of  mercury  being  surrounded  by  the  vapour  (Grimshaw  a.  Schorlemmer,  Chem.  Soc.  J. 
[2],  xi.  1081). 

HBPTYliIC  ACID  and  AIi3>EKVDE.  See  (Exaj,-thylic  Acid  and  Alde- 
hyde. 

KERACIiEUM.  The  volatile  oil  of  Hcracleum  gigantcum  is  a  mixture  of  octyl 
acetate  and  the  hexylic  ether  of  normal  butyric  acid.  By  saponifying  the  greater 
portion  of  the  oil  which  passes  over  between  200°  and  206°  with  caustic  potash,  and 
fractional  distillation,  tho  two  alcohols  may  be  obtained  in  the  pure  state.  The  octyl 
alcohol  is  identical  with  that  which  is  prepared  from  the  oil  of  Hcraclemn  gphondylium 
{\st  Suppl.  697).  The  hexyl  alcohol  will  be  described  further  on  (Francbimont  a. 
Zincke,  Deut.  Clicm.  Gcs.  Ber.  iv.  822). 

HESPEHIBEWE.    The  terpene  of  essential  oil  of  orange-peel.   (See  Terpenes). 

HETEBOCrEWITE.  Ahydrated  cobaltoso-cobaltic  oxide  occurring,  together  witli 
calcspar  and  pharmacolite,  in  the  nickel  and  cobalt  veins  of  the  Wolfgang  Meesen 
mine  at  Sehneeberg  in  Saxony.  It  is  amorphous,  and  occurs  in  botryoi'dal  and  kidney- 
shaped  masses,  having  a  dense  fracture.  Lustre  faint.  Colour  blackish  to  reddish- 
brown  :  the  ignited  powder  is  coal-black.  Streak  dark-brown,  with  a  fatty  lustre. 
Hardness  equal  to  that  of  calcspar.    Sp.  gr.  3'44. 

Its  blowpipe  reactions  are  as  follows : — It  gives  off  water  when  heated  in  a  tube  ; 
heated  in  the  forceps  it  melts  with  difficulty  on  the  edges,  and  colours  the  flame  slightly 
green ;  appears  slightly  magnetic  after  ignition  ;  exhibits  cobalt  reaction  with  gla.'is 
fluxes.  It  dissolves  easily  in  hydrochloric  acid,  giving  off  chlorine  and  leaving  an 
insoluble  residue  ;  the  green  solution  turns  red  when  heated,  and  gives  with  ammonia 
a  small  precipitate  of  ferric  oxide. 

The  quantitative  analysis  of  two  specimens  gave  : 

CoO       O       CiiO    Co=0=    re=0'   A1=0''    CaO     MgO      H=0  Kesidue 
(7    69-03    5-03    0-60    0-35    1-20    1-30    1  60    0-15    U-56    16-00  =  100-12 
h    39-91    2-81    0-56    0-32    0-80     —      3-60    2-02    12-25    32-20  =  103-50 

Most  of  these  constituents  are  foreign  to  the  mineral,  and  on  deducting  them — namely 
tho  insoluble  residue,  consisting  mainly  of  silica,  which  remains  on  dissolving  the 
jnineral  in  acids,  as  a  skeleton  made  up  of  large  flocks — also  the  oxides  of  iron,  cojjper, 
bismuth,  calcium,  and  magnesium — there  remains  for  the  composition  of  the  hctero- 

gcuite — 
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CaO  0  H=0  or         CoO  Co=0'  H=0 

7,5-17  6--11  IS-ol  14-32  67-26  18f)t 

63-83  054  24-13  16-24  oS'lS  24-13 

agreeing  nearlj' witli  the  formula,  Co0.2Co-0^  +  CH-0,  which  reqxiires  14-61  p.e. 
CoO,  64-61  and  20-78  -water. 

Ileterogenito  was  originally  mistaken  for  asbolan  or  earthy  cobalt — a  manganese 
ore— and,  in  fact,  it  exhibits  a  distinct  trace  of  manganese  -^vhen  fused  -with  sodium  car- 
bonate and  nitre.  One  specimen  -n-as  found  to  contain  nickel  in  the  proportion  of 
1  part  nickel  to  20  parts  cobalt. 

Hetorogenite  is  a  product  of  the  decomposition  of  smaltine  or  tiu--whito  cobalt 
(speiss-kobalt);  it  is  interesting  as  the  first  mineral  in  which  the  amount  of  cobalt  exist- 
ing as  sesqui oxide  has  been  actually  determined  (A.  Frenzel,  J.  2»:  Chcm.  [2],  v.  404), 

BZ:XA.nXX]QO-    and     HESM-STRO-a.I.BlJ'BESIf-SUl.PHOiariC  ACZBS. 

Whi-n  dried  albumin  is  Ircalo.Uvitli  a,  nilxtun-  of  concml  rated  iiilrlr  au<l  sulpliuric 
acids  in  the  cold,  and  the  mixture,  after  standing  fia-  several  lioui-s,  is  tlirown  into  Cold 
water,  a  precipitate  is  thrown  down,  wliieh,  when  dried,  tnrnis  tliree-fourths  of  tlie 
allmiuiH  originally  taken.  It  is  a  bitti  r,  yellnvi-  jiouili  r,  insolulile  i a  water,  ah-ohol, 
and  dilute  acids  ;  soluble  in  dilute  alkalis,  Voniiiiii;  a,  led  soliiti(jn,  fnmi  which  it  m.-iy 
be  reprecii-itated.  uneliaii-ed.  Assuniiii-  llie  lorniubi.  of  albumin  to  be  C'-H""*N'^SO--, 
the  new  substanee  is  hr.n,,l,:.-,ilha„i;.;.i:!i,h„Hic  add,  C'-H'«'(NO-)«(SO-OH)N'«SO".  On 
treatin^'j;  llii-.  body  m  itii  aniiiie'iiiiini  suliihidc,  hcxajiiido-alhumbisulplionic  add,  C'-'H"" 
(NII-;\.SU-OIl)A  '-Si  )--■  is  iei-i,i(  ,l,  as  a  brownish-yellow  ]H)wder,  having  a  faint  taste, 
soluble  in  dilute  alkalis,  (leeninpnsed  by  strong  alkali' ,  e>|H  ei;illy  on  warming,  with 
evolution  of  ammonia,  .\iti-ie  .n'id  dissolves  it,  wit b  i  vi.lution  of  red  fumes.  It  is 
insoluble  in  dilute  acids,  Imt  viiea  freshly  precipitated,  dissolves  readily  in  concen- 
trated acids  (0.  Loew.  J.  i^r.  Chr,„.  [2],  iii.  180). 

HEXAMZHB-(orTRIil.IW:iISrB-)  CHKOiaiURS-COMPOXTWDS.  (,-:-!ecp.  330.) 

HEXAWES.  C«H".  (Sehorlemmor,  I'ldl.  Trans.  1872,  111).  Koniial  hexcmc, 
Clb'— CH-— CH-— CH^— CH-— Off,  occurs,  together  with  other  paraffins,  in  Penmsyl- 
vanian  petroleum  and  in  the  light  oils  from  Boghead  and  cannel  coal.  It  boils  at 
60^-70°.  When  chlorine  is  passed  into  its  vapour  at  tlie  boiling  heat,  a  mixture  of 
hexyl  chlorides  is  produced,  the  greater  part  of  which  distils  constantly  at  125°-126°. 
Treated  with  potassium  acetate  they  yield  hexene,  CH'-,  boiling  at  69°-70°,  and 
he.xyl  acetates  distilling  Ijctweon  158"  and  160°  (not  at  145°,  as  stated  by  Pelouzo  a. 
Cahours).  The  secondary  alcohol  obtained  from  thoso  mixed  acetates  is  methyl- 
butyl  carbinol  ^g„|cH.OII,  jdolding  by  oxidation  methyl-butyl  ketone,  boiling 

at  126°-128°,  and  then  acetic  and  normal  butyric  acid.  The  primary  hexyl  alcohol 
obtained  from  the  samo  mixture  of  acetates  boils  at  150°-155°,  and  is  converted  by 
oxidation  into  caproic  acid,  which  boils  at  200°-205°,  and  yields  a  silver  salt  crystal- 
lising in  needles,  and  a  calcium  salt  in  shining  scales  or  ramified  needles  :  its  barium 
salt  forms  an  amorphous  mass. 

Normal  hoxane  is  also  produced  by  the  action  of  zinc  and  dilute  hydrochloric  acid 
on  secondary  hexyl  iodide  (methyl-butyl  iodide)  obtained  from  mannito.  The  product 
contains,  besides  hexane,  small  quantities  of  hexene  and  dihexyl  or  dodccano  t:'-'II-'". 
The  latter, -which  boils  at  202°,  may  be  removed  by  distillation,  and  the  hexeno  l)y 
means  of  bromine.  Tho  ptirer  hexane  thus  prepared  boils  constantly  at  171 '6°,  and 
has  a  specific  gravity  of  0-6630  at  17°.  The  chlorides  obtained  from  it  boil  at  126°- 
1S0°,  and  yield  a  mixture  of  two  hexyl  alcohols,  viz.,  methyl-butyl  carbinol,  boiling  at 
140°-141°,  and  yielding  by  oxidation  normal  butyric  acid,  and  a  primary  alcohol 
which  boils  at  160°-153°  and  is  converted  by  oxidation  into  a  caproic  acid  boiling  at 
20 1°-204°  and  exhibiting  properties  similar  to  the  caproic  acid  derived  from  petro- 
leum, excepting  that  the  acid  from  mannite  gives  a  well-crystallised  barium  salt. 
The  hoxane  from  mannite  and  some  of  its  derivatives  also  boil  at  a  few  degrees  higher 
than  tho  corresponding  petroleum  derivatives.  These  differences  are  probably  due  to 
the  presence  of  small  quantities  of  other  paraffins  in  the  hexane  from  petroleum. 
Tbo  formation  of  acetic  and  of  normal  butyric  acid  from  the  hexanes  from  petrokunu 
and  from  mahinito  show  indeed  that  both  have  tho  constitution  of  a  normal  paraffin. 

Diprop!//.  C^H'.C'H',  prepared  from  normal  propyl  iodide,  CH-''— CH-— GTI-'l, 
(boiling  at  102°-103°)  by  heating  a  mixture  of  this  iodide  and  anhydrous  ether  with 
sodium  to  140°-150°,  is  likewise  identical  in  physical  properties  with  the  hexane 
from  tlio  two  sources  above  meutiemed.  The  identity  is  further  shown  by  its  mode  of 
formation  : 


CTP— cir--cipn 
cff-CH--cjr-^i/ 


+  Na-  =  2NaI  +  CH^-CH--Cff-CH=-CH-- CH= 
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HC(CH^>)2 

Tdramethyl-cthanc,      I  . — Tliis  modification  of  liexano  is  derived  from 

_HC(Cff)- 

pinacone,  C^H^O-,  -wliicli  is  formed  by  the  action  of  sodium-amalgam  ou  aqueous 
acetone,  and  has  the  constitution  of  tetramcthylated  ethene  glycol  (iv.  647  ;  \st  Sup2>l. 
946).  Pinacpne  boiled  with  iodine  and  phosphorus  in  presence  of  water,  or  heated  in 
Boaled  tubes  with  hydriodio  acid,  yields  a  mixture  of  pinacolin,  CH'^O  (anhydride  of 
pinaeone).  an  iodide,  C"H"I  (b.  p.  142°-14o°),  which  constitutes  three-fourths  of  the 
crude  product,  and  small  quantities  of  more  condensed  derivatives  of  acetone.  The 
iodide,  C^H"I,  heated  with  hydriodic  acid,  gives,  besides  a  little  inflammable  gas  and 
several  liquid  hydrocarbons  boiling  at  about  130°,  a  liquid  hexane  boiling  at  59°, 
identical  with  the  so-called  hydride  of  dipropylene  which  BertJiolot  obtained  by  treating 
diallyl  with  hydriodic  acid  (Bouchardat,  Compt.  rend.  Isxiv.  800). 

HEXHVBRO-XSOXYX.ESJE,  C»H"=.    See  Xylene. 

K3SXKYBROPKTHAX.XC  ACXD.    See  Phthalic  Acid. 

HB3£X!TH-!rXi-I>XSZX.ICZC  ETHSIS.    See  Silicic  Etheus. 

HEXOXBTH'S-X.-BXPKOSPHOPXiA.TXSrOVS  CHXiORXSE.  See  Platinum- 
Compounds. 

HEXOXYSIPHESrYIi,  C'-H'^O",  is  produced,  together  with  methyl  chloride,  by 
heating  hydrocceralignono  with  hydrochloric  acid  in  sealed  tubes  (p.  377)- 

BEXOXYAIS-THRAQUXSJOn-E,  or  TE^RA-OXYA]»'TKItAX»ZQVXIi3-- 
OKE,  CffO".  This,  according  to  JaCf(^  {Dcut.  Chcm.  Gcs.  Bcr.  1870,  694),  is  the 
constitution  of  rufigallic  acid  {1st  Siippl.  999),  inasmuch  as  that  acid  when  distilled 
with  zinc-diist  yields  anthracene.  The  formation  of  rufigallic  acid  by  heating  gallic 
acid  with  sulphuric  acid  will  accordingly  be  represented  by  the  equation  2C'H"0^  = 
2H'0  +  C»H«0». 

HSXYXi  AXiCOHO]bS.  The  essential  oil  of  Hcracleum  giganteum  yields  by 
fractional  distillation  a  liquid  distilling  between  201°  and  206°,  which  is  a  mixture  of 
hexyl  butyrate  and  primary  octyl  acetate. 

The  hexyl  alcohol  thus  obtained  is  a  colourless  oily  liquid  with  a  strong  aromatic 
odour.  Its  sp.  gr.  at  23°  =  0'819,  and  corrected  boiling  point  166-6°.  The  corre- 
sponding hexyl  iodwle,  C'H'^I,  is  a  colourless  liquid  with  a  faint  odour ;  sp.  gr.  at 
17"o°  =  1'4115  ;  boiling  point  179'5°. 

The  acetate,  CH'^.C-H^O-,  is  a  colourless,  oily  liquid,  having  at  1 7'5  the  sp.  gr. 
0-889,  and  boiling  at  168-7°.  The  caproatc,  C^H^.CH'iO^,  is  an  oily,  almost  scent- 
less liquid.    Sp.  gr.  at  17-5°  =  0-865  ;  boiling  point  245-6°. 

On  oxidation,  this  alcohol  yields  caproic  acid,  which  boils  at  204-5°-205°,  and  has, 
therefore,  the  same  boiling  point  as  Lieben's  normal  caproic  acid.  As  this  hexyl 
alcohol  boils  at  a  higher  temperature  than  all  other  primary  hexyl  alcohols  so  far 
studied,  and  as  the  difTerence  between  its  boiling  point  and  that  of  normal  amyl  alcohol 
is  19°,  it  is  most  probably  normal  hexyl  alcohol:  CH^— 011=— CH^— CH-— CH^— 
CH-'OH  (Franchimont  a.  Zincke,  Dcut.  Chem.  Gcs.  Ber.  iv.  822).  • 

The  cyanide  prepared  from  this  alcohol  in  the  usual  way  yields,  by  distillation  with 
caustic  potash,  a  heptylic  or  oenanthylic  acid  which  boils  at  223-224°  under  a  pressure 
of  762-7  mm.,  has  a  sp.  gr.  of  0-9912  at  24°,  and  solidifies  completely  in  a  mixture  of 
ice  and  salt,  but  liquefies  entirely  again  at  8°.  It  is,  in  all  probability,  normal  cenan- 
thylic  acid  (Franchimont,  ibid.  v.  786).    See  (Enanthylic  Acid. 

The  hexyl-compounds  derived  from  mannite  and  from  dulcite  have  been  examined 
by  0.  Heclit  {Ann.  Ch.  Pharm.  clxv.  146),  who  finds  them  to  bo  identical  both  in  their 
physical  and  in  their  chemical  properties.  The  alcohols  from  the  two  sources,  when 
oxidised  by  chromic  acid,  both  yield  acetic  and  normal  butyric  acid:  they  have,  there- 

fovo,  the  constitution  of  methyl-butyl  carbinol         |  CH.OH. 

HXBXSCUS,  The  Hibiscus  csculentus,  called  in  Egypt  Bammge,  is  there  cultivated 
as  a  garden  vegetable,  the  unripe  green  fruits  being  cooked  like  French  beans.  The 
fruit  dried  at  100°  contains  2  to  2-4  p.c.  nitrogen.  Like  those  of  other  malvaceous 
plants,  it  is  rich  in  pectin,  starch,  and  mucilage.  The  ash  contains'  abundance  of 
potash,  soda,  magnesia,  phosphoric  acid,  sulphuric  acid,  and  chlorine.  The  ripe  seeds 
contain  2-4  to  2-5  p.c.  nitrogen.    The  ash  of  the  seed  is  constituted  as  follows : — 

K=0      Na=0     CaO      MgO    Fe=0=     P=0''      S0»     SiO=      CI  C0= 
38-84    4-58    7-81    12'02    0-86    24-69    0-56    0-75    1-54    8-25  =  99-90 


(0,  Popp,  Arch.  Pharm.  [2].  cxlv.  HO). 
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XIZFPUItXC  ACXH,  Esporiments  on  the  influence  of  various  kinds  of  fodder  on 
tlio  secretion  of  liippuric  acid  in  tlio  urine  of  lierbivora  have  been  made  by  Hofmeistor 
[Landw.  Versiichs-Siaiionen,  xiv.  458). 

Sheep  fed  on  clovcr-hay  secreted  as  an  average  5-3  grams  only  of  hippiu^io  acid  in 
2i  hours,  but  when  fed  on  meadow-hay  they  secreted  an  almost  constant  quantity  of 
SO  grams.  The  addition  of  benzoic  acid  to  the  clover-hay  gave  rise  to  an  increase  in 
hippuric  acid  of  rather  more  than  the  calculated  vreight,  showing  that  clover  does  rot 
in  itself  prevent  the  formation.  The  distillate  and  watery  extract  obtained  on  distilling 
meadow-hay  with  water,  dried  and  given  to  sheep,  produced  no  increase  in  hippuric 
acid,  but  the  dried  residue  caused  its  secretion  in  almost  the  same  proportion  as  the 
original  bay. 

Meadow-hay  was  then  exhausted  consecutively  with  water,  alcohol,  and  3  p.c.  soda- 
ley.  The  alcoholic  extract  piroduced  a  slight  increase  in  hippuric  acid ;  the  watery 
and  alkaline  extracts  and  tlic  residue  had  no  appreciable  effect.  The  non-formation  of 
hippuric  acid  from  this  residue  is  in  opposition  to  the  observations  of  Meissner,  who, 
from  experiments  on  rabbits,  arrived  at  the  conclusion  tliat  the  formation  of  this  acid 
was  due  to  the  digestion  of  some  substance  contained  in  the  crude  fibre,  probably  the 
cuticular  membrane.  That  the  nitrogenous  constituents  of  the  food  do  not  wholly 
regulate  the  secretion  of  the  acid  is  proved  by  the  facts  that  the  addition  of  rapc-cako 
to  the  food  has  no  action  on  its  quantity,  but  only  increases  the  urea,  and  that  a  much 
smaller  quantity  is  formed  by  feeding  witli  clover  than  with  graminaceous  plants. 

Neither  do  the  aromatic  substances  of  the  food  seem  to  have  much  influence  :  fur  the 
alcoholic  extract  of  meadow-hay,  containing  the  greater  part  of  the  aromatic  bodies, 
produced  but  a  small  quantity  of  hippuric  acid,  and  Henneberg  and  Stohman  found  as 
much  in  the  urine  of  oxen  fed  on  oat-straw  as  in  that  of  oxen  eating  meadow-hay. 

By  gradually  increasing  the  quantity  of  oat-straw  given  in  combination  with  clover- 
hay,  the  hippuric  acid  secretion  in  the  urine  of  sheep  was  gradually  increased ;  in  a 
similar  experiment  with  barley-straw  no  such  increase  t<5ok  place. 

Notwithstanding  contradictory  appearances,  Hofmeister  is  of  opinion  that  the  secre- 
tion of  hippuric  acid  is  influenced  by  the  protein  matters  and  the  fibre  of  the  food, 
though  the  necessary  conditions  can  be  found  only  by  a  closer  examination  of  these 
substances. 

E.  Wildt  (Dent.  Chan.  G<s.  Bcr.  vi.  1494),  fed  rabbits  with  pure  grass,  and  found 
only  a  trifling  production  of  hippuric  acid  ;  witli  clover  rather  more  was  formed  ;  with 
meadow  grass  containing  a  variety  of  herbage  the  production  was  greatly  increased  ; 
with  Lcontodon  Taraxacum  (one  of  tlie  meadow-pilants)  the  yield  was  equally  large. 
He  concludes  that  some  ingredients  of  the  meadow  herbage  other  than  grass  or  clover 
are  the  cause  of  the  formation  of  hippuric  acid. 

HZSZn'G'lSKXTS.  A  brown  amorphous  mineral  from  Lostwithiol  in  Cornwall 
has  been  provisionally  described  liy  Church  {C'/tem.  8oc.  J.  [2],  viii.  3)  as  hisingerite. 
Hardness  =  2-75.  Sp.gr.  =  I'H.  According  to  the  mean  of  three  analyses,  it  consists 
of  52-94  Fe=0^  36-1 4  SiO-,  and  10-49  ( =  99-57),  together  with  0-82  P-O^  and  traces 
of  magnesia.  The  formula  of  the  mineral  is  perhaps  Fe-0^.  2SiO-  -t-  2H-0,  which 
requires  60-63  p.c.  Fe-0^  37-98  SiO'-  and  11-39  ffO,  the  excess  of  ferric  oxide  in  the 
analysis  being  probably  duo  to  the  difficulty  of  separating  tlic  mineral  from  the 
haematitic  matrix  in  which  it  is  imbedded. 

HTSZiMZTZ:.    Sou  Tant.\lati:s. 

HOMOXiOGOVS  SERIES.  On  the  Boiling  Points  of  Homologous  Organic 
Compounds,  see  page  203. 

HOPEITB.    See  Phosphates. 

HOPS.  Experiments  have  been  made  hy  A.  Mnntz  {Co mpi.  rend.  Isxiv.  1044), 
with  the  object  of  ascertaining  (1),  the  nature  and  quantity  of  the  elements  which  are 
removed  from  the  soil  by  a  crop  of  hops  ;  (2),  the  proportion  in  which  the  various 
elements  are  assimilated  by  the  hop-plant  during  the  difierent  phases  of  its  growth. 

The  following  analyses,  in  which  special  attention  has  been  bestowed  upon  tho 
separation  of  the  alkalis,  were  made  with  hop-plants  gathered  on  September  17  from 
a  liop-garden  at  Woerth,  at  the  base  of  the  Liebfrauenberg  in  Elsass. 
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Materials  removed  from  the  Soil  hj  a  Crop  of  Hops. 


2,400  plants  grown 
on  38  acres  contain 

G,S16  plants  grow-n  on 
1  hectare  contain 



kilograms 

I'ilonrams 

Water  

4282-O60 

1 1270-270 

Carbon  ..... 

997-224 

2624-361 

119-904 

"31 0-547 

764-304 

201 1-393 

34-633 

91-141 

Phosphoric  acid   .       .       .  ■ 

8-625 

22-699 

9-254 

24-352 

Potash  

41-812 

Soda    .       .  ... 

0-173 

0-455 

Mineral  matter  not  determined 

50-635 

133-278 

0283-200 

■  16535-308 

HORM'BIi:S31'DE,  and  AITGITE.    See  Augite,  p.  117. 

HORTON'OX.ITi:.  This  name  is  given  by  G.  J.  Brush  {Sill.  Am.  J.  [2],  xlviii. 
17),  to  a  chrysolite  containing  iron,  manganese  and  magnesium,  occurring  at  Monroe, 
Orange  County,  New  York,  imbedded  in  calcspar,  or  in  cavities  of  the  same,  together 
■with  magnetic  iron  ore.  The  mineral  is  yellow  to  dark  yellowish-green,  and  in  the 
larger  masses  almost  black.  The  crystals  appear  black  from  a  coating  of  another 
substance.  Hardness  =  6-5.  Sp.gr.  =  3-91.  Before  the  blowpipe  it  becomes  black 
and  magnetic,  and  gives  with  fluxes  the  reactions  of  iron,  manganese,  and  silica. 
Hydrochloric  acid  decomposes  it  completely,  with  gelatinisation.  The  mass  is  always 
intimately  mixed  with  magnetic  iron  ore,  sometimes  also  with  graphite.  The  former 
was  removed  by  the  magnet  previous  to  analysis.  Two  analyses  made  by  W.  G. 
Mixtor,  gave : 

Loss  by 

SiO'  FeO         MnO  JIgO  CaO         K=0  ignitior. 

33-52  44-28  4-72  lC-79  trace  0-30  0-26  =  99-87 
33-66       44-46       3-98       16-56       trace       047       0-26    =    99  39 

This  composition  shows  that  the  mineral  is  a  chrysolite,  and  the  crystallographical 
and  optical  examination  made  by  J.  M.  Blake  lead  to  the  same  conclusion.  The  angles 
are  very  nearly  those  of  chrysolite,  and  the  occtirring  faces  are  oP,  ooPoo  ,  coP2,  Pco , 
{•(SO ,  P2,  P4.  The  crystals  cleave  parallel  to  the  faces  of  a  prism,  also  parallel  to  OP, 
and  perhaps  also  parallel  to  osf  oc  . 

HVMIC  ACXD.  HUnZtrs.  W.  Detnier  {Landw.  Versuclis-Staiionen,  xiv. 
248)  prepares  humic  acid  by  exhausting  peat  and  various  kinds  of  peaty  soil  with 
solution  of  potassium  carbonate,  precipitating  the  sohttion  with  hydrochloric  acid,  and 
subjecting  the  precipitate  to  a  great  number  of  purifying  processes.  The  humic  acid 
was  finally  precipitated  from  its  solution  in  boiling  v/ater  by  the  addition  of  hydro- 
chloric acid  ;  it  then  contained  only  0-179  p.c.  of  nitrogen.  The  nitrogen  present  in 
the  earlier  stages  of  purification  did  not  exist  as  ammonia.  The  purified  humic  acid, 
dried  at  120°,  gave  a  mean  percentage  of  69-75  C.  4  61  H.,  agreeing  with  the  formula 
Qsojjisoi);  the  composition  of  the  salts  shows,  however,  that  the  true  formula  is 
C-H^^O". 

Humic  acid  is  amorphous.  It  begins  to  decompose  at  1 15°.  When  undried,  it 
dissolves  in  8,333  parts  of  water  at  6°,  and  in  625  parts  at  100°;  after  drying  it 
requires  13,784  parts  of  boiling  water  for  solution.  The  presence  of  salts  diminishes 
its  solubility.  It  is  more  soluble  in  phosphoric  acid  than  in  other  acids.  Humic  acitl 
reddens  litmus;  it  expels  carbonic  acid  from  metallic  carbonates,  forming  insoluble 
compounds,  except  -with  the  alkalis.  Its  solution  in  ammonia  leaves,  when  dried,  a  sub- 
stance having  the  formula  C'*''H'*(NH'')«0",  w-hich  is  soluble  in  2-2  parts  of  water. 
Metallic  salts  form  precipitates  with  ammonium  humate.  The  precipitate  formed  by 
calcium  chloride  has  the  formula  C''"H-'«CaXNH^)-0-' ;  that  by  ferria-cliloride  has  the 
formula  C°°H"'(Fe-)"(NH')-'0"  ;  the  precipitate  by  silver  nitrate  is  C-'H^Ag^O-'.  All 
these  compounds  are  amorphous. 

The  acid  prepared  from  brown  peat  (called  ulmic  acid  by  Mulder)  is  identical  in 
composition  and  properties  with  that  obtained  from  black  peat.  Humin,  the  insoluble 
humus-substance,  is  difficult  to  obtain  free  from  undeeomposed  vegetable  fibre.  Crenic 
and  apocrenic  acids  appear  to  be  products  of  the  oxidation  of  humic  acid. 
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Tho  changes  whicli  poat  undergoes  during  its  f(jrniatiou  ; 
iiig  analyses  of  samples  from  the  Nienwalder  Moor.  Tin 
120°  :— 


slicu-n  by  the  foUow- 
amples  were  dried  at 


Description  o£  Peat 


Brov/n  poat,  from  surface 
Nearly  black  peat,  at  7  feet 
Black  peat,  at  14  feet 


Composition  o£  Orgr,nio  Sub- 
stance per  cent. 


ecu  1,. 

N 

C     1  H 

0 

2719 

()-8() 

57-75  1  5-43 

30-02 

7-123 

2-10 

G2'02  1  0-21 

30-67 

4-0.) 

64-07  5-01 

2G-87 

Tho  amount  of  humus  in  a  soil  is  best  ascertained  by  oxidation  -with  potassium 
bichromate,  and  estimation  of  tho  carbonic  acid  evolved.  A  moderate  quantity  of 
humus  improves  soil  in  many  -ways.  From  its  dark  colour  humus  is  a  good  ab- 
sorbent of  heat ;  its  specific  heat  is  much  above  that  of  soil ;  it  is  hygroscopic, 
and  greatly  increases  the  -water-holding  power  of  saiidy  soils  ;  it  has  the  power  of 
absorbing  ammonia;  by  its  decomposition  it  is  a  source  of  carbonic  acid;  and  tho 
mechanical  condition  of  most  soils  is  improved  by  its  presence.  AVhen,  however, 
humus  is  present  in  excessive  quantity,  it  acts  injuriously,  by  deoxidising  ferric  salts, 
and  in  other  ways. 

Humic  acid  is  a  strictly  colloid  body,  and  cannot,  therefore,  directly  serve  for  tho 
nourishment  of  plants.  This  result  is  confirmed  by  experiments  with  the  spores  of 
an  alga,  Euglcna  viridis,  which  show  that  neither  humic  acid  nor  neutral  ammonium 
humateis  absorbed  by  this  plantfrom  its  solutions.  Crenic  acid  is  capable  of  diffusion 
through  membranes;  in  an  experiment  with  recently  germinated  peas  it  was  found,  by 
microscopical  observation,  that  crenic  acid  had  passed  into  the  plant  from  its  solu- 
tion. The  oxidation  products  of  liumic  acid  appear,  therefore,  to  be  taken  up  by 
plants  (Dotmer,  Landw.  Versuclts-Stationen,  xv.  284). 

From  experiments  by  Bretschneider  {Chcm.  Aclccrsmann,  1871,  p.  287)>  it  ap- 
pears that  tho  presence  of  humic  acid  in  the  soil  greatly  promotes  the  absorption  of 
nitrogen  from  the  air.  The  humic  acid  contained,  when  dried  at  110°:  carbon  60-397, 
hydrogen  4-502,  oxygen  35-034,  nitrogen  -025,  ash  -042.  The  experiments  were  made 
in  four  metal  dishes,  each  6  inches  deep,  and  exposing  a  surface  of  1  square  foot. 
Each  vessel  contained  15  kilograms  of  quartz-sand  moistened  with  3-55  kilograms  of 
water.  One  vessel  was  without  humic  acid;  the  others  contained  rcs|iectively  1,  3, 
and  5  p.c.  of  the  weight  of  the  s?.nd.  The  vessels  were  exposed,  freely  to  tho  open  air 
for  one  year,  but  sheltered  from  rain  and  insects,  the  evaporated  ■\vater  being  from 
time  to  time  replaced.  At  the  end  of  tho  experiment  tlio  increase  of  nitrogen  with 
1  p.c.  humic  acid  was  0-069  gram,  with  3  p.c.  humic  acid  0-239  gram,  and  with  6  p.c. 
humic  acid  0-454  gram ;  or,  calculating  the  results  for  an  acre  of  surface,  the  increase 
was  respectively  6-24,  21-72,  and  41-14  pounds  of  nitrogen.  It  is  to  bo  observed  that 
the  absorption  of  nitrogen  rises  more  rapidly  than  the  proportion  of  humic  acid  present. 
The  experiments  do  not  show  that  the  nitrogen  was  absorbed  as  ammonia. 

According  to  Deherain  {Compt.  rend.  Ixxiii.  1352)  humic  acid  mixed  with  solution 
of  potash  absorbs  from  the  air  7-2  p.c.  nitrogen,  and  humus  from  old  wood  mixed  with 
potash  absorbs  3-6  p.c. 

A  peculiar  occurrence  of  Iiumic  acid  has  been  observed  by  T.  Lettenmayer  {Bcut. 
Ckem.  Ges.  Ber.  vii.  408).  A  piece  of  rotten  beech-wood,  which  had  fallen  into  a  cleft 
of  the  tree  and  thus  become  protected  from  moisture,  was  found  to  be  partially  covered 
with  a  black,  glistening,  brittle  layer  of  1  to  2  millimeters  in  thickness.  This  was 
readily  soluble,  oven  in  cold  water,  yielding  a  brown  alkaline  solution.  Acids  produced 
a  precipitate  consisting  of  an  organic  acid  of  a  brownish-red  colour.  It  was  found  to 
contain  53'6  p.c.  carbon,  4-9  of  hydrogen,  and  but  mere  traces  of  nitrogen.  After 
being  dried,  the  acid  was  insoluble  in  water,  alcohol,  and  other,  and  dissolved  with 
difficulty  in  alkalis.  The  original  substance  was  a  mixture  of  the  potassium,  sodium, 
and  ammonium  salts  of  the  acid. 

HUMXTE.  CJiondr^dite. — Elaborate  investigations  of  tho  crystalline  form  and 
chemical  composition  of  this  mineral  have  been  made  by  G.  vom  Rath. 

Crystalline  Form  {Pogg.  Ami.  Erg'dnzungsband,  v.  320-413;  Jahrhuch  fur 
Mincralogir,  1871,  634). — Vom  Eath's  observations  confirm  the  discovery  of  Scacchi, 
that  tho  crystals  of  this  mineral  are  refcrrlblo  to  a  three-fold  type  (i.  930).  The 
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numerous  comljiuation-faces  miglit  indeed  bo  all  referred  to  one  primary  form ;  and  if 
we  select  for  this  form  a  pyramid  of  any  one  of  the  three  groups  or  types,  then  all 
faces  occurring  on  the  same  crystal,  or  on  crystals  of  the  same  group,  may  be  repre- 
sented by  simple  indices  ;  but  if  the  same  pyramid  be  chosen  as  the  primary  form  of 
the  crystals  of  the  other  tivo  groups,  the  numerous  combination-forms  of  these  crystals 
■will  be  represented  by  very  complicated  indices,  although  they  stand  to  one  another 
in  very  simple  relations,  as  above  observed,  with  respect  to  the  forms  belonging  to  one 
and  the  same  group.  Nevertheless,  the  difference  between  the  three  primary  foi  ms  to 
which  the  crystals  of  the  three  groups  must  be  referred,  in  order  that  their  combina- 
tions may  be  represented  by  simple  numbers,  relate  to  only  one  axis,  that  is  to  say,  to 
the  ratio  of  this  axis  to  the  other  two,  whereas  the  lengths  of  these  latter  bear  the 
same  ratios  to  one  another  iii  all  the  three  groups. 

Type  I.  Calling  the  macrodiagonal  a,  the  brachydi;igonal  h,  and  the  principal  axis 
c,  the  ratios  of  the  axes  are  : 

a  \  h  :  c  =  1-08028  :  1  :  4-40131. 
The  observed  forms  are  : 

Pyramids  of  the  principal  series   .       .    P,  iP,  ^P 

Macropyramids  P2,  iP2^^P2,  iP2,  lp2 

Prisms  coP,  ooP2,  oofg 

Brachydomes  f  qd  ,  ^Poj ,  J-Po^  ,  J? oo ,  |f 

Macrodomes  Pas ,  ^-Pco ,  iPoo 

Pinacoi'ds     ......    OP,  uof  oo ,  ooPoo . 

Twins  occur:  (1)  with  fJoo  as  contact-plane;  (2)  with  ifoo.  The  crystals  of  the 
first  type  are  mostly  simple  ;  but  there  are  also  very  regular  twins,  and,  on  the  other 
hand,  very  irregular  triple  crystals.  Cleavage  distinctly  basal.  Colour  white,  yellow- 
ish-white, honey-yellow,  chestnut-brown,  brown.  With  the  diehroscope,  differences 
of  colour  are  scarcely  perceptible;  the  same  also  is  the  case  in  the  otlier  two  types. 

Tyi>c.  II.  a\h\c=  1-08028  :  1  :  3-14379.— Whilst  the  crystalline  forms  of  the 
first  typo  are  invariably  holohedral,  those  of  the  second  exhibit  a  peculiar  and  remark- 
able hemihedry,  which  converts  a  portion  of  the  pyramids  into  hemipyramids.  In 
consequence  of  this,  the  crystals  of  the  second  type  acquire  an  apparent  monoelinic 
development,  whilst  the  axial  elements  remain  rhombic.  The  observed  forms  of  this 
type  are  : 

Pyramids  of  the  principal  series  .       .       .       .    P,  ^P 

Macropyramids  2P2,  -?P2,  fP2,  f P2 

Brachypyramids  ?f5 

Brachydomes  Pw ,  gfro  ,  g-Po) 

Macrodomes  APco ,  iPx 

Pinacoi'ds  OP,  ccPoo 

Twins:  (1)  with  ffoo  as  contact-plane;  (2)  with  f i^o: .  Colour  light  to  dark 
yellow.  The  crystals  of  this  type  are  more  interesting  than  those  of  the  other  two,  on 
account  of  the  great  variety  of  their  forms  ;  but  a  searching  investigation  is  often 
required,  not  only  for  the  determination  of  their  typo,  but  even  of  their  relation  to 
humite  in  general. 

Tyfo-lW.  a:h:c  =  1-08028  :  1  :  5-65883.— These  numbers,  compared  with  the 
preceding,  show  that,  with  equal  secondary  axes,  the  principal  axes  of  the  first,  second, 
and  third  types  are  to  one  another  as  7  :  5  :  9.  This  third  type  includes  by  far  the 
greatest  number  of  humite  crystals  ;  and  these  crystals  arc  not  only  the  most  compli- 
cated of  the  humite  species,  but  likewise  the  most  numerously  faced  of  all  known 
minerals.  Jlemihedry  prevails  in  this  as  in  the  second  type  ;  but  w-hereas  in  the 
latter  the  pyramid  of  the  principal  series  is  hemihedrally  developed,  tho  corresponding 
pyTamids  of  the  third  type  are  holohedral,  and  the  hemihedry  occurs  in  the  macro- 
and  brachy-pyramids.    The  observed  forms  are : 

Pyramids  of  the  principal  series    .       .       .    P,  iP,  JP, -ip 
Macropyramids  2P2,  |P2,  fP2,  fP2,  fjP2, 

^^52,  fjP2,  m 

Brachypyramids   .0P|,  f  §,  -ip? 

Brachydomes   ?  os  ,  iPoo  ,  if  a. ,  iPcc  ,  if  k 

Macrodomes   iPoo  ,"]Poo  ,  ^Pod 

Pinacoi'ds   OP,  cc  I'so ,  oopos 
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Twiiis  occur  with  iP»  as  contact-plane.  The  colour  is  mostly  brou  n  of  various 
eliaJe.s,  but  also  yellow,  yellowish-white,  and  white.  The  colour  appears  to  afford  no 
eriteriou  for  tlie  determination  of  the  type.  Humite  of  the  third  typo  has  hitherto 
been  seldom  found  together  with  the  first,  and  never  with  the  second.  Its  crystals 
occur  especially  in  two  rock-formations,  viz.,  in  granular  limestone,  or  in  an  aggregate 
of  green  augite  with  mica  and  subordinate  separations  of  lime. 

The  number  effaces  observed  in  humite,  including  the  three  pinacoids,  and  count- 
ing the  faces  common  to  two  types  only  once,  amounts  to  135.  ' 

Chemical  Composition  (Vom  R;ith,  Pogg.  Ann.  cxlvii.  246-263). — Eammcls- 
borg  {ihid.  Ixxxvi.  40i-417),  from  analyses  of  chondrodrite  from  Noi  th  America  and 
from  Pargas,  and  of  the  three  types  of  humite,  concluded  th.i:  ;  1:  i :  r  lyjies  and 
chondrodrite  are  similar  compounds  of  one  and  the  same  sill'  :;  /  '  i  :.>'A)',  wi;h 
varying  quantities  of  a  fluoride,  8MgF-.3SiF^,  which  may  be  r.  -,,  ir  ;  ,i  i<<,iii;irphoas 
Yi'ith  the  silicate  ;  further,  that  an  increase  in  tlio  proportion  of  lluorinu  is  accom- 
panied by  a  shortening  of  one  of  tJio  axes  of  the  crystal,  the  other  two  remaining  tlio 
uame.  To  the  piroportion  2  :  3  :  -i  (jf  fluorine-atoms  in  the  three  typos  III.,  I.,  II., 
correspond  primary  forms,  in  which,  with  cqiuil  bases,  the  vertical  axes  arc  as  the 

numbers  1  :       :  -  or  9  :  7  :  5  (p.  CoO). 
9  9 

These  results  seem  to  show  that  the  atoms  of  fluorine  possess  a  power  of  cssrnti  illy 
modifying  the  crystalline  form.  v.  Kokscharow  h:is,  however,  shov.ii  ih.il  rliMndrt)- 
drite — which  was  referred  by  Eammelsberg  to  the  same  series,  but  contai  l!ir  hi-lii  >:t 
proportion  of  fluorine,  and  should,  therefore,  liave  a  primary  form  still  more  obtuse 
ihau  type  II. — really  belongs  to  that  type.  If,  however,  two  varieties  of  humite,  con- 
taining respectively  9  and  5  p.c.  of  fluorine,  can  exhibit  the  same  crystallir.e  form,  it 
follows  that  the  morphotropic  power  supposed  to  belong  to  fluorine  cannot  bo  exerted 
in  all  cases.  To  throw  further  light  on  this  point,  and  determine  whether  the  chemical 
composition  of  each  of  the  three  types  of  humite  is  constant  or  not,  the  following 
analyses  -ivere  made  : — 

A  pure  specimen  of  each  type  having  been  obtained  by  very  careful  selection  witli 
the  aid  of  the  microscope,  it  was  finely  pulverised,  dried  at  100°-120°,  then  fusod  with 
four  times  its  weight  of  dry  sodium  carbonate,  and  the  fused  mass  continuously  boiled 
in  a  platinum  dish,  first  with  pure  water,  then  with  water  containing  a  little  ammonium 
carbonate.  The  whole  of  the  sodium  fluoride  was  thereby  dissolved,  the  filtrate  more- 
over conuining  a  large  cpiantity  of  silica  and  a  not  inconsiderable  quantity  of  magne- 
sium fluoride.  The  filtrate  was  evaporated  with  repeated  addition  of  ammonium 
carbonate,  and  the  bulky  precipitate,  after  being  well  washed  with  hot  -n-ater,  was 
united  with  the  residue  of  the  fused  mass.  The  filtrate,  on  fiu-ther  addition  of  ammo- 
nium carbonate,  deposited  a  second  quantity  of  silica,  which  was  united  with  the  first, 
and  the  small  quantity  of  silica  still  remaining  in  solution  was  separated,  as  recom- 
mended by  H.  Eose,  by  means  of  a  solution  of  zinc  oxide  in  ammonia,  the  zinc  silicate 
being  afterwards  decomposed  by  nitric  acid,  the  liquid  evaporated  down,  and  the  small 
quantity  of  silica  contained  in  it  estimated  in  the  usual  way.  The  fluorine  w.as  pre- 
cipitated from  the  alkaline  solution  by  calcium  chloride,  and  the  precipitate  containing 
calcium  fluoride  and  a  large  excess  of  carbonate  was  dried,  ignited,  and  treated  with 
acetic  acid,  which  dissolved  the  carbonate  (mixed  with  caustic  lime)  leaving  the  fluoride 
as  a  pasty  mass.  This  sras  dried  on  the  water-bath  in  a  platinum  dish,  then  treated 
with  hot  water,  collected  on  a  filter,  dried,  and  ignited,  whereby  the  calcium  fluoride 
was  obtiiined  as  a  white  powder.  The  portion  of  the  original  fused  mass  which  was 
insoluble  in  water,  together  with  the  subsequently  separated  portions  of  magnesia  and 
silica,  was  treated  by  known  methods  for  the  estimation  of  silica,  magnesia,  ferrous 
oxide,  lime,  and  alumina. 

Four  specimens  were  examined,  three  from  Vesuvius  and  one  from  Sweden. 

Ti/pc  I.,  from  Vesuvius. — Light  brownish  humite  mixed  with  light  green  mica,  the 
humite  predominating.  The  mass  exhibits  cavities  (cbuses),  sojne  filled  with  largo 
thin  laminae  of  mica  ;  some  with  pure  or  nearly  pure  crystals  of  humite  ;  some  also 
contain  very  small  quantities  of  calcspar.    Sp.  gr.  3-208  (at  16°). 

Type  11a.,  from  Vesuvius. — Light  yellow  crystalline  granules  intergrown  with  liglit 
greenish  mica,  almost  silver-white  in  thin  laminae.  A  small  quantity  of  admixed 
calcspar,  not  mechanically  separable,  was  removed  by  digestion  in  acetic  acid.  Sp.  gr. 
3-125  (at  13°). 

Tijpe  llh.,  from  Sweden. — Crystals,  often  very  impure  in  tho  intejior,  and  consist- 
ing, to  as  much  as  one-half,  of  grains  of  galena,  laminae  of  green  mica,  &c.  Sp.  gr. 
3-057. 

Ti/pc  111.,  from  Vesuvius. — A  block,  as  lanso  as  the  first,  consisting  of  predominant 
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liumite  having  an  unusual  orange-yellow  colour,  white  calespar,  small  quantities  of 
greenish  and  reddish  mica,  a  little  white  olivine,  and  isolated  slender  needles  of  apatite. 
Sp.  gr.  3-191  (at  17°). 

Two  analyses  were  made  of  eacli  type.  The  numbers  given  in  the  follo^\'in»  table 
are  the  higher  of  the  two  values  obtained  in  each  case,  as  the  mode  of  analysis  is 
adapted  to  give  results  in  defect  rather  than  in  excess. 


lla. 

116. 

III. 

Silica 

.  36-63 

34-02 

33-96 

36-82 

Magnesia 

.  oi-io 

59-23 

53 -.J  1 

5-t-92 

Feri-OTis  oxido  . 

.  5-12 

1-78 

6-83 

6'48 

.  0-23 

Alumina  . 

.  0-82 

0-99 

0-72 

0-24 

Fluorine 

.  2--in 

2-7-1 

4-2-i 

2-40 

98-6S 

98-76 

99-20 

100-86 

Deducting  from  the  several  totals  the  quantities  of  oxygen  corresponding  with  the 
fluorine,  we  find  the  following  losses :— Anal.  1.  =  2-34;  lla.  =  2-40;  116.  =  2-52; 
III.  ----  1-11  ;  whereas  an  excess  might  rather  have  been  expected  in  each  case,  corre- 
sponding with  the  weight  of  oxygen  replaced  by  fluorine.  Tliese  losses  appear  to  be 
due  to  water  not  driven  off  at  100°-120°,  the  temperature  at  which  the  specimens 
were  dried  previous  to  analysis.  Humite  dried  at  120°  gave  off  0-34  p.c.  water  between 
120°  and  200°. 

The  following  table  gives  the  elementary  composition  of  the  several  typos,  after 
deduction  of  the  oxygen  equivalent  to  the  fluorine : — 


I. 

Ila. 

116. 

III. 

Silicon 

.  16-63 

15-88 

15-85 

17-18 

jjlagnesiuin 

.  32-67 

35-54 

32-11 

32-05 

Iron 

.  3-98 

1-38 

5-31 

307 

Calciiim  . 

0-16 

Aluminium 

0-44 

0-53 

0-38 

0-13 

Fluorine  . 

.  2-43 

2-74 

4-24 

2-40 

Oxygen  . 

.  41-35 

41-54 

39-58 

43-12 

97-66 

97-61 

97-47 

98-85 

If  now  the  iron,  calcium,  and  aluminium  bo  replaced  in  each  case  by  equivalent 
quantities  of  magnesium  (Ar-  =  Mg^),  the  quantities  of  magnesium  in  the  three  types 


of  humite  become 


Ilrt. 
36-82 


116. 
34-89 


III. 

34-43  ; 


and  dividing  these  numbers  and  the  quantities  of  silicon,  fluorine,  and  oxj-gon  by  the 
atomic  weights  of  the  respective  elements,  we  find  for  the  relative  numbers  of  atoms 
of  these  elements — 


I. 

n«. 

116.  III. 

Silicon 

.  0-594 

0-667 

0-566  0-613 

Magncsi 

.  1-460 

1-534 

1-453  1-435 

Fluoriuo 

.  0-128 

0-144 

0-223  0-126 

Oxygen 

.  2-584 

2-596 

2-474  2-695 

or,  making  the 

number  of  s 

ilic'on-atoms 

=  2,  the  numbers 

of  tile  magnesium 

are : 

Iln. 

116. 

III. 

5-91 

5-41 

6-13 

•1-68 

Mean 

=  5-03. 

Hence,  neglecting  the  fluorine,  the  composition  of  .all  humites  may  bo  represented  by 
the  formuia 

Mg^Si^O'    or  6Mg0.2Si02. 

This  formula,  which  is  simpler  than  the  one  formerly  giy-en  by  Eammelsberg,  viz., 
8Mg0.3Si0=,  may  also  be  deduced  from  Rammelsberg's  own  analyses,  if  they  are  cal- 
culated with  the  atomic  weight  of  silicon  now  adopted. 

The  relative  numbers  of  molecules  of  the  silicate  and  of  the  fluoride,  Mg^Si-F'«, 
mixed  with  it  are  easily  calculated  from  the  relative  numbers  of  atoms  of  the  fluorine 
and  oxygen.  For  1  atom  of  fluorine  tlie  preceding  values  give  for  the  numbers  of 
oxvgon-.itoms : 

I.  Jhi.  116.  III. 

20-1  18-0  11-1  21-4 
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Hoiice,  since  uac]!  molecule  of  a  fluoi-ide  contains  twice  as  many  atoms  of  fluorine  as 
there  are  atoms  of  oxygen  in  the  corresponding  silicate,  it  follows  that  for  each  molecule 
of  fluoride  the  numbers  of  silicate-molecules  in  the  several  types  are: 
40-2  36  22-2     and  42-8; 

and  as  the  differences  of  fluorine  in  the  three  Vosuvian  liumites  scarcely  exceed  the 
ordinary  errors  of  analyuis,  these  three  humites  may  bo  represented  by  the  same 
formula,  viz. : 

40Mg5Si2O»  +  Mg^SiT's, 
whereas  the  Swedish  liumite  contains  for  the  same  quantity  of  fluoride  only  half  that 
amount  of  silicate,  viz. : 

20Mg^Si-0'  +  Mg'Si^F". 

The  formula  Mg^Si'-O"  (two-fifths  silicate)  may  be  resolved  into  that  of  a  he,:ni- 
silicate  (or  orthosilicate)  Mg-SiO'  or  2MgO.SiO'',  and  that  of  a  tritosilicato  Mg-'SiO^ 
or  3MgO.SiO- ;  and  the  fluoride,  in  like  manner,  may  be  regarded  as  a  mixture  or 
combination  of  Mg-SiF*'  and  Mg'SiF'".  The  hemisilicate  is  identical  with  olivine; 
the  tritosilicato  is  not  known  in  the  separate  state.  Olivine  occurs  not  unfrequently 
iu  very  small,  nearly  colourless  crystals,  accompanying  and  intergrown  with  the  huniitu 
crystals  of  Vesuvius. 

The  general  conclusions  deducible  from  the  preceding  analyses  are:  (1.)  All  humites 
are  essentially  similar  in  constitution,  and  the  varying  replacement  of  isomorphons 
constituents  has  no  decided  influence  on  the  types.  The  variation  of  coloiu*  from  the 
lightest  yellow  to  reddish  brown,  which  ia  observed  in  each  of  the  types,  shows  that 
the  replacement  of  magnesia  by  ferrous  oxide  docs  not  affect  the  type.  Moreover,  as 
the  quantities  of  fluorine  in  the  two  varieties  of  type  II.  are  to  one  another  nearly  as 
1  :  2,  a  similar  variation  in  the  amount  of  fluorine  may  be  predicted  in  the  other  two 
types.  (2.)  Humites  contain  a  small,  but  perhaps  never  altogether  failing  quantity  of 
alumina,  comparable  perhaps  with  the  small  quantity  of  that  substance  occurring  in 
augitic  minerals  and  in  the  enstatite  of  the  meteorite  of  Ibbenbiirgen.  (3.)  The  varia- 
tion in  the  amount  of  silica  (which  appears  also  from  Eammolsberg'ii  analyses)  shows 
that  the  composition  of  the  several  types  of  humite  is  not  absolutely  constant. 

No  other  silicate  occurring  on  Vesuvius  has  hitherto  been  found  to  contain  fluorine. 
Fluor-spar,  which  is  of  extremely  rare  occurrence  in  Vesuvian  out-casts,  has  not  been 
found  in  association  with  humite. 

With  regard  to  the  occurrence  of  humite  in  Vesuvian  out-casts,  it  may  be  observed 
that,  whereas  some  Vesuvian  minerals  occur  chiefly  or  almost  exclusively  in  blocks  of 
one  and  the  same  kind,  e.g.,  mejonite  chiefly  in  limestone  blbcks,  sarcolite  exclusively 
in  blocks  of  green  augite,  liumite  is  found  botli  in  limestone  and  silicate  blocks,  the 
two  typos  of  mineral  aggregates  occurring  on  Vesuvius.  Humites  are  most  frequently 
associated  with  mica,  light  green  or  reddish-yellow,  also  with  green  augite,  white 
olivine,  black  spinel  (ceilanite),  and  calcspar ;  more  rarely  with  vesuvian  and  garnet; 
still  more  rarely  with  sanidin,  mejonite,  and  nepheliu. 

Of  the  tlirce  types  of  humite,  I.  appears  to  be  the  rarest,  and  III.  the  most 
abunilaiit. 

KYACXN'TK.    Sec  ZiKCOX. 

HVOAIffTOZC  ACID.    See  Allantoic  Acid,  p.  44. 

HYSRACXSS.  1.  Constitution  in  Soluiio?!,  and  Inverse  Rcaciioas. — Berlhelot 
{Bull.  Soc.  Cliim.  [2],  xix.  385)  has  investigated  the  constitution  of  the  liquids  result- 
ing from  the  union  of  the  hydracids  -with  water,  by  the  indications  afforded  by  the  heat 
produced  on  dilution,  the  progressive  increase  of  which  with  the  proportion  of  -water 
shows  the  existence  of  a  group  of  definite  hydrates  represented  by  the  formulae — 
HC1  +  8H^0;  HBr+4H=0;  HI-|-4H^0. 

A  second  method  was  to  observe  when  a  current  of  carbonic  anhydride'  jiassed 
through  the  solutions  ceased  to  carry  off  .sufficient  acid  to  give  any  precipitate  wilh 
silver  nitrate.    The  limit  at  12°  corresponds  with  acids  of  the  composition. — 
HC1  +  6-.5IPO;  HBr+4-2H20;  HI-|-47H=0, 

agreeing  closely  with  the  results  of  Bineau,  and  with  those  obtained  by  Eoscoe  (Okcm. 
Soc.  J.  xiii.  166),  and  by  Eoscoe  a.  Dittmar  (iiid  xii.  128).  These  hydrates,  however, 
do  not  seem  to  be  definite  combinations,  as  small  quantities  of  acid  are  carried  off  by 
the  current  of  gas  even  "when  much  more  largely  diluted.  As  it  appears,  from  the  ex- 
periments of  Eoscoe  a.  Dittmar,  that  the  difference  in  composition  of  the  hydrated 
acids  boiling  at  constant  temperatures  under  pressures  varying  from  0'.50  to  2'o0  met. 
does  not  vary  greatly,  being  from  HCl  +  67H-0  to  HCl  +  9-3H-0  ;  HBr  +  4  2]rO  to 
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5W0 ;  HI+  4:'7H-0  to  o'oH^O,  Bertlielot  concludes  that  tliey  are  mixtures  of  at  lease 
two  definite  hydrates,  one  of  which  is  stable,  whilst  the  other,  the  least  hydratod,  is  in 
a  state  of  partial  dissociation  varying  with  the  temperature.  It  is,  moreover,  the  an- 
hydrous acid,  and  not  a  definite  hydrate,  which  volatilises  below  the  limit  of  stability, 
for  hydrobromic  acid  gas,  saturated  with  the  vapour  of  water,  gives  the  same  calorific 
results  on  solution  as  perfectly  dry  gas. 

It  would  seem,  therefore,  that  concentrated  solutions  contain  a  certain  amount  of 
anhydrous  acid,  whoso  proportion  at  a  given  temperature  can  bo  calculated,  the  solu- 
tions being  mixtures  of  the  hydrates  with  the  anhydrous  acid  simply  dissolved,  that  is 
to  say,  liquefied  in  them.  The  precipitation  of  saturated  solutions  of  the  alkaline 
chlorides  by  hydrochloric  acid  also  serves  to  verify  the  state  of  hydration  of  these 
liquids,  the  acid  taking  from  the  solution  of  the  salt  the  water  necessary  to  convert  it 
into  a  stable  hydrate.  The  limit  when  it  ceases  to  precipitate  the  salt  is  HCl  +  7*5H-'0 
with  potassium  chloride;  HC1  +  6H-0  with  sodium  chloride,  HC1+9H-0  with 
ammonium  chloride,  and  IICI  +  9H-'0  with  barium  chloride,  the  difference  in  these 
results  being  due  principally  to  the  greater  or  lesser  solubility  of  the  salt  in  hydrochloric 
acid.  The  results  of  tliose  determinations  are  regarded  by  Bertlielot  as  sufficient  to 
establish  the  existence  of  a  certain  amount  of  anhydrous  acid  in  concentrated  solutions 
of  the  hydracids. 

The  constitution  of  the  hydracids  in  solution  has  an  important  bearing  on  chemi- 
cal reactions,  especially  those  in  which  the  action  varies  with  the  concentration 
of  the  solution,  as  for  example,  in  the  evolution  of  sulphuretted  hydrogen  on  treating 
native  antimony  sulphide  with  concentrated  hydrochloric  acid,  and  the  inverse  reaction 
of  the  precipitation  of  sulphide  of  antimony  by  sulphuretted  hydrogen  from  a  solution 
of  antimony  chloride  in  dilute  hydrochloric  acid ;  the  neutral  point  here  corresponds, 
at  the  ordinary  temperature,  with  an  acid  of  the  strength  HCl  +  6H-0.  An  acid  some- 
what more  concentrated  than  this  attacks  native  antimony  sulphide  with  disengage- 
ment of  sulphuretted  hydrogen,  but  on  adding  a  small  quantity  of  water  to  the  liquid, 
which  now  contains  both  antimony  chloride  and  sulphuretted  hydrogen  in  soUition,  an 
orange-coloured  precipitate  of  the  sulphide  immediately  makes  its  appearance.  The 
action  of  concentrated  hydrochloric  acid  on  the  antimony  sulphide  is  accompanied  by 
a  sensible  absorption  of  heat,  due  to  the  formation  of  the  gaseous  sulphuretted  hydrogen, 
this  absorption  being  less  than  the  heat  of  solution  of  the  gas. 

In  the  energetic  reducing  action  exerted  by  concentrated  hydriodic  acid,  it  is  really 
the  anhydrous  liydracid  dissolved  which  produces  the  effect  '  by  virtue  of  the  excess  of 
energy  it  possesses  compared  with  its  definite  hydrates,'  that  is  to  say  the  heat  corre- 
sponding with  the  transformation  of  the  anhydrous  acid  contained  in  the  solution  into 
certain  stable  hydrates.  A  similar  explanation  may  be  given  of  the  inverse  action  of 
concentrated  hydriodic  acid  on  sulphur,  producing  sulphuretted  hydrogen,  and  of  sul- 
phuretted hydrogen  on  iodine  in  presence  of  a  large  amount  of  water,  forming  hydri- 
odic acid,  the  neutral  point  appearing  to  correspond  with  an  acid  of  the  strength 
indicated  by  the  formula  HI  +  7H'''0,  which  is  the  same  as  for  the  inverse  actions  of 
concentrated  sulphuric  acid  on  concentrated  hydriodic  acid,  and  of  sulphurous  anhy- 
dride on  iodine  in  presence  of  water. 

Berthelot  concludes,  therefore,  that  dilute  solutions  of  the  hydracids  contain  only 
definite  and  stable  hydrates,  whilst  concentrated  solutions  contain  at  the  same  time 
hydrates  in  a  state  of  dissociation,  and  also  a  certain  proportion  of  anhydrous  acid. 
In  the  phenomena  of  inverse  chemical  reactions  produced  by  these  two  kinds  of  solu- 
tions, it  is  the  anhydrous  acid  which  effects  certain  reactions,  whilst  the  hydrates  are 
either  indifferent  or  even  produce  an  inverse  action. 

2.  Reciprocal  Displacement  of  the  Hydracids. — It  is  well  known  that  the  reciprocal 
displacements  of  the  hydracids  are  very  often  the  reverse  of  those  exhibited  by  the 
corresponding  halogen  elements.  Thus,  on  the  one  hand,  chlorine  displaces  bromine, 
and  both  expel  iodine  from  its  compounds  with  silver  and  the  alkali-metals,  while, 
on  the  other  hand,  hydriodic  acid  decomposes  bromides  and  chlorides.  Berthelot  ex- 
plained these  facts  some  time  ago  {Compt.  rend.  Ixiv.  414),  by  showing  that  the  reac- 
tion which  occurs  by  preference  is  always  the  one  which  evolves  most  heat.  But  the 
calculations  having  been  founded  on  determinations  which  more  recent  experience  has 
rendered  doubtful,  he  has  reinvestigated  the  thermic  relations  of  the  lialogens  and 
their  hydrogen-acids  wdth  the  metals  potassium,  silver,  and  mercury.  The  result 
confirms  in  every  way  his  previous  views,  with  the  exception  that  the  heat  developed 
by  the  reaction  of  potassium  hydrate  with  the  three  hytlracids  is  practically  the  same 
for  each,  when  the  salts  produced  are  the  same  in  solution.  But  even  in  this  case  the 
heat  of  formation  of  the  solid  salts  is  in  accordance  \vith  the  general  law. 

No  constant  difference  appears  to  exist  between  the  thermic  effects  either  of  the 
halogens  or  of  the  hydracids.  Thus,  whilst  with  potassium  hydrate  the  three  acids 
evolve  identical  quantities  of  heat,  the  formation  of  mercuric  iodide  from  the  base  and 
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acid  disengages  19-2  heat-units  more  than  the  formation  of  the  chloride  :  with  silver 
oxide  and  hydriodic  acid  the  heat  exceeds  by  11-2  units  that  of  the  corresponding  re- 
action with  hydrochloric  acid.  Similarly  the  substitution  of  chlorine  for  iodine  in  the 
mercury  salt  disengages  less  heat  than  in  the  salt  of  any  other  metal.  In  the  case  of 
the  alkali-metals,  however,  and  also  with  certain  non-metallic  chlorides,  &e.,  an  ap- 
proximation to  a  constant  dilfercnce  is  observed. 

Although  the  heat  of  formation  of  the  three  potassium  salts  is  the  same,  the  acid 
with  a  higher  equivalent  will  nevertheless  replace  one  with  a  lower.  This  fact  may  be 
demonstrated  by  mixing  each  of  the  three  hydracids  with  the  potassium  salt  of  the 
two  others  in  dilute  solution,  and  then  evaporating  the  mixture.  An  excess  of 
hydriodic  acid  (2  equivalents)  displaces  the  other  two  acids,  almost  completely, 
and  a  similar  excess  of  liydrobromie  acid  as  perfectly  expels  hydrochloric  acid  ;  but 
with  single  equivalents  of  the  acid  and  salt,  the  substitution  is  incomplete,  the  residue 
always  containing  salts  of  both  acids,  that  with  the  higher  ecjuivalent,  however,  pre- 
ponderating. The  numbers  furnished  by  reciprocal  reactions  are  generally  nearly  the 
same ;  and  further,  although  hydrochloric  acid  is  able  to  expel  a  small  proportion  of 
the  other  acids,  it  does  so  very  imperfectly  even  when  in  large  excess. 

These  facts  admit  of  the  following  explanation : — The  two  hydracids  divide  the 
base  between  them  when  tlie  solution  is  dilute,  but  when  during  evaporation  the  point 
is  reached  at  which  a  definite  hydrate  (or  rather  a  system  in  which  the  hydrate,  the 
anhydrous  acid,  and  the  vapour  of  water  are  in  a  state  of  equilibrium)  begins  to  paf-s 
off'  the  hydrochloric  acid  escapes  with  greatest  facility,  because  in  such  a  system  this 
acid  possesses  a  higher  tension  of  dissociation  than  the  two  others  at  the  same  tem- 
perature {Compt.  rend.  Ixxvi.  742);  and  though  the  stability  of  the  hydrates  of  the 
two  latter  is  very  nearly  the  same,  yet  tlie  greater  volatility  of  the  bromhydric  hydrate 
is  the  cause  of  its  passing  off  in  preference  to  the  less  volatile  iodhydric  hydrate. 
Nevertheless,  since  the  anhydrous  acid  in  both  the  latter  hydrates  possesses  a  certain 
tension  of  dissociation,  it  Jollows  that  when  the  two  acids  are  present  in  equivalent 
proportions,  or  when  the  more  volatile  preponderates,  a  portion  of  the  less  volatile  -n'ill 
in  all  cases  be  lost. 

That  a  division  of  the  base  between  the  two  acids  actually  takes  place,  may  also  be 
demonstrated  by  adding  concentrated  hydrochloric  acid  to  a  saturated  solution  of  p>otas- 
sium  iodide,  when  a  precipitate  is  obtained  consisting  of  almost  pure  potassium 
cliloridc. 

!SVDRACItYX.XC  ACIS,  C^H"0'.  An  isomoridc  of  lactic  ncid  obtained  by  the 
action  of  moist  silver  oxide  on  j3-iodopropionic  acid  (see  Lactic  Acid). 

HYBIiilSiGXXtZiZTE,  This  mineral  occurs  (a)  in  Chester  Co.,  Pennsylvania,  as 
a  slaliu-titic  drposit  on  brown  lisematito  ;  hardness  =  3  ;  sp.  gr.  =  2-35  ;  (/')  at  Villa- 
ricca  in  lirazil,  in  spherical  lumps  of  the  size  of  a  hazel-nut,  cemented  together  by 
brown  haematite,  sometimes  radio-fibrous ;  hardness  =  3;  sp.  gr.  =  2-39. 

A1=0'      Fe=0'      H=0      SiO=      P^0=      MgO  FeO 
a.  63-81      —      33-45    1-50     0-91    trace    trace  =  9970 
h.  63-60     2-00      34-40     —       ^       —       —  loO 
The  formula  A1-0.33H-0  requires  65-54  p.  e.  Al-O^  and  34-46  IPO  (K.  Ilcrnuuin, 
J.  pr.  Chen.  cvi.  70). 

KYBRA.STXM'E.  An  alkaloid  occurring,  together  with  berberine,  in  the  rhizome 
of  Hi/drastis  Canadensis  or  Golden  Seal.  It  crystiUises  in  white  shining  four-sided 
prisms,  which  lose  their  transparence  when  dried.  It  is  very  bitter  and  pungent,  and 
provokes  in  the  mouth  a  feeling  of  numbness,  which  causes  it  to  be  employed  in 
America  as  a  local  anresthetic.  It  is  nearly  insoluble  in  water,  freely  soluble  in 
alcohol,  ether,  chloroform,  and  benzene.  As  the  last  three  do  not  dissolve  berberine, 
the  liydrastine  may  be  easily  extracted  by  treating  th?  powdered  root  in  a  displacement 
apparatus  with  either  of  these  solvents.  The  proportion  so  obtained  is  about  li  per 
cunt.  {I'harm.  J.  Trans.  [3],  iii.  604). 

SIVDKAZOTOI.U'SIfX:.    See  Toluene  Derivatives. 

KTSRAZVX.IVIOXXXT,  C:'N-'H''0.  A  compound  formed  by  the  action  of  water 
on  azulmin,  CN"!!",  which  is  formed  by  the  combination  of  cyanogen  with  ammonia 
(p.  416). 

KYDUXSAXiXZARXNT.    See  Alizarin,  p.  40. 

HYDROACRXSXJa-E,  C-^'Il-'"X-.    Sec  Acbidine,  p.  26. 

RYSRO-'AIVIXBO^TETRAZO-RESORVFXTa-.    See  Eksokcin,  Azu-DEiilVA- 
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HYDHOBETTZOZK'.    See  Bexzoik,  p.  171. 

ETraROBiEiiatrsxra'.  Sec  Bilb-pigmknis,  p.  loo 

HVXlItOBOROC/i.Z.CXTS,  more  properly  called  BOBONATROCAI.CITE. 

In  a  commercial  siimple  of  this  mineral  from  South  America,  Graeger  {N.  Ja/irb.  Phtirm. 
xxx\.  201  ;  Chcm.  yews,  xx.  119)  found— together  with  3-76  p.c.  NaCl,  1-06  Na-SU', 
and  4-23  residue,  -which  must  be  regarded  as  impurities— the  following  quantities  ol 
the  essential  constituents  : — 

CaO  Na=0  B=0'  11=0 

17-03       4-26       52-73      25-98  =  100-00 

These  proportions  may  be  nearly  represented  by  the  formula  6(Ca0.2B-0')  + 
Na'-0.2B"03  -r  18H-0,  which  requires  17-85  CaO,  3-20  Na'O,  52-07  B'O^  and  26-79 
H^'O. 

The  composition  of  the  mineral  is  doubtless  variable.  Eammelsberg,  from  his  own 
analyses,  deduced  the  formula  2(Ca0.2B-0')  +  Na=0.2B-0^  +  ISITO  (1st  Siippl. 
p.  366).  Gracgcr  also  describes  a  method  of  utilising  the  mineral  for  the  preparation 
of  borax. 

HYDROCARBON'S.  Formation  (F.  Pfankuch,  J.  pr.  Chem.  [2],  iv.  35 ;  Tii.  97). 
— Potassium  phonate  and  potassium  benzoate  yield,  when  heated  together,  potassium 
carbonate  and  d  i  p  h  e  n  y  1 .  Pofcissium  phenate  distilled  with  potassium  acetate  yields 
methylbenzeno  (toluene) ;  and  potassium  ethylate  distilled  with  potassium  ben- 
zoate furnishes  ethylbenzene,  the  yield  in  both  cases  being  small,  in  consequence  of 
carbonisation.  The  addition  of  pumice  or  fine  sand,  and  the  use  of  an  excess  of  the 
acid,  increases  the  product. 

The  dry  distillation  of  a  mixture  of  potassium  phenate  and  valerate  yields  isobutyl- 
benzene,  boiling  at  160°.  A  mixture  of  potissium  phenate  and  chlorobenzoato  gives 
m onochlorodip he ny  1  C'-H'Cl  melting  at  89°.  Similarly  a  mixture  of  potassium 
acetate  and  tribromophenate  gives  tribromotoluene,  CffBr',  which  crystallises 
from  alcohol  in  small  white  needles  melting  at  150°. 

On  distilling  a  mixture  of  potassium  phenate  and  succinate,  a  distillate  is  obtained, 
yielding,  on  addition  of  soda,  an  oil  separable  by  rectifiwition  into  toluene  and  a 
portion  which  exhibits  a  tendency  to  crystcillisc  and  has  a  very  unpleasant  smell ;  its 
nature  has  not  yet  been  determined.  Potassium  phenate  aud  oxalate  yield  d  i  p  li  e  n  y  1, 
readily  obtained  pure  by  washing  with  soda,  then  dissolving  in  alcohol,  and  precipitat- 
ing with  water.  Mononitrodiphenyl  is  the  product  of  the  distillation  of  a  mixture 
of  potassium  phenate  and  nitrobenzoate. 

Hydrocarbons  are  also  formed  by  the  action  of  sulphur  on  the  salts  (chiefly  barium 
salts)  of  organic  acids.  On  heating  barium  benzoate  with  sulphur,  there  is  obtained, 
besides  benzene,  a  crystalline  product  in  considerable  quantity,  which,  under  the 
microscope,  is  seen  to  consist  principally  of  two  different  bodies.  The  greater  portion 
is  tolane,  C'^H'",  mixed  with  sulphotolane.  To  obtain  the  tolane  pure,  the  mixetl 
product  is  either  distilled  over  finely  divided  lead,  obtained  from  lead  acetate  by  pre- 
cipitation with  zinc,  &c.,  or  it  is  heated  in  ethereal  solution  in  sealed  tubes  yrAh.  lead 
or  copper,  and  then  fractionally  distilled.  Reaction  takes  place  in  the  main  according 
to  the  equation  :  — 

(C«H'COO)=Ba  +  S  =  SO*Ba  +  (C'H^)-. 

By  distilling  a  mixture  of  barium  acetate  and  sulphur,  and  removing  the  sulphur 
from  the  product  by  means  of  copper  or  lead,  a  liquid  hydrocarbon  C'il''  (divinyl)  is 
obtained.  It  is  a  light  oil  boiling  at  about  20°,  and  having  an  extremely  sharp  persis- 
tent, but  not  unpleasant,  odour. 

Action  of  PJiosphouium  Iodide  on  Aromatic  Hydrocarbons. — The  reducing  action  of 
phosphonium  iodide,  PH-'I,  or  phosphine  hydriodide  PH'.HI,  is  not  so  powerful  as  that 
of  hydrogen  iodide  (Isi  Suppl.  740).  It  carries  the  reduction  of  hydrocarbons  only  to 
the  same  point  as  sodium-amalgam  does  when  acting  on  the  acids  :  consequently,  it  does 
not  give  rise  to  any  compound  of  the  methane  series.  The  stronger  reducing  power  of 
hydrogen  iodide  appears  to  be  duo  to  the  presence  of  free  iodine,  which  unites  tempo- 
rarily -with  the  hydrocarbon,  and  may  thus  to  a  certain  extent  make  way  for  the 
hydrogen.  Now  phosphonium  iodide  is  resolved  by  heat  into  phosphine  and  hydrogen 
iodide,  and  all  the  iodine  set  free  by  the  reducing  action  is  immediately  taken  up  by 
the  phosphine,  which  is  thereby  reconverted  into  phosphonium  iodide,  with  formation 
of  phosphorus  iodide. 

Benzene  is  not  attacked  by  phosphonium  iodide  oveu  at  350°.  Toluene  repeatedly 
and  continuously  treated  witli  it.  finally  at  350°,  takes  up  2  at.  hydrogen  and  is  fortl'.e 
most  part  com-erted  into  CJI'",  which  boils  at  105°-108°.  Xylene  (commercial)  is 
reduced  to  a  hydrocarbon  C*H"  which  boils  at  122°-125°.    Mcsitr/lcnc  is  more  oiisily 
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reduced  than  the  preceding  hydrocarbons  ;  when  treated  four  times  with  phosphonium 
iodide,  finally  at  280°,  it  is  almost  wholly  converted  into  hexhydromesitylene  CH'" 
boiling  at  135°-138°.  Naphthalene  yields  an  oil  boiling  at  170^-190°,  and  another 
C'"!!'-  boiling  at  201°.  Turpcntino  oil  boiling  at  160°  gives  a  hydrocarbon  C'"H-''' 
which  likewise  boils  at  160°  and  is  very  stable.  These  results  show  tliat  the  assump- 
tion of  hydrogen  by  aromatic  hydrocarbons  under  the  influence  of  phosphonium  iodide 
is  related  to  the  number  of  methyl  groups  contained  in  their  molecule,  2  at.  hydrogen 
being  taken  up  for  each  atom  of  methyl  present  (A.  Baeyer,  Ana.  Ch.  Pliarm.  civ. 
266). 

Action  of  Platinum  and  Palladium  on  Hydrocarbons. — Tlie  action  of  platinum  made 
red-hot  and  plunged  into  the  vapours  of  alcohols  and  ethers,  which  then  keep  up  the 
incandescence,  appears  to  extend  to  all  hydrocarbons,  volatile  oils,  bodies  similar  to 
aniline,  &c.,  but  not  to  the  fixed  oils,  or  sulphuretted  essential  oils.  The  products  of 
the  imperfect  combustion,  in  every  case  yet  examined,  are  the  aldehyde  or  acid,  or  both, 
analogous  to  the  substance  experimented  upon.  The  apparatus  omployetl  was 
modified  in  different  cases,  but  it  consisted  essentially  of  a  tube  containing  the  incan- 
descent platinum  wire,  through  which  was  passed  a  mixture  of  air  and  the  vapour, 
the  products  being  collected  in  a  condenser  connected  with  an  aspirator.  Toluene 
treated  in  this  manner  yielded  bitter  almond-oil,  which,  on  exposure  to  air,  was  con- 
verted into  benzoic  acid.  Marsh-gas  did  not  maintain  the  incandescence  unless  the 
wire  was  heated  by  the  pile  till  the  action  had  fairly  commenced.  Davy  found,  it  is 
true,  that  the  wire  suspended  above  the  flame  of  his  safety-lamp  remained  red-hot 
after  an  explosion  of  marsh-gas,  but  this  was  probably  due  to  the  presence  of  other 
hydrocarbons.  The  product  of  the  reaction  started  by  the  pile  is  formic  acid;  no 
aldehyde  could  be  obtained.  Ethylene- vapour,  if  allowed  to  pass  very  slowly  over  the 
platinum,  keeps  the  latter  red-hot  without  an  explosion  taking  place,  acetic  acid  being 
formed.  Many  other  metals  act  in  the  same  way  as  platinum,  but  on  account  of  their 
molting  when  heated  in  a  flame,  the  experiment  is  difficult  to  make.  Palladium  is  a 
better  agent  in  partial  oxidation  than  even  platinum.  Marsh-gas  keeps  it  red-hot 
without  the  aid  of  the  pile.  It  is  also  safer  than  platinum  ;  no  instance  occurred  of 
its  causing  ethylene  to  explode.  Other  peculiarities  of  this  metal  are  that  it  becomes 
wrinkled  on  the  surface,  is  rendered  brittle,  and  diminishes  in  weight  after  a  few  days' 
use  in  these  experiments  (J.  A.  Coquillon,  Compt.  rend.  Ixxvii.  -114). 

HT3ROCOUASARXC  ACIB.  This  term  is  used  in  the  First  Supple, iiciU 
(p.  71o)  as  synonymous  with  melilotic  acid,  C''H"'0',  the  acid  which  exists  cumliiiicd 
with  coumarin  in  the  yellow  melilot,  and  is  produced  artificially  by  the  art  ion  of 
nascent  hydrogen  on  coumarin.  But  from  more  recent  experiments  by  Zwei)i:er  (Ann. 
Ch.  Pharm.  Suppl.  viii.  23)  it  appears  that  this  synthetic  process  yields  two  distinct 
acids,  according  to  the  proportion  between  the  nascent  hydrogen  and  the  cou- 
marin, viz.,  monobasic  melilotic  acid,  C"H'°0^,  when  the  solution  contains  only  a  small 
quantity  of  coumarin  and  the  nascent  hydrogen  is  in  excess  ;  and  bibasic  hydrocou- 
maric  acid,  CH'^O^,  when  the  coumarin  is  in  excess. 

To  prepare  hydrocoumaric  acid,  a  concentrated  solution  of  coumarin  in  strong  alcohol 
is  repeatedly  treated  on  the  water-bath  with  thick  pasty  sodium-amalgam ;  sodium- 
hydrocoumarate  then  separates  out,  and  may  be  freed  from  coumarate  and  melilotate 
of  sodium  by  boiling  with  absolute  alcohol.  The  portion  of  the  acid  still  remaining 
in  the  alkaline  mother-liquor  may  be  obtained  by  evaporating  off  the  alcohol,  aciilu- 
lating  with  acetic  acid  and  precipitating  with  lead  acetate.  The  precipitate,  after 
repeated  boiling  with  water,  is  decomposed  by  hydrogen  sulphide,  the  acid  liquid 
evaporated  to  the  crystallising  point,  and  the  acid  which  separates,  purified  by  coiiver- 
sion  into  the  sodium  salt,  &c. 

Hydrocoumaric  acid,  C'^H'^O",  is  slightly  soluble  in  cold,  easily  in  boiling  water, 
and  separates  therefrom  in  needles  or  granular  crysfeils.  In  ether  and  in  alcohol  it  is 
easily  soluble.  When  heated  it  gives  off  water  at  100°,  and  is  converted  into  its 
anhydride,  hydrocoumarin.    It  is  not  altered  by  sodium-amalgam. 

Hydrocoumaric  acid  is  bibasic.  Its  ammonium  salt  does  not  crystallise.  The  .■sodium 
salt,  C'^H'^Na-O*  -i-  lOH^O,  dissolves  easily  in  warm  water,  and  crystallises  therefrom 
in  shining  colourless  tabular  prisms  :  it  is  dehydrated  by  alcohol.  The  had  salt 
Qi9I£i6pjjO«,  silver  salt  C"H'"i^g'0«,  and  copper  salt  C'«H'«CuO^  are  bulky  precipitates, 
the  first  two  becoming  crystalline  when  left  in  the  liquid. 

Hydrocoumarin,  C'"H'^0',  which  is  best  prepared  by  fusion  of  hydrocoumaric 
acid,  washing  the  fused  mass  with  alcohol,  and  recrystallising  from  chloroform,  i^i 
likewise  formed,  together  with  melilotic  and  hydrocoumaric  acids,  by  the  action  of 
sodium-amalgam  on  the  aqueous  solution  of  coumarin  containing  a  little  alcohol.  It 
forms  c(jlourless  shining  lamina-,  melts  at  222°,  is  decomposed  bv  prolonged  fusion, 

■2iHl  S>'p.  ^  U  U 
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It  IS  nearly  iiisoljiblc  in  water,  alcohol  and  ether.  By  boiling  -n-ith  dilute  nitric  acid, 
it  is  converted  into  a  nitro-compound ;  ammonia  and  dilute  aqueous  potash  do  not  act 
upon  it ;  alcoholic  potjish  converts  it  into  hydrocoumaric  acid.  It  is  not  converted  into 
melilotic  acid  bv  sodium-amal2;am.  AVheii  fused  with  potash  it  yields  acetate  and 
salicylate  of  potassium :  C"'H"0*  +  6H^0  =  20=11^0=  +  2C'H«0^  +  3H-. 

HVDBOCCERVI.ZGXa-ON'X:,  CH^^O".    See  Coskulignone  (p.  376). 

HVSROCOTARja'mB.    Sfo  Opiu.ai-bases. 

HVBBOBZJSROSXAZOBSSTZEirE,  C'"-H'»Br=N-.    See  Bes'ZENE,  Azo-deriva- 

TIVJ.S  CiF  (p.  USj. 

H-E-BSEOBICHaOKAZOX-STBEWZEN-E,  C'=H'"Cl-N'-0.     See  Benzene,  Azo- 

DEKIVATIVES   OF  (p.  101). 

HlTBROSJmiTSaAZOBEBIZaWE,  C'2H"'(N0-)=N-,  is  formed  by  the  action  of 
cold  ammonium  sulphide  on  dinitrazobenzene,  just  as  hydrazobenzene  is  formed  from 
Hzobeiizene.  It  is  insoluble  in  -water,  and  crystallises  from  boiling  alcohol  in  long 
yellow  needles  melting  at  220^.  Oxidising  agents  reconvert  it  into  dinitrazobenzene. 
Heated  to  22()°-250°,  it  splits  np  into  dinitrazobenzene  and  nitraniline,  just  as  hydra- 
zobenzene is  decomposed  by  distillation  into  azobenzene  and  aniline  {1st  Suppl.  272). 

2C'^H>°(N0=)=N'-  =  C'2H8(NO=)=N''  +  2C'=H«(N0--)N. 

The  nitraniline  thus  obtained  melts  at  110°  and  is  identical  with  th.'it  which  is  pre- 
pared from  di nitrobenzene. 

By  the  action  of  hot  ammonium  sidphide,  hydro-diiiitrazobenzene  is  easily  converted 
into  diphenine  or  hydro-diamido-azobenzene,  C'''II'°(NH'-)^N-,  which  indeed  is  formed 
directly  from  dinitrazobenzene  by  the  action  of  hot  ammonium  sulphide  (p.  435) 
'.Lcrmoiitofr,  Dart.  Clwm.  Gcs.  Be:  v.  236). 

HYBROGBIsr.  On  the  Evolution  of  Hydrogen  in  Alcoholic  Fermentation,  seo 
Fehmemtation  (p.  517). 

TfcparaiioH  of  Pure  Hydrogen  Gas. — Kolbo  {fiinrjl.  polijt.J.  cciv.  160)  draws  atten- 
tion to  the  nocc^-sity  of  using  dilute  sulphuric  acid  in  tlie  preparation  of  hydrogen  when 
roipiiri'il  in  tlir  pure  state.  He  finds  indeed  that  sulphuric,  as  well  as  sulphurous, 
aci'i  r.iiL  l.c  i-rdiMfd  to  hydrogen  sulphide  by  the  action  of  nascent  hydrogen,  and  con- 
sequently l  li.it  liyilrogen  gas  evolved  by  the  action  of  zinc,  even  on  perfectly  pui-e 
sulplnu-ic  acid,  (ifton  smells  strongly  of  hydrogen  sul^Dhide  and  blackens  lead-paper. 
Tlie  hydrogen  suljiliide  is  more  abundant,  the  hotter  the  acid  liquid,  and  the  more 
concentrated  the  sulphuric  acid  which  comes  in  contact  with  the  zinc.  If  the  acid  be 
])reviously  diluted  with  twice  its  volume  of  water,  the  evolved  gas  is  perfectly  free 
fram  hydrogen  sulphide.  Attention  to  this  point  is  especially  necessary  in  the  detection 
of  small  quantities  of  arsenic  by  Marsh's  process,  as  if  the  hydrogen  contains  sulphur, 
the  arsenic  may  bo  converted  into  suljjhide  and  so  escape  detection. 

C.  Violotte  finds  that  hydrogen,  after  passing  through  lead  nitrate,  silver  nitrate, 
silver  sulphate,  canstic  potash,  and  oil  of  vitriol,  is  perfectly  free  from  hydrocarbons, 
inasmuch  as  on  passing  it  oy&it pure  copper  oxide  at  red  heat,  condensing  the  waterin 
a  U-tube,  and  passing  the  gaseous  products  into  baryta-water,  no  opacity  is  produced 
in  tbe  latter,  and  the  condensed  water  is  quite  free  from  acid  reaction. 

On  the  Estimation  of  lypical  Hydrogen  in  Ammonia-bases,  see  Amines  (p.  66). 

Combination  nf  Hydrogen  with  Chlorine  in  the  Absence  of  Light. — 
When  charcoal  absorbs  dry  chlorine,  the  temperature  rises,  and  if  cby  hj-drogen  be 
brought  in  contact  with  the  charcoal  saturated  with  chlorine,  hydrochloric  acid  is 
formed  in  considerable  quantity,  while  at  the  same  time  chlorine  is  given  off  and  the 
temperature  falls  (Melsens,  Compt.  rend.  Ixxvi.  92). 

Absorption  of  Hydrogen  by  Palladium.— llohevts  a.  Wright  (Chem.  Soe.  J. 
[2|,  xi.  11 2)  have  endeavoured  to  determine  the  state  of  the  hydrogen  absorbed  by 
jiailadium  liy  a  comparison  between  the  specific  heat  of  the  charged  palladium,  and 
that  of  the  palladium  in  its  original  state.  If  the  hydrogen,  as  Graham  supposed, 
enters  into  \\u-  conibinaf  inn  as  a  metal,  and  tlie  resultins'  compound  is  an  alloy,  then, 
^KTorJiiiir  tn  wliat  is  kiHAvi.  of  alloys  in  p'licral,  the  specific  heat  of  the  charged  pal- 
l-urnnu  slionlil  be  a  moan  bol  woon 'the  s|'.reili,.  l,;  ats  of  palladium  and  of  hydrogen  in 
llie  Iree  stale.  The  (  \i  eriuients  show  that  this  is  not  the  case  ;  and  that  the  charged 
]\illadiuni  is  iieilhev  an  alloy,  nor  a  mixture  nf  pallailiuTn  hydride  witli  excess  of  pal- 
l.adiuin,  but  lliat  earh  se\er:il  i-havge  must  be  regarded  as  giving  rise  to  a  distinct 
eoni]H)un(l;  and  then  toi-e  thai,  iiydrogen  and  palladium  are  capable  of  combining 
together  in  proporliuiis  wliicli  are"  not  expressible  by  simple  multiples  of  the  com- 
bining elements. 
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F:ivre,  on  the  otlier  hand  {Coinpt.  rend.  Ixxvii.  649),  considers  paUadium  charged 
with  hydrogen  as  a  true  alio}',  because  the  heat  developed  by  the  combination  (9,000 
gram-degrees)  is  the  same  for  the  last  as  for  the  first  portion  of  hydrogen  added  ; 
■whereas  the  absorption  of  hydrogen  by  platinum,  and  that  of  other  gases  by  charcoal, 
are  merely  cases  of  capillary  affinity,  in  which  the  gas  may  bo  supposed  to  form  a 
layer  whose  density  diminishes  with  increased  distance  from  the  surface  of  the  solid  : 
this  is  indicated  by  the  fact  that  the  later  portions  of  gas  absorbed  evolve  less  heat 
than  the  earlier.  The  complete  saturation  of  platinum-black  with  hydrogen  (241 
volumes)  disengages  about  20,70(1  lieat-uiiifs  for  one  gram  of  liydrogen  absorl^ed. 

Troost  a.  Hautefeuille  (6'r;///y</.  n  //</.  l.xwiii.  968)  likewise  find  that  palladium  forms 
with  hydrogen,  adefinite  conii"iunil,  IM-'Il,  which  is  further  capable  of  absorbing  hydro- 
gen in  considerable  quantity.  The  licnsity  ol'llie  pure  compound  is  ir06,  and  that  of 
tiie  melted  metal  from  which  it  was  i  rrpaml  was  12'0.  Supposing,  therefore,  that 
the  elements  unite  without  condensalion,  I  hat  i■^  tu  say  that  the  hydrogen  in  combina- 
tion with  the  palladium  has  the  same  density  tliat  it  would  have  if  solidified  in  the 
free  state,  the  density  of  this  solidified  hydrogen  will  be  0'G2.  The  same  value  has 
been  obtained  liy  Dewar  {Phil.  Mag.  [4],  xlvii.  324),  from  calculations  based  upon  his 
own  experiments.  Graham  estimated  it  at  0733  {\st  Suppl.  718),  but  his  calcula- 
tions appear  to  have  been  based  on  the  supposition  that  the  compotmd  of  palladium 
and  hydrogen  was  not  of  definite  constitution. 

Troost  a.  llautetemlle  {Co/itjit.  rend..  Ixxviii.  807)  have  also  examined  the  compounds 
of  hydrogen  with  potassium  and  sodium.  They  find  that  both  are  definite  compounds 
possessing  the  metallic  lustre,  and  represented  by  the  formulse  K-H  and  Na-H. 

To  prepare  the  potassium-compound,  the  potassium  was  placed  in  a  small  iron  vessel 
at  the  bottom  of  a  glass  tube ;  the  latter  communicated  with  a  manometer,  and  by 
means  of  a  three-way  tap,  with  a  Sprcngel  pump,  and  with  a  supjsly  of  dry  hydrogen. 
No  gas  was  absorbed  at  temperatures  below  200°.  but  on  heating  the  metal  to  360°  or 
400°  absorption  proceeded  more  rapidly.  It  required,  however,  2,30  hours  to  saturate 
2-5  grams  of  potassium  at  a  temperature  of  290°. 

The  hydrogenised  potassium  (potassium  hydride)  is  very  brittle  at  the  ordinary 
temperature,  and  resembles  an  amalgam  of  silver  in  outward  appearance,  lustre,  and 
crystalline  structure.  It  can  bo  molted  in  hydrogen  or  in  a  vacuum  without  undergoing 
alteration,  but  if  brought  into  contact  -with  air  it  takes  fire  immediately.  In  a  vacuum 
at  about  200',  it  begins  to  decompose,  and  at  411°  the  tension  of  the  hydrogen  is 
760  mm. ;  in  order  therefore  to  saturate  potassium  at  this  temperatm-e,  it  is  neces- 
sary to  heat  the  metal  in  an  atmosphere  of  hydrogen  the  pressure  of  which  is  a 
little  above  that  of  the  atmosphere.  The  definite  compound  absorbs  liydrogen  in 
quantities  varying  with  the  temperature  and  pressure  ;  thus  at  300°  and  760  mm.  it 
dissolves  40  vols,  of  gas  ;  it  is  necessary,  therefore,  in  order  to  obtain  the  definite 
combination  alone,  to  expel  the  gas  until  the  pressure  of  the  hydrogen  is  no  higher 
than  the  tension  of  dissociation  for  the  particular  temperature  at  which  the  experi- 
ment is  made. 

By  extracting  the  gas  with  the  mercurial  pump,  it  was  found  that  one  vol.  of 
potassium  was  combined  with  126  vols,  of  hydrogen  ;  the  formula  K-H  requires  124  6 
vols. 

The  sodium-compou'iid  is  prepared  in  a  manner  precisely  analogous  to  that  already 
described.  Unlike  potassium  hydride,  it  is  as  soft  as  sodium  at  the  ordinary  tempe- 
rature, but  becomes  brittle  and  easily  pulvcrisable  a  little  before  fusion.  It  is  silver- 
white,  and  less  alterable  in  the  air  than  the  corresponding  potassium-compound.  The 
density,  taken  in  naphtha,  was  0  959,  that  of  the  sodium  employed  being  0'970  ;  conse- 
quently, if  the  elements  are  united  without  condensation,  tile  density  of  the  hydrogen 
in  the  compound  is  0'63,  which  is  a  little  higher  than  that  of  lithium  0-59.  Tlie 
compound  dissolves  only  small  quantities  of  hydrogen;  at  400°,  under  the  ainios- 
pheric  prossurr,  it  takes  up  only  3  or  4  times  its  volume. 

Lif!/iiim.  liratcd  to  ,"i0(i  under  a  pressure  of  760  mm.,  absorbs  17  times  its  volume 
of  liydi-n>,'(ii.     'I'll, ill  III, II,  under  similar  conditions,  dissolves  only  3  times  its  volume. 

Tlic  liydrog(<ii  absorlHMl  l,v  palladium  is  an  active  reducing  agent.  K  tliin  palladium 
plato  covered  with  palladium  lilaek  mi  b..lh  Hde-  by  iniMiis  (.f  a  balterv.  and  .-liarged 
with  hydrogen,  may  be  kepi  \',,r  weeks  in  ale,,bol  m-  ether  wifli.mt  Insin-  lln'  hydn.gen, 
excepting  that  a  few  bubbles  eiinii'  oli'at  lirst, ;  but  if  ipiiekly  renioved,  ib-ied,  and  wrapiied 
in  gun-cotton,  it  glows  in  a  few  seconds,  the  gun-cottou  cxploilcs,  and  tho  iiydnigen 
Inirns  for  a  few  seconds  with  a  palo  fiame.  In  ether,  the  gas-bulibles  which  come  off 
seem  to  consist  partly  of  ethylene  formed  by  deoxidation.  Potassium  nitrate  is  soon 
reduced  to  nitrite  by  the  charged  palladium  (Bottger,  IJci'.t.  Chem.  Gcs.  Bcr.  vi. 
1396). 

Saytzeff  (.7.  pr.  Chan.  [2],  iv.  418),  b.y  passing  a  mixture  of  the  A-apour  of  benzoyl 
chloride  and  hydrogen  over  heated  palladium-bbiek,  obtained  hydrochloric  acid  and  an 
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oil  apparently  consisting  of  benzoic  aldehyde  mixed  with  benzyl  alcohol.  In  a  similar 
manner  nitrobenzene  may  be  reduced  to  aniline. 

Reductin  of  Silver  y Urate  hy  Hydroge7i.—T\xi  precipitation  of  small 
quantities  of  silver  by  pure  hydrogen  from  solutions  of  the  sulphate,  nitrate,  and 
acetate,  has  been  known  for  some  time  {\st  Suppl.  718),  and  recently  this  reaction  has 
been  more  particularly  studied  by  W.  J.  Eussell  (Chem.  Soc.  J.  [2],  xii.  3).  The  pre- 
cipitation takes  place  with  perfectly  pure  hydrogen,  and  more  readily  in  a  saturated 
than  in  aMilute  solution.  Even  from  a  saturated  solution,  however,  the  precipitation 
occurs  only  after  some  time,  and  the  amount  procipifcited,  as  compared  with  that 
in  solution,  is  always  very  small.  When  a  saturated  solution  is  used,  hydrogen  must 
be  bubbled  through  it  for  nearly  half  an  hour  before  precipitation  takes  place  ;  if  the 
current  be  continued,  a  dull  greyish  substance  separates  out  at  first,  but  afterwards  the 
precipitate  is  perfectly  crystalline  and  bright,  exhibiting  a  beautiful  appearance.  At 
first  the  amount  of  silver  precipitated  is  nearly  proportional  to  the  time  for  which  it 
has  been  exposed  to  the  action  of  the  hydrogen,  but  after  the  first  48  hours  the  amount 
of  silver  precipitated  increases  at  a  slower  and  slower  rate,  and  after  a  certain  time  the 
amount  of  silver  present  will  often  begin  to  diminish.  This  precipitation  of  silver  by 
hydrogen  is  independent  of  the  action  of  light,  but  is  very  much  expedited  by  heat. 

On  passing  hydrogen  through  the  silver  nitrate  solution  only  for  a  minute,  and  then 
heating  it,  a  very  visible,  although  not  very  heavy  precipitation  immediately  appears  ; 
it  is  amorphous,  and  of  a  brownish  colour.  Through  a  cold  solution  hydrogen  may  be 
passed  for  about  25  minutes  without  producing  the  slightest  alteration  in  appearance. 
If  the  solution  be  then  exposed  to  the  air,  so  that  the  gas  above  the  liquid  diffuses 
away,  silver  begins  to  precipitate  after  a  short  time,  and  a  considerable  amount  will 
in  this  way  separate  out. 

The  precipitated  silver,  when  examined  by  the  microscope,  sometimes  exhibits  arbo- 
rescent forms,  sometimes  appears  as  a  close  network  of  very  fine  filaments,  so  inter- 
twined that  the  whole  of  the  metal  can  be  lifted  out  of  the  solution  in  a  connected 
mass  ;  sometimes  it  is  seen  to  be  in  distinct  and  separate  triangular  plates  of  brilliant 
metal. 

The  silver  prepared  by  this  means  is  remarkably  pure ;  any  gold  in  the  solution 
•would  be  precipitated  with  the  first  portions  of  silver,  and  the  other  metals  likely  to 
be  present  would  not  be  separated  out  by  the  hydrogen. 

The  precipitation  may  also  be  effected  by  merely  keeping  an  atmosphere  of  the  gas 
above  the  solution,  instead  of  bubbling  it  through.  If  a  saturated  solution  of  the 
silver  nitrate  be  put  into  a  tolerably  capacious  bottle,  and  it  be  then  filled  with 
hydrogen,  the  action  will  commence  rather  sooner  than  if  the  gas  were  bubbled  through 
it,  and  in  18  to  24  hours  a  somewhat  larger  amount  of  silver  will  be  precipitated  than 
by  the  other  process. 

The  precipitation  of  the  silver,  however,  cannot  be  continued  indefinitely;  indeed, 
if  the  solution  be  left  for  some  time  in  contact  with  the  atmosphere  of  hydrogeu,  the 
quantity  of  metallic  silver  is  found  to  diminish,  and,  after  a  few  days,  yellow  crystals 
of  silver  nitrite  separate  out.  This  result  appears  to  be  due  in  the  first  instance  to 
the  formation  of  a  trace  of  nitrous  acid  by  the  action  of  the  hydrogen  on  the  nitric 
acid  present,  this  nitrous  acid  attacking  the  precipitated  silver  and  combining  with  it. 
At  the  same  time  nitrogen  dioxide  is  given  olF,  which,  by  acting  on  more  nitric  acid, 
forms  more  nitrous  acid,  thus  accelerating  the  solution  of  the  silver.  If  much  nitric 
acid  be  present,  the  silver  nitrite  naturally  passes  back  again  to  nitrate,  and  this  may 
again  |je  acted  upon  by  tlie  hydrogen.  The  silver  nitrite,  on  the  contrary,  is  unacted 
on  by  hydrogen,  and  will  therefore  be  the  end-product  formed  by  this  reaction. 

With  regard  to  otlier  metals,  flatinum,  'palladium,  and  gold  are  completely  precipi- 
tated from  solution  by  hydrogen  in  the  metallic  state,  and  at  ordinary  temperatures 
and  pressures.  A  solution  of  copper  nitrate,  by  long  standing  in  contact  with  hydrogm, 
l.iecomes,  apparently  from  the  change  of  colour,  converted  into  nitrite.  Mcrcin-ir 
jiiiratr  seems  to  be  acted  on,  and  a  basic  nitrate  thrown  down,  while  hismuth  nifnitc 
seems  not  to  be  at  all  attacked. 

Hydrogren  Dioxide,  IFO-.  Houzoau  (Compf.  rend.  Ixx.  519)  has  demonstrated 
the  existence  of  this  body  in  snow  fallen  at  Eouen  at  various  times. 

The  simultaneous  formation  of  hydrogen  dioxide,  ozone,  and  ammonium  nitrite  iu  the 
combustion  of  hydrogen  in  the  air  may  be  shown  by  burning  a  small  hydrogen  flame 
•under  a  funnel  having  its  neck  drawn  out  to  a  long  tube.  The  gases  issuing  from  the 
tube  smell  strongly  of  ozone,  which  maybe  fm-ther  identified  by  means  of  ozone-paper, 
&c.  The  water  whicli  condenses  is  perfectly  neutral,  and  the  presence  of  iiydrogcn 
dioxide  and  ammonium  nitrite  in  it  may  be  demonstrated  by  tlie  reactions  of  these 
compounds  with  potassium  iodide.    The  formation  of  these  bodies  in  the  combustion 
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of  hydrogon-coiiipoiuids  in  llm  ntniospliero  may  account  fort-heir  presence  in  atmo- 
spheric deposits  (H.  Stnivr,  y.  J'rlrrs.  Acad.  Bull.  xv.  325  ;  Jahrcsh.  1870,  109,  209). 

Reactions.— AccoYiXwj:  i-,  'Muam  (Zcifschr.  a.ial.  Chem.  ix.  41,  330)  the  transient 
colorations  exhibitLd  by  c.  i  '.iin  rMjujicniii'!^  .it  hiuh  temperatures  may  be  permanently 
produced  Ly  iiu.iri';  of  liyd f  "_'■'!!  dinxiiic  W'Im  u  solid  molybdic  acid  or  sodium  mohjb- 
daleis  saturatid  liydr.drd  Imriuiii  dioxidf,  llir.  mass  assumesa  faint  yellow  colour 
even  during  the  trituratioih  but  on  adding  an  acid,  e.g.  a  few  drops  of  concentrated 
sidphuric  or  silicofluoric  acid,  a  deep  yellow  mass  is  obtained.  Titnnir  nrlil  pn-.-lpi- 
tated  by  boiling  immediately  acquires  a  deep  reddish-yellow  colour  u  simdarly 
treated.  Solutions  of  titanic  acid  are  also  instantly  coloured  deep  mMish-yi'lIow  by 
a  solution  of  hydrogen  dioxide  in  presence  of  acids.  A  solution  of  ni'ilybibr  :;(  id  or 
sodium  molybdate  is  turned  yellow  by  an  acid  solution  of  hydrogen  i!io\id>  ,  ^l  ilbu'it 
evolution  of  gas  in  either  case.  On  brisk  agitation,  however,  the  molybdir  arid  m.Iu- 
tion  often  gives  off  gas  and  becomes  decolorised.  Blue  molybdic  molybdate  is  first 
oxidised  and  decolorised  by  hydrogen  dioxide,  evolution  of  gas,  but  ail-ii'warQS 

turns  yellow.  A  solution  of  titanic  acid,  which  has  been  turned  violet  by  reducing 
agents,  is  coloured  deoj)  reddish -yellow  by  hydrogen  dioxide  without  perccpl  ibb'  pre- 
vious decoloration.  I'^o  iiiim  ]H  i'o\ide  reacts  with  tlie  substaners  ab(>\ r  m. ni iuncd  in 
the  same  manner  as  baiiuiu  prriixide.  On  this  account  a  dirp  n  d  s.dutiuu  is  often 
obtained  in  decomposing  titanium  compounds  with  sodium.  Zinc  oxide  and  stannic 
oxide  do  not  exhibit  any  coloration. 

Molybdic  and  titanic  acid  solutions  coloured  by  hydrogen  dioxide  become  colour- 
less again  under  the  influence  of  reducing  agents  such  as  stannous  chloride,  zinc-dust, 
and  ferrous  oxide.  These  effects  may  be  explained  by  supposing  either  that  the 
coloured  substances  are  merely  modifications  of  the  colourless  bodies,  or,  which  is 
perhaps  mora  probable,  that  the  colourles.?  acids  fcike  up  oxygen  from  the  hydrogen 
dioxide,  and  this  oxygen,  being  but  loosely  combined  with  them,  is  easily  given  up 
again.  A  concentrated  solution  of  titanic  acid  may  be  used  as  a  test  for  hydrogen 
dioxide  ;  it  is  as  delicate  as  other  tests  used  for  the  purpose,  e.g.  reagents  containing 
iodine,  and  the  colour  which  it  gives  can  only  be  produced  b)y  hydrogen  dioxide,  not 
by  nitrous  acid  or  other  oxidising  agents  (Sehonn). 

Kydrog^ea  Sulpblde,  H-S.  Formation. — According  to  Boillot(C'yM/j)'.  rend.  Ixx. 
97)  sulphur  unites  directly  with  hydrogen  under  the  influence  of  the  electric  spark. 

Preparation. — W.  Skey  (Chcm.  News,  xxvii.  161)  proposes  to  supersede  the  ordinary 
laboratory  process  for  the  preparation  of  hydrogen  sulphide  by  the  following.  The 
generating  flask  is  charged  with  fragments  of  galena  and  granulated  zirc  in  about  equal 
proportions,  and  the  mixture  is  covered  with  dilute  hydrochloric  acid  (1  to  20).  An 
energetic  and  regular  current  of  sulphuretted  hydrogen  is  then  evolved.  The  gas  / 
accompanied  by  a  little  free  hydrogen,  and  requires  washing  to  remove  traces  of  hydra 
chloric  acid. 

The  apparatus  may  also  be  arranged  as  a  simple  galvanic  couple,  in  which  a  pieco 
of  massive  galeua  occupies  the  position  of  the  negative  element ;  the  connecting  wires 
are  passed  through  the  cork  of  the  apparatus,  and  are  brought  into  contact  with  each 
other  by  means  of  binding  screws.  The  evohition  of  gas  commences  on  making  the 
connection,  and  ceases  instantly  wdien  the  current  is  interrupted.  This  latter  arrange- 
ment, though  somewhat  more  troublesome  to  prepare,  is  nevertheless  to  be  preferred, 
inasmuch  as  it  avoids  the  necessity  of  removing  the  exciting  liquid  when  the  evolution 
of  gas  is  no  longer  required. 

Decomposition  of  the  Aqueous  Solution. — Experiments  by  L.  Eaab  {N.  Rep.  Pliarni. 
xix.  10)  show  that  the  decomposition  of  aqueous  hydrogen  sulphide  is  retarded  by 
keeping  it  ill  th(3  dark  and  in  a  corked  bottle,  and  still  more  by  inverting  the  bottle 

HYDROnZEX.X.ITXC  ACID.    See  Mellitic  Acid. 
KYDROIVXUCON'IC  ACZB.    ,See  Mucic  Acid. 
KYSROnriLPKTHAQViM'OM'E.   See  Naphthaqtjinones. 
HYDROPHVS^E.    See  Peptoxes. 
HYSIiOPZFSROXKr.    See  Piperonai.. 

HYBROPVROIVIEX.S.ZTXC  ACXS.    See  jrELLlTiC  AciD. 
HS-DROQVIN'OM'S.    See  QriXn.NK. 


HYOKOSiiOTTOWIW.    See  Sa.xtonin. 


GG2        HYDROSORBIC  xiCID— HYDROXYLAMINE. 


2ZYBKOSORBZC  ACID.    See  .Sonmc  Acid. 
HYDROTACHYX.YTE.    See  Tachtlyte. 

HYSROXYXAIVXIN-E,  NH'O  (l*)-  5;/;^/;/.  722).  Hi,droMorides.~On  m\x\a<4,  a 
concentrated  aqueous  solution  of  1  mol.  liyJroxj'lamine  monoliydroehloride,  NH''0.HC1, 
with  a  solution  of  1  mol.  hydroxylamine  in  absolute  alcohol,  the  heinihydrochloride 
2NH'0.HC1  separates  in  large  thin  crystiils  or  in  needles.  By  dissolving  it  at  a  very 
gentle  heat  in  a  small  quantity  of  -water,  and  cooling,  or  evaporating  the  solution  over 
sulphuric  acid,  it  is  obtained  in  apparently  rhombic  prisms,  whilst  the  '^-hydro- 
Moridc,  3NIP0.2H CI,  remains  in  the  mother-liquor;  this  salt  is  best  obtained  by 
dissolving  NffCHCl  and  2NH^0.HC1  in  a  little  water  at  a  gentle  heat.  It  forms 
large  crystals,  showing  a  great  number  of  faces,  and  belonging  probably  to  the  rhombic 
system.  On  addition  of  absolute  alcohol  to  the  mother-liquor  of  these  crystals,  the 
hemihydrocliloride  crystallises  out,  a  fact  which  Si»ems  to  be  in  contradiction  to  the 
observation  that  the  mother-liquors  of  the  hemihydrochlorido  give,  on  addition  of 
alcohol,  crystals  of  the  l-hydrochloride  ;  but  these  solutions  contain  not  oidy  the 
j-hydrochlorido,  but  also  the  normal  salt,  which  indeed  remains  behind  when  they 
are  evaporated  over  the  water-bath. 

The  hemihydrochlorido  and  the  ^-hydrochloride  are  deliquescent  in  damp  air, 
very  sparingly  soluble  in  alcohol  and  insoluble  in  ether.  The  former  salt  melts  at 
8o°,  and  the  latter  at  05° ;  at  the  same  time  a  slight  evolution  of  gas  t^ikes  place, 
which  becomes  violent  on  applying  stronger  heat.  Both  salts  precipitate  ferric  chloride 
solution  and  reduce  mercuric  chloride,  clu'omic  acid,  and  silver  nitrate.  The  §-hy- 
drochloride  produces,  in  a  solution  of  copper  sulphate,  a  green  precipitate  which 
disappears  on  shaking,  a  dark  blue  solution  being  formed  which  soon  becomes  colour- 
less, cuprous  chloride  separating  out.  The  hemichloride  produces  a  similar  reaction, 
but  the  green  precipitate  redissolves  tut  slowly  or  not  at  all,  being  also  converted 
after  some  time  into  cuprous  chloride.  On  heating  either  of  the  salts  with  platinic 
chloride  solution,  gases  are  evolved,  and  a  colourless  solution  is  obtained,  from  which, 
after  concentration,  the  compound  4NH-0.PtCl''  crystixUises  in  colourless  needles  in- 
soluble in  alcohol,  and  xmdergoing  violent  decomposition  on  heating.  On  addirg 
silver  nitrate  to  its  solution,  only  a  part  of  the  chlorine  is  precipitated. 

Amiao-derlvatives  of  Hydroxylamine.  Benzi/hjdroxamic  &c\di'S'E.-{C^WO)0 
and  dihcnziihydroxamio  acid  NH(C'H^O)-0,  already  described  (p.  1-54).  have  been 
further  studied  by  Lossen  {BeiU.  Cl/em.  Gcs.  Bcr.  vi.  1392).    The  rational  formida  of 


dibenzyhydroxamic  acid  is  C'H^O— NH-0(C"IPO)  and  not  C'ffO-N. 


The  acid  treated  with  baryta- water  splits  up  into  benzoic  acid  and  benzhydroxamic  acid. 
The  potassium  salt,  however,  reacts  differently  with  water,  forming  a  member  of  -a 


new  class  of  compounds  termed  carbamidols,  thus  : — 

3[C-ffO.NK.O(C-ffO)]  +  2H-'0  =  N»C'^'H"0  +  2C0=  +  SO'ffO^K. 


A  little  dibenzhydroxamic  acid  is  set  free  hy  the  carbon  dioxide  thus  generated,  and 
remains  unaltered. 

Anisyl  Chloride  acts  on  hydroxj'lamine,  forming  anis-  and  dianis-hydroxamio 
acids,  which  greatly  resemble  the  corresponding  benzoyl-compounds.  By  the  action 
of  anisyl  chloride  on  benzhydroxamic  acid,  benzoyl -a nisyl-hydroxylami no, 
K(C'H^O)(C'H'0-)HO,  is  formed.  A  similarly  constituted  body  is  also  formed  when 
benzoylchloride  acts  on  anishydroxamic  acid.  Now,  if  dibonz-  and  dianis-liydroxamic 
acids  are  respectively  represented  by  the  formulae  C'?PO.N(C'B.^O).OH  and'C^H'O-.N 
(C'iI"0-).OH,  these  two  products  should  be  identical ;  whereas  if  these  acids  are 
represented  by  the  formula  C'H50.NH.0(C'H=0)  and  C^H'02.NH.0(CsH'0-)  they 
should  be  isomeric.  In  point  of  fact  the  two  bodies  are  isomeric  and  not  identical,  the 
former  splitting  up,  on  treatment  with  baryta-water,  into  anisic  and  benzhydroxamic 
acids,  and  its  potassium  salt,  when  similarly  treated  with  water,  forming  anisic  acid, 
carbon  dioxide,  and  phenyl-carbamidol ;  whereas  the  second  product  yields  with  baryta- 
water,  benzoic  and  anishydroxamic  acid,  and  its  potassium  salt  decomposed  by  water 
forms  benzoic  acid,  carbon  dioxide,  and  ani  scar  bam  idol,  N'C-"-H'-'^0'. 

It  hence  results  that  the  dibenzhydroxamates  are  represented  by  the  formula 
C"H'^0.NM.0(C"H'^0),  -i.e.,  the  metal  is  directly  imiied  with  the  nitrogen.  The  formula? 
of  benzhydroxamic  acid  and  its  analogues  are  undecided.  Of  the  two  formul.-!;" 
C'lr-O.NH.OH  and  H.NH.0(C"H50),  the  former  seems  the  more  probable  for  several 


Potassium 
dibeiizhydroxamate. 


Plienyl- 
carbamiilol. 
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reasons,  especially  on  account  of  tlio  totally  cUflferent  behaviour  of  the  bouzhydroxani.- 
ates  ami  <libouzii\  druxamates  :  the  benzhydroxamates  therefore  are  i)rol:iably  repre- 
boulcd  l.ytho  fnrmnia  C^IPO.NH.OM. 

HTBEEOSIsrciTE.  This  mineral,  originally  found  at  r.lciberg  in  Carinthia, 
and  analysed  by  Sniithson  in  1803  (called  .r///c-bb>()iii  !>y  Raiuiiic]>liiTg,  and  :inc<mise 
by  Beu(bint),  occurs  as  a  -white  earthy  coaling,'  on  di'i'oHts  uf  raliiniiiie  associated 
with  galena  in  the  Argentiera  Mine  situated  in  the  Cuniiininu  <.!'  Auronzo,  in  the 
extreme  northern  limit  of  the  Cadore.  This  earthy  deposit  eontainrf  1 1  0'3  p.  c.  CO'-, 
73-21  ZnO  and  11-83  H^O,  answering-  to  the  formula : 

Zn0.3C02  +  3aq.  or  3ZiiC0lZuH-0=  +  2aq. 

and  not  differing  greatly  in  composition  from  the  hydrozincites  hitlierto  examined 
(i.  798).* 

For  the  understanding  of  the  formation  and  decomposition  of  minerals,  it  is  im- 
portant to  ascertain  tlie  intensity  of  the  solvent  action  exerted  upon  them  by  water 
saturati-d  -with  carbonic  acid.  In  this  respect  the  carbonates  of  zinc,  native  and  arti- 
licial,  exhibit  considerable  diversities,  as  the  following  table  will  show : — 


Quantity  of  material 

dissolved  by  1,000 

parts  by  weight  o£ 

■water  saturated 

v.'itli  C0% 

Tcuip. 

Pressure 

Hydrozineito  of  Auronzo  .       .  0-35.J 

758  mm. 

Basic  zinc  carbonate  precipitated }    _  _  ,  ^ 
in  the  cold       .       .       .       .$  "■''^-^ 

17° 

759  „ 

Sraithsonito  (ZnCO^)  fi-omTarno-|  g.„g_ 
witz,  in  well-defined  crystals  i 

753  „ 

18= 

Smitlisonite  from  Moresnet,  per-)    n  ,o- 
fectly  crystallised     .       .  .S 

14° 

757  ,. 

Stalactitic  calamine  from  Doraos)  ^-S^n 
novos  (Iglesias)       .  . 

15° 

7-19  „ 

Basic  zinc  carbonate  obtained  by  ijrecipitation,  perfectly  washed  and  dried  at  100° 
was  found  to  contain  14-18  p.c.  CO'-',  64-89  ZnO,  and  20-15  water.  The  Smithsonites 
of  Tarnowitz  and  Moresnet  consist  of  very  pure  normal  zinc  carbonate.  The  eahiniine 
of  Iglesias  gave  by  analysis — 

ffOandCO='     SiO"-  ZiiO  FcO         CuO  PbO 

12-20       23-07       68-64       3-88       0-45       trace  =  98-24. 

The  solution  of  this  mineral  in  carbonic  acid  water  contained — besides  zinc  carbonate- 
silica,  ferrous  oxide,  and  a  trace  of  copper  oxide. 

The  carbonic  solution  of  the  hydrozincite  of  Auronzo,  yielded  by  spontaneous  evap- 
oration ;i  cr^'stalline  powder  containing  12-98  p.c.  CO',  71"25  ZnO,  and  15-16  H-'O. 
whieli  may  be  represented  by  the  formula  4Zn0.3CO'-'  -1-  4aq,  identical  with  that  of 
the  liydrozincite  from  Bleiberg,  analysed  by  Sniithson. 

H-sroSCIKTB,  Cqi'-'^N  (I-Klm  a.  Eeichardt.  Ann.  Ch.  Phnrm.  cxlvii.  98).  An 
.'dkaloid  formed,  together  with  hyoscinic  acid,  C"II"'0",  by  boiling  hyoseyamino  witli 
baryta- water : 

C'^IF^NO^  =  C«H"N  +  CWOK 

The  boiling  must  be  continued  for  several  liours,  the  excess  of  baryta  precipitated  by 
carbonic  acid,  and  the  liquid  evaporated  to  dryness,  mixed  with  a  little  water  and 
hydroehloric  acid,  and  exhausted  wi(  li  ether,  whieli  dissolves  out  the  hyoscinic  acid, 
leaving  the  hyoscino  in  the  aeid  ;  :nid  hm  freeing  tliis  liquid  from  hydrochloric 

acid  by  means  of  silver  oxide,  eva] " >r. it  l.i  1 1 i-yness,  dissolving  the  residue  in  acohol, 
i-eniKviiiii  tnicis  of  baryta  by  carlioine  :ieid.  and  again  evaporating,  the  hyoseine  re- 
iie-i'ii-^  ei!\-  slr^iii-ilv  alkaline  liijuid,  liaving  a  narcotic  odour,  and  solidifying  to  a 

fvy  .  I  '  -   ling.    The  hi/drocfdorklc,  CH'^N.HCl,  is  deliquescent.  The 

j /.       , /.    ,  -   lisos  in  beautiful  rhombic  plates;  when  boiled  with  strong 

potash-  (ir  ^o(l:idey,  il  uives  off  vapours  having  a  strong  alkaline  odour. 

A  small  quantity  cif  hyoseine  distils  over  with  the  aqueous  vapour,  together  -ivltli 
traces  of  ammonia,  when  hyoscyamiue  is  boiled  with  baryta-water. 

HYOSCmiC  iiCSD,  C'-'H"'03.  This  acid,  isomeric  with  pliloretlc  aeid,  romaiii.s 
on  evaporating  the  ethereal  solution  obtained  in  the  manner  aliove-deseribed,  as  a 

*  These,  accordiiio- to  the  analyses  given  in  Eammelsborg's  Mfliiei-ulchemiP  (p.  230).  contain  from 
l-.'-l  to  ]'>-0  p.c.  CO'.  71-4  to  75-2  ZnO,  and  11-2  to  13-1  -water.    They  appear  to  be  mixtures  of 
carbonate  and  zinc  hydrate  in  various  proportions. 


HYOSCY  AMINE— HYPOCHLORITE. 


stroiiirly  A, 'id  syi'up  liuvinp;  a  powerful  odour  liko  that  of  benzoic  ;ioid,  and  solidifying 
ovfi-  oil  nt  \iivinl  to  long  higlily  lustrous  ueedli's.  It  melts  ;it  101='-10o°.  and  when 
eautiou,->ly  lu-.il.  d  .sublimes  undeeomposod,  giving  off'  an  odour  like  that  of  crude  liou- 
zoic  acid.  It  diss(jlves  very  easily  in  alcohol  and  ether,  also  in  hot  water,  but  is  mucli 
less  soluble  iu  cold  water.  The  barium  salt,  Ba(C^H"0^)-  +  2H-0,  is  neutral,  and 
(•i-yst;illisfs  in  nodular  tufts  of  small  spicular  crystals.  A  solution  of  the  acid  neutral- 
ised with  ammonia  leaves  on  evaporation  an  acid  mass  very  much  like  hyoscinic  acid. 
Lead  acetate  forms  with  hyoscinic  acid  a  white  precipitate  slowly  soluble  in  acetic  acid ; 
silver  nitrate  forms  a  white  floeculent  precipitate  (Hohn  a.  Eeichardt). 

HTOSCYAiamx:,  C'^H-^NO^  This  alkaloid  has  been  further  examined  by 
Hohn  a.  Eeichardt  {Ann.  Ch.  Pharm.  cxlvii.  08).  To  prepare  it,  20  pounds  of  Hun- 
garian honbane-seeds  were  freed  from  oil  by  ether,  then  exhausted  with  alcohol  of 
80  p.c.  slightly  acidulated  witli  sulphuric  acid  ;  the  alcohol  was  distilled  off ;  the 
resinous  masses  which  separated  were  collected  on  a  filter  ;  and  the  aqueous  solution, 
nearly  neutralised  with  soda,  was  precipitated  with  tannic  acid.  The  precipitate,  dried 
on  earthenware  plates,  was  triturated  while  moist  with  slaked  lime  and  exhausted  with 
alcohol ;  the  extract  was  acidulated  with  sulphuric  acid  ;  the  alcohol  evaporated,  the 
acid  liquid  agitated  with  ether,  then  made  alkaline  ;  and  the  alkaloid  taken  up  with 
ether.  On  evaporating  the  ether,  the  hyoscyamine  remained  as  an  oily  liqiiid  which 
solidified  on  .standing  over  sulphuric  acid  (yield  2'8  grams).  The  liquid  cont-iinim; 
the  tannic  acid  still  retained  a  portion  of  the  alkaloid  (1'5  grams) :  it  was  evaporated, 
supersaturated  with  alkali,  and  exhausted  with  ether.  Lastly  an  additional  0-3  grara 
was  obtained  from  the  fat  oil  by  agitation  with  acid,  water,  &c.  Hohn  a.  Eeichardt, 
however,  consider  it  preferable  to  neutralise  the  sulphuric  acid  extract  with  lime  or 
potash,  evaporate  nearly  to  dryness,  supersaturate  with  lime,  and  extract  with  alcohol 
or  ether. 

Hyoscyamine  forms  a  thick  oily  liquid,  or  in  the  solid  state  warty  crystalline  groups 
of  the  colour  of  white  wax ;  it  dilates  the  pupils  very  strongly,  melts  at  90°,  dissolves 
easily  iu  alcohol,  ether,  cliloroform,  and  benzene,  and  very  easily  in  water.  Tlie  aqueous 
solution  has  a  strong  alkaline  reaction  ;  and  in  the  concentrated  state  gives  precipitates 
with  allialis.  With  iodine-water  it  forms  a  crimson-brown,  witli  tannic  acid  even  in 
very  dilute  solutions,  a  white  floeculent  precipitate  ;  with  mercuric  chloride  a  white  ; 
with  auric  chloride  a  yellowish  brown  precipitiite  soluble  in  excess;  with  platinic 
chloride  a  precipitate  which  cakes  together. 

Hyoscyamine  is  resolved  by  boiling  with  baryta-water  into  hyoscine  and  hyoscinic 
acid.  The  gold-precipitate  above-mentioned  is  decomposed  on  standing  with  forma- 
tion of  hyoscinic  acid. 

Syrupy  hyoscyamine  appears  to  form  a  hydrate,  for  benzene  leaves  a  portion  of  it 
undissolved,  and  the  dissolved  portion  crystallises  more  quickly  when  the  benzene  is 
evaporated.  On  heating  the  alkaloid,  it  first  emits  the  characteristic,  extremely  nar- 
cotic odour,  then  a  distinct  smell  of  benzoyl-  or  salicyl-compoiinds. 

Hyoscyamine  Sulphate,  2C''H-^N0'.H-S0'  -i-  4H'''0,  crystallises  over  sulphuric  acid, 
in  radiate  gi-oups  of  white  shining  needles.  The  hydrochloride,  C'^H'^NO'.HCl  +  2H=0, 
crystallises  less  easily.  The  platinocMoride  2(C'=H'-^N0'.HCl).PtCl',  forms  a  resinous 
precipitate  soluble  in  alcohol. 

HVPOCBIiOBXTE  (A.  Trenzel,  Jahrhuchf.  Mineraloc/ie,  1871,  355).    The  name 

hypochlorite  has  been  applied  to  certain  varieties  of  green  iron-ore  occurring  massive 
or  eartliy  at  Schneeberg,  Johanngeorgenstadt,  and  Braunsdorff;  in  Saxony.  The 
massive  hypochlorite  of  Schneeberg  has  a  crystallo-granular  texture,  siskin-green  or 
yellowish-green  colour,  hardness  6,  sp.  gr.  2-93-3'0,  and  oven  to  flat  conchoidal  frac- 
ture. The  Briiunsdorff'  mineral  has  a  siskin-green  colour,  hardness  6,  sp.  gr.  2  81. 
Both  have  the  aspect  of  hornstone,  and  pass  into  the  earthy  condition,  which  trans- 
formation may  sometimes  be  observed  in  a  lump  of  the  massive  mineral.  Thin  sections 
of  both  minerals,  when  examined  by  the  microscope,  exhibit,  iu  the  midst  of  a  greenisli 
opaque  substance,  which  forms  the  principal  part,  brightly  polarising  portions  (quartz), 
together  with  brownish  needles  arranged  in  spherical  groups.  Their  compo.sition, 
according  to  Frenzel's  analyses,  is  also  analogous: — 

SiO"-        Fe=0'  Bi=0'  P=0' 

Schneeberg*  .  .  .  88'45  6  00  —  i-'G  — 
Braunsdorff      .       .       .    86-00       7-8         5  0         —  trace 

These  numbers  seem  to  indicate  that  the  hypochlorites  in  question  are  mixtures  of 

*  Schiilcr  analy.?ed  the  Schneeljcr?  mineral  with  very  different  re.5ult3,  viz.,  50'24  SiO°,  I4'G5  Al'O', 
13-Oy  Bi=0\  10-54  FeO,  and  !)-G2  P=0'-  (lii.  237). 


HYPOPHOSPHITES— IGASURIC  ACTD. 


silicate  of  bismuth  or  antimony,  -ndtli  quartz,  forric  oxide,  and  very  small  quantities 
of  ferric  phosphate. 

Th(!  e.'irthy  variety  of  antimony  hypoelilorite  is  similar  in  constitution  to  the  massive 
variety.  An  earthy  crust  scraped  from  a  lump  of  the  latter,  and  quite  frea  from 
foreign  admixtures,  gave  byanalysis  78-0  p.c.  silica,  ir4  ferric  oxide,  7'3  antimonious 
oxide,  and  TO  water.  The  earthy  bismuth  hypochlorite,  on  the  other  hand,  ditFers 
considerably  in  constitution  from  the  massive.  Pure  lumps  of  it,  of  hardness  1-2, 
gave  23'08  p.c.  silica,  33-33  ferric  oxide,  and  43'26  bismuth-oxide,  agreeing  nearly 
with  the  formula,  Br-0-'.2Fe-0'-'.4SiO'-,  or  perhaps  Bi''0^.Si02  + 2Fe-0^'.3SiO-,  which 
requires  23'-i4  p.c.  silica,  31"25  ferric  oxide,  and  4o'31  bismuth  oxide. 

The  lump  from  which  this  analj'sis  was  made  exhibited  a  crystalline  struct\irc  when 
broken,  and  cavities  in  it  were  found  to  be  lined  wilh  Minll,  imlisl  incl ,  apparently 
monoclinic  crystals  rather  harder  than  the  surruun(niLij:  parts.  As  this  runipuund 
differs  entirely  from  Schiller's  hypochlorite,  Frenzcl  designates  it  by  a,  dislinct  name, 
b  i  s  m u  t  h  o  -  fe  r r  i  t  e .  The  hornstone-like  mi.xtnres  may  be  provisionally  dist i  nguished 
as  bismuth  and  antimony  hypochlorite. 

HYPOPHOSPHITES.    See  Phosphortjs,  Oxygex-Acids  of. 

HVPOSVXiPRXTES.    See  Sulphur,  O.kygen-Acids  of. 

HYPOXAXTTHXITE.  Salkowski  found  hypoxanthine  in  the  bone-marrow  of 
loukh.aemic  patients,  but  did  not  decide  whetlier  it  also  occurred  normally  in  that  sub- 
stance. P.  Heymann  (I'fluger's  Archiv. ./".  Physinlogk,  vi.  194)  finds  that,  on  adding 
silver  nitrate  to  the  watery  extract  of  the  bone-marrow  both  of  man  and  of  the  culf, 
after  removal  of  other  substances,  a  precipitate  is  formed  which  has  all  the  characters 
of  argento-hypoxanthine,  and  on  separation  of  the  silver  leaves  a  substance  which,  in 
its  chemical  and  microscopical  characters,  agrees  with  hypoxanthine. 

Pi  i  nUtir  hi  hiii'ioiir  of  Argento-hypoxanthiiic. — E.  Salkowski  {ibid.  91)  finds  that  when 
a  siiIutidM  (if  liy|inxanthine  to  which  gelatin  has  been  added,  is  decomposed  by  silver 
nitrate,  no  piveipitate,  but  only  an  opalescence  of  the  liquid  ensues.  The  opalescent 
liquid  forms  no  deposit,  even  after  standing  at  rest  for  days  or  on  the  application  of 
heat.  This  property  of  gelatin  is  a  point  to  be  noticed  in  testing  organic  liquids  and 
extracts  for  hypoxanthine.  Neither  albumin  nor  glycogen  prevents  its  precipitation 
by  silver  nitrate.  Gelatin  appears,  therefore,  to  act  in  some  way  independent  of  the 
mere  viscosity  of  the  liquid. 


I. 


ICE.  According  to  a  recent  determination  by  Bunseu  {Fogg.  Ann.  cxli.  1)  the 
specific  gravity  of  ice  is  0'0164. 

XDOCRASE.  Damour  (Compt.  rend.  Ixxiii.  1040)  has  analysed  idocrase  (vesuvian) 
from  Norway,  occurring  in  rounded,  translucent,  yellowish  grains  distributed  through 
a  calcareous  matrix.  Sp.gr.  =  3-44.  Harder  than  felspar;  fusible  in  the  blowpipe 
flame;  readily  acted  on  by  acids.    It  contained  in  100  parts — 

SiO=       A1=0=       CaO       FeO       MnO       MgO  H-'O 

36-32    16-70    34-86    6  20     1-40      0  73     2-58  =  98-79 

agreeing  with  tlie  fonnula  18(CaO  ;  FeO;  MnO).4Al-0'.15SiO-  (v.  998). 

XGASXTBXC  ACXD.  According  to  11.  Ludwig  (Arch.  Fharm.  [3],  ii.  137)  this 
acid  (iii.  242)  belongs  to  the  class  of  iron-greening  tannins.  It  was  prepared  by  pre- 
cipitating an  aqueous  solution  of  the  alcoholic  extract  of  St.  Ignatius'  beans  with 
neutral  acetate  of  lead,  decomposing  the  precipitate  with  hydrogen  sulphide,  and  con- 
centrating the  filtrate.  It  formed  a  yellowish-brown  amorphous  mass,  the  solution  of 
which  had  a  strong  acid  reaction  and  a  sour  astringent  taste,  and  could  not  be  made 
to  crystallise. 

The  acid  did  not  alfect  ferrous  salts,  but  caused  a  dark-green  coloration  in  ferric 
salts.  It  rapidly  reduced  ammoniacal  silver-solution,  and  gave  a  yellow  precipitate 
with  neutral  .acetate  of  lead.  When  neutralised  with  lime-water,  it  formed  an  amor- 
phous greenish-brown  lime-salt,  which  was  coloured  deep  brown  by  caustic  soda,  and 
g.ave  with  ferric  chloride  a  green  coloration,  changing  to  violet-brown  on  addition  of 
sodium  carbonate. 
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IGAS  URINE— INDIGO. 


ICASVRXXTE.  This  name  lias  been  given  to  an  alkaloid,  said  to  exist  in  Niix 
vomica,  and  to  be  obtained  from  the  mother-liquors  from -wbicli  strychnine  and  brueine 
have  separated  ;  but  its  separate  identity  lias  never  been  satisfactorily  established  (iii. 
'MS).  To  throw  further  light  on  the  question,  Jorgonsen  {J.pr.  Chcm.  [2],  iii.  175) 
endeavoured  to  prepare  a  periodide  from  a  preparation  said  to  be  igasurine.  It  was 
dissolved  in  dilute  hydi-ochloric  acid,  and  fractionally  precipitated  by  a  solution  of 
iodine  in  potiissium  iodide.  The  two  precipitates  thus  obtained  were  washed  with 
cold  water  and  crystallised  from  alcohol.  In  both  cases  violet-blue  crystals  were  ob- 
tjiined,  which  had  the  optical  properties  and  crystalline  form  of  brucine  tri-iodide. 
They  gave  by  analysis  49'1  and  4S)'()5  p.c.  iodine,  the  formula  of  brucine  tri-iodide, 
C'-^H-"N-0-'.HP,  requiring  49-1  p.c.  These  results  tend  to  show  that  the  so-called 
igasurine  is  nothing  but  brucine. 

XX.SBMA.lO'n'ZTE.  Native  molybdic  molybdate,  MoO-.4MoO'  from  Bleiberg,  in 
Carinthia  (see  Molybd.\.ti2s). 

ZWDXCASr.  Jaffe  finds  tliat,  after  the  subcutaneous  injection  of  indol.  very  con- 
siderable quantities  of  indican  constantly  appear  in  the  urine.  The  elimination  of  tlie 
latter  body  begins  a  few  hours  after  injection,  and  generally  ceases  within  24  hours. 
Kuhne  has  shown  that  indol  is  one  of  the  products  of  the  pancreatic  digestion,  so  that 
Jaife's  previous  conjecture  that  the  indican  of  urine  is,  partially  at  least,  derived  from 
this  source,  appears  to  be  verified.  The  indol  of  the  intestinal  canal  is,  for  the  most 
part,  ejected  with  the  fseces,  imparting  thereto  its  peculiar  odoiir ;  a  small  portion  is 
absorbed  and  reappears  in  the  form  of  a  conjugated  compound,  indican,  in  the  urine. 

ZItTDXCO.  Artificial  Formation. — From  experiments  by  Emmerliug  a.  Engler  {Dent. 
Clivm.  Gcs.  Ber.  iii.  593),  it  appears  that  indigo-bluo  may  be  obtained  artificiallj'  from 
acetophenone  or  methyl-phenyl  ketone  CH^.CO.CH^.  This  ketone  treated  with  nitric 
acid  yields  two  nitro-derivatives,  C''Il'(NO-)0,  one  solid  the  other  liquid.  The  solid 
modification  is  produced  by  adding  acetophenone  to  cooled  red  fuming  nitric  acid,  and 
separates,  on  mixing  the  acid  liquid  witli  water,  as  an  oil  which  solidifies  to  a  crystal- 
line mass  on  cooling. 

The  liquid  modification,  from  which  indigo  is  obtained,  is  produced  by  the  action  of 
nitric  acid  aided  by  heat.  70-80  grams  of  red  fuming  nitric  acid  are  heated  to  45°- 
50°,  and  5-7  grams  of  acetophenone  are  then  quickly  added  ;  and  the  liquid,  which 
becomes  hot,  is  pouredinto  water  as  soon  as  red  vapours  issue  from  the  flask,  whereupon 
the  nitro-compound  is  obtained  as  a  reddish-yellow  syrupy  mass.  At  lower  tempera- 
tures, the  solid  modification  is  formed  at  the  same  time,  and  at  higher  temperatures,  or 
■\\  hen  the  action  is  too  much  prolonged,  more  highly  nitrated  derivatives  are  obtained. 

To  convert  the  liquid  nitro-aeetophenone  into  indigo-blue,  it  is  cautiously  heated, 
in  quantities  of  5  to  10  grams,  till  it  begins  to  decompose;  the  cooled  viscid  mass  is 
dissolved  in  chloroform  ;  40  to  60  times  its  weight  of  a  reducing  agent  consisting  of 
1  pt.  soda-lime  to  9  pts.  zinc-dust  is  added;  and  the  dried  mass  is  quickly  heated  in 
small  narrow  test-tubes.  A  dark-coloured  sublimate  is  then  formed,  which  may  be 
driven  from  one  part  of  the  tube  to  the  other,  and  gives  off  violet  vapours  like  those  of 
iodine.  Emmerling  a.  Engler  did  not,  however,  obtain  it  in  quantity  sufficient  for 
analysis,  although  they  rej>eated  the  reduction  300  times.  They  observed,  however, 
that  when  the  sublimate  was  treated  with  lime  and  ferrous  sulphate  and  the  clear 
liquid  was  exposed  to  the  air,  a  purple  film  formed  on  its  siu'face.  From  these  results 
they  conclude  that  indigo-blue  is  the  azo-compound  of  a  peculiar  ketone,  and  indigo- 
white  the  corresponding  hydrazo-compound.  They  give  the  following  formulae  for 
tliese  and  certain  allied  compounds  : 


N— C^H^— CO-CH 

II  II 
N— CH'-CO— CH 


NH— C^H^— COH=COH 


NH— C'H^-COH=COH 


Indigo-blua 

NH-  -C"ff— CO— CH 


NH— C«H^— CH=COH 


Dioxindol 


NH— C'H'— CO— CH 
Indigo-white 


NH— C=H^— CH=COH 


Oxinclol 


N—CH^— CO-COH 

II  II 
N— C^H'— CO-COK 


NH— CH^-CH— CH 


NH— C«H<— CH— CH 


Isatiu 


Iiulol 


Formation  of  Indigo-hluc  from  Isatin. — Finely  pidverised  isatin  is  heated  in  a  sealed 
glass  tube  to  75°-80°  for  several  hours  with  50  times  its  weight  of  a  mixture  of  equal 
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parts  of  phospliorns  triehlorldt'  and  acetyl  eliloviili',  •',\  it];  liUlo  tVi't'  pliospliorns.  'J'lio 
dark  green  li.iaid  is  I  hru  poured  into -waLer,  iihiI  II;^'  .a'trv  UltiMlioii,  is  left  t'nr 

21  hours  in  .•iiM-iini  dish.  Tlie  lig]it,  green  li.|uid  ,ur;,dii;illy  I  iii'iis  1  il if  ;;nd  drpnsits 
a  dark  bhie  granular  powder.  This  powdn-  is  srp;! r.il e- 1  by  lillr.-ition  tVnai  the  el; -sr 
yellow  motlier-liyuor,  and  vt'aslied  with  alcohol  to  rciaovu  a  red  colouring  jnatter 
soluble  therein. 

The  blue  powder  thus  obtained  is  insoluble  in  cold  alcoliol,  dissolves  ^vith  blu  ■ 
colour  in  hot  alcohol,  and  in  strong  sulphuric  acid  with  yellow-green  colour,  changing 
to  blue  on  heating ;  on  addition  of  water  a  pure  blue  solution  is  ol'tained.  The  powder 
volatilises  in  purple  vapours  which  condpnso  to  largo  needles  having  a  blackish, 
metallic  luf-tro  ;  it  makes  a  deep  blue  streak  or  pure  str^  ik  n;,  j,  ,;.  -r,  ;ind,  in  short,  it 
is  indigo-blue.  The  quantity  obtained  by  the  process  abo,  ,  ^1.  rilii  -I  is  about  ]()-'J0 
p.c.  of  the  isatin  employed:  Very  small  deviations  in  tlir  inmlr  ni  raling  produci', 
however,  considerable  differences  in  the  yield,  and  sonielinie,^  sea i-eely  anything  is 
obtained  but-a  red  colouring  matter  called  indigo-purpuri  n.  This  substance  sub- 
limes more  readily  than  indigo-blue,  and  condenses  to  a  woolly  mass  of  slender  reddish 
noodles;  it  dissolves  in  sulphuric  acid  and  the  solution  diluted  wil h  water  forms  a 
pure  red  liquid.  It  is  insoluble  in  water,  sli^^!ll  lysnhible  in  alcohol  with  deep  red 
colour,  dyes  silk  like  fuchsine  (Baeyer  a.  lanim  rhn;;.  JJc/it.  Chcia.  G(h.  Bcr.  iii.  088). 

Pure  iudigo-blue  or  indigotin,  ni.iy  lie  ubiainc  I  in  the  crystalline  state  by  boiling 
commercial  indigo  with  aniline,  whereupon  it  dissolves,  yield'ing  a  deep  blue  solution 
which,  if  filtered  hot  and  set  aside  for  some  hours,  deposits  almost  the  whole  of  the 
indigotin  in  the  crystalline  state.  When  required  very  pure  the  indigotin  should  be 
again  crystallised  from  aniline  and  tlie  I'rystals  wasbi  il  with  aleolml  and  dried.  As 
thus  obtained  it  has  a  fine  coppery  lusire.  ( .jiial  m  iliai  nf  ■  nlilim,  d  iialigo.  Benscne, 
chlorufurnt,  boiling  creosote,  and  iihi  mil,  ilissnlvr  imliiM,  In  small  i|aa  ility  and  deposit 
it,  on  cooling,ina  ilocculent  stale;  nhnhnl  and  itlirr,  at  tlirii-  n  spc,  ti\e  l;oiling  peints, 
also  dissolve  small  quanlities  of  indigo  (A.  do  Aguiar  and  A.  llavi  i-.  ./////.  Cli .  Pluirid. 
clvii.  3GG).  Wariha  (/.'./'/.  Ch.„i.  (!r^.  Ber.  ix.  ZU)  finds  lhal  ii.dig.,  may  also  bo 
crystallised  from  ]'cnirc  iiirijciitine,  which,  when  heated  nearly  to  lioiling,  dissolves 
indigo  with  a  fine  blue  colour,  and  deposits  it  on  cooling  in  blue  tables  ;  from  boiling 
2)ar(ifi)i.  which  dissolves  it  with  the  line  red  colour  of  indigo-vapour,  it  separates  in 
prisms  like  those  of  sublimed  indigo.  In  petroleum  indigo  dissolves  with  a  carmine- 
red  colour ;  in  melted  spermacetic  with  a  violet,  and  in  afearic  acid  with  a  blue  colour. 
According  to  Jacobsen  {Bingl.2Mlyt._J.  ccii.  307)  indigo  likewise  dissolves  in  nitro- 
hemene,  castor  oil,  acetone, chloral  hydrate,  camphor,  oil  of  i iirpcHtinc,  halsam  of  copaiba, 
cedar  oil,  amylic  cdcohol,  oil  of  lavender,  white  bccs-wa.v.  Japanese  ver/cfahle  wa.r,  and 
Carnauba  wax,  the  last  depositiug  it  in  small  flalcy  crj-staLs.  A  solutiou  of  indigo  in 
white  wax,  heated  for  some  time  to  its  boiling  point,  passes  througli  several  shades  of 
colour,  and  finally  becomes  brown,  owing  to  the  reduction  of  the  indigo.  When 
powdered  indigo  is  added  to  melting  picric  acid,  deflagration  takes  place. 

Estimation  of  Bidigo. — F.  Springmiihl  ( C//e?«.  Cent.  1870,  703)conipares  the  different 
methods  adopted  for  the  valuation  of  indigo:  1.  The  (jii  iniiiyof  in.li-ntin  may  bo 
directly  estimated  by  successive  extraction  with  potash-l  y.  ,i,  i  I,  and  alcohol, 

which  dissolve  out  the  indigo-brown,  indigo-glutin,  and  i:eie  -  iv,|.  I,  a\  i  iig  jmre  indigo- 
blue.  2.  The  indigo-blue  maybe  separated  from  foreign  sulisl.inias  by  solution  in 
Nor<lhausen  sulphuric  acid.  The  sample  is  to  be  dissolved  in  20  times  its  weight  of 
sulphuric  acid,  the.  solution  diluted  with  2,000  parts  of  water  and  filtered,  and  the 
residue  weighed.  The  sulphuric  acid,  however,  likewise  dissolves  small  quantities  of 
indigo-brown  and  indigo-red,  so  that  this  very  simple  method  gives  the  amount  of 
indigo-blue  rather  too  high.  According  to  Meyer  (infra)  the  sulphuric  acid  used  for 
dissolving  the  indigo  should  have  a  specific  gravity  of  not  less  than  I'SO. 

3.  Tlie  valuation  may  be  effected  liy  comparing  the  depth  of  colour  of  a  solution  of 
the  sample  with  that  of  a  normal  solution  of  indigo.  As,  however,  the  normal  solu- 
tion alters  by  keeping,  the  results  obtained  by  this  method  are  not  very  exact.  4.  By 
tilratio)}.  best  with  potassium  permanganate.  A  normal  solution  is  prepared  by  dis- 
soh'ing  a  known  quantity  of  indigo  in  sulphuric  acid,  and  the  quantity  of  permanganate 
recpiired  to  decolorise  it  is  determined.  The  sample  to  be  valued  is  then  treated  in 
the  same  manner  and  the  results  compared.  Springmidal  also  recommends  titration 
with  acid  potassium  chromate  (iii.  256).  According  to  Meyer,  on  the  other  hand,  the 
colour  of  the  resulting  isatin-sulphuric  acid  is  so  strong  that  the  end  of  the  reaction 
cannot  lie  distinctly  seen,  and  the  results  may  in  consequence  lie  wrong  to  the  amount 
nf  ^  t(,  1  p.c. 

,\e  (.I'ding  to  Ldwenthal  [Zcitschr.  anal.  Chem.  xi.  4,5)  the  method  of  testing  indigo 
liased  (in  tlie  oxidation  of  the  sulphuric  acid  solution,  are  not  so  trustworthy  as  the 
tstimatirm  of  the  amount  of  ash  present  in  tlie  sample  ;  this  he  finds  to  vary  from 
4-5  p.c.  in  a  good  sample  to  29  p.c. 
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The  quality  of  indigo  is  sometimes  judged  of  by  its  specific  gravity.  G.  Leuclis 
(-7.  Clieni.  [2],  iv.  349),  from  the  examination  of  a  large  number  of  samples,  finds 
that  good  indigo,  containing  56  to  56-5  p.c.  indigotin,  has  a  comparatiyely  low  specific 
gravity  (1'34),  whilst  that  of  the  poorer  sorts  increases  as  the  proportion  of  colouring 
matter  becomes  smaller,  that  of  a  specimen  of  27  p.c.  being  1-575. 

R.  E,  Meyer  {Dingl.  folyt.  J.  csc-\-ii.  172)  has  examined  an  example  of  Cochin  China 
indigo  and  compared  its  amount  of  indigutin  with  that  in  several  kinds  of  indigo  in 
general  iiso.    The  following  are  the  results  : — 

Cochin  China  Indigo       ?f  mean    ....    51-85  p.c.  Indigotin. 

Bengal  Indigo  :  (1.)  Ordinary,  heavy,  dark -blue       .    55-00  „ 
(2.)  Grus,  (reddish,  dark  blue).       .  63-50 

;jj|Fineviolet-blue,  light     .  ;; 
Guatemala  Indigo :  (1.)  Brownish-blue,  ordinary      .    55-25  „ 
,,  „        (2.)  Light  blue,  ordinary    .       .    57'75  „ 

From  this  it  appears  that  the  Cochin  China  indigo  possesses  but  a  very  small 
colouring  power.  Its  colour  is,  however,  a  very  fine  blue,  and  it  leaves,  when  dissolved 
in  sulphuric  acid,  only  small  quantities  of  foreign  organic  matters.  The  determination 
of  tlie  asli  shows  that  this  kind  of  indigo  is  richer  in  inorganic  matters  than  other 
kinds.  Bengal  indigo  (1.)  left  6-63  p.c.  ash  ;  Guatemala  indigo  (1.)  loft  11-34  p.c, 
Guatemala  (2.)  left  2-73  p.c;  whereas  Cochin  China  indigo  left  22-36  p.c  ash,  consist- 
ing chiefly  of  calcium  phosphate  with  small  quantities  of  calcium  carbonate,  ferric 
oxide,  alumina,  magnesia  and  soda.  By  exhausting  Cochin  China  indigo  with  lij'dro- 
chloric  acid,  an  excellent  product  is  obtained  yielding  7'1'7  p  c.  indigotin,  and  only 
3-71  p  c.  ash. 

XSrsiVM.    Symbol,  In— A/omic  Weight  113-4  (see  \st  SuppL  p.  1137). 

Occurrence. — Indium  has  been  detected  by  the  spectroscope  in  zinc-blendes  from 
West  Ossipeo  and  Eaton,  New  Hampshire  (U.S.)  (H.  B.  Cornwall,  Chcm.  News, 
xxviii.  28). 

Preparation. — F.  Stolba  {Dingl.  pohjt.  J.  cxcviii.  223)  prepares  ifidium  from  indi- 
ferous  zinc-blende  by  roasting,  as  follows:  The  blende,  reduced  to  a  moderately  fine 
powder,  is  intimately  mixed  with  10  p.c  of  burnt  gypsum;  the  mixture  is  quickly 
stirred  up  with  a  quantity  of  water  sufficient  to  make  it  into  a  thick  paste  ;  this  paste 
is  moulded  on  a  paper  surface  into  cakes  i  to  ^  inch  thick,  and  4  or  5  inches  in  dia- 
meter ;  and  these  cakes,  before  they  have  completely  hardened,  are  pierced  through 
their  entire  thickness  with  holes  2  lines  in  diameter  at  distances  of  1  to  li  inch. 
The  dried  cakes  are  roasted  for  4  to  6  hours  at  a  red  heat  with  free  access  of  air,  pul- 
verised when  cold,  treated  with  hydrochloric  or  sulphuric  acid,  and  from  the  resulting 
solution,  kept  at  the  boiling  heat  in  a  copper  vessel,  the  indium  is  precipitated  by  zinc. 
From  the  metallic  pulp  thus  obtained  the  indium  is  separated  by  Bdttger's  method 
(\st  Suppl.  730). 

l^or  the  complete  and  rapid  purification  of  indium  from  other  metiils,  K.  J.  Bayer 
{Ann.  Ch.  Pharm.  clviii.  372)  employs  a  method  based  on  the  fact  that  soluble  indium 
compounds  are  completely  precipitated  by  boiling  with  acid  sodium  sulphite,  whereas 
the  metals  accompanying  indium  are  precipitated  by  that  reagent  only  partially,  and 
not  at  all  if  the  solution  contains  much  ammonia-salt.  The  mode  of  procedure  is  as 
follows : — 

Freiberg  zinc  is  dissolved  in  crude  hydrochloric  acid,  -witli  the  exception  of  a  small 
quantity  ;  the  solution  is  allowed  to  digest  in  the  cold  with  this  undissolved  zinc  for 
•24  to  36  hours,  whereby  all  the  indium  present  is  precipitated  on  the  zinc :  the  clear 
solution  of  zinc  chloride  is  then  poured  off,  and  the  metallic  deposit  removed  from  the 
unattacked  zinc.  The  metallic  mud  is  treated  with  a  few  drops  of  dilute  sulpliuric 
acid,  to  dissolve  any  basic  chloride  of  zinc,  and  then  washed  witli  hot  water  until  it 
has  no  longer  an  acid  reaction.  The  mixture  of  metals  is  then  treated  with  nitric  acid ; 
sulphuric  acid  is  added  in  excess;  and  the  liquid  evaporated  until  all  the  nitric  acid  is 
driven  off.  By  these  operations  tin  is  separated  as  stannic  oxide,  and  lead  as  sulphate. 
AVater  is  then  added,  in  which  the  sulphates  of  indium,  zinc,  copper,  cadmium,  iron, 
and  lead  in  small  qiwntity,  dissolve.  The  precipitate  is  removed  by  filtration,  and 
•well  washed,  and  ammonia  in  great  excess  is  added  to  the  filtrate,  whereby  the  copper, 
zinc,  and  cadmium  are  dissolved,  while  all  the  indium  and  iron  remain  behind,  accom- 
panied by  a  little  zinc,  cadmium,  lead,  and  copper.  The  well-washed  precipitate  is 
dissolved  in  the  smallest  possible  quantity  of  liydrochloric  acid,  mixed  with  acid  sodium 
sulpliite  in  excess,  and  boiled  till  the  smell  of  sulphurous  acid  has  almost  disappeared. 
The  whole  of  the  indium  now  separates  as  a  white,  fine,  crystalline  powder,  perfectly 
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free  from  copper,  zinc,  cadmium,  and  iron.  The  precipitate  is  filtered  off  at  once,  and 
waslied  with  hot,  de-aerated  water.  If  mueli  iron  is  present,  the  precipitate  must  be 
filtered  in  an  atmosphere  of  carbon  dioxide  ;  or  better,  the  iron  is  completely  removed 
by  repeated  precipitation  with  sodium  bisulphite. 

The  precipitate  may  still  contain  lead  or  sodium  sulphite  ;  it  may  be  obtained  pure 
by  dissolving  in  aqueous  sulphurous  acid,  filtering  from  any  lead  sulphite,  and  boiling 
the  filtrate. 

The  crystalline  indium  compound,  dried  in  vacuo  over  sulphuric  acid,  has  the  com- 
position 2In'-0^3SO=  +  8H-0.  The  insolubility  in  water  of  this  sulphite  renders  it 
suitable  for  the  quantitative  estimation  of  indium.  From  the  sulphite,  the  various 
indium  salts  can  be  prepared,  as  it  dissolves  easily  in  dilute  acids,  with  evolution  of 
sulphurous  oxide. 

From  a  solution  of  the  chloride,  the  indium  can  be  completely  precipitated  by  boil- 
ing with  potassium  nitrite.  The  precipitate  contains  neither  nitrous  acid  nor  potassium  ; 
it  consists  of  the  hydrated  oxide  Iu-0'.3H'^0. 

A  similar  mode  of  preparing  indium  from  Freiljerg  zinc  is  described  by  Eossler  a. 
'Wo]ff{IJinffl.  poli/t.  J.  cxciii.  487  ;  Jahreih.  1869,  277). 

Indiiim-ammyiiium  alum,  In"'(NH')(SO')^  +  12H=0,  or  In^0^(NH^)'0.4S0^ 
-t-  24H.-0,  is  obtained  by  evaporating  over  the  water-bath  solutions  of  indium  and 
ammonium  sulphates,  mixed  in  the  jsroportion  of  their  molecular  weights.  The  con- 
centrated solutions,  on  standing  in  the  cold,  deposit  the  salt  in  transparent  octohcdral 
crystals. 

Indium-ammonium  alum  crystallises  easily  in  large  octohedrons,  always  exhibiting 
the  cube-faces.  It  appears  to  melt  at  36°,  but  really  breaks  up  into  a  solution  of  the 
alum  and  a  salt  containing  less  water  (see  below).  The  liquefied  mass,  when  examined 
with  the  microscope,  is  seen  to  contain  monoclinic  prisms  of  the  latter  salt,  whilst 
octohedral  crystals  of  the  alum  are  again  formed  as  it  cools.  This  breaking  up  takes 
place  even  on  triturating  crystals  of  the  alum  with  a  pestle,  the  result  being,  not  a  dry 
powder  but  a  moist  pasty  mass.  The  alum  is  very  soluble  in  water,  I  part  of  water 
dissolving  2  parts  of  alum  at  16°,  and  about  4  parts  at  30°.  It  is  insoluble  in  alcohol. 
The  strongly  acid  aqueous  solution  deposits  on  boiling  a  white  powder,  corresponding 
in  composition  with  alum-stone,  and  having  similar  properties. 

The  formation  of  the  animonio-indic  sulphate  with  a  smaller  pi-oportion  of  water, 
takes  place,  as  it  evidently  must  do,  when  a  solution  of  the  alum  is  made  to  crystanise 
at  36°.  Thus  formed,  it  was  found  to  have  the  composition  represented  by  the  formula 
In'''(NH'')(SO')-  -1-  4H-0.  Corresponding  salts  were  obtained  with  potassium  and 
sodium  sulphates,  but  it  was  not  found  possible  to  obtain  the  potassio-  and  sodio-indic 
sulphates  crystallised  with  12  mol.  water. 

The  constitution  of  the  ammonium  salt  affords  additional  evidence  of  the  triatomicity 
of  indium  (Eossier,  J.  ;pr.  Chem.  [2],  vii.  14). 

XWDOX.    For  the  constitutional  formulae  of  this  compound,  see  p.  666. 

XXrosXTE.  Jacobsen  (^Ann.  Ch.  Pharm.  clvii.  227)  has  found  O'OS  p.c.  of  tliis 
substance  in  the  flesh  of  a  young  porpoise,  and  0'30  in  horse-flesh.  According  to 
Hilger  {ibid.  clx.  3331  inosite  exists  abundantly  in  the  juice  of  the  grape,  tie  finds, 
also,  that  it  ferments  in  contact  with  piitrid  cheese,  yielding  paralactic  acid. 

XM'DOPHAn'E.  A  blue  substance  resembling  indigo,  produced,  together  with 
naphthyl-purpuric  acid,  ly  the  action  of  potassium  cyanide  on  dinitrouaphthol  (Illasi- 
w-etz). 

According  to  E.  v.  Somniaruga  {Chcm.  Ccntr.  1871,  617)  the  best  mode  of  obtaining 
it  pure  is  the  following:— 30  grams  of  dinitrouaphthol  with  about  2  litres  of  water 
are  heated  to  boiling,  and  sufficient  ammonia  is  added  to  ensure  ecini]ili  t(^  sohitioii. 
Into  tins  liquid  a  hot  concentrated  solution  of  45  grams  potassium  ry;iiiiilr  is  ili-opiird. 
In  ten  minutes  the  reaction  is  completed.  The  whole  is  now  ^^  a^llr(i  (,n  ili,'  filter  w  itii 
boiling  water  till  the  filtrate  ceases  to  become  coloured.  A  violct-cdlmiixil  mass  is 
thus  obtained  having  a  beautiful  green  metallic  lustre,  and  consisting  of  a  mixture  of 
free  indophane  and  a  potiissium-compound  of  that  body.  Washed  for  a  long  time^^■itll 
boiling  water,  the  latter  becomes  coloured,  from  the  solution  of  a  trace  of  the  com- 
pound;  addition  of  potassium  carbonate  prevents  this  solution,  and  precipitates  from 
the  washings  a  brown  impurity.  The  mass  on  the  filter  is  now  heated  with  very 
dilute  hydrochloric  acid,  filtered,  and  washed  till  the  filtrate  is  free  from  hj'drochloric 
acid. 

Pure  dry  indophane  is  of  a  violet  colour,  and  has  a  beautiful  green  metallic  lustre. 

It  is  insoluble  in  water,  alcohol,  ether,  benzene,  and  carbon  sulphide,  but  moder- 
ately soluble  in  .sulphuric  acid  and  warm  acetic  acid,  slightly  in  melted  n.iph- 
thalene.  The  solutions  are  purple-red  ;  from  these  indophane  cannot  be  obtained  in  the 
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crystalline  state ;  it  may  however  be  sublimed  like  indigo.  Nitric  acid  appears  tc 
oxidise  it,  forming  a  brown-red  body,  soluble  in  alkaline  solutions.  Indophaue  is  not 
reducible  by  lime  and  ferrous  sulphate,  as  indigo  is. 

AVith  aqueous  potash  or  soda  indophaue  yields  potassium-  and  sodium-derivatives 
which  may  bo  obtained  pure  by  filtering  and  washing  till  all  free  alkali  is  removed  ; 
both  these  compounds  greatly  resemble  indigo.  On  warraing  indophane  with  al- 
coholic potash-solution,  a  dark  green  body  is  formed  at  first,  and  by  furtlier  action,  a 
humus-likc  substance  is  x^recipitated.  Fused  potassium  hydrate  gives  the  same  pro- 
ducts with  indophane  as  with  naplithyl-purpuric  acid. 

INXr&IN,  C'=H-"0'».  Schiitzenberger  {Ann.  Ch.  Phi/s.  [4],  xxi.  234)  has  made 
cxi>i  riiiii  jil.s  (in  the  products  obtained  by  the  action  of  acetic  anhydride  at  the  boiling 
]ieat  on  li.ihlia-inulin  and  elecampane  inulin,  the  results  of  which  agree  exactly  with 
tliese  of  l''errouillat  a.  Savigny  {\st  Suppl.  737)  with  regard  to  the  composition  and 
tlie  optical  rotatory  powers  of  the  products.  He  finds  also  that  dahlia-inulin 
heated  to  1C0°  in  a  sealed  tube  with  2-3  parts  of  acetic  anhydride  is  partly  dehydrated, 
and  forms  two  acetyl  derivatives  ;  one  is  soluble  in  water,  and  has  the  rotatory  power 
[a]  =  +  65°,  the  other  is  iusolulsle  in  water,  and  has  the  value  [a]  =  +  35-6;  both, 
Jiowever,  give  numbers  agreeing  with  a  tetra-acetyl  derivative.  fSaponified  -with  soda, 
the  soluble  body  gives  a  resinous  mass  C'-H"'0'*,  or  inulin  mass  2H^0. 

Elocampaue-iuuliu  treated  in  the  same  manner  gave  only  a  black  humous  mass,  to- 
gether with  a  trace  of  dextrorotatory  syrup. 

XXrui^OZD  (0.  Popp,  Aiui.  Ch.  Phirm.  clvi.  190).  This  is  a  soluble  modification 
of  inulin  contained  in  the  bulbs  of  the  Jerusalem  artichoke  {Hclianthus  tubcrosus)  and 
of  tlic  dahlia,  gathered  before  tliey  are  ripe,  or  rather  at  the  time  when  the  deposition  of 
inulin  in  the  cells  first  commences.  The  expressed  juice,  after  treatment  with  lead 
acetate,  gives  on  standing  a  precipitate  resembling  starch,  and  having  the  composition 
and  most  of  the  i»operties  of  inulin,  but  a  lower  specific  gravity,  and  a  higher  degree 
of  solubility.  Dried  over  sulphuric  acid  it  has  the  composition  C'-H-"0'°.2H"0.  It 
gives  off  its  water  at  105°;  melts  at  130°-135°,  passing  into  an  easily  soluble  state, 
and  decomposes  above  this  point.  Its  specific  rotatory  power  is  [a]  =  —  30'5°  ;  hence 
for  anhydrous  inulo'id,  C'-H-"0"',  dried  at  110°  it  would  be  —  34'5°,  which  is  very 
nearly  the  same  in  magnitude  as  that  of  ordinary  inulin.  After  inversion  by  acids,  the 
specific  rotatory  power  is  —79°.  100  pts.  water  at  18°-20°  dissolve  l'895pt.  inulo'id, 
and  0'985pt.  inulin.  Inulo'id  dissolves  in  an  ammoniaeal  solution  of  copper  sulphate, 
and  on  boiling  is  precipitated  as  a  bluish-green  substance,  C''H"'0\CuO,  which  by 
protracted  boiling  is  resolved  into  inulo'id  and  copper  oxide.  It  does  not  reduce  alkaline 
cupric  tartrate.  After  boiling  for  some  time  in  water,  it  passes  into  a  soluble  gummy 
mass;  by  very  long  heating  with  water,  or  more  easily  with  dilute  acids  at  110°-120°, 
it  is  converted  into  lisvulose  ;  with  cold  concentrated  sulphuric  acid  it  forms  a  conjugate 
acid,  which  is  decomposed  on  dilution  ;  it  precipitates  the  metal  from  hot  ammoniaeal 
copper  or  sih'cr  solutions  ;  is  not  coloured  by  aqueous  solutions  of  iodine  or  bromine  ; 
is  not  precipitated  by  aqueous  solutions  of  lead  acetate  or  barium  hydrate  ;  but  on 
adding  to  baryta  water  on  tlie  one  hand,  and  to  an  aqueous  solulion  of  inuloid  on  tlic 
otlier,  a  quantity  of  alcohol  not  sufficient  to  cause  precipitation,  and  mixing  the  t-\vo 
alcoholic  liquids,  a  compound  of  inulo'id  with  baryta  is  thrown  down,  which,  after 
moderate  washing  -with  water  and  drying  in  a  vacuum  over  sulphuric  acid,  has  the 
composition  C«H'»0\BaO. 

luuloid  appears  to  exist  in  the  plant-juice  in  the  form  of  a  soluble  combination  with 
synanthrose.  By  treatment  with  lead  acetate,  a  compound  of  lead  and  syuanthroso  is 
formed,  and  the  inulo'id  is  liberated;  or  this  latter  may  be  set  free  by  causing  the 
juice  to  ferment  at  10°-12°,  by  wliich  means  the  synanthrose  is  decomposed. 

XOSXSrx:.  Sources. — Iodine  occurs  in  considerable  abundance  in  some  of  the 
mineral  springs  of  .Tava.  The  Genock  Watoe  spring  contains  in  100  grams,  0'0138 
gram  of  sodium  iodide  (E.  Eeichardt,  Arch.  Pharm.  [3],  ii.  130).  The  calcium  phos- 
pliate  from  t\v'.  beds  in  the  Departments  of  Lot  and  T.arn-et-Garoune  contains  sufficient 
iodine  to  give  oiT  violet  vapours  when  treated  witli  sulphuric  acid  (Kuhlmann,  Compt, 
rend.  Ixxv.  1678).  The  sodium  nitrate  of  Tarapaca  in  Peru  also  contains  a  consider- 
able quantity  of  iodine,  the  mother-liquors  of  the  salt  yielding  from  2-3  to  4'8  grams 
in  a  litre  (E.  AVagner,  Bingl.  pal.  J.  ccv.  76).  ** 

Iodine  in  Sea- fFft^cr.— According  to  Sonstadt  {Chcm.  News,  xxv.  196,  231,  241) 
iodine  exists  in  sea- water  in  the  form  of  calcium  iodate.  That  it  is  not  present  in  the 
form  of  an  iodide,  is  shown  by  the  fact  that  pure  sea-water,  collected  at  some  distance 
from  land,  gives  no  iodine  coloration  when  acidified  and  shalcen  with  carbon  sulphide; 
but  if  a  very  small  q\iautity  of  solution  of  sulphurous  acid  or  ferrous  sulphate  be  first 
added  to  reduce  the  iodic  acid,  and  the  liquid  be  subsequently  acidified  with  dilute 
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sulphuric  acid  and  agitated  with  carbon  sulphide,  a  recognisable  iodine  coloration  is 
obtained,  even  -when  only  100  c.  c.  of  water  are  taken.  A  more  exact  method  of  de- 
tection is  the  following  : — 

200  c.  c.  of  the  water  are  first  mixed  with  a  few  drops  of  a  slightly  alkaline  solution 
of  sodiimi  sulphite  ;  2  or  3  c.  c.  of  a  saturated  solution  of  silver  acetate  are  then  added  ; 
and  lastly  about  one-fourth  of  the  volume  of  the  liquid  of  strong  hydrochloric  acid  free 
from  chlorine.  The  liquid  is  left  at  rest  for  a  short  time,  then  tiltered,  and  the  pre- 
cipiUite  washed  with  dilute  hydrochloric  acid  and  distilled  water.  Tlie  filter  and  pre- 
cipitate are  moistened  with  a  strong  solution  of  caustic  soda,  and  heated  in  a  covered 
crucible  to  low  redness  for  a  few  minutes.  After  cooling,  water  is  added,  the  solution 
filtered,  and  the  filtrate,  strongly  acidified  with  dilute  sulphuric  acid,  is  shaken  up  with 
carbon  sulphide  and  sufficient  very  dilute  chlorine-water  to  develop  the  iodine  reaction. 
The  presence  of  iodine  is  then  immediately  indicated  by  the  coloration  of  the  carbon 
sulphide. 

Near  the  shore,  however,  where  sea-water  is  exposed  to  the  decomposing  action  of 
putrifyiug  organic  matters,  and,  in  some  places,  of  sewage,  the  calcium  iodate  may  be 
reduced  to  iodide,  or  it  may  even  contain  free  iodine.  One  or  tv/o  samples  taken  near 
the  shore  were  found  to  give  no  colour  with  carljon  sulphide  Avhen  fresh,  but  after 
keeping  for  a  few  days,  l!he  water  was  found  to  contain  free  iodine,  and  to  retain 
scarcely  a  trace  of  the  original  iodate. 

For  the  quantitative  estimation  of  iodine  in  sea-water,  Sonstadt  proceeds  as  follows: 
600  c.  c.  of  the  water  are  treated  with  a  small  quantity  of  arsenious  anhydride  dissolved 
in  hydrochloric  acid ;  a  few  milligrams  of  cupric  sulphate  are  added ;  the  whole  is 
evaporated  to  dryness  ;  the  residue,  after  gentle  heating,  is  dissolved  in  the  smallest 
possible  quantity  of  water ;  and  the  insoluble  cuprous  iodide  is  collected  on  a  filter 
and  washed.  The  quantity  of  iodine  in  it  is  then  determined  by  igniting  the  filter 
with  sodium  hydrate,  and  subsequently  titrating  the  acidulated  solution  of  f-odium 
iodide  with  very  dilute  chlorine-water  and  carbon  sulphide.  Analyses  made  in  this 
way  showed  that  250,000  parts  of  sea-water  contain  1  part  of  calcium  iodate,  whence 
it  is  calculated  that  a  cubic  mile  of  sea-water  contains  17,000  tons  of  calcium  iod.ite  or 
11,072  tons  of  iodine. 

Preparation  from  Residues.— V.  Beilstein  {Zcifsvhr.  f.  Chcm.  1870,  .328)  re- 
covers iodine  from  residues  containing  also  bromine  or  chlorine,  by  means  of  the  well- 
known  reaction  of  nitrous  acid  with  a  solution  of  potassium  iodide  acidulated  with 
sulphuric  acid.  The  residues  are  evaporated  and  ignited;  the  solution  obtained  by 
lixiviation  is  mixed  with  dilute  sulphuric  acid,  and  the  iodine  precipitated  by  passing 
nitrous  acid  (prepared  from  1  pt.  of  crude  starch  with  6  pts.  of  crude  nitric  acid)  into 
the  liquid  separated  by  filtration,  washed  with  cold  water,  and  dried  over  sulphuric 
acid.  From  the  filtrate,  after  warming,  to  expel  the  iodine  still  remaining  in  solution, 
the  bromine  may  be  separated  by  means  of  manganese  peroxide.  As  the  nitrogen 
dioxide  formed  from  the  nitrous  acid  in  the  precipitation  of  the  iodine  is  recon- 
verted into  nitrous  acid  on  coming  in  contact  with  the  air,  it  might  be  used  over  again 
in  operating  on  the  large  scale.  The  nitrous  acid  obtained  in  the  preparation  of  arsenic 
acid  from  arsenious  acid  (for  the  manufacture  of  fuchsine)  might  also  be  advan- 
tageously used  in  the  process  above  described. 

Inipi'ri/irs  ill  Ciiiiiiiicrcial  Iodine. — The  chlorine  maybe  estimated  by  quickly 
li-aiistcrrii},L;  the  incliiie. -weighed  in  a  stojipered  tube,  to  alarge  beaker  containing 40 c.c. 
fit  a  freshly  prepared  concentrated  aqueous  solution  of  sulphurous  acid,  and  as  soon  as 
the  iodine  is  dissolved  (the  solution  being  filtered  if  necessary)  adding  half  a  litre  of 
boiling  water,  then  ammonia  in  excess,  and  silver  nitrate.  The  precipitate  is  treated 
in  the  usual  manner.  To  the  filtrate  from  this  precipitate  nitric  acid  is  added,  and  the 
silver  chloride  estimated. 

The  ash  is  also  to  be  estimated  by  igniting  6  grams  of  the  sample. 

The  water  may  bo  approximately  estimated  by  bringing  1  gram  of  tlie  sample 
info  a,  ll;u•^n^^•  "lass  tube  f;raduatcd  info  teiitlis  of  a  rulii(.'  centimeter,  and  adding  20  c.c. 
(•:irbon  snlpliidc.  whirli  dissolvi's  llii'  iodinr  :  llir  s.,hil  io;i  ip.w  occupies  200  divisions  of 
till' tube.  The  tulic  bring  Weil  I'lii-kr.l  is  srl  .isi'lcl'or?  1  loii  rs,  wben  the  Water  separates 
out,  lloiiting  on  the  suiiace  of  the  earlHJii  .sulphide.  Sup}io.su  this  layer  occupies  c.c. ; 
its  wriLdit  will  be  O'l  gram,  and  the  sample  will  contain  10  percent,  water.  (AVanklyn, 
C'Ao».',SV-.  ^.  [2],  X.  1115). 

( 'ouiiiiiTcial  iodine  sometimes  contains  iodine  cyanide  distributed  through  its 
mass  ill  ihie  needles.  This  impurity  cannot  be  removed  by  sublimation,  as  too  much 
iodinr  sublimes  with  it :  but  by  treating  the  impure  iodine  with  iron  and  water,  a. 
snli-.iiini  is  obtained  containing  both  iodide  and  cyanide  of  iron;  and  when  this  solu- 
tion is  treated  with  potassium  carbonate,  tlio  wliolc  of  the  cyanogen  is  precipitated, 
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and  the  potassium  iodide  obtained  is  free  from  cyanide  (Wittstein,  Dingl.  vol.  J.  cc. 
310). 

Optical  Properties. — Iodine  in  thin  layers,  as  obtained  by  spreading  and  pressing 
it  in  the  fused  state  between  plates  of  glass,  appears  brown-red  by  transmitted  light ;  a 
very  thin  layer  transmits  only  the  extreme  red  of  the  spectrum.  Melted  iodine  appears 
to  have  the  same  colour.  Some  of  its  solutions,  e.g.  in  water,  alcohol,  and  acetic  acid, 
exliibit  exactly  the  colour  of  solid  iodine,  whilst  other  solutions,  e.g.  in  carbon  sul- 
phide, stannic  chloride,  phosphorous  chloride,  &c.,  exhibit  the  colour  of  iodine-vapour 
(Schulz-Sellack,  Fogg.  Ann.  cxl.  334). 

The  absortion-spectrum  of  iodine-vapour  has  been  examined  by  E.  Thalen  {Pogg. 
Ann.  cxxxix.  603).  The  absorption  affects  only  the  half  of  the  spectrum  lying  be- 
tween the  red  and  green  ;  and  even  when  it  has  reached  its  maximum  and  this  half 
has  completely  disappeared,  the  violet  portion  remains  quite  unaltered  :  hence  tlie 
violet  colour  of  iodjne-vapour.  At  a  lower  degree  of  absorption  the  bands  form 
several  series  mixed  together,  in  each  of  which  they  are  not  equidistant,  but  separate 
more  widely  from  one  another  as  the  length  of  the  wave  increases.  Each  band  may 
be  resolved  into  a  number  of  very  fine  lines,  arranged  in  more  or  less  regular  groups. 

Reactions,  Detection,  and  Estimation.  Iodine  dissolves  in  concentrated  sul- 
phuric, nitric,  liydrochlorie,  phosphoric,  acetic,  tartaric,  and  citric  acids.  Some  of  it 
crystallises  from  its  solution  in  sulphuric  or  nitric  acid  on  standing.  The  sulphuric 
and  nitric  solutions  do  not  give  the  blue  reaction  with  starch,  even  when  the  starch  is 
in  excess  and  unchanged,  and  water  is  added,  unless  the  acid  is  present  in  very 
small  quantity  only.  The  hydrochloric  solution  gives  the  colour  with  starch  unless 
large  quantities  of  concentrated  acid  are  present.  All  the  solutions  yield  the  iodine  to 
carbon  sulphide.  From  concentrated  aqueous  or  alcoholic  solutions  of  iodine  in 
potassium  iodide,  concentrated  sulphuric  or  nitric  acid  precipitates  a  portion  of  the 
iodine. 

In  presence  oi  tannin,  iodine  cannot  be  recognised  by  the  ordinary  tests,  but  it  is  im- 
mediately separated  by  the  addition  of  a  few  drops  of  a  neutral  solution  of  ferric 
cJdoride  at  a  temperature  of  37'6°,  and  may  then  be  recognised  by  the  starch  reaction 
(Tessier,  Zeitschr.  Anal.  Chem.  xi.  313). 

To  test  potassium  bromide  for  iodine,  0*1  gram  of  the  sample  may  be  dissolved  in 
10-12  c.  c.  of  a  10  p.c.  solution  of  ammonia,  and  a  drop  of  silver  nitrate  added.  A 
turbidity,  which  does  not  disappear  on  agitation,  indicates  the  presence  of  iodine  (II. 
Hager,  Ctiem.  Ccntr.  1872,  617). 

In  presence  of  copper  salts,  iodine  is  separated  from  its  compounds  by  hydrochloric 
or  hydrobromic  acid,  iodised  starch-paste  mixed  with  a  small  quantity  of  cupric  sul- 
phate turning  blue,  either  immediately  or  after  a  short  time,  on  addition  of  either  of 
those  acids.  The  same  effect  is  produced  by  addition  of  hydrocyanic  acid  or  potassium 
cyanide  (Schonn,  Zeitschr.  anal.  Chem.  ix.  212). 

Detection  of  Iodine  in  the  form  of  Potassium  Iodide  in  Urine  (Polloggio,  Gazzetta 
chimicaitaliana,  ii.  75  ;  Giannetti,  ibid.  253).  Pelloggio,  in  1870,  published  a  method 
of  detecting  iodine  in  the  state  of  potassium  iodide,  by  subjecting  the  liquid  under 
examination  to  the  action  of  an  electric  current,  after  addition  of  starch-paste  and 
slight  acidulation  with  sulpliuric  or  hydrochloric  acid.  This  method  was  applied  to 
tlie  detection  of  iodine  in  urine  by  Campani,  who  found  it  to  be  inferior  in  delicacy  to 
■the  method  of  testing  by  bromine-water  with  addition  of  starch  or  of  carbon  sul- 
phide {ibid.  i.  472). 

Pelloggio,  in  the  paper  above  referred  to,  describes  experiments  on  the  detection  of 
iodine,  both  in  normal  urine  to  which  potassium  iodide  had  been  added,  and  in  tliu 
urine  of  patients  to  whom  potassium  iodide  had  been  administered,  from  which  he 
draws  the  following  conclusions : — • 

1.  That  for  the  detection  of  iodine  in  urine,  the  method  with  carbon  bisulphide  and 
bromine-water  is  not  so  delicate  as  that  with  bromine-water  and  starch.  Moreover, 
the  former  method  is  not  to  be  depended  upon,  because  it  is  next  to  impossible  to  hit 
the  exact  quantity  of  bromine-water  required  to  develope  tlie  red  coloration  witliout 
again  destroying  it ;  and  lastly,  it  is  incapable  of  detecting  very  minute  quantities  of 
iodine  in  urine. 

2.  That  the  method  with  bromine-water  and  starch,  though  more  delicate  than  that 
wilh  carbon  sulphide,  is  inferior  to  that  which  consists  in  the  use  of  starch-paste, 
hydrochloric  acid,  and  the  electric  current. 

"  Five  cubic  centimeters  of  urine  containing  O'OS  grarii  of  potassium  iodide  having 
heen  diluted  with  something  more  than  a  five-fold  quantity  of  water,  and  the  liquid 
being  divided  into  two  equal  portions,  one  portion  treated  witli  starcli-paste  and  a  drop 
of  Ijromino-water  did  not  give  any  blue  coloration,  where;is  the  otlier  portion  mixed 
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with  starch-paste  and  hydrochloric  acid  and  electrolysed,  exhibited  a  number  of  slender 
filaments  of  iodide  of  starch. 

3.  That  these  reactions  are  less  delicate  in  iodised  urine  than  in  the  pure  solution 
of  potassium  iodide,  because  the  urea  contained  in  the  urine  interferes  with  them. 
Hence  the  colour  disappears  on  agitation,  but  reappears  on  further  addition  of  bromine- 
water. 

The  superior  delicacy  exhibited,  according  to  Pelloggio,  by  the  electrolytic  method, 
is  attributed  by  him  to  the  circumstance  that  the  ciurenfc  likewise  acts  on  the  urea  in 
such  a  manner  as  to  prevent  its  action  on  the  iodide  of  starch. 

_  A  still  more  delicate  test  for  iodine  in  presence  of  urea  is,  however,  afforded  by 
nitromtiriatic  acid  and  starch-paste,  the  nitromuriatic  acid  decomposing  the  urea,  with 
formation  of  nitrous  products,  and  at  the  same  time  furnishing  the  chlorine  required 
to  decompose  the  potassium  iodide.  With  this  reagent  a  distinct  blue  colour  is  pro- 
duced with  three  drops  of  iodised  urine  containing  0'00016  grni.  of  potassium  iodide, 
and  dissolved  in  12  c.  c.  of  water  (Pelloggio). 

The  relative  delicacy  of  these  tests  has  also  been  examined  by  Giannetti,  who  has 
arrived  at  results  opposite  to  those  of  Pelloggio.  Operating  on  5  c.  c.  of  urine  contain- 
ing O'Oo  gram  of  potassium  iodide,  and  diluted  with  various  quantities  of  water,  ho 
obtains  the  results  given  in  the  following  table : — 


Reactions 

i  §"1 

E.vperimeuts 

'is 

nous  liq 
used  in 
experin 

With  starch- 
paste  and 

With  carljon 
bisulphide 
anil 

M 

Uri 

each 

Pota 
inc; 

bromine- 
water 

broniinc- 
water 

1.  Normal  urine       .  ijO  c.c. 

gram 

Potassium  iodide,  0"05  grm. 

5  c.c. 

■005 

Very  deep 

A^cry  deep 

2.  Urine  of  the  first  >  .  ^  ^ 

experiment  .    .  > 

Distilled  water  .    .  2o  c.c. 

1  :  5 

5  c.c. 

•0008333 

Deep 

Deep 

3.  Urine  of  the  second|  .  ^  ^ 

experiment  .    .  i  ' 

Distilled  water  .    .  5  c.c. 

1:1115  c.c. 

•00041666 

Very  plain 

Deep 

4.  Urine  of  the  third ( 
experiment  .    .  J 

Distilled  water  .    .  5  c.c. 

1  : 23 

5  c.c. 

•00020833 

Plain 

Vcrj'  plain 

5.  Urine  of  the  fourth  I 

experiment  .    .  $ 

Distilled  water  .    .  5  c.c. 

1  :  47 

5  c.c. 

•00010416 

Weak  colour 

Plain 

6.  Urine  of  tho  fifthj  .  ,  , 

experiment  .    .  j 

( Vcrv  percep- 

Distilled  water  .    .  5  c.c. 

1  : 05 

5  c.c. 

•00005208 

Nothing 

{     tible  rose 
1.  colour 

from  these  experiments  it  appears  that  the  reaction  with  bromine-water,  with  ad- 
dition  either  of  starch-paste  or  of  carbon  bisulphide,  is  more  delicate  than  the  electro- 
lytic method,  inasmuch  as  it  gives  distinct  colorations  with  the  iodised  urine,  diluted 
in  the  one  case  with  47,  and  in  the  other  with  95  volumes  of  water,  whereas,  according 
to  Pelloggio's  statement,  the  limit  of  the  electrolytic  reaction  appears  to  be  reached 
when  urine  containing  the  same  proportion  of  potassium  iodide  is  diluted  with  some- 
what more  than  five  times  its  bulk  of  ■water.  Moreover,  tho  reaction  with  bromine 
and  bisulphide  of  carbon  appears  to  bo  the  most  delicate  of  all. 

The  following  are  the  conditions  most  favouraMe  to  success  in  these  experiments  :-  - 
Tho  undiluted  ui-ino  (6  c.c.)  containing  the  potassium  iodide  in  the  proportion  above- 
mentioned,  requires  eight  drops  of  saturated  bromine-water  to  produce  the  red  colorn- 
tion  with  carbon  bisulphide,  and  six  drops  to  produce  the  blue  colour  with  starch- 
paste  ;  a  somewhat  larger  quantity  deepens  the  colour,  a  large  excess  destroys  it.  By 
diluting  the  urine  more  and  more,  a  point  is  at  length  reached  (Experiments  5  and  6) 
when  a  single  drop  of  the  bromine-water  is  too  much,  and  destroys  the  reaction  ;  but 
1)7  diluting  the  bromine  with  four  or  five  times  its  volume  of  water,  and  adding  the 
liquid  drop  by  drop,  the  reaction  soon  shows  itself.    Strong  agitation  interferes  with 
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the  reactions,  especially  -when  the  proportion  of  potassium  iodide  is  small ;  but  by 
gentle  agitation  fine  colorations  are  obtained ;  this  indeed  is  an  essential  condition  for 
obtaining  a  delicate  reaction  with  bromine  and  Insulpliide  of  carbon. 

When  the  experiment  is  made  with  undiluted  urine,  a  considerable  quantity  of 
bromine-wator  is  required  to  obtain  the  reaction,  either  with  starch-paste  or  with 
carbon  bisulphide.  This  fact  was  observed  by  Pelloggio,  who  attributed  it  to  the 
presence  of  urea  (see  above).  Giannetti  also  finds  that  urea  destroys  the  colour  of 
iodide  of  starch,  but  that  urine  destroys  the  colour  of  this  compound  more  quickly 
than  it  would  be  destroyed  by  the  corresponding  quantity  of  pure  urea  in  aqueous 
solution.  Stale  urine  gradually  loses  the  power  of  decolorising  the  iodide  of  starch. 
The  colour  produced  by  bromine  with  sulphide  of  carbon  is  also  destroyed  by  pure 
urea  and  by  fresh  urine,  but  not  quite  so  quicldy  as  that  of  iodide  of  starch. 

Lastly,  Giannetti  has  compared  Pelloggio's  reaction  with  nitromuriatic  and  starch- 
paste  with  that  obtained  by  the  use  of  bromine-water  and  carbon  bisulphide,  and  still 
finds  that  the  latter  is  the  most  delicate  test  hitherto  proposed  for  the  detection  of 
iodides  in  urine. 

On  the  Detection  of  Iodine  in  Sea-water  (see  p.  670). 

Estimation  of  Iodine  in  'presence  of  Chlorine  and  Bromine. — Potassium  iodide  is 
converted  by  potassium  permanganate  into  free  potash  and  potassium  iodate,  with 
separation  of  manganese  dioxide  : 

KI  +  K=Mu--0'*  =  KIO^  +  K^O  +  2MnO=. 

As  bromide  and  diloride  of  potassium  are  not  attacked  by  the  permanganate,  this  re- 
action may  servo  for  the  estimation  of  iodine.  The  solution,  which  must  be  slightly 
alkaline  and  must  contain  the  chlorine,  bromine,  and  iodine  in  the  state  of  chloride, 
bromide,  and  iodide  of  an  alkali-metal,  is  heated  to  boiling,  and  a  solution  of  2'5 
grams  of  the  permanganate  in  497'5  grams  of  distilled  water  is  added,  the  liquid  being 
brought  to  tlie  boiling  point  after  each  addition.  AVhen  the  liquid,  after  repeated 
boiling,  remains  distinctly  reddish,  the  excess  of  permanganate  is  estimated  by  titration 
with  sodium  thiosulphate,  and  the  iodine  is  calculated  from  the  quantity  of  perman- 
ganate solution  used,  each  gram  of  this  solution  answering  to  2  milligrams  of  iodine 
(W.  Eeinige,  Zeitschr.  anal.  Chem.  ix.  69).  This  process  slightly  modified  is  applied 
l^y  E.  Sonstadt  to  the  estimation  of  iodine  in  Kelp-liquors  {Chem.  News,  xxn.  173  ; 
Chem.  Sac.  J.  [2],  x.  1116). 

According  to  G.  M.  Donald,  on  the  other  hand  {Zeitschr.  anal.. Chem.  ix.  377),  potas- 
sium pormangaiiato  cannot  be  advantageously  used  for  the  separation  of  iodine  from 
bromine  and  chlorine.  He  finds  that  this  reagent  acts  on  moderately  concentrated 
solutions  of  chlorides,  bromides  and  iodides  in  such  a  manner  as  to  form  a  clilorate, 
bromate,  or  iodate,  with  separation  of  a  small  quantity  of  the  free,  halogen.  He  made 
use  of  two  solutions  of  the  haloid  salts,  one  containing  1  part  of  salt  in  30  parts  of 
water,  the  other  1  part  of  salt  in  240  water;  also  a  concentrated  solution  (1  :  16)  of 
permanganate,  and  a  very  dilute  one.  In  solution  of  sodium  chloride,  the  strong 
permanganate  solution  produces  a  brown  coloration,  and  after  long  standing,  a  pre- 
cipitate. Dilute  solutions  remain  unaltered  even  after  a  day  or  two.  In  solution  of 
potassium  iodide,  concentrated  or  dilute,  the  strong  permanganate  solution  produces  a 
brownish  precipitate,  the  odour  of  iodine  being  at  the  same  time  evolved.  The  strong 
solution  of  potassium  bromide  likewise  gives  with  the  strong  permanganate  solution, 
a  brown  precipitate.  A  solution  of  potassium  bromide  mixed  with  nitric  acid,  imme- 
diately deposits  bromine  on  addition  of  permanganate.  Dilute  solutions  of  potassiimi 
bromide  are  not  altered  by  the  permanganate,  the  liquid  merely  becoming  coloured  by 
free  bromine  on  addition  of  a  little  nitric  acid.  It  would  appear  then  from  these  ex- 
periments that  the  reactions  of  the  permanganate  with  moderately  strong  solutions  of 
the  three  classes  of  haloid  salts  are  so  very  much  alike,  that  this  reagent  cannot  bo 
used  as  a  means  of  separating  iodine  from  chlorine  or  bromine. 

H.  Hiibner  {Zeitschr.  anal.  Chem.  xi.  397)  separates  iodine  from  chlorine  and  bro- 
mine by  means  of  a  soluble  thallious  salt,  the  separation  depending  on  the  fact  that 
thallious  iodide.  Til,  is  perfectly  insoluble  in  cold  water,  whereas  the  corresponding 
chloride  and  bromide  are  soluble.  To  a  cold  neutral  solution  of  an  alkaline  iodide 
and  chloride  or  bromide,  thallious  nitrate  solution  is  added  drop  by  drop  from  a 
burette,  -with  constant  agitation  of  the  liquid,  until  the  precipitate  changes  in  colour 
from  yellow  to  white.  The  precipitate  is  collected,  after  8  to  12  hours,  in  a  weio;hed 
filter  thoroughly  washed  with  water,  dried  at  100°,  and  weighed  as  thallious  iodide; 
To  the  filtrate  silver  nitrate  is  added,  and  the  ensuing  precipitate  of  silver  chloride 
or  bromide  is  collected  and  weighed  as  usual.  In  a  well-conducted  experiment  the 
error  in  the  quantity  of  iodine  found  does  not  exceed  O'Ol  p.c. 

The  separation  of  iodine  from  bromine  may  also  be  effected  liy  adding  to  the  solution 
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of  alkiiline  iodiJo  and  bromide  first  a  saturated,  then  gradually  a  dilute  solution  of 
lead  nitrate,  until  the  precipitate  just  begins  to  change  colour  from  yellow  to  white. 
After  standing  for  12  to  18  hours,  the  precipitate,  which  is  almost  pure  lead  iodide,  is 
collected  on  a  weighed  filter,  washed  thoroughly,  dried  at  110°,  and  weighed.  The 
bromide  is  in  the  filtrate  chiefly  as  alkaline  bromide.  Especial  care  must  be  taken 
not  to  add  more  lead  nitrate  than  is  sufficient  to  precipitate  all  the  iodide,  since  if 
lead  bromide  is  also  thrown  down,  it  will  be  necessary  to  add  a  considerable  quantity 
of  water  to  dissolve  this  bromide,  and  then  the  lead  iodide  will  also  be  partly  dis- 
solved.   Altogether,  this  process  is  not  so  exact  as  the  preceding. 

Iodine  and  chlorine  cannot  be  separated  by  the  use  of  lead  nitrate. 

Estimation  of  Iodine,  Bromine,  and  Chlorine  hy  Caritis'  Method  (i.  47). — Iodide  of 
silver  is  partially  soluble  in  nitric  acid  and  silver  nitrate.  The  best  results  are  ob- 
tained by  taking  O'o  to  0"8  gram  of  iodide,  1^  eqiiivalent  of  silver  nitrate,  2  c.c.  water, 
and  2  c.c.  nitric  acid  of  sp.  gr.  1-29.  The  silver  nitrate  is  dissolved  in  the  water  in 
the  tube,  and  the  nitric  acid  added,  whereby  much  of  the  nitrate  is  precipitated  in  fine 
crystals  ;  the  heating  is  continued  for  three  hours  at  180°-200°  ;  and  the  contents  of 
the  tube,  after  dilution  with  200  c.c.  of  lukewarm  water,  ar«  boiled  for  ten  minutes. 
Even  with  these  precautions  the  percentage  of  iodine  is  frequently  found  to  be  0'6  to 
ro  p.c.  too  small;  with  bromine  and  chlorine,  the  errors  are  much  less  (E.  Linnemann, 
Zeitschr.  anal.  Chcm.  xi.  325). 

C.  E.  A.  Wright  also  finds  that  a  smaller  percentage  of  iodine  is  obtained  if  the 
silver  iodide  be  precipitated  in  a  solution  containing  much  silver  nitrate  and  nitric 
acid,  a  higher  percentage  being  obtainable  by  greatly  diluting  such  a  liquid  {Chcm. 
Soc.  J.  [2],  xi.  527). 

Estimation  of  Insoluhlc  Iodides. — The  following  method  is  based  on  the  fact  that 
mercuric  iodide,  lead  iodide,  silver  iodide,  and  cuprous  iodide,  dissolve  easily  even  at 
ordinary  temperatures  in  aqueous  sodium  thiosulphatc  (the  silver  salt  less  easily  tl)an 
the  rest).  It  is  best  to  take  a  very  small  quantity  of  water,  and  as  little  as  possible 
of  the  sodium  salt.  On  adding  ammonium  sulphide  to  the  solution,  the  four  metals 
are  completely  precipitated,  while  the  whole  of  the  iodine  remains  in  solution.  The 
liquid  is  evaporated  with  addition  of  ammonia,  to  expel  the  sulphur  as  ammoniuni 
sulphide,  caustic  soda  is  then  added  and  the  solid  residue  is  heated  in  a  platinum  dish 
to  decompose  the  salts  of  polythionic  acids.  On  treating  the  ignited  mass  with  water, 
a  solution  is  obtained  which  quickly  reduces  ferric  chloride,  and  on  mixing  it  with  a 
large  excess  of  the  latter,  the  whole  of  the  iodine  is  after  a  short  time  set  free.  The 
iodine  can  then  be  distilled  over  into  a  solution  of  potassium  iodide,  and  estimated  in 
the  usual  way  (E.  Meusel,  Bent.  Chcm.  Gcs.  Bcr.  iii.  125). 

On  the  Estimation  of  Iodine  in  Sca-ivatcr,  sec  p.  671. 

Hydroi^en  Iodide,  or  Hydrlodlc  Add.  The  specific  gravities  of  aqueous  solu- 
tions of  hydriodic  and  hydrobromic  acids  have  been  determined  by  C.  K.  A.  Wright 
{Chcm.  News,  xxiii.  243,  253).  The  hydriodic  acid  was  prepared  by  the  action  of 
hycbrogen  sulphide  on  iodine  in  presence  of  water ;  in  the  weak  acid  thus  obtained 
iodine  was  dissolved ;  and  the  solution  was  digested  with  phosphorus  till  its  colour 
disappeared,  and  finally  several  times  distilled. 

The  hydrobromic  acid  was  prepared  by  the  action  of  hydrogen  bromide  on  excess 
of  bromine,  and  purified  by  rectification  over  potassium  bromide.  The  percentages  of 
acid  were  determined  by  titration  with  a  normal  alkaline  solution.  The  following 
fcible  gives  the  values  directly  obtained : — 


Hydriodic  Acid 

Hydrobromic  Acid 

Sp.  gr.  at 

HI  iKr  cent. 

Sp.  gr.  at  15° 

HBr  per  cent. 

1-708 

51-9 

1-515* 

49-8 

1-551 

47-2 

1-475 

48-5 

1142 

39-2 

1-385 

40-8 

1-207 

30-3 

1-248 

300 

1-175 

18-5 

M90 

23-5 

1-053 

6-9 

1-080 

10-4 

From  these  data  tables  have  been  constructed  by  graphic  interpolation,  showing  the 
densities  of  the  two  acids  for  diiferences  6  of  percentage  from  0  to  50;  and  from  these' 

*  The  statement  of  Lijwig  (i.  G73),  that  a  saturated  aqueous  solution  of  liydrobromic  acid  has  a 
sp.  gr.  of  l-.'l),  is  regarded  by  Wriglit  as  erroneous,  the  ciTor  ha-f  ing  probal  >\j  arisen  from  the  presence, 
of  hydrochloric  acid  in  the  acid  employed. 
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tables  it  appears  that  both  in  liydriodic  and  in  hydrobromio  acid  the  increase  in  specific 
gravity  is  not  proportional  to  the  increase  in  strength,  which  is  the  case  with  hydro- 
chloric acid,  as  appears  from  Ure's  table  (i.  893).  The  tables  also  show  that  for  a 
given  specific  gravity,  the  percentage  of  HI  in  the  aqueous  acid  is  less  than  that  of 
HBr,  and  this  again  less  than  that  of  HCl,  thus  : 

Pr-r^-Piiton-o  Proportionate  Proportional 


Sp.  gr. 

1-050 
1-100 
1-160 
1-200 


0-64 
0-63 
0-62 
0-60 


0-54 
0-54 
0-53 
0-52 


The  specific  gravity  of  hydrobromic  acid  of  given  strength  is  always  greater  than 
the  mean  between  those  of  the  corresponding  aqueous  hydriodic  and  hydrochloric  acids. 
No  simple  numerical  relation  can  be  traced  between  the  atomic  weights  of  these  three 
acids  and  the  percentages  of  anhydrous  acid  contained  respectively  in  the  aqueous  acids 
of  equal  specific  gravity. 

The  specific  gravity  of  aqueous  hydriodic  acid  of  different  strengths  has  also  been 
determined  by  Topsoe  {Zeifschr.  filr  Chcm.  [2],  vi.  635).  The  hydriodic  acid  was 
prepared  by  treating  1  part  of  phosphorus  with  19  parts  of  iodine  and  20  parts  of 
water.  The  specific  gravities  are  those  obtained  by  direct  observation  at  the  given 
temperatures,  referred  to  water  at  the  same  temperature  as  unity.  The  fourth  column 
of  the  following  table,  headed  'Equivalent,'  gives  the  weights  of  the  several  aqueous 
acids  eontiiining  1  mol.  of  HI  =  1 28. 

Sjjccific  Gravity  of  Aqueous  Hydriodic  Acid. 


Tempcratiure 

Specific  Gravity 

Percentage 

Equivalent 

12° 

1-708 

57-74 

221-7 

13-7 

1-706 

57-64 

222-1 

12-5 

1-703 

67-42 

222-9 

13 

1-696 

67-28 

223-5 

13-7 

1674 

56-15 

228-0 

14 

1-630 

53-93 

237-3 

12-5 

1-603 

52-43 

244-2 

13 

1-5727 

50-75 

252-2  ' 

13-5 

1-542 

4913 

260-5  ' 

13 

1-528 

48-22 

265-5 

13 

1-4865 

45-71 

280-0 

13 

1-451 

43-39 

295-5 

13 

1-413 

40-45 

313-6 

13 

1-382 

38-68 

330-9 

13 

1-347 

36-07 

364-8 

13 

1-309 

33-07 

387-1 

13-5 

1-274 

30-20 

423-9 

13-5 

1-2535 

28-41 

450-6 

13-8 

1-225 

25-86 

494-9 

13-8 

1-191 

22-63 

665-6 

13-5 

1-164 

19-97 

6410 

13-5 

1-126 

15-73 

813-1 

1-102 

■  13-09 

977-6 

1-095 

12-21 

1048-3 

13-5 

1-077 

10-15 

126 10 

13-5 

1-0524 

7-019 

1823-7 

13-5 

1-017 

2-286 

5545-6 

Hydriodic  acid,  after  distillation  iu  a  stream  of  carbon  dioxide,  is  nearly  colourless, 
but  the  stronger  solutions  quickly  decompose  and  become  coloured.  The  strongest, 
aqueous  acid  that  can  be  obtained  by  distillation  boils  at  127°,  and  contains  57-75  p.c. 
HI,  which  is  equivalent  to  HI  +  4-7  H-0  (Topsoe).  Eoscoe  found  it  to  contain  57  p.c. 
(iii.  285). 

Metallic  Iodides.  When  an  iodide  mixed  with  starch-paste  is  treated 
with  ether,  iodine  is  sot  free  with  a  blue  coloration,  at  once  if  concentrated,  slowly  if 
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diluto.  By  filtration  and  fuvtlicr  addition  of  ether  and  starch,  the  iodine  Ctan  finally 
bo  completely  removed.  The.  reaction,  -which  applies  equally  well  to  natural  iodine- 
waters,  but  does  not  affect  chlorides  and  bromides,  is  probably  due  to  the  formation, 
iind  subsequent  deeorapjosition,  of  ethyl  iodide  (E.  Ferriere,  ComjJt.  rend.  Ixxiv.  1106). 

Feriodides.  Fotusdnm  Tri-iodide,  KI'. — The  solution  of  iodine  in  aqueous  potas- 
sium iodide  appears  not  to  contain  any  definite  periodide,  inasmuch  as  when  shaken 
With,  carbon  sulphide  it  gives  up  its  excess  of  iodine  and  becomes  colourless  (Baudri- 
mont,  Compt.  rend.  li.  827).  Piffard,  indeed  {Zeitschr.  Chcm.  Pliarm.  1861,  151), 
supposed  it  to  contain  a  definite  periodide,  because  he  found  that  it  gave,  with  solution 
of  lead  acetate,  a  dark-coloured  precipitate  which  did  not  give  up  any  excess  of  iodine 
to  solvents ;  he  regarded  this  precipitate  as  PbP,  but  did  not  analyse  it.  Dosios  a. 
AVeith.  on  the  other  liand  (Zeitschr.  f.  Chem.  1869,  370),  find  that  this  precipitate 
gradually  gives  up  its  excess  of  iodine  to  solvents,  and  therefore  regard  it  merely  as 
lead  iodide,  Pbl-,  mixed  with  free  iodine. 

A  solution  of  iodine  in  alcoholic  potassium  iodide  appears,  on  the  other  hand,  to 
coutiiin  the  tri-iodide.  Such  a  solution  containing  potassium  mono-iodide  and  iodine 
in  proportion  to  form  the  tri-iodide,  may  be  agitated  with  carbon  sulphide  without 
colouring  the  latter,  whereas  a  saturated  solution  of  iodine  in  carbon  sulphide  is  very 
easily  and  completely  decolorised  by  agitation  with  alcoholic  solution  of  potassium 
iodide.  An  aqueous  solution  of  iodine  in  potassium  iodide  is  decolorised  by  agitation 
with  mercury,  with  formation  of  potassio-mercurie  imlide  l\  1.11^1-,  and  separation  of 
mercurous  iodide  ;  but  an  alcoholic  solution  of  pota^-mm  i  ri-iodide  shaken  with  mer- 
cury becomes  decolorised  without  yielding  a  trace  of  inei-curous  iodide,  the  only  com- 
pound formed  being  the  double  iodide  above  mentioned,  KP  +  llg  =  KI.Hgl- 
(Jorgensen,  J.  fr.  Chem.  [2],  ii.  347). 

Periodides  of  Cofper  and  Mercury . — Cuprous  iodide,  Cu-I-,  is  insoluble  in 
water  and  in  alcohol ;  nevertheless,  considerable  quantities  of  it  are  dissolved  wheu 
an  alcoholic  solution  of  iodine  is  digested  with  it  for  some  hours  or  days  at  ordinary 
temperatures,  or  at  a  temperature  not  above  30°.  The  solution  contains  nearly  1 8 
atoms  of  iodine  to  1  mol.  Cu-P.  At  higher  temperatures,  a  smaller  quantity  is  dissolved, 
and  after  prolonged  heating  to  100°  the  solution  contains  no  copper  and  the  cuprous 
iodide  becomes  crystalline.  From  the  copper  solution  mixed  with  alcohol,  water 
separates  nothing,  but  alcoholic  solution  of  potassium  iodiilo  throws  down  all  the 
cuprous  iodide,  with  formation  of  potassium  tri-iodide.  On  pouring  this  liquid,  turbid 
from  suspended  cuprous  iodide,  into  a  large  quantity  of  water,  the  whole  dissolves,  the 
potassium  tri-iodide  being  decomposed,  and  the  higher  iodide  of  copper  reproduced. 

Civprotetr ammonium  Tetriodide,  CuP.P.4NH^ — When  the  brown  solution  of  cuprous 
iodide  in  alcoholic  iodine  is  heated  to  30°,  and  an  alcoholic  solution  of  ammonia  heated 
to  the  same  temperature  is  added  in  moderate  quantity,  there  is  formed,  in  the  course 
of  a  few  hours,  a  brown-black  crystalline  precipitate,  which  must  be  quickly  wa.shed 
with  cold  alcohol  and  dried  over  calcium  chloride.  The  crystals  form  rhombic  tables 
of  74°-75°  and  106°,  which  appear  olive-green  in  polarised  light  when  the  plane  of 
pol.'irisation  is  parallel  to  the  longer  diagonal  :  dark  brown  and  almost  opaque  when 
it  is  perpeiidicul.'ir  thereto.  On  exposure  to  the  air,  they  become  dull  on  the  surface 
and  give  off  a  small  quantity  of  iodine. 

Cuprotetrammoniim-  Hcxiodide,  CuI-.I<.4NH^ — On  mixing  a  solution  of  cupro- 
t(3trammonium  nitrate  heated  to  50°  with  a  solution  of  iodine  and  potassium  iodide  at 
the  same  temperature,  and  filtering  immediately,  the  filtrate  in  a  few  hours  deposits  a 
quantity  of  beautiful  brown  crystals  which,  however,  must  not  be  dried,  but  quickly 
washed  with  cold  water.  Under  water,  in  a  closed  vessel,  they  may  be  kept  for  some 
time.  It  is  not  known  whether  they  contain  water,  the  analysis  having  been  limited 
to  the  determination  of  the  proportion  between  the  copper,  iodine,  and  ammonia.  The 
crystals  arc  rectangular  plates,  often  having  two  opposite  angles,  or  all  four,  truncated. 
The  rhombus  thereby  formed  has  the  angles  76°  30'  and  103°  30'.  They  absorb 
polarised  light,  but  rather  feeljlj',  and  only  when  they  are  of  a  certain  thickness. 
Tlipy  are  dark  brown  by  transmitted  light,  or  opaque,  accordingly  as  the  longer  axis 
of  the  f)late  is  parallel  or  perpendicular  to  the  plane  of  polarisation. 

Citprotetrammonio-mercuric  Iodides. — a.  CuI-.2HgI2.4NH^  is  easily  obtained  by 
mixing  warm  solutions  of  KI.2HgI^  and  sulphate  of  cuprotetrammonium.  As  the 
solution  cools,  green  shining  crystals  separate,  which  must  bo  quickly  washed  with 
water  and  dried  over  calcium  chloride  in  the  dark.  /3.  CuI'-.HgI'''.4NH^.  When  the 
brown  crystals  of  cuprotetrammonium  tetriodide  are  drenched  with  alcohol  and  mercury 
is  added  to  them,  they  change  in  a  few  hours  into  a  blue  crystalline  mass  which,  when 
recrystallised  from  hot  alcoholic  ammonia  and  washed  therewith,  forms  blue  shining 
laminar  prisms.    The  same  compound  is  obtained  by  mixing  a  warm  solution  of 
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cuppototrammonium  sulphate  witli  2KI.HgI-',  adding  also  an  excess  of  potassium 
iodide,  as  otherwise  the  green  salt  a.  is  very  apt  to  form. 

Mercury  Hexiodidc,  HgF,  is  formed  when  to  an  alcoholic  solution  of  potassium  tri- 
iodide  warmed  to  50°,  there  is  added  first  an  excess  of  solution  of  mercuric  chloride, 
then  cold  water,  and  the  liquid  is  left  at  rest  for  a  quarter  of  an  hour.  The  brown 
crystalline  precipitate  which  then  forms  must  be  washed  as  quickly  as  possible  witli 
cold  water,  till  the  wash-water,  after  decoloration  with  sulphurous  acid,  becomes  only 
a  little  darker  on  addition  of  ammonium  sulphide.  Even  in  that  case  the  precipitate 
retains  small  quantities  of  mercuric  iodide  ;  indeed,  according  to  Jorgensen,  it  does  not 
appear  possible  to  obtain  the  hexiodido  quite  pure.  Tlie  crystals  are  rhombic  tables  of 
66'^  and  1 12^-1 1 3°,  generally  having  the  acute  angles  truncated  ;  twins  are  of  frequent 
occurrence.  The  crystals  absorb  polarised  light  and  appear  light  havannah-brown  by 
transmitted  light,  or  perfectly  opaque,  accordingly  as  the  plane  of  polarisation  is 
parallel  or  perpendicular  to  the  shorter  diagonal  of  the  rhombus.  The  compound  is 
decomposed  by  alcohol,  by  aqueous  potassium  iodide,  and  by  prolonged  wasliing  with 
cold  water,  and  gradually  loses  iodine  on  exposure  to  the  air  (Jorgensen). 

Periodides  of  Orqanic  Bases. — These  compounds  are  formed  by  precipitating 
the  hydrochlorides  of  the  several  bases  in  neutral  or  acid  solution  with  a  solution  ot' 
iodine  in  potassium  iodide.  For  the  description  of  the  individual  compounds,  see  the 
several  alkaloids  in  this  volume  and  in  the  First  Supplement. 

Of  the  cinchona  bases,  the  only  one  which  forms  a  simple  tri-iodide  is  cinchonine. 
the  compound  being  formed  when  a  neutral  alcoholic  solution  of  cinchonine  hydriodido 
is  mixed  with  the  calculated  quantity  of  iodine-solution.  The  other  cinchona-bases 
give  black  tarry  precipitates.  Quinine  and  cinchonine,  however,  yield  periodides  con- 
taining chlorine  as  well  as  iodine.  AVhen  very  dilute  solutions  of  the  hydrochlorides 
of  these  bases  are  mixed  with  about  3  mol.  hydrochloric  acid  and  3  mol.  potassium 
iodide,  and  left  at  rest  for  some  time,  the  compounds, 

4C-°II-'N-0-.2HC1.3HI.P 

2C-''H-<N-O.HC1.3HI.I», 
are  deposited  in  brown  prisms  and  laminse.    Herapathite  may  be  formed  in  a  similar 
manner. 

The  methylic  and  ethylic  derivatives  of  quinine,  quinidine,  cinchonine  and  cinchoni- 
dine  form  crystalline  periodides,  which  have  already  been  noticed  (p.  342). 

Triet.hyl'phospJi,onmm  tri-iodide,  P(C''H*)^I',  and  Tricthylarsonium  iri-iodide> 
As(C-H^)'I^,  are  isomorphous  and  scarcely  distinguishable  from  one  another  externally- 
The  periodide  of  the  corresponding  antimony-base  maybe  obtained  in  crystalline  form, 
but  is  converted  by  cold  water  or  alcohol  into  a  bvrry  mass.  The  mercury  double  salts 
obtained  by  agitating  the  tri-iodides  N(C=H^)"I',  P(C-H5)'I',  and  As(C-ff  )<P  with 
metallic  mercury  are  isomorphous.  The  bismuth  double  salts  obtained  by  mixing  the 
warm  alcoholic  solutions  of  the  same  periodides  with  solutions  of  bismuth  hydrate  in 
strong  hydriodic,  hydrobromic,  or  hydrochloric  acid,  all  crystallise  in  regular  six- 
sided  tables  (see  p.  192). 

Titrdh/lsulphine  iodide  forms  only  a  tarry  periodide,  but  crystalline  bismuth, 
double  salts  of  it  are  easily  prepared,  e.g.  3S(C-H*)'Br.3HBr. 

For  detailed  descriptions  of  all  these  organic  periodides,  see  Jorgensen  (J.pr,  Cfiem, 
[2],  ii.  433;  iii.  145,  328). 

Iodine  ItXonocbloride,  ICl. — This  compound  has  been  carefully  examined 
by  Hannay  (CJiein.  Soc.  J.  [2],  xi.  815),  who  finds  that  it  possesses  the  same  properties, 
whether  it  be  prepared  by  passing  chlorine  over  iodine,  and  distilling  the  product  olF 
iodine  to  free  it  from  tri-chloride,  or  by  heating  iodine  with  potassium  chlorate,  and 
distilling  the  product  off  that  salt.  When  recently  prepared  it  remains  fluid  for 
several  days,  but  subsequently  solidifies.  It  melts  at  247°,  boils  at  109-5°-101-5°, 
has  a  specific  gravity  of  3-263  at  0°,  2-1)53  at  98°,  and  expands  equally  for  equal  in- 
crements of  temperature  between  0°  and  100°.  Its  vapour-density  is  80-27  (H  =  1), 
the  formula  requiring  81-2. 

According  to  Gernez  {Compt.  rend.  Ixxiv.  660)  iodine  monochloride  heated  to  40° 
gives  off  so  much  vapour  that  a  thickness  of  30  c.  m.  is  sulEcient  to  produce  an  absorp- 
tion-spectrum. This  spectrum  consists  of  20  fine  lines  between  the  extreme  red  and  a 
point  a  little  beyond  the  line  D,  nearly  equidistant,  and  of  sensibly  equal  intensity. 
No  others  are  observable  throughout  the  spectrum.  This  system  of  lines  resembles 
these  of  the  iodine-spectrum  more  than  those  of  the  chlorine-spectrum.  It  differs, 
however,  from  the  iodine-spectrum  in  the  absence  of  lines  in  the  green,  and  in  the  fa(  t 
that  the  lines  of  the  spectrum  of  iodine  chloride  begin  sensibly  nearer  to  the  red  end 
than  do  those  of  the  iodine-spectrum. 
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Eeaciions. — Iodine  monochloriJe  acts  on  the  oxygen-acids  of  chlorine  and  their 
salts,  with  evolution  of  chloriuo  and  formation  of  oxygen-acids  of  iodine,  especially 
iodic  acid  and  its  salts.  With  hjpocldorons  acid  the  reaction  is  brisk  even  at  ordi- 
nary temperatures;  with  chloric  acid  it  is  slow  in  the  cold,  energetic  at  higher  tem- 
peratures. AVhen  chlorine  is  passed  into  cooled  water  containing  iodine  in  suspension 
till  the  iodine  is  completely  dissolved,  a  calculated  quantity  of  i,oY\<X  potassium  chlorate 
.(1  mol.  to  1  at.  of  iodine  dissolved)  addisd  to  this  solution,  and  the  liquid  heated, 
chlorine  is  evolved  and  potassium  iodate  is  formed,  according  to  the  equation, 

KCIO'  +  ICl  =  CP  +  KIO'. 

Trichloride  of  iodine  acts  in  the  same  manner.  The  expulsion  of  chlorine  by  the 
chlorides  of  iodine  takes  pl.ace  much  more  easily  than  with  iodine  alone.  On  the  other 
hand,  hydrogen  iodide  and  metallic  iodides  in  solution  are  immediately  decomposed  by 
iodine  chloride,  with  liberation  of  iodine  and  formation  of  a  chloride  (L.  Henry,  JJciit. 
Chcm.  Ges.  Bcr.  iii.  802). 

Iodine  monochloride  acts  on  many  metals,  as  potassium,  sodium,  magnesium,  alumi- 
nium, copper,  mercury,  tin,  antimony,  and  bismuth,  with  various  degi'ees  of  energy, 
forming  a  chloride  and  iodide  of  the  metal.  With  arscii'C  it  forms  arsenious  chloride 
and  gives  off  iodine.  Ordinary  phosphorus  treated  with  iodine  chloride  bursts  into 
flame,  but  amorjjhous  phosphorus  only  hisses  and  emits  fumes  mixed  witli  iodine- 
vapour.  With  galena  iodine  chloride  forms  chloride  of  sulphur  and  iodide  of 
lead.  With  sulphur  it  reacts  feebly,  forming  iodide  and  chloride  of  sulphur. 
Selenium  and  tellurium,  especially  the  latter,  act  strongly  on  it,  forming  chlorides. 
Bromine  mixes  with  iodine  chloride  in  all  proportions,  without  apparent  action. 
Iodine  chloride  dissolves  in  carbon  tetrachloride  without  action,  forming  a  red  solution. 
When  iodine  chloride  is  added  to  carbon  bisulphide  till  saturated,  small  quantities  of 
white  fumes,  which  smell  like  sulpliur  chloridi',  avi>  evolvi  d,  and  on  treating  the  pro- 
duct with  water,  sulphur  is  pnciiiil.ilrd.  and  a  licMvy  oily  bo,|y  sinks  to  the  bottom, 
consisting  of  a  mixture  of  carbon  l.isnljihiilr,  tetracliloriili-.  nnd  sniphuchloride.  This 
action  of  iodine  chloride  on  carbon  liisulphide  is  still  mor.'  det-idud  on  distilling  tlio 
mixture,  when  the  distillate  fumes  distinctly,  and  emits  a  distinct  smell  of  the  sulpho- 
chloride  while  iodine  remains  in  the  retort. 

On  distilling  the  chloride  of  iodine  from  p)olassium  iodide  several  times,  it  is  entirely 
converted  into  iodine,  while  potassium  chloride  is  formed :  KI  -i-  ICl  =  KCl  +  I-. 
The  distillation  requires  to  be  repeated  several  times  before  the  conversion  is  com- 
plete. Iodine  chloride  acts  violently  on  the  sMn,  causing  a  sharp  burning  pain,  and 
forming  sores  difficult  to  heal  (Hannay,  loc.  cit.) 

Iodic  and  Periodic  Acids.  The  following  determinations  of  the  specific  gravities 
and  molecular  volumes  of  tliese  acids  have  been  made  by  J.  Thomsen  {Dcut.  Chcm, 
Ges.  Ber.  vii.  71):— 


Table  I. — Specific  Gravity  and  Volume  of  Solution  of  Iodic  Acid  at  17°  C. 


Nimibcr  of  molecules 
of  water 

Sjiocific 
gravity 

Jlolecul.ir 
xicight 

Molecular 
volume 

Increase  in 
volume  of 
the  water 

0'H+  lOH-0  . 

1'0609 

356 

214-34 

34-34 

„     +  20  .,      .  . 

l-36004f 

536 

392-37 

32-37 

„     +  40  .,  . 

1-194.5 

896 

750-09 

30-09 

„     +  80  .,  . 

1-1004 

1C16 

1468-5 

28-5 

„     4-160  .,  . 

1-0512 

3056 

2907-2 

„     -1-320  .,  , 

1-0258 

5936 

5786-8 

26-8 

The  last  column  shows  the  increase  in  the  volume  of  water  when  a  molecule  of 
iodic  acid  is  dissolved  in  it.  As  the  numbers  decrease  with  the  increase  of  water,  it 
follows  that  contraction  takes  place  when  solutions  of  iodic  acid  are  diluted  w^th 
water. 

Expressing  tlie  composition  of  the  iodic  acid  solution  by  the  formula  lO^H-ffiH'-'O, 
the  volume  of  the  solution  is  expressed  by  the  formula — 

Va  =  18  .  a  +  39-1  -   ? —  .  13-1  ; 


*  Compare  Klimmcrer  (p.  -lO,-;;.  Thora^en  tlilnks  there  mu=!t  be  some  en-or  in  Klimmerer's  pub- 
nshed  numbers. 
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and  if  tlio  formula  holds  good  for  all  values  of  a,  then  iodic  acid  lO'H  in  the  liquid 
state  will  have  the  volume  39-1.  Dividing  the  molecular  weight  1 76  by  this  number, 
we  find  the  specific  gravity  of  hydrate  of  iodic  acid  in  the  liquid  state  to  be  4-50. 
Ditte  found  it  to  be  4-869  for  the  crystallised  salt  at  0°  {Ann.  Ckim.  Phys.  [4],  xxi. 

The  contraction  is  expressed  by  -  ^  ^-  .  13-1 :  it  therefore  increases  with  the  quan- 
tity of  water  present,  and  when  a  a>,  that  is,  on  unlimited  dilution,  it  becomes  13-1, 
or  very  nearly  ird  of  the  volume  of  the  iodic  acid,  lO'H. 


Table  11.- 


■  Specific  Gravity  and  Volume  of  Solution  of  Periodic  Acid  at  17°  C. 


Number  of  molecules 
of  water 

Specific 
gravity 

Molecular 
weight 

Molecular 
volume 

Increase  in 
volume  of 
the  water 

10"^+  20H2O  . 

1-4008 

588 

419-77 

59-77 

„     +  40  „  . 

1-2165 

948 

779-30 

59-30 

„     +  80  „  . 

11121 

1068 

1499-9 

59-29 

„     +160  „  . 

1-0570 

3108 

2940-9 

60-2 

..     +320  „  . 

1  0288 

5988 

5820-0 

60-0 

The  last  column  shows  that  the  volume  of  water  increases  by  a  constant  number  for 
eacli  molecule  of  dissolved  acid,  and,  therefore,  that  no  contraction  takes  place  on  solu- 
tion. 


The  volume  of  the  solution  containing  ICH-^ 
r„  =  1S« 


1^0  is  therefore- 


The  specific  gravity  being  equal  to  the  quotient  of  the  molecular 
volume,  we  have  accordingly : 


ight  by  the 


r  Volume  =18rt  +  39-1  —  .  13-1. 

«  +  18 


forlO^H  +  flH-O-! 


Specific  gravity 


18rt  +  176 


r 

)rIO'H^  +  aWO\ 


Volume  =  18«  +  59-6. 
Specific  gravity  +  22-8 


18« 


69-6 


These  formulae  give  the  specific  gravities  of  the  solutions  of  the  two  acids  at  17° 
correct  to  foiu-  decimal  places. 

Basicity  and  Constitution  of  Iodic  Acid. — The  close  resemblance  exhibited  by 
chlorine,  bromine,  and  iodine,  both  in  the  free  state  and  in  their  combinations  with 
hydrogen,  the  metals,  and  many  organic  bodies,  might  lead  us  to  expect  a  similar 
correspondence  in  their  behaviour  to  oxygen.  In  reality,  however,  iodine  diifers 
greatly  in  this  respect  from  chlorine  and  bromine. 

The  composition  of  the  most  important  oxygen-acids  of  the  three  bodies  may  bo 
expressed  by  the  empirical  formula  EO^H ;  but  the  chemical  and  physical  properties 
of  iodic  acid  are  so  different  from  those  of  chloric  and  bromic  acids  that  its  molecular 
constitution  can  scarcely  be  the  same. 

(1)  .  Chloric  and  bromic  acids  are  monobasic,  as  is  shown  by  the  easy  solubility  of 
their  salts,  the  non-existence  of  acid  salts,  and  the  impossibility  of  producing  the 
anhydride  directly  from  the  hydrate.  Iodic  acid,  on  the  contrary,  forms  salts  the 
greater  number  of  which  dissolve  witli  difficulty.  It  gives  with  tlie  alkalis  chiefly 
acid  salts,  and  the  anhydride  can  be  easily  obtained  by  heat  from  the  hydrate.  In  all 
these  properties  it  resembles  the  polybasic  acids. 

(2)  .  Iodic  acid  forms  rhombic  crystals,  and  is,  in  fact,  isomorphous  with  the  bibasic 
succinic  and  itaconic  acids,  the  constants  of  the  three  being— 


Itaconic  acid 


Iodic  acid 
Succinic  acid 


0-581  :  1  :     1-255  Baup. 

0-590  :  1  :     1-281  Schabus, 

0-589  ;  1  :  1-190/ 

0-574  ;  1  :  Ja-197J 


Eammelsberg. 
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There  is  only  one  case  of  isomorpliism  between  the  iodates  on  the  one  hand,  and  the 
chlorates  and  bromatos  on  the  other,  viz.,  in  the  case  of  the  barium  salt ;  but  ihe  mole- 
cules of  these  salts  must,  on  account  of  the  presence  of  barium,  contain  2  atoms  of  the 
haloid  element,  and  will  therefore  have  the  same  composition,  E-O'^Ba",  -whether  iodic 
acid  be  represented  by  the  ordinary  or  by  the  doubled  formula. 

(3).  The  relations  of  affinity,  so  far  as  they  are  exhibited  in  the  heat  produced  in 
the  formation  of  the  acids  of  chlorine,  bromine,  and  iodine,  show  that  the  last-named 
element  differs  from  the  two  former  in  the  constitution  of  its  oxygen-acid. 

The  following  table  shows  that  in  the  formation  of  the  hydrogen-acids,  the  heat 
decreases  as  the  atomic  numbers  increase,  but  in  the  case  of  the  oxygen-acids,  while 
the  same  rule  holds  good  for  chlorine  and  bromine,  iodine  shows  a  remarkable  de- 
parture from  if,  the  heat  evolved  in  its  formation  being  nearly  double  of  that  evolved 
in  the  formation  of  chloric  acid  ; 


R  (R,H,Aq)  (R,0»H,Aq) 

CI  ...  .  39,320  heat-units.  23,940  heat-units. 

Br  ...  .  28,380       „  12,420 

I  .       .       .  .  13,170       „  0.3,710 


This  difference  becomes  still  more  striking  if  the  numbers  of  one  of  the  acid  groups 
are  subtracted  from  those  of  the  other,  so  as  to  give  the  heat  of  oxidation  of  the 
hydrogen- salts  into  the  oxygen-salts — 

(R,0',H,  Aq)  -    (R,n,Aq)  =  (EHAq.O^). 


B  (BHAq.O^) 

CI   -16,380  heat-units. 

Br   -15,900 

I   -1-42,540 


From  this  it  appears  tliat  if  a  solution  of  hydrochloric  or  hydrobromic  acid  could 
be  converted  by  free  oxygen  into  the  corresponding  oxygen-acid,  there  would  be  in  the 
two  cases  an  equal  absorption  of  heat,  whereas  in  the  conversion  of  hydriodic  into  iodic 
acid,  there  is  a  very  considerable  evolution  of  heat.  It  is  clear,  therefore,  that  the  re- 
actions taking  place  in  the  latter  case  are  very  different  from  those  which  take  place 
in  the  former,  and  that  the  constitution  of  iodic  acid  must  differ  considerably  from  that 
of  chloric  or  bromic  acid. 

(4).  If,  in  accordance  with  what  is  above  stated,  we  regard  iodic  acid  aa  bibasie, 
and  double  its  usual  molecular  formula,  we  obtain  one  which  agrees  in  a  remarkable 
manner  with  the  formula  of  periodic  acid,  fflO" : — 

Iodic  acid  I  .  IO"H'. 

Periodic  acid  .  lO-ff : 

i.e.,  periodic  acid  is  formed  by  the  substitution  of  three  hydrogen-atoms  for  one  iodine- 
atom  in  iodic  acid.  This  substitution  is  in  accordance  with  the  trivalence  of  iodine  in 
other  compounds,  the  trichloride  for  example. 

This  mode  of  derivation  of  periodic  acid  explains  the  peculiar  relations  of  that  acid 
to  bases.  Periodic  acid,  in  met,  retains  the  bibasie  character  of  iodic  acid  and  its 
normal  salts  have  a  constitution  represented  by  that  of  the  sodium  salt,  H-'IC^Na-. 
The  three  atoms  of  hydrogen  which  have  taken  the  place  of  the  one  atom  of  hydrogen 
of  iodic  acid  may,  however,  bo  also  replaced  by  metals,  giving  rise  to  a  large  number 
of  so-called  basic  periodutes. 

The  same  view  of  the  constitution  of  periodic  acid  agi-ees  with  Thomsen's  results 
respecting  its  heat  of  neutralisation,  inasmuch  as  the  replacement  of  the  first  two 
hydrogen-atoms  by  sodium  gives  the  normal  neutralisation-heat  of  acids  {Dent.  Che.m,. 
Ges.  Bcr.  vi.  2  ;  Fogg.  Ann.  cxl.  00  ;  Chem.  Soc.  J.        xi.  695). 

The  relation  between  iodic  and  periodic  acid  above  developed  is  corroborated  by 
Thomsen's  investigations  on  the  specific  gravities  and  molecular  volumes  of  their  .solu- 
tions (p.  680).  When  periodic  acid  is  dissolved  in  water,  the  volume  of  the  water 
increases  by  60  c.c.  for  every  molecule  of  acid  dissolved,  i.e.,  for  every  228  grams 
(H=l  gram).  If,  on  the  contrary,  iodic  acid  is  dissolved  in  water,  the  increase  in 
volume  of  the  water  is  greater  for  concentrated  than  for  dilute  solutions.  Por  every 
176  grams  of  iodic  acid  (  =  1  mol.  lO^H)  there  is  a  variation  of  from  34  to  27  c.c.  if 
the  quantity  of  water  rises  by  tens  up  to  320  molecules.  The  mean  value,  however, 
is  just  half  of  that  of  periodic  acid,  and  the  two  solutions — 

II'  .  WH-  +  80H-O 
I  .  10»H-    -i-  8on=o, 

have  exactly  the  same  volume,  viz.,  1199'9  and  1500'2,  so.  that  with  this  quantity  of 
UHiter,  a  molecule  of  periodic  acid  and  a  double  molecule  of  iodic  acid  take  up  exactly  the 
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same  volume.  When  more  concentrated,  the  volume  of  the  periodic  acid  solution  is 
somewhat  smaller,  when  more  dilute  somewhat  larger,  than  the  corresponding  solution 
of  iodic  acid. 

The  facts  above  detailed  all  tend  to  the  conclusion  tliat  iodic  acid  is  bibasie,  and 
that  its  molecular  formula  is  I'^O'^H-. 

Properties  and  Beactions  of  Iodic  Acid  and  Anhydride. — (A.  Ditte,  Ann.  Ch.Phys.  [-1], 
xxi.  5.)  Iodic  anhydride,  PO",  is  a  white  powder,  easily  soluble  in  water,  insoluble 
iu  ether,  chloroform,  carbon  sulphide,  and  liquid  hydrocarbons.  Sp.  gr.  =  4-487  at  0°. 
Expansion-coefficient,  between  0°  and  51°  =  0-000066.  It  is  a  powerful  oxidising 
agent. 

Iodic  anhydride  is  commonly  said  to  form  two  hydrates,  I-O^.H-0  and  SI-O^.H-O  ; 
but  by  observations  on  the  tension  of  the  aqueous  vapour  given  off  by  iodic  acid  at  a 
determinate  temperature  (according  to  the  method  of  Debray  and  Isambert,  \st  Suppl. 
425,  426)  Ditte  finds  that,  liowever  great  may  be  the  quantity  of  anhydride  mixed 
witli  the  monohydrate,  the  tension  at  any  given  temperature  is  always  the  same  as 
that  of  the  monohydrate  alone  :  hence  it  may  be  inferred  that  the  hydrate  SPO^.H^O 
does  not  exist. 

Tlie  monohydrate,  I-O^.H'-'O,  or  iodic  acid,  I-O^H'',  has  a  specific  gravity  of  4'629  at 
0°  :  its  coefficient  of  expansion  between  0°  and  51°  is  0'000237.  It  dissolves  easily  in 
water  without  perceptible  alteration  of  temperature,  forming  a  solution  which  [?  when 
saturated]  boils  at  104°  under  a  pressure  of  760  mm.  and  has  a  specific  gravity  of 
2-842  at  12-5°. 

A  concentrated  solution  of  iodic  acid  oxidises  common  as  well  as  red  phosphorus  at 
ordinary  temperatures,  pulverised  arsenic  at  1 60°,  sugar-charcoal  between  175°  and 
180°,  anthracite  at  210°,'graphite  at  240°,  amorphous  boron  at  40°,  crystallised  boron  at 
200°,  amorphous  and  crystallised  silicon  at  250°,  sulphur  and  selenium  at  150°,  and 
acetylene  at  220°.  Diamond  withstands  its  action  even  at  160°.  Potassium,  sodium, 
magnesium,  aluminium,  bismuth,  zinc,  cadmium,  iron,  copper,  mercury,  and  silver,  are 
attacked  by  a  concentrated  solution  of  iodic  acid,  some  at  ordinary  temperatures,  others 
when  heated  ;  tin,  lead,  gold,  and  palladium,  are  not  attacked  (Ditte). 

According  to  Thorpe  {Chem.  Soc.  J.  [2],  xi.  548),  iodic  acid  is  completely  reduced  to 
liydriodic  acid,  and  metallic  iodates  to  iodide  by  a  copper-zinc  couple  in  presence  of 
water,  and  this  mode  of  reduction  may  be  used  for  the  quantitative  analysis  of 
iodates. 

Compounds  of  iodic  and  sulphuric  acid,  represented  by  the  formulas  I-0°H^.3S0*H^ 
and  PO"H2.3(SO^m2ff  0),  are  described  by  Millon  {Ann.  Chim.  Phys.  [3],  xii.  330). 
Ditte,  however,  did  not  succeed  in  preparing  eitlier  of  these  compounds.  A  solution  of 
iodic  acid  in  very  strong  sulphuric  acid  -prepared  at  310°  began  at  200°  to  deposit 
needle-shaped  crystals,  which,  when  left  for  5  or  6  days  on  a  porous  plate  under  a  bell- 
jar,  lost  all  their  adhering  sulphuric  acid,  and  were  found  to  contain  5-4  p.c.  of  that 
acid,  which  does  not  agree  with  either  of  Millon's  formulae.  The  complex  compounds 
of  sulphuric  acid  with  the  oxides  lO''  and  I'"0'",  described  by  Millon  (iii.  298),  as  well 
as  these  oxides  themselves,  appear  to  have  no  existence.  Iodic  acid  separates 
unaltered  from  solution  in  nitric  acid,  without  forming  either  of  the  compounds  de- 
scribed by  Millon  and  Kammerer  (iii.  299).  Neither  does  iodic  acid  unite  with  phos- 
phoric or  arsenic  acid.  Sulphurous,  arsenious,  sulphydrie,  hydrochloric,  and  hyd- 
riodic  acids  are  oxidised  by  it :  acetic  acid  also  at  210°-220°,  It  likewise  oxidises  oil 
of  turpentine  and  paraffin. 

For  Ditte's  determinations  of  the  lieat  of  combination  and  solution  of  iodic  acid,  &c., 
see  p.  616. 

Xodates.  Neutral  potassium  iodate,  I-O^K-,  crystallises  anhydrous  from  its 
aqueous  solution  at  all  temperatures.  Its  specific  gravity  is  2-601.  When  it  is  dis- 
solved in  warm  dilute  sulphuric  acid,  the  hydrated  salt,  PO°K-.H-0,  crystallises  out 
in  a  few  days ;  but  when  the  salt  is  heated  to  100°  -with  a  larger  quantity  of  sulphuric 
acid  diluted  with  an  equal  volume  of  water  till  the  solution  begins  to  crystallise, 
iodic  acid,  I-CH-,  separates  out.  From  an  alkaline  solution  the  neutral  iodate  crystal- 
lises unaltered.  The  di-iodate,  K-0.2I-0MI-0  or  I-0''K=.PO''H^  is  obtained  by  dis- 
solving the  neutral  iodate  in  boiling  nitric  acid  diluted  with  an  equal  volume  of  water, 
and  leaving  the  solution  to  cool  slowly.  The  tri-iodate,  K'^0.3PO».2H-0  or  PO^K'-- 
2I''0^II-,  is  formed  wlicn  the  neutral  iodate  is  mixed  with  a  large  excess  of  iodic  acid. 
It  gives  off  all  its  water  between  150°  and  200°  (Ditte). 

According  to  Sonstadt  {Chem.  Netcs,  xxvi.  98  )  potassium  iodate  at  high  temperatures' 
is  a  more  powerful  oxidising  agent  than  the  chlorate  or  nitrate,  inasmuch  as  its  de- 
composition requires  a  higher  temperature  than  that  of  the  chlorate,  and  it  gives  off 
pure  oxygen,  whereas  a  nitrate  when  heated  gives  off  a  mixture  of  gases. 

When  a  solution  of  an  alkaline  iodate  is  mixed  with  an  alkaline  thicsulphate,  no 
chemical  action  ensues  as  long  as  tlie  solution  remains  neutral,  but  tlie  addition  of  a 
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small  quantity  of  an  acid  causes  it  to  become  in  the  first  place  strongly  alkaline  ;  a 
neutral  point  is  presently  reached,  after  which,  if  the  iodato  is  in  excess,  the  further 
addition  of  acid  liberates  iodine.  The  products  of  the  reaction  up  to  neutrality  are,  a 
tetrathionate,  an  iodide,  and  a  salt  of  the  acid  used. 

When  citric  or  tartaric  acid  is  employed  to  acidify  the  mixed  solution  of  iodato  and 
thiosulphate,  the  solution  becomes  neutral  to  test-paper  when  two  molecules  of  the 
acid  have  been  added  for  every  sis  molecules  of  thiosulphate  present,  and  this  neutral 
point  is  reached  sensibly  before  iodine  is  set  free.  A  trisodic  salt  of  the  organic 
acid  is  formed  in  both  instances.  In  order  to  obtain  the  iodine  reaction,  a  quarter  of  a 
molecule  more  of  citric  acid  and  one  molecule  more  of  tartaric  acid  must  be  added 
(Sonstadt.) 

According  toMelsons  {Ann.  C'khn.  Phys.  [4],  xxv.  1.37),  potassium  iodato  is  reduced 
in  the  animal  organism  and  converted  into  iodide. 

Calcium  lodate. — On  the  existence  and  quantity  of  this  salt  in  sca-water,  see 
p.  670.  According  to  Sonstadt  {Chem.  News,  xxviii.  .'-'97),  it  is  a  powerful  antiseptic 
and  may  be  advantageously  used  for  preserving  meat,  fish,  eggs,  &e.,  from  putrefaction. 
The  sodium,  potixssium,  and  magnesium  salts  do  not  act  so  powerfully  in  this  way  as 
the  calcium  salt. 

Erbium  lodaie,  I-O'^Eb  +  2H-0,  is  uucrystallisablo  (Clevo,  Bull.  Soc.  C'/iim.[2], 
xix.  289). 

Giitcinum  lodate  remains,  on  evaporation,  as  a  gummy  mass  (Atterberg,  ibkl. 
497). 

Thallium  lodates. — Thallious  iodatc,  Tl-I-O",  is  obt^iined  as  a  white non-crysbil- 
line  powder  by  heating  thallious  hydrate  with  iodic  acid  ;  or  by  decomposing  a  thai- 
nous  salt  with  a  soluble  iodate.  It  is  nearly  insoluble  in-  water,  and  dissolves  but 
sparingly  in  nitric  acid  :  it  remains  unaltered  at  150'^,  but  when  more  strongly  heated 
it  melts  to  a  brown  liquid,  gives  off  oxygen  and  iodine,  and  yields  a  sublimate  of 
tliallious  iodide,  and  a  residue  of  thallious  oxido  which  strongly  attacks  glass. 

Dithallic  lodate,  (Tr-)''I''0"'.3H-0,  is  formed  by  heating  thallious  iodate  or  freshly 
precipitated  thallious  oxido  with  aqueous  iodic  acid.  It  is  a  brownish-grcy,  heavy, 
crystalline  salt,  which  is  not  altered  by  water,  and  is  nearly  insoluble  in  nitric  acid. 
When  heated  it  gives  otf  water,  and  behaves  in  other  respects  like  the  thallious  salt 
(Eammelsberg,  Pogg.  Ann.  cxlvi.  692). 

Ferric  lodates.  The  normal  salt,  Fe=0".3P0^  or  (Fe-)^'PO'^  is  obtained  as  a 
yellow  precipitate  by  heating  a  solution  of  ferrous  iodide  in  5  or  6  pits,  water  with  2 
pts.  potassium  chlorate  dissolved  in  a  little  hot  water  and  H  pt.  strong  nitric  acid.  It 
is  Uisteless,  scentless,  and  perfectly  stable.  By  using  smaller  quantities  of  nitric  acid, 
salts  are  obtained  containing  smaller  proportions  of  iodic  acid  ;  one  of  a  deep  red 
colour  appears  when  dried  at  100°  to  contain  Fe^OM'-'O*,  but  decomposes  during  wash- 
ing. The  salt,  Fe-0^.2r-0^  +  311^0,  obtained  by  precipitating  ammonia-iron  alum 
with  potassium  or  sodium  iodate  (iii.  302),  is  somewhat  liable  to  alteration  on  expo- 
sure to  the  air.  These  basic  salts  are  converted  into  the  normal  salt  by  digestion 
with  warm  dilute  nitric  acid  (0.  A.  Bell,  P/iarm  J.  Trans.  [3],  i.  624). 

Periodates.  K.  Ihre  {Deut.  Chem.  Gcs.  Per.  iii.  310)  describes  the  preparation 
of  a  number  of  these  salts,  all  of  which  have,  however,  boon  pireviously  described, 
except  the  following : 

3K=0.P0'  +  SH^O,  or  KMO^H^  -t-  3H-0, 
formed  by  the  action  of  concentrated  alcoholic  potash  on  the  salt  K-O.I-0' ; 

(NH<)'O.PO'  +  eH^O.  or  (NH<)HM0«H2  -f-  II^O  ; 

Li'0.(NH^)-O.I-0'  +  7ffO,  or  Li(NH<)H.IO«H-  +  211-0  : 

3BaO.I-0'  +  6H-0,  or  Ba^r-0''ff  +  4H-0, 
prepared  by  the  action  of  barium  nitrate  and  aluminium  on  the  ordinary  sodium  salt, 
Na^O.PO'  +  6H'0. 

With  regard  to  the  triargentic  salt,Ag'10',  described  byFernlunds(ls!!  Stqopl.  745), 
as  produced  by  boiling  the  straw-yellow  diargentic  salt  Ag-H.IO'^^C-,  with  water, 
Ihre  finds,  in  accordance  with  Eammelsberg  {Jahresb.  1867,  p.  166),  that  the  product 
obtained  by  boiling  the  yellow  salt  with  water  as  long  as  anything  is  dissolved  is  the 
■pmtargcntic  salt,  5-4g-'O.I-'0'  or  AgMO^Ag;.  From  the  results  of  his  own  experiments 
und  those  of  other  chemists,  Ihre  concludes  that  periodic  acid  forms  salts  containing 
either  1,  2,  3,  4  or  5  atoms  of  metal. 

Blomstrand  {Deut.  Chem.  Ges.  Per.  iii.  317)  agrees  with  this  view,  which  is  also  in 
accordance  with  Thomsen's  results  (p.  681). 

Thallium  Periodates.— The  thallious  salt  has  not  been  isolated.  The  precipitate 
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formed  either  by  adding  thallious  hydrate  to  periodic  acid,  or  by  mixing  solutions  of 
thallious  nitrate  and  tetrapotassic  periodate,  seems  to  be  a  mixture  of  the  iodate 
Tl^I-0°,  and  the  compound  Ti-I'^O'".  A  thalUc  salt,  said  to  have  the  composition 
TI-"PO'''  +  90H^O,  is  formed,  as  a  light-brown  precipitate  by  warming  freshly  pre- 
cipitated thallic  oxide  with  periodic  acid  (Eammelsberg,  rogg.  Ann.  cxlvi.  592). 

Periodates  of  Yttrium  and  Erbium. — Two  yttrii^m  periodates  are  formed 
according  as  the  periodic  acid  used  in  their  preparation  is  in  excess  or  not.  The  most 
stable,  formed  with  excess  of  acid,  is  said  to  contain  Y^PO*"  -i-  24:H=0  ;  the  other,  Y'TO"' 
+  6H*0.  Erbium-periodate  is  said  to  have  the  composition  Eb^I^O-'  -t  2H-0  (Cleve, 
Bull  Soc.  Cfiim.  [2],  xix.  193). 

IODOFORM,  CHIl — This  compound  treated  with  bromine  at  ordinary  tempera- 
tures gives  rise  to  bromiodoform,  CHBr^I ;  but  an  excess  of  bromine  at  high  tempera- 
tures removes  the  hydrogen  and  the  wliole  of  the  iodine,  producing  carbon  tetrabromide 
CBr'  (Bolas  a.  Groves,  p.  256). 

■  XOSOSVIiPHURXC  ACXB,  H-SO^I^.  (Silvestro  Zinno,  N.  Beperf.  Pharm.  xx. 
449). — Pelouze  a.  Fr^my  obtained  the  anhydride  of  this  acid,  SG^I^,  by  distilling  an 
intimate  mixture  of  iodine  and  lead  sulphite  and  rectifying  the  distillate  over  mercury: 
the  anhydride  dissolved  in  water  yielded  iodosulphuric  acid.  Zinno  obtains  the  same 
acid  by  dissolving  the  proper  quantity  of  iodine  in  concentrated  aqueous  sulphurous 
{icid ;  also  by  treating  iodide  of  starch  with  sulphurous  acid,  and  distilling  the  de- 
colorised liquid.  The  acid  when,  concentrated  at  a  moderate  heat,  dissolves  sulphur, 
^nd  acquires  thereby  a  yellow  colour. 

;  The  iodosulphates  of  the  alkali-metals  may  be  prepared  by  neutralisation  of  tlie 
aqueous  acid  with  the  corresponding  bases  ;  the  sodium  salt  also,  by  adding  to  a 
solution  of  sodium  sulphite  as  much  iodine  as  it  is  capable  of  dissolving,  keeping  the 
liquid  cool ;  *  also  by  the  action  of  sodium  sulphite  on  iodide  of  starch  suspended  in 
water. 

Sodium  lodosulphatfi,  Na-SO^P  4-  lOH-0,  crystallises  in  colourless  elongated  per- 
fectly uniform  prisms,  the  taste  of  wliicli  is  rather  bitter,  but  much  less  disagreeable 
than  that  of  sodium  sulphate.  100  parts  of  water  at  15°  dissolve  27 '5  parts  of  the 
salt ;  it  is  also  slightly  soluble  in  aqueous  alcohol.  When  heated  it  gives  off  vapours 
of  iodine,  leaving  sulphide  and  sulphate  of  sodiurn.  With  mercuric  nitrate  it  forms'  a 
yellowish-white,  with  silver  nitrate  a  yellow,  arid  with  lead  acetate  a  white  precipitate 
(Zinno). 

ZRXDXUnX.  Separation  from  Platinum. — Tlie  separation  of  these  metals  may  be 
effected  by  the  method  originally  suggested  by  Birubaum,  which  consists  in  converting 
them  into  cyanides,  combining  the  latter  with  barium  cyanide,  and  then  mechanically 
separating  the  one  double  cyanide  from  the  other. 

To  prepare  the  cyanides,  a  mixture  of  crude  iridium  oxide  and  potassium  cyanide  is 
fused  in  a  small  crucible,  and  kept  at  a  high  temperature  until  all  the  metallic  oxide 
is  taken  up.  The  fused  mass  when  cold  is  dissolved  in  water,  filtered  from  un- 
attacked  iridium  oxide,  and  hydrochloric  acid  is  added  in  sufficient  quantity  to  destroy 
the  excess  of  potassium  cyanide.  The  liquid  is  then  mixed  with  concentrated  solution 
of  copper  sulphate;  the  ■^^olet-coloured  precipitate,  consisting  of  the  mixed  double 
cyanides  of  iridium  and  platinum  with  copper,  is  washed  by  decantation  with  boiling 
water  ;  and  while  it  is  suspended  therein,  a  strong  solution  of  caustic  baryta  is  added. 
The  copper  is  thus  precipitated  as  oxide,  and.  the  double  cyanides  of  iridium  and  plati- 
num with  barium  are  formed.  Carbonic  anhydride  is  then  passed  through  to  precipitate 
the  barium,  and  the  solution  concentrated  to  crystallisation.  The  yellow  platinum  salt 
crystallises  first,  in  small  dichroic  crystals,  and  afterwards  the  iridium  salt  in  largo 
colourless  prisms,  the  crystallisation  of  both  salts  being  so  distinct  and  separate,  that 
they  can  easily  be  picked  out  one  from  the  other  (S.  P.  Sadtler,  Sill.  Am.  J.  [3],  ii. 
338). 

"  Ethyl ene-compoxmds  of  Iridium. — Sadtler  has  endeavoured  to  prepare  iridium-salts 
analogous  to  the  ethylene-platinum  compounds  obtained  by  Zeise  (ii.  698).  Pure 
iridium  was  prepared  by  igniting  the  crystals  of  barium-iridium  cyanide  obtained  as 
above,  and  washing  out  the  barium  cyanide  with  boiling  water.  The  metallic  iridium, 

*  In  a  note  to  the  abstract  of  Zinno's  paper  in  the  Jahresbericht  fiir  Chemie,  1871,  p.  216,  Michaelis 
says  :  '  I  have  had  this  statement  tested  by  G.  Kbiihe,  and  it  has  not  been  found  correct.  On  adding 
to  aqueous  sulphurous  acid,  either  concentrated  or  dilute,  the  quantity  of  iodine  required  to  form 
iodosulphuric  acid,  with  or  without  cooling,  potassium  iodide  and  sodium  sulphate  were  always  formed, 
and  consequently  the  precipitate  formed  on  adding  lead  acetate  to  the  liquid  was  always  yellow,  not 
white  as  stated  by  Zinno.  When  on  the  other  hand,  a  smaller  quantity  of  iodine  was  added  to  the 
mlutlon  of  sodium  sulphite,  lead  acetate  formed  a  white  precipitate.  This  result,  however,  was  due 
to  tlic  fact  that  lead  iodide  and  sodium  sulphite  react  so  as  to  form  sotlium  iodide  and  lead  sulphite.' 


IRON, 


685 


after  having  been  strongly  ignited  to  effect  its  oxidation,  was  heated  with  nitromtiriatic 
acid  to  200°  in  a  sealed  tube,  to  convert  it  into  chloride  ;  and  this  compound  was 
treated  with  absolute  alcohol,  with  addition  of  potassium  or  ammonium  chloride.  The 
following  reaction  then  appears  to  take  place : 

IrCl'  +  2Cm«0  =  IrCr-.C'^H'  +  2HC1  +  C^H'O  +  H-0, 

and  the  compound  IrCl-,C-H^  unites  with  the  chloride  of  potassium  or  ammonium.  At 
the  same  time,  however,  part  of  the  iridium  tetrachloride  unites  with  the  ethylene  and 
the  alkaline  chloride  without  undergoing  reduction  to  diohloride,  so  that  a  mixture  of 
salts  is  obtained.  With  ammonium  chloride  two  salts  were  obtained,  agi-eeing  nearly 
in  composition  with  the  formulae  : 

IrCl=.C^H'.NH<Cl  and  IrClXC2ff)'(NffCl)% 

With  potassium  chloride  only  the  salt  IrCP(C-H^)''(KCl)^  was  obtained,  anhydrous, 
and  combined  with  3H^0. 

XROIsr.  Properties  of  Pure  Iron. — Caron  (Compf.  rend.  Ixx.  1263)  fused  50  to  160 
grams  of  reduced  iron  by  the  heat  of  a  hydrogen  gas  blow-pipe.  The  reguli  obtained 
were  free  from  blisters,  a  proof  that  hydrogen  gas  is  not  absorbed  by  melted  iron.  The 
pure  fused  iron  had  a  high  specific  gravity. 

Sp.  gr.  at  1G° 


Pure  iron  (88*S79  grams)  fused  in  hydrogen  ....  7'880 

The  same  forged   7-868 

The  same  drawn  out  into  wire       ......  7'847 

Pure  iron  (117  54  grams)  fused  in  a  crucible,  and  therefore 
exposed  to  the  action  of  atmospheric  oxygen  penetrating 

through  the  sides  of  the  crucible   7'833 


Pure  iron  fused  in  hydrogen  is  soft,  easily  drawn  out  into  wire  when  cold,  very 
malleable  at  a  red  heat.  Iron  fused  in  a  crucible,  on  the  other  hand,  is  hard,  ami  yields 
water  by  prolonged  heating  in  hydrogen,  showing  that  it  has  absorbed  oxygen  during 
fusion  in  tho  crucible. 

Action  of  Cold  on  Iron. — Experiments  on  the  action  of  cold  on  iron  and  steel  have 
been  made  by  Broekbank  {Chem.  New.';,  xxiii.  62),  Fairbairn  {ihid.  89),  Joule  {ibid.  101, 
1-15),  and  Spence  {ibid.  124).  Broekbank  concludes  that  cast  iron  when  cooled  below 
tho  freezing  point  exhibits  a  considerable  and  increasing  loss  of  tenacity  and  elasticity. 
An  iron  bar  which  had  been  exposed  to  hard  frost  was  incapable  of  bearing  more  tha  n 
one  blow  of  a  12-lb.  hammer,  whereas  when  warmed  to  the  temperature  of  the  work- 
shop, it  bore  fourteen  blows  of  the  same  hammer  without  the  least  sign  of  fracture. 
Cold  bars  appeared  crystalline  without  any  indication  of  fibrous  structure,  whereas 
warm  bars  were  fibrous  and  appeared  somewhat  crystalline  only  on  the  fractured  sur- 
face. Fairbairn  and  Joule  contradict  these  assertions,  and  Spence  even  comes  to  the 
conclusion,  that  tho  tenacity  of  iron  is  increased  by  lowering  of  temperature.  The 
editor  oi  Engineering,  in  which  Journal  (Feb.  1871,  p.  82)  tho  remarks  above  cited  are 
collected  together,  observes  with  reference  to  them,  that  on  comparing  the  results  of 
former  investigations,  and  the  experience  of  the  railways  in  Canada,  the  United 
States,  Eussia,  and  other  countries  where  the  winters  are  severe,  there  can  be  but  little 
doubt  tliat  cold  does  diminish  the  power  of  iron  to  resist  percussion  and  shaking,  and 
that  this  is  especially  the  case  with  the  kinds  of  iron  generally  used  for  wheel-tires, 
and  above  all  with  iron  which  contains  a  somewhat  considerable  proportion  of  phos- 
phorus.   Steel,  on  the  other  hand,  appears  to  be  loss  influenced  in  this  way. 

Compounds  of  Iron. 

Antimonate.  An  amorphous  argillaceous  mass  from  Nador,  in  the  province  of 
Constantino  in  Algeria,  contains  according  to  two  analyses  by  Flajolot : — 

Loss  by 

Sb=0=         Fe'O'       As'O'-   Al-0'      PbO      C.iO  ignition 
63-50       31-40       _       —       _       —       5-10  =  100 
59-30       33-40      2-50    1-30     0-45    trace     3-05  =  100 
Flajolot  represents  these  numbers  by  the  formula  2(Fe"0^.Sb'-0')  -t-  311-0  (Co/njii. 
rend.  Ixxi.  237  ;  A7in.  Min.  [6],  xx.  29). 

Ferric  Chloride.  From  the  changes  in  the  depth  of  colour  of  solutions  of  ferric 
chloride  resulting  from  dilution  with  water,  hydrochloric  acid,  sal-ammoniac,  and  a 
mixture  of  sal-ammoniac  and  hydrochloric  acid, — also  from  rise  of  temperature,  and 
from  the  age  of  the  solution,  A.  Miiller  {Beut.  Chem.  Gcs.  Ber.  ii.  173)  infers  that 
ferric  chloride  in  its  solutions  must  undergo  chemical  alteration.  Acetic  acid  in  its 
action  on  such  a  solution  exhibits  only       of  the  energy  of  hydrochloric  acid.  Experi- 
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ments  made  under  similar  conditions  have  shown  that. 5  mol.  acetic  acid  are  capable 
of  displacing  1  mol.  sulphuric  acid  from  its  combination  with  ferric  oxide:  hence  it 
appears  that  at  medium  temperature,  and  in  solutions  in  which  it  has  only  a  small 
tension,  hydrochloric  acid  is  nearly  twice  as  strong  an  acid  as  sulphuric  acid.  A 
similar  conclusion  may  be  drawn,  according  to  Miiller,  from  the  more  powerful  action 
of  (dilute)  hydrochlonc  acid  on  cellulose,  starch,  and  sugar. 

From  former  experiments  {J.  pr.  Chem.  cvi.  321)  Miiller  considers  that  neutral 
ferric  acetate,  Fe2U'.3C*H''0^  can  exist  permanently  in  aqueous  solution  only  in 
presence  of  a  considerable  quantity  of  free  acetic  acid,  and  the  quantity  of  the  latter 
must  be  greater  in  proportion  as  there  are  more  salts  present  -which  are  capable  of 
fixing  the  acid  by  formation  of  acid  salts,  e.g.  acetates  and  sulphates  of  alkali-metal. 
Contrary  to  the  ordinary  assumption  (made  in  accordance  with  BerthoUet's  law),  ferric 
aceUite  in  a  solution  containing  a  large  excess  of  acetic  .acid  does  not  exchange  its 
acid  (or  only  to  a  slight  extent)  with  the  sulphates  of  potassium,  sodium,  ammonium, 
and  magnesium,  or  with  the  chlorides  of  sodium,  ammonium,  barium,  and  calcium,  or 
nitrate  of  ammonium.  On  the  contrary,  ferric  oxide  dissolved  in  acetic  acid  withdraws 
phosphoric  acid,  which  at  ordinary  temperatures  is  a  weaker  acid,  in  greater  or  lessor 
proportion  from  stronger  bases  (in  spite  of  their  excess),  and  unites  with  it,  in  the  form 
of  a  basic  compound,  which  is  gradually  precipitated  from  the  acid  solution.  Any 
disturbance  of  the  equilibrium  of  affinity  taking  place  in  a  solution  is  slower  in 
coming  to  an  end,  in  proportion  as  the  affinities  of  the  reacting  substances  are  less 
energetic. 

Becomposition  of  Ferric  Chloride  by  Heat  in  Aqueous  Solution  (Krecke,  J.  pr.  Chem. 
[2],  iii.  286). 

All  solutions  of  ferric  chloride  are  decomposed  on  heating,  the  more  readily 
the  more  dilute  they  are,  the  phenomena  varying  according  to  the  strength  of  the 
solutions,  the  degree  of  heat  to  which  they  are  raised,  and  the  length  of  time  during 
which  they  are  exposed  to  this  heat.  The  first  elFect  observed  in  all  solutions, 
when  their  temperature  is  raised,  is  a  greater  or  lesser  degree  of  darkening, 
owing  to  the  formation  of  soluble  ferric  oxide  (Graham's  oxide)  and  free  hydro- 
chloric acid.  If  the  temperature  bo  now  raised  still  higher,  or  continued  for 
some  length  of  time  at  the  same  degree,  the  solution  becomes  turbid,  and  deposits, 
according  to  concentration  or  temperature,  either  difficultly  soluble  ferric  oxide 
(Pean's),  or  oxj'chloride,  or  dense  anhydrous  ferric  oxide.  The  following  table  gives 
the  temperatures  at  which  these  various  phenomena  are  observed  in  solutions  of 
diffiirent  degrees  of  concentration  : — 


Concentration 
in  per  cent. 

Formation  o£  Graham's 
Ferric  oxide 

Separation  of 
Peau's  Ferric 
oxide 

Formation  of 
oxycliloride 

Formation  of 
dense  Ferric 
oxide 

32 
16 
8 
4 

1 
I 

Tg 

100—110°^   .  ""^^ 
83°  1 

75°      1  Eeraaiu 
6-1°       >  separate 
5i°          on  cooling 
36°  J 

100°— 130° 
100°— 130° 

Above  100° 

00° 
87° 

140° 
120° 
110° 

? 

Solutions  containing  per  cent,  or  less  of  ferric  chloride  are  decomposed  under  the 
influence  of  light,  even  at  a  temperature  of  5°  or  6°  only,  though  in  the  dark  they 
keep  perfectly  at  that  temperature.  Sohitions  of  |  per  cent,  and  upwards  are  perma- 
nent when  exposed  to  light  at  ordinary  temperature,  and  a  more  or  less  elevated 
temperature  is  required  for  their  decomposition. 

The  alterations  in  the  specific  gravity  of  solutions  resulting  from  decomposition  are 
in  most  cases  so  sliglit,  and  the  changes  taking  place  so  complicated,  that  but  little 
help  can  be  derived  from  this  property  in  estimating  the  amount  of  cliange  pro- 
duced. Nevertheless  alterations  in  the  specific  gravity,  due  to  decomposition,  may 
be  observed  in  solutions  of  ferric  chloride,  as  shown  in  the  following  table,  which 
gives  the  specific  gravities  at  various  temperatures,  of  two  solutions  of  ferric 
chloride,  each  containing  *  per  cent,  of  the  salt.  One  of  the  .solutions  was  frcf^hly 
prepared,  the  other  was  old  and  ilecomposed  : — 
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Specific  Gravity  of  Solutions  of  Ferric  Chloride. 


Tcniiicratiue 

Freshly  pre- 
parcrt  and 
normal 

Old  and  decom- 
posed 

Temperature 

Freshly  made 
and  normal 

1 

Old  and  dccom-  | 
poEcd 

0 

1-00086 

1-00060 

60 

0-98468 

10 

1-00080 

1-00041 

70 

0-97937 

2U 

0-99888 

0-99850 

80 

0-07394 

30 

0-09682 

0-99644 

90 

0-90776 

40 

0-99152 

0-99386 

100 

0-96114 

>  50 

0-98929 

The  property  possessed  by  colloid  ferric  oxide,  to  be  precipitated  from  its  sohitious 
by  the  addition  of  neutral  salts  of  tlie  alkalis,  discovered  by  'Graham,  affords,  ho-n-- 
e\xr,  the  means  of  estimating  the  amount  of  colloid  oxide  present  iu  a  solution  ;  and 
after  its  removal  the  amount  of  unaltered  ferric  eliloride  remaining  may  bo  estimated 
as  usual.  Since  solutions  containing  more  than  1  per  cent,  req-uire  to  be  heated  to  a 
temperature  above  100°  before  they  are  decomposed,  the  experiments  -were  limited  to 
solutions  containing  1  and  a  ^  per  cent,  of  ferric  chloride  respectively.  The  solutions 
were  heated  in  an  apparatus  -which  permitted  a  careful  regulation  of  the  temperature, 
and  allowed  the  taking  of  samples  at  any  desired  temperatm-e,  at  the  same  time  pre- 
venting any  evaporation.    The  experimental  results  may  be  summed  up  as  follows  : — 

1.  In  solutions  of  ferric  chloride  the  amount  of  decomposition  produced  increases 
with  the  rise  in  temperature,  but  is  not  proportional  to  this  rise. 

2.  With  a  constant  temperature  the  amount  of  decomposition  increases  with  the 
time  up  to  a  certain  maximum.  The  increase  is  rapid  at  first,  becomes  gradually 
slower,  and  reaches  the  maximum  after  the  lapse  of  about  twelve  hours. 

The  method  sometimes  employed  for  separating  ferric  oxide  from  manganese,  ceriiim, 
nickel,  and  cobalt,  by  carefully  neutralising  the  solution  with  ammonium  or  sodium 
carl5onate,  and  boiling,  whereby  the  ferric  oxide  is  precipitated,  while  the  other  metals 
remain  in  solution,  may  be  regarded  as  depending  on  the  formation  of  collo'id  ferric 
oxide,  which  is  then  precipitated  by  the  alkali-salt  present.  The  method  proposed  by 
Hofmann  and  Frankland  of  purifying  sewage  by  the  addition  of  ferric  chloride  also 
illustrates  the  same  phenomena.  The  very  dilute  solution  of  ferric  chloride  produced 
is  decomposed,  as  before  described,  even  at  ordinary  temperature,  and  the  ferric  oxide 
precipitated  carries  do-svn  the  other  impurities. 

On  the  decomposition  of  ferric  salts  by  heat,  see  also  Tichborne  {OJiem,  News,  xxiv. 
209). 

Iffltrosulpbldes.  Eoussin,  by  dropping  a  solution  of  a  ferric  salt  into  a  mixture 
of  ammonium  sulphide  and  potassium  nitrite,  obtained  a  salt  (dinitrosulphidc  of  iron) 
in  black  needle-shaped  crystals  to  which  he  assigned  the  formula  Fe^S'(N-0-).H'-^S 
or  FeSN^O-.Fe^S'N'O^.H^S  (iii.  391).  According  to  Porczinsky  (Awi.  Ch.  Pharm. 
cxxv.  302  ;  Jahrcsb.  1863,  289)  this  salt  has  the  composition  Fe^S'(N-0=)'.2H'-'0  or 
FeS.Fe'S-(N'-'0=)'.2H-'0,  and  when  treated  with  potash  gives  off  ammonia,  and  yields 
black  triclinic  crystals  of  the  potassium  salt,  K'S.Fe'S'-(N^O-)^.  Eosenborg  (Bent. 
Chem.  Gcs.  Ber.  iii.  312)  assigns  to  Eoussin's  salt  the  more  complex  formula 
Fe''S^(N''0'^)MI^O,  and  to  the  potassium  salt  obtained  by  treating  it  with  potash, 
the  formula  K*Fe"S''(N''0'^)''  +  19H=0.  The  corresponding  sodium  salt  has  the  formula 
Na^Fe'S'lN'-O-)"  +  24IPO. 

Oxides.  Monoxide  or  Ferrous  oxide. — This  oxide  may  be  obtained  in  the  an- 
liydrous  state  l:iy  the  action  of  carbon  dioxide  on  pure  iron  at  a  red  heat : 

Fe  +  00=  =  00-1-  FeO. 
The  oxide  thus  obtained  is  black,  crystalline,  and  magnetic,  and  agrees  exactly  in 
composition  with  the  formula  FeO.    Heated  to  redness  in  the  air,  it  is  converted  into 
Fe^O<  (Tissandicr,  Compt.  rend.  Ixxiv.  631). 

Ferric  Oxide. — A  native  compound  of  this  oxide  with  cuprous  oxide,  named 
Belafossi/e,  is  contained  in  the  mineralogical  collection  of  the  Ecole  des  Mines,  and  in 
that  of  the  Musce  d'Histoire  Naturelle  at  Paris.  It  consists  of  47-99  p.  c.  Fe'-O',  3-52 
A1=0' and  47'45  Cu-O,  agreeing -^vith  the  formula  (Fo  ;  Al)W.Cu20.  Sp.gr.  =  6-07; 
hardness  —  2-5;  streak,  greyish-black.  It  splits  easily  into  very  thin  perfectly 
opnque  laminse,  soils  the  fingers,  dissolves  easily  in  acids. 

Attempts  to  prepare  this  mineral  artificially  by  heating  a  solution  of  ferric  chloride 
with  cuprous  oxide  to  250°  in  a  sealed  tube  resulted  in  the  formation  of  atacamite, 
the  iron  being  all  precipitated.    This  may  possibly  be  the  natural  mode  of  formation 
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of  atacamite,  Cu-CIH^O',  especially  as  it  is  often  found  associated  with  ferric  oxide 
(Friedel,  Compt.  rend.  Isxrii.  211). 

Ferroso-ferric  Oxides.— R.  Sainte-Claire  Deville  {Ann.  Ch.  Pharm.  clvii.  71) 
has  examined  the  action  of  water  on  iron  and  of  hydrogen  on  ferroso-ferric  oxide.  The 
apparatus  employed  for  oxidation-experiments  consisted  of  a  glass  or  porcelain  tube 
containing  the  iron,  and  communicating  at  one  end  with  a  GeiSsler's  or  Sprengel's  air- 
pump,  at  tho  other  with  a  retort  containing  water  kept  at  a  constant  temperature  by 
surrounding  the  retort  with  ice  or  cold  water.  For  reduction  experiments  the  iron 
was  replaced  by  ferroso-ferric  oxide  and  tlie  retort  by  a  hydrogen-apparatus.  The  tube 
containing  the  iron  or  oxide  was  kept  at  a  constant  temperature  by  immersion  in  an 
oil-  or  mercury-bath  for  the  lower  temperatures,  and  for  higher  temperatures  by  means 
of  the  vapour  of  mercury  (360°),  sulphur  (440°),  cadmium  (860°),  zinc  (1040°) ;  for 
the  highest  temperature  the  tube  was  exposed  to  the  direct  flame  of  petroleum,  the 
flow  of  which  was  regulated  by  stop-cocks.  As  soon  as  the  tension  of  the  gases 
became  constant  at  any  particular  temperature,  it  was  measured,  and  thence  the  tension 
of  the  dry  hydrogen  corJd  be  calculated,  since  the  tension  of  the  aqueous  vapour  was 
known  from  the  temperature  of  the  water  in  the  retort,  which  was  always  lower  than 
that  of  the  other  parts  of  the  apparatus. 

The  following  table  gives  the  results  of  Deville's  experiments,  placed  together  in  pairs: 
the  numbers  in  tlie  first  line  of  each  pair  relating  to  a  water-temperature  of  0°,  that 
in  the  second  to  a  somewhat  higher  temperature,  between  10-6°  and  19°.  This  table 
shows  (1)  the  temperature  of  the  iron  for  each  pair  of  experiments;  (2)  the  tension 
of  the  water-vapour  e  and  c',  as  well  as  the  tension  of  the  dry  hydrogen  h  and  h' ;  (3) 

the  relation  r  =  —  and  j-'  =  - ,  that  is,  the  ratio  of  tlio  tension  of  the  hydrogen  to  that 
e  c' 

of  the  water-vapour,  and  lastly  (4),  the  ratio     which  is  an  expression  of  the  alteration 

taking  place  in  the  relative  quantities  of  the  hydrogen-  and  water-vapours  when  the 
tension  of  the  latter  is  altered  while  the  temperature  of  the  iron  remains  constant. 


200°  Ml  'Itl  r°T.\  0-965 


1040° 


Tension  of  the 

Tension  o£  the 

Water-vapoiu: 

di-y  Hydrogen 

e 

h 

J  4-0 

195-9 

\  9-7 

95-3 

\  4-6 

64-3 

\\bl 

235-1 

5  4-6 

40-4 

{  0-5 

76-3 

\  4-6 

25-8 

^10-1 

67'0 

S  4-6 

12-8 

il3-l 

23-9 

S  4-6 

12-8 

J 12-7 

23-2 

\  4-6 

9-2 

^12-7 

19-1 

(  4-6 

9-4 

il2-7 

17-3 

1  4-6 

,5-1 

(13-3 

11-7 

20  848') 
20-134)' 


265°  \-  1.073 

360°  \  ^%  8;783l  0-915 

MJ.  T.l  °S  1022 


2-783) 

1-  838J 

2-  783/ 


0-661 


860°  0-656 
1040°*  0-702 


2-0431 
1-362/ 


0-647 


The  numbers  in  this  table  show  that  iron  decomposes  less  water  the  higher  it  is 
heated,  and  that  when  the  tension  of  the  water-vapour  is  increased  (by  heating  the 
water  in  the  retort)  the  tension  of  the  hydrogen  likewise  increases,  and  tliat  the 
higher  the  temperatiu-e  of  the  iron,  the  less  is  the  increase  in  the  tension  of  the  hydro- 
gen compared  with  that  of  the  aqueous  vapour. 

The  total  result  is  independent  of  the  quantity  of  iron  or  iron  oxide  employed,  and 
the  tensions  of  the  hydrogen  gas  and  aqueous  vapour  are  always  in  tlie  same  ratio  to 
one  another  so  long  as  the  temperature  remains  constant.  This  state  of  equilibrium 
is  the  same  at  a  given  temperature  whether  aqueous  vapour  bo  made  to  act  upon  iron 
or  hydrogen  upon  iron  oxide. 

1  oxide  was  reduced  by  hydrogen  ;  in  all  the  others,  w.iter  acted  on 
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Furnace-product  containing  Magnetic  Oxide  of  Iron. — This  mineral  was  found  in  a 
cleft  of  the  hearth-stone  (consisting  of  quartz  and  clay)  of  the  coke-fed  blast-furnace 
of  Prevail  in  Carinthia,  and  had  doubtless  been  formed  there.  It  consists  of  fine  steel- 
grey  closely  intergrown  crystals,  strongly  magnetic  and  having  a  sp.  gr.  of  5-63.  It 
gave  by  analysis  76-2  p.c.  Fe  and  23-8  0,  or  79-83  FeO  and  20-11  Fe'O'  (H.  Volker, 
Ann.  Ch.  Pharm.  clxv.  356). 

Lieben,  in  a  note  to  Volker's  paper,  observes  that  the  occurrence  of  crystallised 
magnetic  iron  oxide  as  a  furnace-product  has  often  been  noticed  before,  but  that  such 
products  have  hitherto  been  found  to  agree  in  composition  with  the  natural  mineral 
Fe'O',  or  FeX).Fe-0'.  The  product  above  described  diifers,  however,  both  from  this 
and  from  the  common  scale-oxide  (generally  regarded  as  Fe'O'  =  6FeO.Fe-0^  or  by 
some  chemists  as  Fe"0'  =  4FeO.Fe-0^),  its  specific  gravity  being  higher,  and  its  com- 
position agreeing  with  the  formula  Fe"0'-  or  9FeO.Fe''0'. 

The  constitution  of  these  three  varieties  of  fcrroso-ferric  oxide  may  be  represented 
by  the  following  formulae : — 


Magnetic  iron  ore 
Fe"0' 
0 

Fe,^ 
"^0 


Scale  oxide 
Fe'O' 
,0— Fe^ 


Fe— 0— Fe 
0— Fe 
^0— Fc 


Fui-nace-protiuct, 

Fe"0'" 
0— Fe— 0^ 
/  ^Fe 
Fe— 0— Fe— 0/ 


0— Fe— 0 


/O— Fe-0 
Fe— 0— Fe— 0 


^Fe 


,Fe 


Absorption  of  Salts  from  Solution  hj  Fcrrosoferric  Oxide. — Officinal  ferroso-ferric 
oxide  completely  absorbs  the  nitrates  of  lead,  silver,  copper,  and  zinc,  also  zinc  chloride 
and  the  sulphates  of  copper,  ferrosum,  and  zinc.  Common  alum,  chrome-alum,  and 
tartar-emetic,  are  decomposed  by  the  oxide  in  such  a  manner  that  the  filtrate  con- 
tains sulphate  or  tartrate  of  potassium.  The  salts  above  mentioned  cannot  Ijo 
washed  out  of  the  iron  oxide  by  water  either  cold  or  hot.  The  salts  of  the  alkaline 
earth-metals  are  slowly  absorbed,  those  of  magnesium  and  the  alkali-metals,  also 
mercuric  chloride,  not  at  all.  Ignited  ferroso-forric  oxide  appears  U)  exert  this  absorb- 
ing power  less  strongly.  Ferroso-ferric  oxide  likewise  absorbs  organic  matters  with 
great  facility  (J.  B.  Schober,  N.  Rep.  I'harm.  xix.  345). 

Estimation  of  Iron  and  Analysis  of  Its  Compounds.  1.  Estimation 
hy  means  of  Soluble  Fcrrocyanidcs. — When  to  \i  solution  of  potassium  ferro- 
cyanide,  with  or  without  the  addition  of  a  mineral  acid,  a  ferric  solution  is  slowly 
added,  the  blue  precipitate  at  first  formed  disappears  again,  the  solution  remaining 
blue  and  clear  ;  on  further  addition  it  becomes  muddy,  but  still  always  preserving  its 
character  as  a  blue  solution,  till  suddenly  a  drop  more  of  the  iron  solution  causes 
sudden  coagulation,  the  liquid  soon  separating  into  a  clear  colourless  layer,  and  the  lilue 
flocculent  precipitate  settling  to  the  bottom.  In  the  clear  solution  neither  iron  nor 
ferro-cyanogen  is  present.  This  coagulation  may,  therefore,  be  used  as  an  indication  of 
the  termination  of  the  reaction.    The  experiment  is  best  made  in  a  porcelain  basin. 

To  determine  the  quantitative  relation  of  this  reaction  and  its  applicability  to  the 
estimation  of  iron  and  of  ferrocyanogen,  solutions  of  known  strength  were  prepared 
from  pure  potassium  ferrocyanide  and  ammonio-ferrous  sulphate.  The  latter  was 
oxidised  with  nitric  acid.  Of  the  two  salts  0-1  gram.-equivalent  was  taken,  i.e.  2-11 
grams  of  the  former  and  1-96  gram  of  the  latter  dissolved  to  630  c.c.  Experiment 
showed  that  25  c.c.  of  the  potassium  ferrocyanide  solution  required  for  complete  de- 
composition 32-3  c.c.  of  the  iron  solution,  consequently  that  the  number  of  equivalents 
of  ferrocyanogen  and  iron  concerned  in  the  reaction  are  as  25  ."  32-3,  or  nearly  as  3  4 ; 
in  other  words,  that  3  eq.  ferrocyanogen  require  4  eq.  Fe  or  2  eq.  Fe-0'.  To  obtain 
concordant  results,  the  solution  of  the  ferrocyanide  must  be  diluted  with  water  to  a 
certain  extent,  or  the  reaction  denoting  the  completion  of  the  experiment  will  lie  ob- 
tained too  soon,  i.e.  the  quantity  of  ferric  solution  required  to  attain  this  point  will  be 
less  than  that  which  is  equivalent  to  the  ferrocyanogen  present.  The  addition  of  acid 
is  requisite  even  when  the  above  precaution  is  observed.  (H,  Eheineck,  JDingl.  ijol.  J. 
cii.  154). 

2.  E.itimation  of  Ferrous  Oxide  in  presence  of  Ferric  Oxide  in 
Silicates.  — For  this  purpose  Wilbur  a.  "Whittlesey  {Chcm.  A^ews,  xxii.  2)  mix 
2nd  Sup.  Y  Y 
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the  finely  pounded  silicate  in  a  platinum  crucible  with  an  equal  or  a  larger  quantity 
of  pulverised  fluorspar  or  crysolitpj  and  such  i  quantity  of  hydrochloric  acid  that  the 
crucible  is  about  two-thirds  fillei  by  the  mixcure.  The  crucible  is  placed  on  a  water- 
bath  and  heated  in  a  stream  of  carbon  dioxide  or  coal-gas  till  all  the  iron  is  dissolved, 
which  takes  place  in  ^  to  H  hour,  according  to  the  nature  of  the  mineral.  The  ferrous 
oxide  is  then  estimated  by  titration  in  the  ordinary  way  with  solution  of  permanganate. 
The  metliod  of  solution  here  described  is  said  to  bo  applicable  even  to  ferric  oxide 
which  has  previously  been  ignited. 

H.  Allen  {ibid.  57)  regards  this  method  as  very  exact,  but  suggests  that  it  is  better 
to  titrate  the  solution  of  ferrous  chloride  with  potassium  bichromate,  since,  as  is  well 
known,  the  titration  with  permanganate  does  not  always  give  exact  results,  excepting 
when  the  iron  oxide  is  dissolved  in  sulphuric  acid.  Difficultly  soluble  ferrous  com- 
pounds may  be  dissolved  by  heating  them  with  hydrochloric  acid  under  pressure.  The 
linely  powdered  substance  is  sealed  up  in  a  glass  tube  with  fuming  hydrochloric  acid 
and  heated,  first  in  a  water-bath,  then  to  140°-160°. 

3.  Analysis  of  Chrome-Iron  Ore. — To  estimate  the  iron  and  chromium  in  thia 
ore,  J.  Blodget-Britton  {Chem.  News,  xxi.  266)  mixes  0-5  gram  of  the  finely  pounded 
substance  with  4  grams  of  a  flux  consisting  of  1  part  potassium  chlorate  and  3  parts 
soda-lime,  and  heats  the  mixture  to  briglit  redness  in  a  platinum  crucible  for  an  hour 
and  a  half  or  longer.  The  mass,  which  does  not  fuse  and  is  easily  loosened  from  the 
crucible  by  gentle  tapping,  is  to  be  finely  pulverised  and  drenched  in  a  beaker  glass 
with  18  c.c.  of  water,  the  whole  boiled  for  two  or  three  minutes,  and  mixed,  on  cooling, 
with  15  c.c.  of  hydrochloric  acid  of  ordinary  strength,  which,  on  stirring,  dissolves  the 
whole,  except  a  little  gelatinous  silica. 

a.  To  estimate  the  chromium,  the  liquid  containing  all  the  iron  and  chromium  in 
the  highest  state  of  oxidation  is  diluted  to  3  ounces  in  a  porcelain  basin,  and  a  solu- 
tion of  1  gram  of  metallic  iron  in  dilute  hydrochloric  acid  is  added,  mixed  with  a 
quantity  of  water  sufficient  to  raise  the  volume  of  tlie  entire  liquid  to  8  ounces.  On 
titrating  with  permanganate,  the  diffiarence  between  the  quantity  of  iron  found  and  that 
which  was  weighed  out  gives  the  quantity  of  iron  converted  into  ferric  oxide  by  the 
chromic  acid.  Every  1  part  of  ferric  oxide  thus  formed  represents  0'320  part  metallic 
chromium,  or  0'4663  chromic  oxide.  The  iron,  in  the  form  of  turnings,  is  dissolved  in 
ii  test-tube  closed  ^vith.  a  caoutchouc  stopper,  through  which  there  passes  a  glass  tube 
bent  at  right  angles.  To  accelerate  the  reaction,  and  at  the  same  time  exclude  the  air, 
the  liquid  is  heated  to  boiling. 

p.  To  estimate  the  iron,  the  mineral,  ignited  with  the  flux  as  before,  is  dissolved  in 
15  c.c.  hydrochloric  acid  after  boiling  with  10  c.c.  water  ;  the  whole  of  the  iron  and 
chromium  are  reduced  by  zinc  after  cooling ;  and  the  resulting  ferrous  salt  is  titrated 
with  permanganate.  For  diluting  the  liquid  previous  to  this  last  operation,  cold  water 
acidulated  with  sulphuric  acid  is  used,  as  the  end  of  the  reaction  is  thereby  rendered 
more  distinct. 

4.  Analysis  of  Pig-iron  and  Steel,  a.  Estimation  of  the  Iron. — F.  Kessler 
{Zeitschr.  anal.  Chem.  xi.  249-270)  eiFects  this  by  a  modification  of  the  volumetric 
method  depending  on  the  use  of  potassium  bichromate.  Pure  potassium  bichromate  is 
prepared  by  fusing  the  salt  in  a  glass  bulb  placed  in  a  bath  of  fused  bichromate  ;  the 
inner  part  of  the  salt  thus  prepared  is  found  to  be  perfectly  dry  and  undecomposed. 
A  weighed  quantity  of  this  pure  salt  is  added  to  the  solution  containing  the  iron  (re- 
duced to  the  ferrous  state  by  the  action  of  stannous  chloride,  excess  of  this  latter  being 
decomposed  by  the  addition  of  mercuric  chloride),  and  then  a  normal  solution  (4'91 
gram  per  litre)  of  the  bichromate  is  run  in.  The  end  of  the  reaction  is  noted  by  add- 
ing excess  of  bichromate,  then  a  ferrous  chloride  solution  till  the  blue  colour  with 
potassium  ferricyanide  reappears.  If  copper  be  present  in  any  quantity,  it  must  be 
removed  by  precipitation  with  sulphuretted  hydrogen,  before  the  iron  is  estimated. 
Kessler  estimates  the  oxidation -equivalent  of  potassium  bichromate  as  equal  to  49'1. 

j8.  Estitnation  of  Manganese. — For  this  purpose  Kessler  employs  the  following  solu- 
tions:— 

a.  A  decinormal  solution  of  potassium  permanganate,  containing  3"16  grams  of 

pure  salt  per  litre. 

b.  A  solution  of  antimonious  chloride,  prepared  by  dissolving  14-6  grams  of 

pure  antimonious  oxide  in  concentrated  hydrochloric  acid,  and  diluting 
to  1  litre.    This  solution  is  titrated  against  the  permanganate. 
Solutions  of  sodium  carbonate,  sulphate,  and  acetate  are  required,  containing  respec- 
tlvely  200  and  500  grams  of  the  crystallised  salts  per  litre;  also  concentrated  and 
dilute  acetic  and  hydrochloric  acids,  sulphurous  acid,  and  saturated  bromine-water. 

0'66  gram  of  the  iron  or  steel  is  dissolved,  the  solution  diluted  to  100  c.  c,  and  neu- 
tralised -ivith  sodium  carbonate  solution,  until  a  slight  permanent  precipitate  is  pro- 
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duced ;  this  is  dissolved  by  cautious  additiou  of  dilute  hydrocliloric  acid ;  i -2  c.c.  of  cou- 
ceutrated  sodium  acetate  solution  and  1'2  c.c.  acetic  acid,  or  in  their  place  3  c.c.  of 
sodium  sulphate  solution  are  then  added,  and  the  liquid,  after  dilution  and  boiling,  is 
made  up  to  300  c.c.  and  filtered.  250  c.c.  (  =  "55  gram  of  the  substance)  are  placed  in 
600  c.c.  flask;  150  c.c.  water,  100 c.c.  bromine-water,  and  2  c.c.  sodium  acetate  solution 
added;  after  an  hour,  6  c.c.  of  the  latter  solution  are  added,  and  at  the  end  of 
another  hour,  12  c.c.  of  the  same  substance  ;  the  liquid  is  then  warmed  in  the  watnr- 
bath  till  all  excess  of  bromine  is  driven  off.  The  precipitateis  collected  and  well  washed 
with  dilute  solution  of  sodium  acetate.  The  filter,  with  the  precipitate,  is  then  treated  iu 
a  porcelain  basin  with  5,  10,  or  15  c.c.  of  the  antimony  solution,  15  c.c.  strong  hydro- 
chloric acid  are  added  after  a  while,  and  the  whole  is  digested  till  no  trace  of  an  uu  • 
decomposed  precipitate  remains.  100  c.c.  water  are  then  added,  and  the  solution 
titrated  with  the  permanganate  solution.  K  the  process  is  thus  carried  out,  half  the 
difference  between  tlie  number  of  c.c.  permanganate  corresponding  with  the  c.c.  of 
antimony  solution  used,  and  the  number  of  c.c.  of  permanganate  actually  employed, 
gives  the  percentage  of  manganese  (1  c.c.  of  the  permanganate  being  equal  to  0'5  per 
cent,  manganese). 

Cobalt,  nickel,  or  copper,  if  present,  is  precipitated  together  with  the  manganese ; 
but,  except  in  the  case  of  cobalt,  their  influence  on  the  manganese  estimation  ia  scarcely 
perceptible. 

Colorimdric  Estimation  of  the  Manganese. — Pichard  (Co rend.  Ixxv.  1821)  de- 
scribes a  method  depending  essentially  on  the  conversion  of  the  manganese  into  an 
alkaline  permanganate,  and  the  comparison  of  tlio  colour  of  the  resulting  solution 
with  that  of  a  similar  solution  containing  a  known  weight  of  manganese :  fl'l  gram  of 
finely  divided  material  is  first  carefully  oxidised  by  calcination,  and  then  fused  mth 
2  or  3  decigrams  of  sodium  carbonate.  The  mass  is  dissolved  in  5  c.c.  of  nitric  acid,  to 
which  one  drop  of  hydrochloric  acid  has  been  added,  and  the  manganese  is  oxidised 
after  the  addition  of  10  c.c.  of  water,  by  boiling  the  solution  for  a  short  time  with  O'O 
gram  of  lead  peroxide.  The  clear  liquor  is  subsequently  decanted  into  a  test-glass 
graduated  into  500  c.c.  The  standard  solution  of  permanganate  is  prepared  of 
such  a  strength  that  10  milligrams  of  manganese  are  contained  in  1  litre  of  the  solu- 
tion. 

.Specimens  of  iron,  or  of  iron-ore,  seldom  contain  more  than  5  per  cent,  of  manga- 
nese. If,  therefore,  O'l  gram  of  material  be  taken  for  analysis,  and  the  solution 
obtained  therefrom  be  diluted  until  the  tint  corresponds  exactly  with  that  of  the  stand- 
ard liquor,  then  every  100  c.c.  observed  will  represent  1  per  cent,  of  manganese  in 
the  sample  under  examination. 

7.  Estimation  of^  Carbon  in  Cast  Iron  and  Steel. — The  mode  of  estimating  the  carbon 
by  dissolving  the  iron  in  cupric  chloride  and  oxidising  the  separated  carbon  by  a 
chromic  acid  solution  (iii.  372),  has  been  modified  by  A.  H.  Elliott  {Chcm.  Soc.  J.  [2], 
vii.  ]  82).  To  avoid  the  loss  of  carbon,  which  may  possibly  result  from  the  elimination 
of  part  of  it  in  the  form  of  hydrocarbons  by  the  action  of  the  free  acid  in  the  cupric 
chloride  solution,  Elliott  uses  a  solution  of  cupric  sulphate,  which  docs  not  contain  free 
acid.  He  then  removes  the  precipitated  metallic  copper  by  means  of  cupric  chloride, 
before  proceeding  to  oxidise  the  carbon  with  chromic  acid  solution. 

Eggertz  {Bingl.  pol.  J.  clxxx,  350)  has  devised  a  colorimetric  method  of  estimating 
the  carbon,  founded  on  the  fact  that  cast  iron  and  steel  dissolve  in  nitric  acid  with  a 
brown  colour  darker  in  proportion  to  the  quantity  of  carbon  they  contain  :  O'l  gram  of 
the  iron  or  steel  is  dissolved,  with  aid  of  heat,  in  nitric  acid  of  sp.  gr.  1-2,  and  the 
brown  colour  of  the  solution  is  compared  with  that  of  a  solution  of  cast  steel  contain- 
ing a  known  amount  of  carbon,  both  being  diluted  to  the  same  degree. 

This  method  has  been  modified  by  J.  B.  Britton  {Bingl.  iiolyt.  J.  ccvi.  182)  as 
follows  : — He  uses  sixteen  glass  tubes,  1\  inches  long  and  ^  inch  diameter,  placed  in  a 
wooden  stand ;  those  tubes  are  filled  with  a  mixture  of  alcohol  and  water  coloured 
with  burnt  cofTee.  The  solution  in  the  first  tube  at  the  left  side  corresponds  in  colour 
with  a  liquid  containing  1  gram  of  iron  with  O'S  per  cent,  combined  carbon  dissolved 
in  15  c.c.  nitric  acid.  The  liquid  in  the  next  tube  to  the  right  corresponds  with  the 
same  amount  of  iron,  but  containing  -07  per  cent,  combined  carbon,  dissolved  in 
the  same  amount  of  nitric  acid,  and  so  on,  each  solution  varying  in  colour  so  as  to 
correspond  with  an  increase  of  0-2  per  cent,  carbon.  The  back  of  the  stand  is  covered 
with  thick  white  paper. 

The  sample  to  be  tested  must  be  obtained  in  fine  powder,  1  gram  dissolved  iu  15  c.c. 
pure  nitric  acid  of  specific  gravity  1-42,  diluted  with  30  c.c.  water.  This  solution  is 
filtered  into  a  test-tube  4  inches  long  and  of  a  diameter  the  same  as  that  of  the  tubes 
in  the  stand,  and  the  depth  of  colour  is  compared  with  that  of  the  standard  solution. 
Care  must  be  taken  that  the  nitric  acid  used  is  always  of  the  strength  given  above, 
^  Y  2 


692 


IRON  METALLURGY. 


that  the  liquid  to  be  tested  is  at  the  ordinary  atmospheric  temperature,  that  the  testing 
is  performed  soon  after  dissolving  the  sample,  and  that  all  circumstances  under  -which 
tlie  standard  solutions  and  the  solutions  of  the  samples  are  made,  are  the  same  in 
Loth  cjises. 

W.  D.  Hermann  {Chem.  Soc.  J.  [2],  riii.  375)  considers  that  thecarhon  in  steel  may- 
be most  correctly  estimated  by  combustion  in  a  stream  of  oxygen,  the  carbon  dioxide 
thereby  produced  being  absorbed  as  usual  by  caustic  potash.  The  iron  is  at  the  same 
time  oxidised  to  ferric  oxide,  the  amount  of  -wliich  is  very  constant,  and  serves  as  a 
check  on  the  completeness  of  the  combustion. 

5.  Estimation  of  Snljplmr  and  Phosphorus  in  Iron. — A.  H.  Elliott  estimates  the  sul- 
phur by  liberating  it  in  the  form  of  hydrogen  sulphide,  absorbing  the  gas  in  a  solution 
of  pure  soda  (prepared  from  sodium)  and  determining  the  hydrogen  sulphide  in  the 
acidified  solution  by  means  of  a  standard  solution  of  iodine  {Chem.  News,  xsiii.  76). 

Meineke  {Zeitschr.  anal.  Chem.  x.  280)  dissolves  the  iron  by  means  of  a  solution  of 
cupric  chloride,  and  determines  the  sulphur  and  phosphorus  by  precipitation. 

5  grams  of  iron  in  fine  po-wder  are  dissolved  in  from  1  to  1^-  hour  by  gentle 
warming  -with  a  concentrated  solution  of  cupric  chloride.  After  carefully  decanting 
iiif  the  iron  solution,  the  separated  copper  is  removed  by  the  rene-wed  addition  of 
cupric  chloride,  cuprous  chloride  being  formed,  -which  is  kept  in  solution  by  adding 
common  salt. 

The  insoluble  residue  is  separated  by  means  of  an  asbestos  filter,  -washed,  thro-wn 
-with  the  filter  into  a  beaker,  oxidised  \vith  strong  nitric  acid  and  chlorate  of  potassium, 
evaporated  to  dryness  ;  and  in  the  solution  filtered  therefrom  the  sulphur  is  estimated 
as  barium  sulphate.  To  the  filtrate  ammonia  is  added,  -which  precipitates  iron  oxide 
together  -with  the  phosphoric  acid  ;  this  precipitate  is  dissolved  in  hydrochloric  acid, 
and  the  phosphoric  acid  estimated  by  a  molybdic  acid  solution. 

The  results  obtained  by  this  method  show  a  somewhat  liigher  percentage  of  sulphur 
than  those  obtained  by  the  older  process  of  driving  olf  the  sulphur  as  sulphuretted 
hydrogen,  absorbing  it  in  an  ammoniacal  silver  solution,  and  estimating  the  sulphur 
in  the  silver  sulphide  formed.  Meineke  therefore  supposes  that,  in  the  old  process, 
there  al-ways  remains  a  certain  amount  of  sulphur  not  driven  oflF  as  sulphuretted 
hydrogen. 

If  phosphorus  only  is  to  be  estimated,  the  insoluble  residue  together  -with  the 
separated  copper  is  -washed,  oxidised  as  formerly,  and  evaporated  to  dryness  -\vith 
hydrochloric  acid,  and  the  residue  is  treated  -with  aqueous  ammonia.  There  is  al-ways 
sufficient  iron  oxide  present  to  precipitate  all  the  phosphoric  acid.  In  the  hydro- 
chloric acid  solution  in  -which  the  precipitate  is  re-dissolved,  phosphoric  acid  is 
estimated  by  a  molybdic  acid  solution. 

F.  Kessler  {Deut.  Chem.  Ges.  Ber.  iii.  11)  precipitates  the  iron  and  accompanying 
metals  in  acid  solution  with  potassium  ferrocyanide,  and  estimates  the  phosphorus  in 
the  filtrate :  5-6  grams  of  the  iron  or  steel  are  dissolved  in  nitric  acid ;  the  liquid  is 
evaporated  to  dryness;  the  residue  dissolved  in  hydrochloric  acid;  the  ferric  solution 
reduced  -with  hydrogen  sulphide  ;  42  grams  of  potassium  ferrocyanide  are  added ;  and 
the  -whole  is  diluted  to  518  c.c.  (the  precipitate  occupies  18  c.c,  and  therefore  the  so- 
lution is  diluted  to  518  and  not  merely  to  600  c.c).  260  c.c.  of  the  filtrate  mixed  with 
magnesium  sulphate  and  ammonia  yield  crude  ammonio-magnesic  phosphate,  -which 
must  be  purified  by  solution  in  nitric  acid,  filtration,  and  precipitation  -with  ammonia, 
and  converted  by  ignition  into  magnesium  pyrophosphate  :  ^  decigram  ans-wers  to  1  p.c. 
phosphorus  in  the  iron.  For  further  details  of  the  process,  see  Chem.  Soc.  J.  [2],  x. 
89. 

e.  Estimation  of  Silicon. — H.  Boussingault  estimates  the  amount  of  silicon  in  cast 
iron  and  steel  in  the  dry  -way.  A  quantity  of  the  iron  -weighed  out  in  a  platinum  boat 
is  oxidised  by  ignition  for  several  hours  in  a  mufHe,  and  the  resulting  oxide  is  moder- 
ately heated  in  a  stream  of  dry  hydrogen  chloride.  The  iron  is  thereby  volatilised  as 
chloride,  -while  the  silica  remains  as  a  pure  -white  mass  having  the  structure  of  the  iron 
particles.  The  purity  of  the  silica  may  be  tested  by  moistening  it  with  hydrofluoric 
acid  and  a  drop  of  sulphuric  acid,  and  heating  it ;  if  pure,  it  will  volatilise  -without 
residue  {Ann.  Chim.  Phi/s.  [4],  xxii.  467). 

IROir  IWETAlIiURGY.  I.  Cast  or  Pig  Iron.  1.  Chemistry  of  the 
Blast-Furnacc . — Several  important  points  relating  to  the  Chemistry  of  the  Blast- 
Furnace  have  been  explained  by  1.  Lowthian  Bell  in  a  Lecture  delivered  before 
the  Chemical  Society,  June  18G9  {Chem.  Soc.  J.  [2],  vii.  203).  He  disputes  the 
correctness  of  the  assumption  made  by  Scheerer,  Tunner,  and  Ebelmen,  respecting  the 
existence  of  different  zones  of  action  in  the  blast-furnace, — namely,  an  upper  zone,  in 
which  tlie  reduction  of  the  ore  takes  place,  and  a  lower  one,  in  which  the  reduced  iron 
becomes  carbonised, — on  the  ground  that  such  an  assumption  implies  the  descent  of 
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all  the  lumps  of  ore  at  a  uniform  rate.  This,  however,  is  prevented  by  the  friction  of 
the  lumps  against  the  siJes  of  the  furnace,  and  by  their  different  forms  and  sizes ;  it 
is  likewise  at  variance  with  all  practical  experience.  Neither  is  it  possible  to  admit 
the  existence  of  distinct  zones  of  temperature,  inasmuch  as  the  temperature  at  any 
particular  part  must  vary  with  the  different  chemical  processes  which  go  on,  now  in 
one  part,  now  in  another,  accordingly  as  the  stream  of  hot  gases  meets  with  greater  or 
less  resistance.  Mr.  Bell's  experiments  indicate  that  the  temperature  required  for  the 
reduction  of  iron  oxide  has  hitherto  been  estimated  too  high.  Cleveland  iron  ore,  in 
lumps  of  the  size  of  hemp-seed,  converted  carbon  monoxide  almost  completely  into 
dioxide,  even  at  300°  C.  and  lost  in  15  minutes  39p.c.  of  its  oxygen.  In  the  gases  from 
the  blast  furnace  the  reduction  of  various  iron  ores  began  at  the  molting  point  of  bis- 
mutli,  more  quickly  at  that  of  zinc ;  but  experiments  made  with  ores  in  perforated 
boxes  according  to  the  method  of  Tunuer  and  Ebelmen,  gave  much  less  reduction  at 
the  same  temperatures. 

Mr.  Bell  further  denies  that  hydrogen,  ammonia,  or  cyanogen,  plays  any  essential 
part  in  the  reduction  of  the  ore.  He  finds  that  the  temperature  at  which  iron  sepa- 
rates carbon  from  its  monoxide  is  lower  than  it  has  been  placed  by  former  observers, 
and  that  it  lies  between  the  melting  points  of  lead  and  zinc  (i.e.  at  about  360°).  The 
union  of  the  iron  with  carbon  takes  place  simultaneously  with  its  reduction,  and  the 
conversion  of  the  carbon  into  graphite  depends  only  on  the  temperature  at  which  the 
fusion  and  subsequent  cooling  take  place. 

The  composition  of  the  gases  collected  at  different  depths  of  a  blast-furnace  exhibits 
considerable  variation  ;  and  it  is  only  from  the  composition  of  those  which  issue  from 
the  mouth  that  any  trustworthy  inference  can  be  drawn  respecting  the  chemical  changes 
going  on  in  the  furnace. 

The  saving  of  fuel  by  the  use  of  the  hot  blast  appears,  from  Mr.  Bell's  observations, 
to  be  due,  not  to  the  production  of  a  comparatively  high  temperature,  but  to  the  fact 
that  the  fuel  which  serves  to  heat  the  blast  is  completely  burnt,  and  gives  up  all  its 
hoat  of  combustion  to  the  blast ;  whereas,  in  the  furnace,  the  final  product  of  the  com- 
bustion is  only  the  monoxide,  not  the  dioxide  of  carbon,  and  consequently  the  heating 
effect  of  the  same  quantity  of  carbon  is  reduced  to  one-third  of  its  total  amount. 
Moreover,  the  gases  from  the  mouth  of  a  furnace  worked  with  the  hot  blast  carry  away 
less  heat  than  those  from  a  cold-blast  furnace,  probably  because  the  specific  heat  in- 
creases rapidly  with  rise  of  temperature,  and  an  increased  charge  of  ore  involves  greater 
absorption  of  heat.  As  a  consequence  of  the  preceding  considerations,  and  in  accord- 
ance with  extended  experience,  it  is  recommeuded  that  the  height  of  blast-furnaces  be 
increased  beyond  their  usual  limits. 

2.  Utilisation  of  ike  Eesiducs  fromthe  Burning  of  Iron  Pi/rites  for 
Smelting  in  the  Blast-Furnace . — An  account  of  experiments  made  for  this 
purpose  is  given  by  E.Eichters  (i)/97^Z.^oZ.  J.  cxcix.  292;  Jahrcsb.  f.  Clmn.  1871,  991). 
These  residues  usually  contain  from  3  to  6  p.c.  sulphur,  partly  in  the  form  of  iron 
monosulphide,  or,  if  the  pyrites  contained  blende,  in  the  form  of  unaltered  zinc  sul- 
phide or  of  basic  zinc  sulphate.  Arsenic  and  copper  are  also  often  present.  The 
copper  must  be  removed  before  the  residues  are  smelted  for  iron.  The  experiments 
were  made  in  a  blast-furnace  in  which  450  cwts.  of  iron  were  smelted  daily  with  a 
blast-pressure  of  4  lbs.  per  square  inch,  a  blast-temperature  of  300°-400°  C,  a  con- 
sumption of  coke  amounting  to  150-160  lbs.  to  100  lbs.  of  pig-iron,  and  with  a  pro- 
duction of  slag  amounting  to  between  100  and  110  lbs.  In  addition  to  the  sulphur 
contained  in  the  pyrites  residues,  a  considerable  quantity  was  also  introduced  into  the 
charge  from  the  ash  of  the  coke,  which  contained  from  10  to  12  p.c.  sulphuric  acid. 

The  ore  mixed  with  the  p3Tites  residues  consisted  of  magnetic  iron  ore,  a  small  quan- 
tity of  black  band,  roasted  clay  ironstone,  bog  iron  ore,  and  red  haematite.  The  work- 
ing of  the  furnace  was  greatly  impeded  by  the  complete  want  of  manganiferous  ores, 
which  are  well  known  to  assist  in  carrying  the  sulphur  into  the  slag.  The  fiicility 
of  this  transference  of  the  sulphur  from  the  charge  to  the  slag  depends  very  much  on 
its  mode  of  occurrence.  Sulphur  belonging  to  the  ore  passes  into  the  iron  much  more 
easily  than  that  which  is  contained  in  the  fuel  or  the  fluxes.  A  high  temperature  of 
the  zone  of  fusion,  and  a  basic  constitution  of  the  charge,  are  the  chief  conditions  for 
obtaining  iron  as  free  as  possible  from  sulphur  from  a  charge  rich  in  sulphur. 

In  the  experiments  imder  consideration  the  object  in  view  was  to  obtain  a  pig-iron 
containing  not  more  than  0'04  p.c.  sulphur,  such  as  could  be  used  in  Bessemer  steel 
wurk'i.  The  experiments  were  so  conducted  that  the  proportion  of  pyrites  residues  in 
tile  chartre,  and  the  proportion  of  lime  were  gradually  ina-eased,  till,  on  the  one  hand, 
further  addition  of  lime  was  forbidden  by  the  difficult  fusibility  of  the  slag,  and,  on 
the  other,  the  proportion  of  sulphur  in  the  iron  began  to  exceed  the  maximum  assigned. 
A  charge  which,  independently  of  the  coke,  contained  38'0  p.c.  roasted  magnetic  iron 
ore,  25-5  p.c.  pyrites  residues  (with  1-53  p.c,  sulphur),  Ta  p.c.  raw  black-band,  and 
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35'0  p.c.  limestone,  and  in  which,  including  the  coke-ash,  4-6  parts  of  sulphur  were 
present  to  100  parts  of  iron,  yielded  a  grey  graphitic  pig-iron  containing  0  022  p.c, 
sulphur.  But  as  soon  as  the  temperatiu-o  of  the  zone  of  fusion  was  lowered,  the  slags 
beeanie  more  basic,  and  pig-iron  was  obtained  containing  a  higher  proportion  of  sulphur. 
The  difficulty  of  transferring  the  sulphur  to  the  slag  does  not  increase  in  proportion 
to  the  amount  of  sulphur  present.  An  increase  of  O'o  to  1  p.c.  in  the  charge  may  be 
removed  by  increasing  the  basicity  of  the  charge  from  O'l  to  0'2  p.c. 

To  obtain  iron  still  more  free  from  sulphur,  a  number  of  favourable  influences  must 
co-operate,  especially  a  high  temperature.  The  same  charge  yielded  at  different  tem- 
peratures pigs  containing  0  049,  0'088,  0'096,  and  0'224  p.c.  sulphur.  In  the  charge 
above  specified  the  maximum  quantity  of  lime  was  added,  and  the  slag  thereby  ren- 
dered difficultly  fusible.  To  ascertain  whether,  with  the  use  of  a  given  quantity  of 
lime,  a  more  acid  and  more  fusible  slag  might  not  be  used,  clay  capsules  from  a  por- 
celain manufactory  were  added  to  the  charge.  It  was  found,  however,  that,  according 
to  the  quantity  of  burnt  clay  added,  the  amount  of  sulphur  in  the  pig  was  increased 
to  0-037  and  even  to  0-110  and  0-146  p.c. 

The  pig-iron  obtained  in  these  experiments  was  very  rich  in  silicon :  a  result  due 
simply  to  the  circumstance  that  the  proportions  of  the  charge  which  tend  to  remove 
sulphur  from  the  iron  are  exactly  those  which  tend  to  introduce  silicon  into  it.  The 
smallest  proportion  of  sulphur  in  the  iron  obtained  was  0-013  p.c,  and  this  iron  con- 
tained 3-485  p.c.  silicon. 

Eichters  has  also  analysed  a  blast-furnace  slag  very  rich  in  sulphur,  and  the  iron 
obtained  from  it,  with  the  following  results : — 

SiO»        AI'O"        CaO        MgO       FeO      MnO  CaS 
Slag       .       .    33-18      13-28     42-53     5-93     0-22     0  04  5-90 

Fe        C  (graphite)      Mn  Si  P  S 

Pig-iron  .       .    93-631       4-021       0-791      0-9G1      0-246  0-079 

The  slag  was  crystalline,  light  grey,  and  smelt  strongly  of  hydrogen  sulphide,  especially 
when  pounded.  Although  very  basic,  it  did  not  disintegrate  in  contact  with  the  air. 
The  5-90  p.c.  calcium  sulphide  contained  in  it  answers  to  2'62  p.c.  sulphur.  Never- 
theless, the  proportion  of  sulphur  in  the  iron  smelted  from  it  did  not  exceed  the  ordinary 
limits.  The  result  shows  that  even  with  a  highly  sulphuretted  raw  material  a  good 
iron  may  be  obtained  by  proper  adjustment  of  the  basicity  of  the  charge. 

3.  Compositionof  Pig-iron. — Investigations  on  the  influence  of  the  elements  as- 
sociated with  iron  in  the  pig,  and  the  part  they  play  in  the  conversion  of  the  pig  into 
wrought  iron  and  steel,  have  been  published  by  E.  Eiley  {Chem.  Soc.  J.  [2],  x.  533). 

Analyses  of  different  numbers  or  qualities  (No.  1  denoting  the  best  quality)  of  cold- 
blast  pig-iron  from  the  Low  Moor  Bowling  works  in  Yorkshire,  show  that  the  com- 
position in  the  different  numbers  is  practically  the  same,  the  only  apparent  difference 
being  a  slight  decrease  in  the  proportion  of  silicon  as  the  quality  becomes  lower. 


Bowling  P 

g-Iron. 

1 

2 

3 

Carbon,  as  graphite 

.  3-421 

3-155 

3-361 

3-308 

Carbon,  combined 

.  0-583 

0-581 

0-393 

0-319 

Silicon 

.  1-708 

1-646 

1-382 

1-381 

Iron  , 

.  92-070 

92-644 

92-952 

93-292 

Manganese  . 

.  1-606 

1-472 

1-475 

1-169 

Phosphorus 

.  0-630 

0-635 

0-602 

0-602 

Sulphur 

.  0-073 

0-073 

0-070 

0-081 

Titanium  . 

trace 

trace 

trace 

trace 

The  diminution  in  percentage  of  silicon  with  the  quality  of  the  iron  is  much  more 
apparent  in  hot-blast  pig,  as  may  be  seen  from  the  following  analyses  of  Seend  pig, 
which  likewise  show  that  the  proportion  of  sulphur  is  greater  in  the  lower  qualities : — 


Pig-Iron  from  Seend,  Wiltshire. 


Silicon 

Sulphur 

Phospliorus 

1  . 

.  4-717 

-036 

•867 

2  . 

.  3-659 

•077 

•917 

3  . 

.  3-209 

•096 

•968 

4  . 

.  3-140 

•196 

•724 

5  . 

.  2-257 

•160 

■926 

6  . 

.  2-197 

•248 

•898 

In  Welsh  pig-iron  also  the  percentage  of  sulphur  increases  as  the  quality  of  the  pig 
deteriorates. 
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Analtjscs  of  South  Wales  Fig  from  Clay  Ironstone. 


Grey 

Mottled 

■Wliite 

Grcv 

Ciu-bon 

.  8-U 

2-95 

2-84 

3-(i8 

Silicon 

.  2-16 

1-06 

1-21 

2-22 

Sulplmr  . 

.  0-11 

0-28 

0-4G 

009 

Phosphorus 

.  0-G3 

0-63 

0-64 

0-63 

Iron  . 

.  04-56 

95-39 

95-10 

94-35 

Manganese 

0-50 

0-23 

0-14 

0-33 

Nickel  and  CoLalt 

.  0-05 

004 

0-03 

0-07 

101-15 

101-48 

100-42 

100-77 

Those  results  tend  to  show  that  the  difFerenco  between  srey  .-iiid  past  iron  is 

due,  at  least  in  part,  to  the  larger  proportion  of  sulphur  in  Ihc  lalli'v.  liirterenee  of 
temperature  in  the  smelting  has,  however,  some  effect,  a  lii;;h  lriii])rr;il  ui-e  favouring 
the  production  of  grey  pig.  Mr.  Bell  has  shown,  indeed,  that  whit r  pig-iron  may  Lo 
converted  into  grey  pig  by  exposing  it  to  a  very  high  temperature  {Journal  of  the  Iron 
and  Steellnstitute,  my.  1871, -p.  277). 

It  is  generally  admitted  that  the  best  pig-iron  is  made  from  the  clay  ironstones  of 
the  coal-measures.  Now  this  pig-iron  contains  both  silicon  and  phosphorus,  and  Mr. 
Eiley  finds,  by  analysis  of  various  kinds  of  pig  from  which  the  best  wrought  iron  is 
made,  that  their  average  composition  approximates  very  closely  to  that  of  the  pig 
made  from  clay  band  ironstone.  On  the  other  hand,  pig  iron  which  is  chemically  very 
pure  and  nearly  free  from  silicon  and  phosphorus,  such  as  Swedish  iron,  yields  very 
red-short  -wrought  iron,  and  quite  unfitted  for  the  manufacture  of  -wrought  iron  of  the 
best  quality,  unless  it  be  mixed  with  other  kinds  of  pig-iron  containing  both  silicon 
and  phosphorus.  These  two  elements  appear  therefore  to  play  an  important  part  in 
the  manufacture  of  iron. 

Silicon,  when  present  in  large  amount,  as  in  Bessemer  pig,  reduces  tlie  percentage  of 
carbon  ;  in  inferior  pig-iron  containing  much  ^lulphur  and  pliosphorus  the  percentage  of 
carbon  is  always  low. 

4.  Condition  of  Carbon  and  Silicon  in  Pig-iron. — It  is  well  known  that  in 
grey  pig-iron  the  carbon  exists  in  two  states, /ree  or  graphitic,  and  combined,  or  in  a 
state  of  intimate  mixture.  The  graphitic  particles  are  much  lighter  and  more  friable 
tlian  the  iron,  and  may  be  separated  by  pulverisation,  sifting,  and  levigation  :  in  many 
instances  also  tliey  may  bo  picked  out  with  the  point  of  a  knife.  The  following  deter- 
minations of  the  proportions  of  free  and  'combined'  carbon  in  two  kinds  of  pig-iron 
and  in  the  lighter  portions  separated  by  sifting  and  levigation,  have  been  made  by  G. 
Snelus  (-Journal  of  the  Iron  and.  Steel  Institute,  Feb.  1871,  p.  28)  : — 

Original  LoviRated 
pig      Sittings  imwiler 

■p  ^„„„„,.„.    /Graphite      .        .    3-19       7-79  21-27 

(combined  Carbon    .    0-20  0-17 

,         ,  n        ■   f  Graphite       .         .    2'65       7'015  41-329 
Middlesboroughforgep,g|(.^,^Pj^^^C^^^,^^^^    _    ^.g^  ^.g 

Suelusis  of  opinion  that  the  absorption  of  carbon  by  iron  is  rather  a  caso  of  solution 
than  of  definite  chemical  combination. 

Silicon  invariably  occurs  in  pig-iron,  and  is  never  entirely  absent  even  in  steel  and 
wrought  iron.  In  good  Bessemer  and  in  tool-steel  it  rarely  exceeds  2  or  3  pts.  in 
10,000.    The  following  results  were  obtained  by  the  methods  above  mentioned  : — 

Amount  of  Silicon  fer  cent,  in — 

1  2  3 

Original         Fine  Lsvigated 
pig  sittings  powder 

West  Cumberland  Bessemer  pig  .    2-419       2-380  — 
Dowlais  Bessemer  pig  .       .       .    3-849       3-639  3-158 
Middlesborough  pig     .       .       .    I'Slo       1-610  1-219 
Here  the  silicon,  unlike  the  graphite,  does  not  increase  in  the  finer  portions,  but 
diminishes.    It  remains  with  the  iron  just  as  the  'combined'  carbon  does,  llenco 
Suulus  concludes  tliat  the  silicon  is  in  eonibination  or  in  solution  in  the  iron,  and  is 
never — except  perliaps  in  an  exceptional  case — found  in  the  free  state. 

Eammelsberg  {Bent.  Chem.  Ges.  Ber.  v.  430)  observed  in  the  fracture  of  a  rail  white 
cast-iron  roller  from  the  '  Heinrichshutte'  near  Hattingenon  the  Euhr,  aggregations  of 
regular  octohedrons,  wliicli  gave  the  following  results  by  analysis : — 
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Graphite      Carbon      Silicon      Sulplmr  Phosphorus 
1  121        1-963       1-537      0-113  0-041, 

the  number  of  atoms  of  these  elements  and  those  of  iron  Leing  in^the  ratio  of  1  :  7-6, 
whilst  in  the  crystallised  iron  from  Gleiwitz,  the  ratio  is  1  :  7-9 ;  in  that  from  Loel- 
ling.  in  Cariuthia,  1  :  12  ;  in  that  from  Eothehiitte  on  the  Hartz,  1  ;  19  ;  and  in  iron 
from  Lauchliammer,  1  :  21, 

This  seems  to  be  a  confirmation  of  the  view  of  Snelus  (p.  695),  also  previously 
announced  by  Eammelsberg,  that  cast  iron  does  not  form  definite  compounds  with 
carbon,  but  is  a  mixture  of  the  isomorphous  elements,  iron,  carbon,  silicon,  and  phos- 
phorus. 

Another  white  cast  iron  which  had  been  very  slowly  cooled  under  slag  was  also 
crystallised,  but  not  so  distinctly  as  the  other,  and  showed  the  peculiar  netted  appear- 
ance often  seen  in  substances  crystallising  in  the  regular  system.    It  contained — 
Carbon      Silicon      Phosphorus  Sulphur 
2-820      0-334        0-086  0, 

but  only  a  trace  of  graphite.  According  to  Karsten,  white  cast  iron  contains  no  gra- 
phite at  all ;  but  this  is  not  correct.  Bromeis  a.  Eammelsberg  found  that  '  spiegeleisen ' 
from  Maegdesprung  contains  16-5  p.c,  and  that  from  Lohhiitte  28  p.c.  of  the  total 
amount  of  carbon  in  the  form  of  graphite. 

5.  Cast  Iron  rich  m  Silicon. — The  variety  of  east  iron  technically  called 
'  glazed  pig,'  generally  contains  from  H  to  2  J  p.c.  silicon,  sometimes  as  much  as 
7-8  p.c.  Its  fractured  surface  is  smooth  to  the  touch,  and  brighter  as  the  proportion 
of  silicon  is  greater.  Its  production  requires  a  very  hot  blast  and  a  fbix  containing  a 
considerable  proportion  of  silica  and  alumina.  The  proportion  of  lime  in  the  flux 
must  not  be  too  great,  or  the  silica  will  combine  with  it.  The  use  of  the  alumina 
appears  to  be  to  play  the  part  of  an  acid  in  combining  with  the  lime.  A  charge  of 
3,250  kilos,  of  ore  containing  30  p.c.  iron,  with  100  kilos,  coke  and  600  kilos,  flux 
consisting  of  50  p.c.  silica,  33  lime,  16  alumina,  and  1  manganous  oxide  (the  ratio  of 
the  oxygen  in  the  silica  to  that  in  the  bases  being  as  26  :  17-6)  yielded  a  very  fluid 
casting  containing  7'90  p.c.  silicon,  0-72  phosphorus,  and  2-60  carbon  (S.  Jordan, 
Compt.  rend.  Ixxvi.  1086). 

The  necessity  for  a  very  hot  blast  in  the  production  of  this  variety  of  cast  iron  is 
accounted  for  by  the  fact  that  the  oxidation  of  silicon  evolves  a  large  quantity  of  heat, 
and  that  consequently  an  equally  large  quantity  will  be  required  for  the  reduction  of 
silica  to  silicon  (p.  637).  According  to  Troost  a.  Hautefeuille,  1  gram  of  silicon  burn- 
ing in  oxygen  to  silica  gives  out  7,830  xmits  of  heat  (p.  617) ;  that  is  to  say,  more  than 
twice  as  much  heat  as  carbon  evolves  in  burning  to  carbonic  anhydride  ;  and  if,  as 
often  happens  in  metallurgic  processes,  the  carbon  burns  only  to  monoxide,  it  gives 
off  about  three  times  less  heat  than  an  equal  weight  of  silicon  burning  to  silica. 

Cast  iron  rich  in  silicon  (7  to  8  p.c),  heated  in  a  lime  crucible  under  a  flame  of 
coal-gas  and  oxygen,  reflnes  quite  quietly  without,  sparkling,  the  surface  of  the  metal- 
bath  becoming  covered  with  an  iridescent  film,  which  is  continually  being  thrust  to  the 
sides  of  the  vessel  and  replaced  by  a  new  coating.  The  refining  of  iron  rich  in  carbon, 
on  the  contrary,  is  attended  with  vivid  sparkling.  The  cause  of  this  appears  to  be 
that  the  carbon  burns  to  monoxide,  and  this  gas  at  the  high  temperature  of  the  fused 
metal  is  absorbed  by  it  and  given  up  again  in  the  cooler  parts  of  the  bath,  carrying 
with  it  small  white-hot  particles  of  iron  which  appear  as  sparks.  Silicon,  according 
to  Caron's  observations,  decomposes  carbon  monoxide,  which,  therefore,  in  presence  of 
silicon,  cannot  act  in  the  manner  just  explained.  Its  action  in  preventing  the  form- 
ation of  sparks  may  be  immediately  neutralised  by  adding  a  certain  quantity  of  man- 
ganiferous  cast  iron,  which  quickly  removes  the  silicon  (Troost  a.  Hautefeuille,  Compt. 
rend.  Ixx.  252). 

By  fusing  red  haematite  with  sand  and  charcoal,  Eiley  has  succeeded  in  preparing  a 
silicide  of  iron  containing  as  much  as  21-7  p.c.  silicon.  This  compound  is  quite  in- 
soluble in  hydrochloric  acid,  and  dissolves  but  slightly  in  aqua  regia,  even  after  long 
boiling  {Chem.  80c.  J.  [2],  x.  549). 

Copper  in  Iron. — According  to  C.  Eump  {Arch.  Tharm.  [2],*"cxlv.  231)  the  purest 
iron  of  commerce  is  not  free  from  copper.  This  is  especially  the  ease  in  iron  smelted 
with  coke,  since  coke  alwaj's  contains  iron  pyrites,  and  the  latter  always  contains 
copper.  In  one  case  100  grams  of  iron  yielded  O'l  gram  copper ;  two  samples  of 
Swedish  iron  (cast  and  wrought)  and  two  kinds  of  Hartz  pig  (smelted  with  charcoal) 
contained  only  traces  of  copper. 

6.  Malleable  Cast  Iron. — The  difficultly  fusible  pig-iron  smelted -with  charcoal 
at  Ulverstone  in  Lancashire  may  be  rendered  malleable  by  melting  it  in  crucibles, 


lEON  METALLURGY. 


697 


casting  it,  and  then  heating  tho  very  hard  metal  in  cast-iron  crucibles  with  pulverised 
quartziferous  red  haematite  in  such  a  manner  that  a  bright  red  heat  may  be  attained 
in  2-1:  hours.  This  temperature  is  kept  up  for  three  to  five  days.  For  thick  pieces, 
which  are  afterwards  to  be  bored,  tho  heating  must  be  several  times  repeated.  The 
metal  thus  obtained  is  very  much  like  good  wrought  iron  ;  its  density  is  that  of  cast 
iron  ;  colour  somewhat  lighter  than  that  of  wrought  iron  ;  fracture  mostly  white  and 
fine-grained;  pieces  more  than  8  to  10  mm.  thick  have  an  external  zone  of  wrought 
iron  with  a  nucleus  of  cast  iron  :  thick  pieces  cannot,  therefore,  be  welded.  According 
to  Wedding,  the  metal  to  be  made  into  malleable  cast  iron  must  be  as  free  as  possible 
from  silicon,  phosphorus,  and  sulphur.  The  method  above  described  is  best  adapted 
for  castings  which  are  to  retain  their  exact  form  after  being  rendered  malleable  ;  but 
for  metal  which  is  afterwards  to  be  sliaped  liy  forging,  a  simpler  method  of  preparation 
is  to  melt  pig-iron  with  bar-iron  {Dingl.  pol.  J.  cxcv.  281). 

Poulet,  Nagant  and  Co.  prepare  malleable  cast  iron  by  immersing  the  castings  in  a 
bath  of  easily  fusible  slag  rich  in  iron  {Genie  industricl,  1870,  Mars,  148). 

II.  Wrougbt  Iron.  1.  Prejjaration  of  Pig-Iron  for  the  Pwddling 
process. — J.  P.  Budd  {Dingl.  fol.  J.  cxcvi.  479)  describes  a  method  of  preparation 
intended  chiefly  to  diminish  the  proportion  of  silicon  in  pig-iron.  For  this  purpose 
the  iron  is  run  from  the  blast-furnace  into  moulds,  on  the  sides  of  which  a  paste  of 
ground  haematite  and  water  (sometimes  with  addition  of  Chile  saltpetre)  has  been  dried. 
The  metal,  when  run  into  these  moulds  to  the  depth  of  3^  to  4  inches,  boils  up  strongly, 
gives  out  flames  (?  burning  silicon),  and  a  coating  of  slag  is  formed  on  the^surface  of 
the  purified  cast  iron.  By  this  process  the  amount  of  silicon  in  white  pig-iron  may 
be  reduced  from  1  to  0'002-0  003  p.c.  without  perceptibly  altering  the  proportion  of 
carbon.    Pig-iron  thus  prepared  is  very  easily  puddled. 

P.  Tunner  {Dingl.  pol.  J.  cci.  245)  describes  Henderson's  process,  much  used  in 
North  America,  for  removing  phospliorus  from  pig-iron.  Tho  mould  into  which  the 
iron  is  run  from  the  blast-furnace  is  filled  to  the  depth  of  ^  to  ^  of  an  inch  with  a 
mixture  of  1  part  by  weight  of  fluorspar  and  2  parts  of  iron  ore  (red  hfematite  or 
roasted  spathic  iron  ore),  which  is  so  finely  pounded  as  to  pass  through  a  sieve  of  400 
meshes  to  the  square  inch.  Tho  iron  is  run  from  the  furnace  in  quantity  sufficient  to 
form  a  layer  an  inch  deep  in  the  mould.  By  tho  high  temperature  of  the  iron,  fluorine 
and  oxygen  are  said  to  be  liberated  from  the  mixture,  and  thereby  the  silicon  and 
phosphorus  are  volatilised.  A  pig-iron  containing  2'3096  p.c.  silicon  and  0'4196  p.c. 
phosphorus  yielded  by  this  process  a  refined  iron  containing  no  silicon  and  only 
0']029  p.c.  phosphorus.  The  bar  iron  prepared  from  it  contained  only  0'0087  p.c. 
phosphorus. 

Removal  of  Phosphoric  Acid  from  Iron  Ores. — This  may  be  effected  by  treating  the 
ores  with  sulphurous  acid  either  gaseous  or  in  aqueous  solution.  The  phosphoric  acid 
is  then  washed  out  with  water  and  neutralised  with  lime,  whereby  a  calcium  phosphate 
is  obtained  fit  for  use  in  agriculture.  Tho  ores  thus  purified  yield  pig-iron  free  from 
phosphorus  (J.  Jacobi,  Dingl.  pol.  J.  cci.  245). 

2.  Machine  Puddling . — Several  attempts  have  been  made  to  puddle  iron  by 
machinery,  and  for  some  time  past  mechanical  rabbles  have  been  attached  to  puddling 
furnaces  to  assist  the  workmen  in  the  hea^iy  labour  of  stirring  the  iron  ;  tlieir  use  has 
not,  however,  been  very  extensive,  and  they  are  useless  for  the  purpose  of  bolting  up 
the  iron,  which  is  one  of  the  most  laborious  parts  of  puddling. 

Various  inventors  have  used  a  revolving  chamber  so  as  to  puddle  the  iron  mechani- 
cally, but  with  only  partial  success,  the  chief  difficidty  having  been  to  obtain  a  suitable 
lining  for  the  chamber.  The  problem  has,  however,  at  length  been  successfully  solved 
by  Mr.  Dankes,  whose  rotatory  puddling  furnace  has  for  some  time  past  been  used  in 
America. 

Mr.  Dankes'  machine  consists  of  a  revolving  cylindrical  chamber,  made  with  longi- 
tudinal wedge-shaped  recesses,  which  act  mechanically  in  retaining  the  initial  lining 
in  its  place.  This  initial  lining  may  be  composed  of  any  ore  free  from  silica,  ground 
up  and  mixed  with  lime-cream;  it  is  put  in  like  mortar,  and,  when  dried,  becomes  <a 
refractory  and  sufficiently  coherent  material  to  allow  of  the  inner  lining,  or  fettling,  being 
melted  upon  it  without  either  melting  itself  or  breaking  away  from  the  plates.  It  is 
advisable  to  use  an  anhydrous  ore  for  mixing  with  the  lime,  as  when  a  hydrate  is  used 
and  the  water  of  combination  driven  off,  the  mixture  becomes  rather  crumbly. 

Upon  the  initial  lining  a  quantity  of  any  ore  free  from  silica  is  melted.  For  this 
purpose  ores  containing  water  of  combination  may  bo  used,  as  it  is  soon  driven  off. 
Into  the  melted  bath  of  ore  large  solid  lumps  are  tlirown,  and  these  being  cold,  cause 
the  melted  ore  to  set  round  them,  and  so  fix  them  firmly,  producing  a  rough  internal 
lining,  and  thereby  affording  a  greater  amount  of  surface  to  act  upon  the  iron.  It  is 
not  only  necessary  that  these  lumps  shall  be  moderately  free  from  silica,  and  refrac- 
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tory,  but  also  that  their  texture  shall  be  such  that  they  do  not  crumble  by  heat ;  this 
was  found  to  be  the  case  with  ilmenite. 

Best  tap-cinder  answers  for  this  purpose  very  well,  and  when  iron  ores  cannot  be  got 
free  from  cinder,  there  is  no  doubt  that  iron  scrap  may  be  profitably  oxidised  for  the 
purpose :  Mr.  Dankes,  indeed,  uses  scrap  iron  for  this  purpose. 

The  furnace  is  provided  with  a  closed  rash-pit,  and  the  necessary  air  is  supplied  by  a 
fan-blast ;  nine  jets  of  air  are  introduced  over  the  fire  grate  in  front  of  the  f  tirnace  and 
above  tlie  fuel,  so  that  the  puddler  in  charge  of  the  machine  can  regulate  the  blast, 
and  increase  the  heat  when  required. 

This  furnace  is  a  bad  melter  of  pig-iron,  as  it  takes  a  long  time  and  consumes  much 
fuel  in  using  the  macliine.  The  pig  should  be  melted  in  a  cupola,  or  run  direct  from 
the  blast-furnace. 

After  melting  the  iron,  a  jet  of  water  is  directed  against  the  lining  on  the  descend- 
ing side,  in  order  to  chill  a  portion  of  the  cinder  and  cause  it  to  be  carried  under  the 
iron.    This  appears  also  to  have  the  effect  of  carrying  off  sulphur  from  the  cinder. 

Wlien  grey  pigs  are  used,  it  takes  about  ten  minutes  for  the  boil  to  commence ;  with 
white  pig  the  time  is  much  less,  on  account  of  the  silicon  present  in  the  iron  being  less, 
and  the  boil  commences  in  two  minutes  after  melting.  After  tapping  ofS  the  cinder, 
the  cylinder  is  set  revolving,  and  the  fire  is  urged ;  the  iron  begins  to  boil  violently, 
and  the  carbon  quickly  disappears.  But  little  cinder  is  formed  in  this  part  of  the 
process,  and  most  of  it  is  removed  with  the  ball. 

The  removal  of  the  iron  from  the  chamber  is  effected  by  an  ingenious  arrangement 
consisting  of  a  moveable  piece  or  door  at  the  back  of  the  flue ;  this,  on  removal,  permits 
the  ball  to  be  withdrawn  by  means  of  a  ball  fork  worked  with  a  crane,  by  which  the 
ball  is  placed  on  a  bogie  and  carried  to  the  squeezer  or  hammer. 

In  Mr.  Dankes'  machine  tlie  puddling  is  effected  entirely  by  the  fettling,  the  carbon, 
silicon,  and  phosphorus  being  oxidized  almost  entirely  by  it  and  the  cinder  introduced. 
The  separation  of  the  silicon,  sulphur,  and  phosphorus  by  this  puddling  machine  is 
more  perfect  than  by  hand  puddling. 

Moreover,  the  impurities  in  the  pig  being  oxidized  at  the  expense  of  the  fettling  and 
cinder,  the.  oxides  of  iron  must  be  converted  into  metallic  iron,  and  consequently  tlie 
yield  is  increased  ;  thus  21*602  lbs.  of  pig  gave  of  puddle-bar  23'112  lbs.,  allowing 
94  p.c.  for  the  iron  in  the  pig,  and  1-652  lb.  of  iron  was  reduced  from  tlie  fettling. 

Tlie  present  machinery  in  use  at  iron  works  is  quite  unfitted  for  dealing  with  such 
a  mass  of  iron  as  a  ball  from  Dankes'  furnace ;  the  charge  used  being  600  lbs.,  the 
puddle  ball  would  weigh  about  650  lbs.  Mr.  Dankes  has  invented  a  squeezer  suitablS 
for  such  masses  of  iron,  consisting  of  an  eccentric  grooved  roller,  with  two  smaller 
ones,  and  a  cam  to  tumble  up  the  iron  laterally. 

Iron  thus  produced,  after  being  thoroughly  squeezed  and  re-heated,  can  be  rolled 
out  at  once  into  a  rail  or  large  bar,  and  will  not  require,  as  is  the  case  at  present, 
rolling  into  puddle-bar,  piling,  re-heating,  and  rolling  again. 

Mr.  Spencer,  of  the  West  Hartlepool  ironworks,  has  also  invented  a  revolving 
puddling  machine.  The  converter  is  of  a  rhomboi'dal  form  on  two  of  its  opposite  sides, 
having  the  axes  at  right  angles  with  the  ends  or  discs,  the  remaining  two  sides  being 
parallel  to  the  axis  ;  the  ends  or  discs  are  made  to  revolve  on  rollers  by  suitable  gear- 
ing. The  sides  are  fitted  with  honeycomb  recesses  to  hold  the  fettling,  the  discs  being 
honeycombed  also  for  the  same  purpose. 

The  fettling  used  is  best  tap  ;  it  is  fitted  into  the  recesses,  and  fresh  tap  is  melted 
over  it.  In  some  experiments  made  by  Mr.  Spencer,  the  silicon  and  phosphorus  were 
found  to  be  almost  completely  separated;  from  some  Cleveland  pig  containing  over 
2  p.c.  of  phosphorus  this  element  was  reduced  in  the  puddle-bar  to  less  than  '10,  and 
some  of  this  was  probably  due  to  the  cinder  in  the  puddle-bar  (Eiley,  Chem.  8oo.  J. 
[2],  X.  557). 

III.  Steel.  1.  Manufacture  from  Pig-iron. — Anew  method  of  obtaining  st^el 
from  pig-iron  has  been  invented  by  A.  Berard  {Dingl.  jiolyt.  J.  cc.  470).  The  fuel 
used  is  gas,  obtained  by  passing  over-heated  steam  through  a  layer  of  red-hot  coke, 
the  gaseous  mixture  thus  produced  being  rich  in  hydrogen  and  carbon  monoxide,  poor 
in  nitrogen,  free  from  carbon  dioxide,  and  capable  of  producing  a  very  high  tempera- 
ture. By  regulating  the  draught  over  the  surface  of  the  heated  metal,  either  a  reduc- 
ing or  an  oxidising  action  may  be  obtained.  The  pig-iron  is  run  direct  from  the  blast- 
furnace, or  from  a  cupola-furnace,  on  to  a  hearth  capable  of  containing  from  5,000  to 
6,000  kilograms.  By  alternate  treatment  with  the  oxidising  and  the  reducing  flame 
the  iron  is  freed  from  silicon,  phosphorus,  &c..  with  very  little  loss  by  oxidation. 
Spiegeleisen  melted  on  a  neighbouring  hearth  round  which  the  heated  gases  circulate 
as  they  pass  off,  may  be  added  to  the  iron  on  the  principal  hearth  in  proportions  de- 
termined by  the  kind  of  steel  required.  The  waste  heat  of  the  furnace  maybe  utilised 
for  heating  the  gases  and  the  air  by  which  they-are  to  be  burnt. 
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2.  Comparison  of  Bessemer  and,  Heaton  Steel. — The  two  methods  of  manu- 
facture are  alike  in  this  respect,  that  the  refining  agents  are  brought  into  much  more 
intimate  contact  with  the  iron  than  was  possible  in  the  old  puddling  process.  The 
Bessemer  process  requires  the  use  of  purer  pig-iron  than  that  of  Heaton.  Bessemer 
elfects  the  oxidation  by  means  of  various  oxides  of  iron  ;  Heaton  by  the  use  of  salt- 
petre, which  is  dearer.  The  greater  costliness  of  Heaton's  method  is,  however,  partly 
compensated  by  the  lower  price  of  the  less  pure  pig-iron  which  can  be  used  in  it  (0. 
Schiuz,  Dmgl.pol.  J.  cxcv.  126). 

3.  Use  of  Ferromanganese  or  Spiee/eleisen  inthe  Manufacture  of  Steel. 
— Alloys  of  iron  and  manganese  are  extensively  used  in  the  manufacture  of  steel.  W. 
Henderson  in  Glasgow  prepares  them  by  reducing  a  mixture  of  ferrous  oxide  and 
manganous  carbonate  on  the  hearth  of  a  Siemens'  furnace,  and  fusing  the  spongy  mass 
to  a  regulus  under  a  reducing  flame.  It  does  not  appear  possible  to  obtain  all  the 
manganese  of  the  charge  in  the  metallic  state,  a  slag  rich  in  manganese  being  obtained 
which  may  bo  utilised  in  subsequent  operations.  At  tho  works  of  the  Terre  noire,  la 
Voulte  and  Besieges  Company  in  France,  iron  alloys  containing  23-25  p.c.  manganese 
are  prepared  by  Henderson's  process,  and  used  for  the  manufacture  of  steel.  The  pig- 
iron  is  worked  direct  from  the  blast-furnace,  and  the  re-lieating  and  sorting  are  avoided 
by  tho  use  of  large  qiiantities  of  manganese  alloys.  The  steel  produced  is  soft  and 
specially  available  for  the  manufacture  of  boiler-plates,  armour-plates  for  sliips,  &c. 
From  experiments  by  W.  Fairbairn  it  appears  that  this  steel  is  inferior  to  the  best 
sorts  in  tenacity,  but  that  this  deficiency  is  compensated  by  greater  extensibility  aud 
malleability.  It  appears  to  be  particularly  well  adapted  for  wire-making  (F.  Kohn, 
Dingl.  pol.  J.  excviii.  205  ;  cc.  280). 

4.  Gases  evolved  in  the  Bessemer  Process. — The  gases  evolved  from  the  con- 
verter at  various  stages  of  the  process  have  been  examined  by  Q.  Snelus  {ifjid.  ccii. 
145).  A  fire-proof  tube  was  sunk  into  the  converter  deep  enough  to  prevent  the  access 
of  tho  external  air ;  and  tlie  gas  given  off  was  passed  through  an  iron  tube  into  glass 
tubes  in  which  the  quantities  required  for  analysis  could  bo  sealed  up.  The  results  of 
the  analyses  are  given  in  the  following  table : — 


I. 

II. 

III.         IV.  V. 

VI. 

2  mm. 

4.  mill. 

C  mill.      10  mill.    12  miu. 
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io-"i 

8-57 

8-20       3-58  2-30 
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0 

0-02 

CO 

4-52      10-59  29-30 

31-11 

88-37 
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2-00       2-00       2- 10 

2-00 

(86-58 

85-28      74-83  66-24 
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Hydrocarbons  — 

The  accompanying 

spectra  exhibited  the  follo-ndng  characters: — 

I. 

II. 

III. 

IV.  V. 

VI. 

Continuous       Sodium  Sodium  Complete       Complete  Spectrum 

Spectrum  lino  Potassiuni  Spectrum 

Lithium  with 
lines  Carbon 
lines 

These  analyses  show  that  at  the  commencement  of  the  blast,  notliing  but  carbon  di- 
oxide is  formed,  afterwards  chiefly  carbon  monoxide,  but  no  hydrocarbons.  Snelus 
is  of  opinion  that  this  proportion  is  independent  of  the  temperature,  which  is  lower 
at  the  beginning  of  the  blast  than  afterwards.  Alteration  of  the  temperature  pro- 
duces alteration  of  the  spectrum.  Observations  on  these  results  have  been  made  by 
AV.  M.  Williams  {Chc»i.  iVews,  xxiv.  174),  and  J.  Parry  (ibid.  203). 

Eoscoe  {Cheni.  Neics,  xxiii.  174,  182)  gives  the  following  results  of  observation  of 
the  Bessemer  flame  with  the  naked  eye  and  with  the  spectroscope : — 
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Time  in  Minutes 


First  stage 
0  to  4 


4  to  C 
G  to  8 


Second  stag 
8  to  10 


Third  stage 
U  to  16 


Naked  Eye 


Small  flame  visible 


Small  pointed  flame 

Unsteady  flame  with  explo- 
sions 


Bright  dense  flame 


Flame  bright  in  the  lower 
part,  but  less  dense 

Flame  less  bright  and  smaller 

The  flame  disappears :  blast 
discontinued 


Faint    continuous  spectrum, 

■with  sparks  proceeding  from 

ignited  metal 
Bright  spectrum  with  flashes  of 

the  sodium  lino 
Spectrum  bright,  sodium  line 

permanent,  red  lithium  and 

potassium  lines 

Besides  the  lines  above  men- 
tioned, bright  carbon  lines* 
appear  in  the  red,  green,  and 
blue 

The  green  carbon  lines  brighter 
than  before 

The  carbon  linos  in  the  green 

become  indistinct 
The  bright  carbon  lines  in  the 

green  disappear  suddenly. 

Spectrum  continuous 


The  observations  of  the  alterations  in  the  flame  aiFord  the  means  of  ascertaining  the 
precise  moment  at  which  the  blast  should  be  discontinued. 

Similar  observations  on  the  spectroscopic  appearances  of  the  Bessemer  flame  have 
been  made  by  J.  M.  Silliman  {Sill.  Am.  J.  [2],  v.  297;  Chem.  iVcww,  xxii.  313  ;  xxiii; 
5),  who  has  also  studied  the  colours  of  the  flame  when  \'iewed  at  different  stages  of  the 
process  through  yellow  and  blue  glasses.  He  points  out  that  both  the  colours  thus 
seen,  and  the  lines  in  the  spectrum,  disappear  in  the  reverse  order  to  that  in  which 
they  were  developed.  The  similarity  of  the  appearance  of  the  flame  and  its  spectrum 
in  the  last  stage  to  that  which  it  exhibited  at  the  beginning  is  the  characteristic  indi- 
cation of  the  termination  of  the  process.  The  colours  and  lines  disappear  much  faster 
than  they  appear. 

5.  Phosphoretted  Steel. — The  properties  of  phosphoretted  steel  have  been  ex- 
amined by  L.  Grunor  (Compt.  rend.  Ixx.  571),  with  the  following  results  : — 1.  Phos- 
phorus to  the  amount  of  2  or  3  parts  in  a  thousand  renders  steel  strong  and  elastic. 
It  increases  the  elasticity  and  extensibility  without  altering  the  hardness.  Steel  of 
this  kind,  however,  is  deficient  in  tenacity,  and  is  brittle  without  being  hard.  2.  To 
judge  of  this  want  of  tenacity,  it  is  not  sufficient  to  submit  the  steel  to  a  longitudinal 
stretch  or  to  transverse  pressure,  but  it  must  be  subjected  to  the  acti&n  of  a  blow  or  a 
thrust.  3.  The  quantity  of  saltpetre  employed  in  Heaton's  process  is  not  sufBcient  to 
remove  the  whole  of  the  phosphorus. 

6.  Burnt  Iron  and  Steel. — This  term  is  applied  to  iron  which  has  been  damaged 
by  re-hoating,  or  by  being  excessively  heated  and  exposed  in  the  puddling  furnace 
balling. 

Burnt  iron  is  brittle,  it  displays  the  so-called  crystalline  structure,  and  has  lost  the 
fibrous  structure  and  silky  fracture  of  good  iron.  When  steel  has  been  raised  to  a 
yellow  or  white  heat,  and  then  suddenly  cooled,  it  becomes  brittle,  and  no  longer 
capable  of  tempering,  and  is  worthless  for  the  ordinary  uses  of  steel  until  again  raised 
to  a  welding  heat,  rolled  or  hammered,  and  allowed  to  cool  gradually.  Burnt  steel 
has  a  coarse  granular  fracture,  tlie  facets  of  the  granules  being,  for  the  most  part, 
either  rounded  or  conchoi'dal. 

W.  M.  Williams  (Chem.  Soc.J.  [2],  ix.  790)  infers,  from  the  examination  of  a  large 
number  of  samples  of  burnt  iron  and  steel,  that  the  burnt  iron  is  penetrated  through- 
out by  ferric  oxide,  and  that  burnt  steel  is  much  poorer  in  carbon  than  ordinary  steel. 
He  attributes  the  change  in  both  cases  to  the  absorption  of  oxygen  by  the  heated 
metal,  giving  rise  in  the  one  case  to  ferric  oxide,  in  the  other  to  carbon  monoxide. 
When  such  steel,  still  containing  carbonic  oxide,  is  quickly  cooled,  some  of  the  bubbles 
of  gas  may  be  retained,  giving  rise  to  the  cavities  called  '  toad's  eyes.'  W.  H.  Johnson 

*  Dr.  W.  M.  Watts  has  lately  shomi  that  the  lines  in  this  spectrum,  formerly  supposed  to  be  cai'bou 
lines,  are  really  due  to  the  presence  of  an  oxide  of  manganese  (see  Spectral  Analysis). 
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(Chem.  Kcws,  sxiy.  250)  considers  that  the  oxidation  taking  place  in  the  interior  of  a 
mass  of  iron  is  due,  not  to  free  oxygen,  but  to  carbon  dioxide,  which  is  always  present 
in  the  furnaces  together  with  mouoxide ;  if  the  dioxide  predominates,  oxidation  may 
take  place,  but  in  presence  of  excess  of  carbon  monoxide  the  burning  of  the  iron  is 
impossible.  Eiley  (Chcm.  Soc.  J.  [2],  x.  561)  failed  to  discover  the  presence  of  oxide 
in  burnt  iron,  and  thinks  that  the  change  in  burnt  iron  is  more  probably  due  to  the  par- 
ticles of  iron  becoming  soft  enough  to  arrange  themselves  in  a  highly  crystalline  form, 
and  that  possibly  some  gas  may  remain  between  the  interstices  of  the  crystals.  Brittle 
iron  may  be  rendered  fibrous  by  mechanical  working,  and  fibrous  bar  iron  may  be 
made  red-short  by  fusion.  In  considering  the  quality  of  wrought  iron  and  steel,  it  is 
therefore  necessary  to  look  to  the  mechanical  treatment  to  which  it  has  been  submitted, 
as  well  as  to  its  chemical  composition. 

H.  Caron  {Compt.  rend.  Ixxiv.  662)  finds  that  good  fibrous  wrought  iron,  whether 
heated  in  the  furnace  of  -an  ordinary  forge,  or  in  a  porcelain  tube  through  which 
nitrogen  or  hydrogen  is  passed,  has  a  crystalline  structure  after  cooling.  All  the 
pieces  thus  treated,  when  forged  at  a  red  heat  or  broken  cold,  exhibited  the  same 
qualities  and  the  same  defects,  and  all  were  restored  to  their  primitive  state  by  heat- 
ing to  whiteness.  Since  then  burnt  iron  is  obtained  by  heating  iron  in  a  reducing  as 
well  as  in  an  oxidising  atmosphere,  its  properties  cannot  well  bo  attributed  to  oxida- 
tion, but  appear  rather  to  be  due  to  a  modification  of  its  molecular  structure  by  heat. 

7.  Spitting  of  Steel. — The  following  explanation  of  the  spitting  of  steel  during 
solidificiition  is  given  by  Caron  {Compt.  rend.  Ixx.  451,  453,  1263).  Even  in  a  re- 
ducing flame  confciining  a  large  proportion  of  hydrogen,  iron  is  oxidised  by  the  water 
contained  in  the  flame,  and  the  ferric  oxide  thus  produced  reacts  with  the  carbide  of 
iron  in  such  a  manner  as  to  produce  carbon  monoxide.  This  gas,  developed  during 
the  fusion  in  the  interior  of  the  mass,  breaks  through  the  thin  solid  layer  of  metal, 
and  thus  produces  the  spitting.  The  carbon  oxide  is  not  absorbed  by  the  iron  during 
fusion  and  given  off  again  on  solidification,  but  is  continually  evolved  during  the 
fusion.  The  same  phenomena  take  place  even  when  every  trace  of  excess  of  oxygen 
is  prevented  from  coming  in  contact  with  the  metal,  by  the  use  of  lime  dishes  instead 
of  porous  crucibles.  The  fused  ferric  oxide  in  the  lime  dish  likewise  exhibits  the 
phenomena  of  spitting  on  cooling.  Ferric  oxide  can,  therefore,  absorb  gases  during 
fusion  and  give  them  off  again  on  cooling.  The  nature  of  these  gases  has  not  yet  been 
determined,  but  the  spitting  of  steel  is  perhaps  due  to  the  thin  layer  of  oxide  formed 
during  the  fusion. 

IV.  Preparation  of  Malleable  Iron  and  Steel  direct  from  tbe  Ore.  In 

the  \st  Suppl.  p.  756,  a  description  is  given  of  Siemens' method  of  ol  t.iining malleable 
iron  and  steel  direct  from  the  ore,  by  feeding  the  ores  (oxides)  mixed  with  carbonace- 
ous materials  into  a  revcrberatory  furnace  through  hoppers  of  fire-clay,  tlie  intention 
being  to  effect  the  reduction  of  the  ores  into  spongy  metal  during  their  descent,  and 
the.fusion  of  the  .spongy  metal  so  produced,  on  the  open  hearth  of  the  furnace,  pig-metal 
being  used  to  facilitate  the  fusion.  It  was  found,  however,  that  the  quantity  of  heat 
which  had  to  be  transmitted  through  the  sides  of  the  fire-clay  hopper  was  so  great, 
that  the  process  of  reduction  proceeded  very  slowly,  and  the  hoppers  themselves  were 
rapidly  destroyed  liy  the  intense  heat  of  the  furnace.  The  reduction  of  the  metallic 
iron  in  closed  chambers  of  this  or  any  other  form  which  has  been  tried  cannot  be 
effected  in  less  than  about  36  hours,  and  that  at  a  great  expenditure  of  fuel  for  heating 
the  chamber  externally. 

This  unsatisfactory  result  led  to  the  adoption  of  another  method  of  producing 
spongy  iron  by  means  of  a  rotative  furnace.  This  furnace  consisted  of  a  long  cylin- 
drical tube  of  iron  of  about  8  feet  diameter,  mounted  upon  antifriction  rollers  ;  the 
brick  lining  of  it  was  provided  with  longitudinal  passages  for  heating  currents  of  air 
and  gas,  prior  to  their  combustion  at  the  one  extremity  of  the  rotating  chamber.  The 
flame  produced  passed  thence  to  the  opposite  or  chimney  end,  where  a  mixture  of 
crushed  ore  and  carbonaceous  material  was  introduced.  By  the  slow  rotation  of  this 
furnace  the  mixture  advanced  continually  to  the  hotter  end  of  the  chamber,  and  was 
gradually  reduced  to  spongy  iron.  This  dropped  through  a  passage  constructed  of  re- 
fractory material  on  to  the  hearth  of  a  steel-melting  furnace,  where  a  bath  of  fluid 
pig-metal  had  been  provided.  The  supply  of  reduced  ore  was  continued  till  the 
carbon  in  the  mixture  was  reduced  to  the  minimum  point.  The  rotation  was  then 
arrested  to  prevent  further  descent  of  reduced  ore  ;  spiegeleisen  was  added ;  and  the 
contents  of  the  melting  furnace  tapped  into  a  ladle  and  thence  into  ingots. 

This  rotatory  furnace  was  erected  at  the  Landore  Works  in  Sheffield  in  1869,  and 
it  was  so  far  successful,  that  the  reduction  of  the  ore  was  accomplished  in  a  compara- 
tively short  time.  A  difficulty,  however,  presented  itself,  which  led  to  its  immediate 
al)andonment ;  it  was  found  that  the  spongy  metal  produced  absorbed  sulphur  from 
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the  heating  gases,  and  was  rendered  unfit  for  the  production  of  steel ;  the  spongy  iron, 
moreover,  upon  its  introduction  into  the  steel-melting  furnace,  floated  upon  the 
metallic  bath  without  being  readily  absorbed  into  it,  and  was  in  great  part  reoxidised 
and  converted  into  slag  by  the  action  of  the  flame  in  the  furnace. 

These  experiments  showed  that  the  successful  application  of  reduced  ores  could  not 
be  accomplished  through  their  conversion  into  spongy  metal.  On  the  other  hand,  it 
had  been  observed  that  in  melting  iron  ores  no  sulphiu^  is  absorbed  from  the  flame;  and 
it  was  ultimately  found  that  by  melting  ores  mixed  with  fluxing  materials  in  a  fur- 
nace so  arranged  as  to  accomplish  its  fusion  in  a  continuous  manner,  and  on  a  large 
scale,  the  fused  ore  might  be  acted  upon  by  solid  carbonaceous  matter,  so  as  to  sepa- 
rate the  metallic  iron  in  a  more  compact  form,  while  the  earthy  constituents  of  the  ore 
would  form  a  fusible  slag  with  the  fluxing  material.  Experiments  proved  that  this 
reduction  by  precipitation  of  the  iron  could  be  accomplished  only  at  an  intense  heat, 
exceeding  the  welding  heat  of  iron,  but  that  the  iron  so  produced  was  almost  chemi- 
cally pure,  although  the  ores  and  the  fuel  used  might  contain  a  very  considerable  per- 
centage of  sulphur  and  phosphorus. 

The  rot:itory  furnace  in  which  the  smelting  is  performed  consists  of  a  set  of  four 
regenerators,  of  the  construction  shown  in  the  1st  Suppl.  (p.  756).  The_  rotative 
chamber,  a  vertical  section  of  which  is  shown  in  figure  17,  is  constructed  of  iron,  and 
rests  upon  four  anti-friction  rollers.  Wheel-gearing  is  applied  by  which  either  a  very 
slow  rotative  velocity  of  from  four  to  five  revolutions  per  hour  can  be  imparted  to  the 
chamber,  or  a  more  rapid  velocity  of  about  60  to  80  revolutions  per  hour.  The 
chamber  is  about  7'  6"  in  diameter  and  9'  0"  long,  and  is  provided  with  a  very  refrac- 
tory lining  made  of  bauxite  mixed  with  about  3  p.c.  of  clay,  or  water-glass,  and  6  p.c. 
plumbago  (p.  126). 

Fio,  17. 


A  tap-hole  is  placed  on  the  working  side  for  discharging  the  slag  into  a  cave  below, 
where  it  is  received  in  vessels  mounted  on  wheels.  At  the  two  extremities  of  the 
cylindrical  rotative  chamber  with  its  truncated  ends,  are  large  orifices,  one  of  whicli, 
on  the  side  of  the  regenerators,  serves  for  the  introduction  of  the  heated  gas  and  air, 
as  well  as  for  the  exit  of  the  products  of  combustion,  and  the  other,  facing  the  working 
platform,  is  closed  by  a  stationary  door  hung  before  it  in  the  usual  manner. 

This  rotative  furnace  is  worked  as  follows: — 

The  ore  to  be  smelted  is  broken  up  into  fragments  not  exceeding  the  size  of  peas  or 
beans;  to  it  is  added  lime  or  other  fluxing  material,  in  such  proportion  that  the 
gangue  contained  in  the  ore  and  flux  combines  with  only  a  little  protoxide  of  iron  into 
basic  and  fluid  slag.  If  the  ore  is  haematite,  or  contains  siliai,  it  is  best  to  add  alumina 
in  the  shape  of  aluminous  iron  ore ;  manganiferous  iron  ore  may  also  be  added  with 
advantage.  A  charge  of  about  20  cwts.  of  ore  is  put  into  the  furnace  when  fully  heated, 
while  it  is  slowly  revolving.  In  about  forty  minutes  this  charge  of  ore  and  fluxing 
material  will  have  been  heated  to  bright  redness,  and  at  this  time  from  5  cwts.  to 
6  cwts,  of  small  coal  of  uniform  size  (not  larger  than  nuts)  are  added  to  the  charge, 
whilst  the  rotative  velocity  is  increased  in  order  to  accelerate  the  mixture  of  coal  and 
ore.    A  rapid  reaction  is  the  result :  the  ferric  oxide  being  reduced  to  magnetic  oxide 
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begins  to  fuse,  and  at  the  same  time  metallic  iron  is  precipitated  by  each  piece  of 
carbon,  wliile  the  fluxing  materials  form  a  fluid  slag  with  the  siliceous  ganguo  of  the 
ore.  The  slow  rotative  action  is  again  resorted  to,  whereby  the  mass  is  turned  over 
and  over,  presenting  continually  new  surfaces  to  the  heated  lining  and  to  the  flama 
within  the  rotator. 

During  the  time  of  this  reaction,  carbonic  oxide  gas  is  evolved  from  the  mixture  of 
ore  and  carbon,  and  heated  air  only  is  introduced  from  the  regenerator  to  eflPect  its 
combustion  within  the  rotating  chamber.  The  gas  from  the  gas-producers  is  entirely 
or  almost  entirely,  shut  oif  during  this  portion  of  the  process.  When  the  reduction 
of  the  iron  ore  is  thus  nearly  completed,  the  rotator  is  stopped  in  the  proper  position 
for  tapping  off  the  fluid  cinder ;  after  this  the  quick  speed  is  imparted  to  the  rotator, 
whereby  the  loose  masses  of  iron  contained  in  it;  are  rapidly  collected  into  two  or  three 
metallic  balls.  These  are  taken  out  and  shingled  in  the  usual  way  of  consolidating 
puddled  balls  ;  the  furnace  is  tapped  again,  and  is  ready  to  receive  another  charge  of 
ore.  The  time  occupied  in  working  one  charge  rarely  exceeds  two  hours  ;  and  sup- 
posing that  10  cwts.  of  metallic  iron  is  got  out  per  charge,  the  apparatus  is  capable  of 
turnifljj  out  at  least  5  tons  of  puddled  bar  per  diem.  If  anthracite  or  hard  coke  is 
available  for  effecting  the  reduction  of  the  ore,  it  should  be  crushed  much  finer  than 
when  coal  or  brown  coal  is  used,  the  idea  being  that  each  particle  of  the  reducing 
agent  should  be  fully  consumed  during  the  period  of  chemical  reaction.  If  wood  is 
used,  it  has  to  be  charged  for  the  same  reason  in  still  larger  pieces. 

K  it  is  not  intended  to  make  iron,  but  cast  steel,  the  balls  may  be  transferred  from 
the  rotator  to  the  bath  of  a  steel-melting  furnace  in  their  heated  condition,  and  with- 
out subjecting  them  to  previous  consolidation  under  a  hammer  or  shingling  machine. 

It  is  feasible,  however,  to  push  the  operation  within  the  rotator  to  the  point  of  ob- 
taining cast  steel.  If  this  is  intended,  the  relative  amount  of  carbonaceous  matter  is 
somewhat  increased  in  the  first  instance,  so  that  the  ball,  if.  shingled,  would  bo  of  the 
nature  of  puddled  steel,  or  contain  even  some  carbon  mechanically  enclosed. 

If  now,  after  removing  the  cinder  by  tapping,  from  10  to  1.5  p.c.  of  ferro-manganesc 
or  spiegeleison  is  thrown  in,  and  the  heat  within  the  rotator  is  rapidly  raised  by  urging 
the  influx  of  heated  gas  and  air  from  the  regenerator,  the  metallic  balls  will  soon  be 
seen  to  diminish,  and  presently  a  metallic  bath  only  will  be  found  in  the  furnace, 
which  may  bo  tapped  into  moulds  and  hammered  and  rolled  into  steel  blooms  or  bars 
in  the  usual  manner.  Experience  alone  can  determine  which  mode  of  working  will 
ultimately  pi-ove  the  best ;  but  it  is  probable  that,  for  the  production  of  cast  steel  on 
a  large  scale,  it  will  always  be  more  profitable  to  transfer  the  metallic  balls  to  a  sepa- 
rate melting  furnace,  a  series  of  rotating  furnaces  working  in  concert  with  a  series  of 
steel-melting  furnaces,  to  produce  charges  of  5  to  6  tons  of  fluid  steel. 

In  comparing  upon  theoretical  grounds  this  method  of  producing  metallic  iron  with 
the  operation  of  the  blast-furnace,  it  will  be  at  once  perceived  that,  whereas  in  the 
blast-furnace  the  products  of  combustion  consist  chiefly  of  carbon  monoxide,  and  issue 
from  the  top  of  the  furnace  at  a  temperature  exceeding  350°,  the  result  of  combus- 
tion in  the  rotative  furnace  is  carbon  dioxide,  which  issues  from  the  regenerative 
furnace  into  the  chimney  at  a  temperature  rarely  exceeding  175°.  This  proves  at  once 
a  great  possible  saving  of  fuel  in  favour  of  the  proposed'  method,  and  to  this  saving 
has  to  be  added  the  fuel  required  in  converting  pig-metal  into  wrought  iron  by  the 
puddling  process. 

It  may,  however,  be  asked  why  the  rotating  furnace  should  admit  of  tlie  complete 
comliustion  of  carbon,  whereas  in  the  blast-furnace  such  complete  combustion  is,  as  is 
well  known,  not  possible,  because  each  atom  of  carbon  dioxide  formed  would  im- 
mediately split  up  into  two  atoms  of  carbon  monoxide  by  taking  up  another  atom 
of  carbon  from  the  coke  present.  The  following  explanation  will  serve  to  elucidate 
tliis  point : 

In  the  rotative  furnace  streams  of  carbon  monoxide  are  set  up  within  the  mass 
under  reaction ;  and  this  gas  on  reaching  the  surface  meets  the  current  of  intensely 
heated  air  proceeding  from  the  regenerators,  and  effects  with  it  perfect  combustion 
within  the  free  space  of  the  chamber.  The  carbon  dioxide  thus  generated  comes 
into  no  further  contact  with  carbon  ;  consequently,  it  cannot  be  split  up,  but  is'drawn 
away  unchanged  into  the  chimney,  while  the  evolved  heat  is  taken  up  by  the  sides  of 
the  chamber,  and  transmitted  by  reverberation  and  conduction  to  the  mixture  of  ore, 
fluxes,  and  coal. 

In  this  process  there  are,  therefore,  two  things  to  be  accomplished,  viz.,  the  deoxida- 
tion  of  the  ore,  and  the  fusion  of  the  earthy  matter  mixed  with  it.  Taking,  for  example, 
ha?matito  ore,  consisting  of  ferric  oxide  with  10  p.c.  of  silica,  the  quantity  of  carbon 
necessary  for  its  reduction  will  be  determined  by  the  formula 
Fe=03  -I-  3C, 

which  gives  2Fc  +  SCO. 
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According  to  this  formula,  the  consumption  of  carbon  (taking  its  atomic  ■weight  at  12 
and  that  of  iron  at  56)  amounts  to : 

^  ^        =  0-32  lb.  per  lb.  of  iron  reduced. 

The  heat  absorbed  in  this  reaction  amounts,  according  to  Debus,  to  892  units  per  lb. 
of  iron  produced ;  but,  on  the  other  hand,  the  further  combustion  of  0'32  lb.  of  carbon 
from  the  condition  of  CO  to  that  of  CO-'  by  means  of  the  free  oxygen  introduced  into 
the  rotative  chamber  from  the  regenerator,  yields  : 

0-32  X  5,600  =  1,702  units  of  heat, 
leaving  1,792  -  892  =  900  units 

available  for  heating  the  materials  and  for  melting  the  slag. 

The  quantity  of  materials  to  be  heated  per  lb.  of  iron  produced  would  amount  to — 

Ore  1-59 

Lime  or  other  fluxing  materials    .       .       .       .  0'16 

Total  1-75 

and  taking  the  specific  heat  of  i"e-0'  as  0'154,  as  determined  by  Kopp,  and  the  tem- 
perature to  which  the  materials  have  to  be  raised  as  1,500°  C,  tlie  heat  required  for 
this  purpose  would  not  exceed 

1-75  X  0-154  X  1,500  =  404-5  units. 
To  this  consumption  would  have  to  be  added  the  latent  heat  absorbed  in  liquefying 
the  slag.  The  slag  would  amount  to  0-16  lb.  silica  and  0-16  lb.  lime  =  0  32  lb.  per  lb. 
of  iron  produced  ;  and,  although  wo  have  no  precise  data  from  which  to  ascertain  the 
latent  heat  absorbed  in  liquefaction,  wc  can  hardly  estimate  it  at  more  than  160  units 
per  lb.,  or  at  0-32  x  150  =  48  units,  which,  with  the  above  404'5,  makes  452-5  units, 
or  447-5  units  under  the  900  heat-units  which  are  available,  proving  that  0-32  lb.  of 
pure  carbon  would,  theoretically  speaking,  amply  sulRce  to  produce  1  lb.  of  puddled 
iaar  from  ordinary  haematite  ore,  without  counting,  however,  losses  of  heat  by  radia- 
tion and  from  other  causes. 

In  the  production  of  cast  steel  three  operations  are  essentially  involved,  viz. :  the 
deoxidation  of  the  iron,  the  fusion  of  the  slags,  and  the  fusion  of  the  metal  itself 
with  such  proportion  of  carbon  and  manganese  as  is  necessary  to  constitute  steel  of 
the  temper  required. 

The  theoretical  quantity  of  fuel  required  to  accomplish  these  operations  would 
exceed  that  of  making  wrought  iron,  by  the  fusion  of  heated  metal,  which  may  be 

estimated  at  about  1,000  units,  or  at  =  i-25  lb.  of  carbon  per  lb.  of  steel  pro- 

8,000  ^  ^ 

duced,  which  have  to  be  added  to  the  0-32  lb.  used  in  reduction.  In  fine,  a  ton  of  iron 
ought  to  be  producible  from  haematite  ore  with  6-4  cwts.  of  carbonaceous  matter,  or 
about  8  cwts.  of  common  coal,  and  a  ton  of  cast  steel  with  8-91  cwts.  of  carbon  or  say 
1 1  cwts.  of  coal. 

These  figures  may  never  be  completely  realised ;  indeed,  taking  incidental  losses  by 
radiation,  through  imperfect  combustion,  and  through  imperfect  absorption  of  heat, 
into  account,  we  find  that  the  actual  consumption  exceeds  the  theoretical  limits  about 
three  times,  or  that  a  ton  of  iron  can  practically  be  produced  with  a  consumption  of 
25  cwts.  of  coal,  and  a  ton  of  cast  steel  with  40  cwts.  of  coal ;  but  this  consumption  still 
represents  a  great  reduction  as  compared  with  other  methods  of  production.  (Siemens, 
C'hcm.  Soc.  J.  [2]  xi.  662-678.) 

XSATIXT.  On  the  constitutional  formula  of  this  body  and  its  reduction  to  indigo- 
blue,  see  Indigo  (p.  666). 

XSETBIOBTIC  ACID.  Oxcthjlsulphonic  «cifZ,  C2H«S0^  =  CH-0H.CH'S0'H.— 
The  sodium  salt  of  this  acid  is  formed  by  heating  the  hydrochloride  of  ethylene  oxide 
(ethylene-chlorhydrin)  -with  sodium  sulphite  to  170°-180°  in  sealed  tubes: 

CH^OH  CH-.OH 

I  +  NaSO^Na  =  NaCl  +  | 

C.Ol-H  CH^.SOm. 

The  evaporated  solution  treated  with  boiling  alcohol  yields  sodium  isethionate,  from 
which  the  pure  acid  may  be  obtained  by  treatment  with  sulphuric  acid,  evaporation, 
exhaustion  with  alcohol,  saturation  with  barium  carbonate,  and  decomposition  of  the 
resulting  salt  with  sulphuric  acid  (A.  Collmauu,  Ann.  Ch.  Pharm.  cxlviii.  101). 
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Ammonium  Isetldonafc,  CH-*OH.CH-SO'NH\  melts,  according  to  Strecker,  at  130°, 
and  when  heated  to  210°  gives  off  water  and  is  converted  into  taurine,  C=H'NSO'' 
(v.  699).  H.  Scyberth,  on  the  other  hand,  states  that  it  melts  at  135°,  is  not  altered 
by  heating  to  210°-230°  for  several  days,  but  when  heated  to  230°-240°,  is  decom- 
posed with  frothing,  and  converted  into  'isethionamide  CH-OH.CH-SO''NH-,  isomeric 
with  taurine  {Beut.  Chem.  Ges.  Ber.  vii.  391). 

Homologues  of  Iscthionic  Acid.—Amyl-isethionic  acid,  C^H'=SO-'  =  C^ffOH. 
Cir-'SO^H,  is  formed  by  the  action  of  sodium  sulphite  on  amylene-chlorhydrin  (Falk), 
and  by  the  action  of  sulphuric  anhydride  on  amyl  alcohol  (E.  Schwarz,  p.  65). 

Methyl  alcohol  is  strongly  attacked  by  sulphuric  anhydride,  but  when  the  action  is 
HKule  to  go  on  very  slowly  by  pressing  the  anhydride  into  a  narrow  glass  tube,  and 
introducing  this  into  a  wider  tube  containing  methyl  alcohol,  crystals  form  after  a 
^\■lliIe,  apparently  consisting  of  methylene  sulphite  CII^(SO^)-' ;  these,  however,  after- 
wiirds  disappear,  and  the  alcohol  becomes  more  viscid ;  and  if,  after  all  the  anhydride  is 
absorbed,  the  liquid  be  diluted  with  water,  boiled  for  some  hours,  saturated  with  barium 
carbonate,  filtered,  concentrated,  mixed  with  alcohol,  again  filtered,  and  then  left  to 
stand  over  sulphuric  acid,  a  hygroscopic  crystalline  mass  is  obtained,  which  may  be 
inirificd  by  recrystallisation  from  dilute  alcohol,  and  probably  consists  of  barium 
muthyl-isethionate.    Similar  results  are  obtained  with  butyl  alcohol  (Schwarz). 

Propyl-iscthionic  acid,  C'H«SO*  =  C-H'OH.CHnSO'H,  is  formed  by  the  union  of 
propylene  oxide  with  the  acid  sulphite  of  an  alkali-metal  C-'II'^O  +  HSO'Na  = 
O'H^OH.SO^Na  (Erlenmeyer,  Ann.  Ch.  Pkarm.  clviii.  260). 

XSOBIVRET.    See  Biuhet  (p.  193). 

XSOCXiASE.  A  basic  calcium  phosphate,  4CaO.P-'0^  +  5H-0,  said  to  come  from 
Joachimsthal.  Forms  colourless  triclinic  crystals,  having  a  specific  gravity  =2-95, 
hardness  =1-5  (F.  Sandberger,  /.  pr.  Chem.  [2],  ii.  125). 

XSOBmAPHTHTI..    See  Naphthyi,. 

ISOMORPHISKX.  Structure  of  Isomorphous  Crystals.— KekuU  {Dcut.  Chem.. 
Ges.  Ber.  ii.  652),  from  an  examination  of  the  isomorphism  of  certain  ferrous  salts  with 
magnesium  or  calcium  salts,  was  led  to  infer  that  a  like  crystalline  form  docs  not 
necessarily  imply  a  similarity  of  the  molecules  on  all  sides,  but  may  be  a  consoquoncu 
of  partial  similarity,  and  perhaps  even  of  similarity  on  one  side  only  of  the  molecules. 
This  view  is  supported  by  certain  observations  made  by  H.  Baumhaucr  {ibid.  v.  859) 
on  the  form  of  the  corrosion  figures  produced  by  the  action  of  solvents  on  various  iso- 
morphous  crystals.  These  corrosion  figures  are  mostly  microscopic  hollows  bounded 
by  regular  surfaces,  the  form  of  which  evidently  boars  a  certain  relation  to  the  genera  l 
proportions  of  symmetry  of  the  crystal.  The  figures  produced  o)i  isoimirphous 
crystals  always  exhibit  a  certain  similarity  of  form,  but  have  not  .-ilw.iys  tlir  s.iino 
position  relative  to  the  surfaces  of  the  crystal.  Thus  there  is  no  iniportiint  ilill'i  renco 
between  the  figures  produced  by  water  on  the  isomorphous  members  of  the  nioiio- 
clinic  group,  including  sulphate  of  iron,  sidphato  of  ironandammonium, sulphate  of  nickel 
and  potassium,  and  sulphate  of  nickel  and  ammonium.  The  figures  correspond  in 
position,  although  the  analogous  surfaces  of  these  bodies  do  not  behave  in  exactly  the 
same  manner  (which  is  in  accordance  with  the  slight  differences  of  angle  existing  be- 
tween them).  In  particular  the  figures  on  the  two  latter  salts  resemble  each  other 
very  closely. 

The  group  calcspar,  dolomite,  and  spathic  iron  ore  exhibits  a  contrary  behaviour. 
Hydrochloric  acid  produces  on  the  rhombohedral  cleavage-planes  of  calcspar,  hollows 
of  the  form  of  an  isosceles  triangle,  with  the  apex  towards  the  terminal  summit  of  the 
crystal.  Similar  figures  are  produced  by  hydrochloric  acid  on  the  rhombohedral 
cleavage-planes  of  spathic  iron  ore,  but  in  this  case  the  base  of  the  triangular  hollow 
is  towards  the  terminal  summit  of  the  crystal.  According  to  Haushofer,  dolomite 
behaves  similarly  to  spathic  iron  ore. 

The  resemblance  or  difFeroiicc  in  the  position  of  the  corrosion  figures  in  these 
isomorphous  bodies  appears  to  point  to  a  resemblance  or  diiferoncc  in  the  structure  or 
molecular  form  of  the  crystals. 

XSON-XTRXIiS,  XSOCYATTATBS,  or  CARBXMXD£S.  AUyl-friethyl-fnl- 

N  ((^■'^^" 

phocarbonhosphamide,  „  •:  C-'H' ,  formed  l)y  the  union  cf  allvl  sulphoearbimide  (volii- 
^  ((C=H^)» 

tile  mustard-oil)  with  triethylphosphine  (iv.  611),  is  resolved  by  heat  into  triethyb 
phosphine  sulphide,  and  the  isonitril  of  the  allyl  series  : 

[CS.C-^H^(C=H5)']NP  =  (C=ff)'PS  +  CssX-CTP. 
2nd  Sup.  Z  Z 
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The  isonitrils  of  methyl,  ethyl,  and  amyl  are  formed  in  like  manner.  On  mixing  the  J 
corresponding  sulphocarbimido  with  triethylphosphine,  a  rise  of  temperature  takes 
place,  and  the  odour  disappears,  owing  to  the  formation  of  a  compound  iinalogous  to  ; 
the  siilphocarbophosphamido  above  mentioned.  When  the  mixture  is  further  heated  ', 
under  pressure,  magnificent  crystals  of  triethylphosphine  sulphide  are  deposited  on  ' 
cooling,  and  at  the  same  time  the  pungent  odour  of  the  isonitril  of  the  series  is  de-  | 
veloped  (Hofmaun,  Zcitsi:hr.f.  (Jhcn.  vii.  29). 

ZSOPHTHAX.IC  ACID.    See  Phthalic  Acid. 

ISOPTTRPVRATES.    Sec  PuiiPUEATES. 

ISOPYRE.  Under  this  name  are  included  rarious  massive  minerals  found  in 
European  collections.  The  original  specimens  from  St.  Just  in  Cornwall,  to  which  the 
name  was  given  in  1827  by  Haidinger,  were  anah'sed  \>y  Turner,  who  found  in  them 
47-69  p.c.  SiO',  13-91  Al-'O',  20  07  Fe-0^  1-94  CuO  and  15-43  CaO  (iii.  435).  The  . 
colour  of  this  mineral  is  jet-black,  with  a  few  red  spots  resembling  those  of  blood- 
stone ;  lustre  vitreous;  streak  pale  grey;  hardness  6-5;  sp.gr.  2-912;  fracture  con- 
ehoidal ;  slightly  magnetic.  One  specimen  occurs  on  granite  associated  with  tour- 
malin (Schorl).  An  analysis  by  Maskelyne  a.  Flight  (CAem.  Soc.  J.  [2].  xi.  1049) 
gave : 

SiO=  ArO"  Fe=0=  FeO     CuO  MgO  K-0  Na=0  Li=0  CuO    F.  H=0 

unconi-  com- 
bined bined 

14-33      31-82    12-59  3  03  15-91  13-21  1-66  1  15  0-70  trace  MO  2-28  0-85  =  98-65. 

The  reaction  of  the  mineral  with  potash  showed  that  15-19  p.c.  of  the  silica -was 
present  as  opal,  and  that  it  was  mixed  -nith  a  mineral  approaching  in  composition  to 
the  felspar  type. 

Other  minerals  designated  as  isopyre  consist  mainly  of  silica. 

a.  From  St.  Just.    Dark  brown,  compact,  massive,  and  with  conchol'dal  fracture  and 
semi-vitreous  lustre.    It  carries  opal  in  botryoidal  forms  in  cavities,  and  a  dendi-itic 
accompaniment,  probably  of  pyrolusite,  or  perhaps  molaconite,  occurs  occasionally  as 
an  infiltration.  Native  copper  occurs  with  it  very  sparsely.  Hardness  =  7.  Contains 
Si0=  re=0'  CuO  H=0 

93-04  3-23  1-38  2-72    =    100  37. 

Part  of  the  iron  appears,  however,  to  be  present  as  monoxide  :  the  powdered  mineral  j 
has  a  buff  colour,  changing  on  ignition  to  light  brick- red. 

From  Suckasunny,  New  Jersey.    Dark  olive-green  compact  mass,  with  a  con- 
choi'dal  and  rather  splintery  fracture,  slightly  translucent,  and  with  a  waxy  lustre.  A  ^ 
similar  mineral  from  the  same  locality  closely  resembles  the  brown  Cornish  variety  in  i 
colour  and  characters.  The  green  variety,  when  finely  powdered,  is  of  a  pale  greenish  i 
grey  colour,  changing  by  ignition  to  buff.    It  contains  :  j 

SiO'  Fe=0'  CaO  MgO  H=0  i 

92-79  2-10  0-35  0  35  4-07    =    99-66.  j 

No  portion  of  the  small  amount  of  iron  in  this  mineral  appears  to  be  present  mon-  i 
oxide. 

A  liver-brown  mineral  (7)  associated  with  one  (8)  having  the  appearance  of  jasper,  | 

and  also  coming  from  St.  Just,  closely  resembles  the  mineral  a.    The  jasper-like  ,| 

mineral  associated  with  it  presents  in  parts  the  dull  aspect  and  other  characters  of  { 

massive  ferruginous  quartz;  elsewhere  its  characters  are  those  of  a  jasper  opal.    Iron  j 

ochre,  pyrolusite,  and  melaconite  accompany  it  in  the  former  specimens.    It  occurs  in  a  j 

siliceous  matrix  with  some  of  the  characters  of  a  gossan,  and  is  associated  -with  quartz  ] 

and  a  finely  grained  chlorite  and  ferric  oxide.  , 

These  two  minerals  have  the  following  composition  : —  ^ 


7 

5 

Silica  

.  73-1,5 

76-22 

015 

Ferric  oxide 

.  9-53 

0-05 

.  10-G2 

8-86 

0-30 

0-32 

0-20 

Water  .... 

5-4(i 

4-76 

0-63 

99-23 

100-19 

ISOPYRINE— ISURETINE. 
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After  treatment  with  potash,  y  left  a  residue  amounting  to  25  p.c,  and  S  one  of 
25'63  p.c.  It  is  evident  that  these  minerals  consist  of  opal  in  dijferent  degrees  of 
impurity. 

The  presence  of  ferrous  oxide  in  all  these  varieties  of  opal  may  explain  the  miner- 
alogical  similarity  to  which  their  association  under  the  name  of  isopyre  in  our  collec- 
tions is  due.  Their  source  has  probably  been  mineral  ■waters  charged  at  onco  with 
silica  and  a  ferrous  carbonate.  That  they  aro  only  the  more  characteristic  specimens, 
occurring  in  large  deposits  of  the  same  kind,  is  evidenced  by  the  character  of  the  lodes 
charged  with  copper  ores  at  Botallack  or  the  Bilston  mines,  where  the  neighbouring 
granites  offer  the  conditions  for  furnishing  the  material  (Maskelyne  a.  Flight). 

ZSOPTRZHE.  An  alkaloid  obtained  by  boiling  the  mashed  roots  of  Isopyriim 
thalictrdidcs  with  water,  filtering,  evaporating  to  a  syrup,  and  precipitating  with 
iimmonia.  The  isopyrine  may  be  dissolved  out  of  the  dried  prccipitite  with  ether.  It 
h;is  a  bitter  taste,  and  forms  an  amorphous  hydrochloride. 

P.'<eudoiiop!/rine. — When  the  residue  obtiiiued  by  boiling  tlie  roots  with  water  is 
digested  with  alcohol,  the  resulting  liquid  evaporated  till  all  alcohol  is  removed, 
ammonia  added  to  the  watery  residue,  and  the  ensuing  precipitate  treated  with 
ether,  another  alkttloi'd  is  dissolved  out,  whicli  crystallises  in  stellate  groups  of  needles. 
The  two  alkaloids  maj,  if  present  together  in  solution,  be  separated  by  adding  very 
dilute  hydrochloric  acid  and  ammonium  chloride,  whereby  psoudoisopyrinc  only  is 
thrown  down  as  chloride. 

These  alkaloids  have  not  yet  been  further  examined  (F.  A.  Hartsen,  Cf/cm.  C'aiir. 
1872,  523). 

XSOTAVRXM'E.    Sec  Taurine. 

f  NH 

XSURZSTXNE,  CIl'N-0  =  C<^  NH.OH.    (Lessen  a.  Schiffcrdccker,  Zcilschr.  fur 
. 

Chan.  vii.  594  ;  Ann.  Ch.  Pharm.  clxvi.  295).  A  base  isomeric  with  urea  produced 
by  digesting  an  alcoholic  solution  of  hydroxylamino  with  strong  hydrochloric  acid  at 
40°-50°.  On  evaporating  the  liquid,  isuretine  is  deposited  in  largo  crystals  which 
may  be  purified  by  recrystallisation  from  aqueous  alcoliol. 

Isurotino  is  very  soluble  in  water,  less  soluble  in  alcohol,  slightly  in  ether,  insoluble 
in  benzene.  It  has  a  strong  alkaline  reaction,  and  molts  with  incipient  decomposition 
at  104°-105°.     The  crystals,  which  somewhat 

resemble  those  of  urea,  havo  been  examined  by  Fig.  18. 

Klein  {Ann.  Ch.  Pharm.  clxvi.  179).  They  have 
very  smootli  faces,  whicli  reflect  moderately  well, 
but  after  a  few  minutes'  exposure  to  the  air,  be- 
come dull,  from  absorption  of  moisture,  and  the 
previously  sharp  edges  begin  to  melt  oflp.  The 
angular  measurements  aro  therefore  attended  with 
coiLsiderable  difficultv. 

The  crystals  (fig.  18)  belong  to  the  rhombic 
svstem,  a:b:c=  0-65563  :  1  :  1-12041.  Funda- 
mnntal  angles:  ooP  :  aoP=113°30';  foo  :  l-co 
=  83°  30'.     Observed  faces  :ooP  (?«),  foj  (a), 

P  P 
1;^  (o),  more  rarely  OP,  still  more  rarely  r  ^.  Char- 

nctor  prismatic  in  the  direction  of  goP.  Colour 
wliito ;  only  tlie  small  crystals  are  perfectly 
transparent.    No  distinct  cleavage  perceptible. 

The  plane  of  the  optic  axes  is  a  b.  The  first 
positive  median  line  is  at  right  angles  to  the  per- 
pendicular truncation  of  the  acute  lateral  edge, 
and  therefore  coincides  with  b.  The  optic  axes 
.nre  more  divergent  for  tlie  red  than  for  the  blue 
ri\ys. 

Very  remarkable  is  the  occurrence  in  this  body  of  the  rhombic  sphenoid,  1  i",  which 

P 

is  much  more  frequently  developed  than  its  correlative,  r  —  .  Here,  indeed,  it  is  im- 
possible to  overlook  a  certain  tendency  to  hemihedral  formation,  which  is  common  to 
tlic  two  isomeric  bodies,  urea  and  isuretine;  in  the  former  the  quadratic  primary 
pyramid  likewise  occurs  as  a  sphenoid. 
Solutions  of  isuretine  give  with  copper  sulphate  a  dirty  green,  with  lead  nitrate  a  white 
z  z  2 
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precipitate,  with  mcrcurio  chloride  a  precip)itate  which  is  at  first  bulky  and  yellowish- 
wliite,  afterwards  denser  and  dark  yellow.  AVith  si/vcr  solutions  no  precipitate  is 
doposited,  but  on  applying  heat  the  silver  is  reduced.  Ferric  chloride  gives  a  reddish- 
browji  colour,  which  disappears  on  addition  of  hydrochloric  acid. 

IsurUine  hydrochloride,  N-CH*0.HC1,  crystallises  in  deliquescent  rhombic  tables, 
excessively  soluble  in  water,  melting  at  about  60°.  The  sulphate,  (N-'CH-'O)-H'-SO', 
acid  oxalate,  N=CH^O.C-O^H'-,  and  picrate,  N'^CH'O,  CWl^O'^yO.  are  all  crystal- 
lisable. 

Decomposition  by  Heat. — Isuretine  heated  beyond  its.  melting  point,  readily  decom- 
poses, evolving  a  small  quantity  of  permanent  gas,  and  giving  a  considerable  sublimate 
of  ammonium  carbonate.  A  yellowish  amorphous  residue  is  left,  from  which  boiling 
water  extracts  a  yellowish  substance  very  slightly  soluble  in  water,  and  presenting  the 
composition  and  essential  characters  of  ammelide,  N'C^H^O^  The  portion  of  the 
residue  insoluble  in  boiling  water  has  substantially  the  composition  of  ammelide.  This 
residue  boiled  with  nitric  acid  furnishes  cyanuric  acid. 

Decomposition  by  Hot  Water. — A  solution  of  isuretine  in  its  own  weight  of  water 
evaporated  on  a  water-bath  undergoes  decomposition,  with  evolution  of  nitrogen,  am- 
monia, and  carbonic  anhydride.  The  mother-liqnors  contain  lu^ea,  ammonia,  guanidinc, 
and  other  substances  apparently  uncrystallisable.  When  dilute  solutions  are  employed, 
very  little  urea  is  formed,  the  isuretine  takes  up  the  elements  of  water,  and  a  solution 
of  ammonium  formate  is  produced ;  hydroxylamine,  NH'O,  which  is  formed  at  the  same 
time,  being  represented  only  by  its  products  of  decomposition,  viz.,  nitrogen,  ammonia 
and  water : 

CH'N=0  +  2H=0  =  CH(NH')0-  +  NH'O 
A  similar  reaction  takes  place  when  isuretine  is  boiled  with  dilute  sulphiu'ic  acid, 
.formic  acid  distilling  over,  and  the  residual  solution  containing  ammonia  and  hj-droxyl- 
amine. 

An  aqueous  solution  of  isuretine,  shaken  up  with  benzoyl  chloride,  deposits  di  beuz- 
hy  dr  oxamic  acid,  NH(C'H50)20  (p.  155). 

ITACONIC  ACIX>,  C^H^O^  Wlien  a  saturated  solution  of  potassium  itaconate  is 
submitted  to  electrolysis,  carbon  dioxide  is  evolved  from  the  positive  electrode,  to- 
gether with  a  modification  of  allylene  which  does  not  precipitate  ammoniacal  silver 
nitrate.  This  allylene  unites  with  bromine,  forming  a  dibromide,  C^H^Br-,  and  this, 
when  heated  with  excess  of  bromine,  forms  a  crystalline  tetrabromide,  C^H^'Br'. 
During  this  reaction  a  small  quantity  of  hydrobromic  acid  is  formed,  indicating  prob- 
ably that  the  allylene  is  accompanied  by  propylene.  After  the  electrolysis  has  pro- 
ceeded for  some  time,  a  modification  of  allylene  capable  of  precipitating  ammoniacal 
solution  of  silver  nitrate  is  evolved.  This  may  perhaps  be  due  to  the  decomposition 
of  mesaconic  acid,  which,  together  with  acrylic  acid,  is  found  in  the  solution  after  the 
electrolysis.  No  pyrotartaric  acid  has  hitherto  been  found  among  the  products,  but  if 
wo  suppose  it  to  be  formed,  the  propylene,  carbon  dioxide,  and  acrylic  acid  may  be  re- 
garded as  products  of  its  decomposition  : — 

C=H\COOH)=  +  H-  =  C^ff(COOH)^ 

Itaconic  acid  Pyi-otartario  acid 

C^H'-XCOOH)'  =  C'H=  +  2C0^  -i-  H- 

Pyrotartaric  acid  Prc- 
pylenc 

C^H»(COOH);'  +  0^  =  C^H'CCOOH)  -i-  2C0=  -1-  H-0 

I'yrotartaric  acid  Acrylic  acid 

Potassium  citraconatc  gives  by  electrolysis  carbon  dioxide  and  an  allylene  containing 
an  atom  of  hydrogen  replaceable  by  metals,  apparently  also  acrylic  and  mesaconic  acids. 
Potassium  mesaconate  gives  carbon  dioxide  and  allylene,  which  is  precipitated  by  a 
silver  solution.  The  other  products  of  the  decomposition  are  probably  acrylic  and 
itaconic  acids. 

The  formula  of  the  three  allylencs  is  not  decided,  but  the  one  obtained  from  itacoiiic 
acid  is  not  identical  either  with  ordinary  allylene  or  with  those  obtjiined  frcui 
citraconic  and  mesaconic  acids  (G.  Aarland,  J.  pr.  Chcm.  [2],  iv.  376  ;  vi.  256  ;  vii. 
I.i2). 

Neutral  itaconate  of  sodium  or  ammonium  gives  with  ferric  chloride  a  brown  pre- 
cipitate soluble  in  excess  of  the  reagent.  This  solution  when  heated  rodcposits  the 
precipitate,  which,  however,  dissolves  again  as  the  solution  cools  (Aarland). 

Itaconic  acid  in  moderately  strong  solution  heated  for  some  hom's  with  neutral  po- 
tassium sulphite,  yields  the  potassium  salt  of  sulpho-pyrotartaric  acid,  C^H^SO", 
which  is  obtained  as  a  syrupy  liquid  by  evaporation,  and  as  a  gummy  mass  by  pre- 
cipitation with  alcohol  (AYieland,  A?iu.  Ch.  Fharm.  clvii.  34). 

When  itaconic  acid  is  heated  Avith  anhydrous  hydrocyanic  acid  to  a  temperature  of 
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HC-loO^,  a  syrupy  mass  is  olitaiiicd,  whicli,  after  exposure  to  tlio  air  to  allo^v  the  ex- 
cess of  hydrocyanic  aciil  to  rsr.-ipc,  viiMs  liy  fractionation  ci  tra con i c  a eid .  The 
syrupy  mass  probably  conlMin-;  .-i  hy< i i-o.'v:niic  addition-product,  C"H"NO',  althougii  all 
attempts  to  isolate  this  rnijii-ouiid  J.iilcd  ;  Imt  if  this  s^Tupy  mass  is  allowed  to  remain 
under  the  air-pump  till  it  has  lost  the  odour  of  hydrocyanic  aciil,  a  gentle  warmth 
suffices  to  reproduce  this  odour,  and  treatment  with  soda  causes  the  liberation  of 
ammonia  and  the  production  of  mcsaconic  acid  (Barbaglia,  Dent.  Chcm.  Gcs.  Ber.  vii. 
465). 

ITAnZAX.XC  ACID,  C^ffO^  CMoritamalic  acid,  C^H'C10^  is  obtained  by 
passing  chlorine  into  a  solution  of  sodium  itaconate,  adding  hydrochloric  acid,  evapo- 
rating to  dryness  in  a  retort  over  the  water-bath,  and  exhausting  the  residue  with 
ether.  The  ethereal  sohition  after  some  time  deposits  chloritamalic  acid  in  the  crys- 
talline form. 

Chloritamalic  acid  differs  from  chlorocitramalic  acid  in  forming  very  much  smaller 
crystals,  and  in  not  giving  a  crystalline  precipitate  with  barium  acetate,  even  when 
the  solution  is  very  concentrated.  It  forms  salts  witll  difficulty,  chiefly  because  of  its 
proneness  to  decomposition  in  presence  of  bases. 


J 

TASEZTX:.    800  NEPHRrrE. 

jErFERSOWITE.  This  mineral,  a  variety  of  augito  (iii.  4-13),  occurs  at 
Franklin,  Now  Jersey,  in  lamince  formed  by  the  cleavage  of  raonoclinic  crystals  in  the 
direction  of  the  orthopinacoid  coPoo  .  The  cleavage  is  perfect  in  this  direction,  diffi- 
cult in  the  direction  of  the  clinopinacoi'd  (  ooPoo  ).  Angle  ooPoo  :  (  ooPco  )=  90°  4.j'. 
The  mineral  is  translucent  in  thin  laj'ers,  with  a  vitreous  lustre,  and  breaks  with  an 
unctuous  but  imequal  fracture.  Colour,  deep  green;  hardness,  5'.5  ;  density,  3'G3. 
Before  the  blowpipe  it  melts  to  a  slightly  magnetic  black  enamel,  and  gives  with 
sodium  carbonate  and  nitre  a  strong  reaction  of  manganese.  It  is  not  attacked  by 
acids. 

Analysis  gave — 

SiO=     A1=0'      CaO       MnO        FeO       JfgO      ZnO  H=0 
45-90    0-85    21'55    10-20      8-91      3  61    10-15    0  35  =  101-57 

The  oxygen  ratio  calculated  from  these  numbers  leads  to  the  formula  KO.SiO-.  The 
percentage  of  zinc  here  given  is  much  larger  than  that  found  in  former  analyses  (Pisani, 
Compt.  rend.  Ixxvi.  237). 

JSHtVEC  ikCSD.    An  acid  occurring  in  white  hellebore  root  (p.  G41). 

JBKVIlffE.  '''Iii'-^  alkaloid,  lirst  obtained  by  Kimon  from  Ihe  root  of  Veratnun 
n(7)H«i  (iii.  445),  exists  also  ill  ]' .viridc  Jmm  which  may  lie  prepareil  pure  by  the 
following  process  :- The  tinely  powdered  root  is  thoroughly  exhausted  witli  strong 
spirit,  and  the  tincture  is  evaporated  to  a  small  bulk,  acidulated  with  acetic  acid,  and 
mixed  with  v.  ater.  The  resin  thereby  precipitated  is  separated  by  filtration  ;  the  fil- 
trate is  concentrated,  and  rendered  strongly  alkaline  with  sodium  carbonate  ;  the  re- 
sulting precipitate  is  dried,  and  boiled  with  strong  spirit,  till  nothing  more  is  dis- 
solved:  the  alcohdlic  solutidti  is  evaporated  to  dryness;  ;ind  the  residue  digested  in 
hot,  vii y  diliilr  ^uljihui  ic  arid.  Tin'  granular  powder,  which  separates  on  cooling,  is 
jcrvino  suli'liale,  wliii-li.  atl(  i-  wasliiiis-,  is  decomposed  by  boiling  it  with  strong  solu- 
tion of  sodium  carbonate.  .Jerviiie  then  separates  as  a  granular  powder,  which  is 
washed,  dissolved  in  acetic  acid,  and  again  precipitated  by  ammonia. 

When  a  minute  fr.agraent  of  jervine  is  moistened  on  a  glass  slide,  with  a  drop  of 
strong  sulphuric  acid,  it  changes  first  to  a  straw-yellow,  and  then  gradually  to  a  green 
colour.  This  reaction  is  characteristic  and  delicate  (C.  Mitchell,  Pharm.  J.  Trans,  iv. 
70G). 

JUGliABIDIC  ACXD.  An  acid  said  to  be  obtained  from  the  bark  of  jtiglans 
cincrcn.  and  described  as  crystallising  in  short  orange-yellow  needles,  apparently  re- 
lated to  chrysophanic  acid  (Thiebauld,  Phurm.  J.  Trans.  [3],  ii.  1033). 

JUUAnriTE;.  A  iniih  i-.d  '  rvi'l  iiig  iu  the  Frederike  Juliane  Mine, at  Eudelstadt, 
in  Silesia,  m  small  1"1  rx  '  '  ^  '  1 ;  lline  aggregations,  pienetrating  calcite  or  covering 
druses  of  that  miner:'!.  (  '  \  ,!:;■  r  rharaetcrs.  indistinct ;  form,  cube  in  combination 
with  dodecahedron.  llar.lii.  >.;  \  .  n  small.  Brittle.  Fracture,  splintery  or  slightly 
couchoiVlal,    Specific  gi-avity.  5-12.    Colour  of  fresh  surface,  dark  lead-grey,  with  a 
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slight  tingo  of  red,  soon  turning  black.  Composition:  gopper,  52-298;  iron,  0787; 
silver,  0-538;  sulphur,  26-503;  arsenic,  16-782;  antimony,  1-421  =  08-329.  The 
deficiency,  1-651  per  cent,  is  believed  to  be  duo  to  loss  of  arsenic,  and  calculated  as 
such  in  the  formida,  (^^„As.  ^jSb)-  (Cu ;  Ag-)^S^ 

.Julianite  is  isomeric  and  isomorphous  with  bornito  (H.  Websk}',  Jahrhucli  f.  Miner- 
alogie,  1872,  218). 

TUirXPER.  E.  Douath  {Dingl.  pol.  J.  ccviii.  300)  has  analysed  the  berries  of 
Junipcrvs  comnmuis  -with  the  following  result : 


Water  . 

.  29-44 

Juniperin 

.  0-37 

Essenffial  oil  . 

.  0-91 

Pectin  . 

0-73 

Formic  acid  . 

.  1-86 

Protein  substances  . 

.  4-45 

Acetic  acid 

0-94 

Sugar  . 

.  29-65 

Malic  acid 

0-21 

Cellulose 

.  15-83 

Fat,  resembling  wax 

0-64 

Mineral  constituent-. 

.  2-33 

Green  resin  . 

.  8-46 

Hard  brown  resin  . 

.  1-2'J 

9711 

K 

KAXxriTE,  MgS0'.KC1.3H=0.  This  double  salt,  o-i-igiualTy  found  at  Stsissfort 
{\st  SiippL  764),  occurs  also  at  Kalusz  in  Galieia,  in  two  horizontal  beds  from  70 
to  80  feet  thick,  without  any  intervening  layer,  and  mixed  with  only  small  quantities 
of  sylvin  and  rock-salt. 

The  first  three  of  the  following  analyses  are  by  K.  v.  Hauer  {Jahrh.  gcol.  Eeichsan- 
stalt,  XX.  141).  A,  gives  the  composition  of  the  principal  deposit  consisting  of  granu- 
lar black-brown  masses  with  small  yellowish  and  white  spots  ;  B.  light  ypUow  laminar 
particles  often  occurring  in  great  numbers ;  C,  honey-yellow  transparent  imbedded 
particles  occurring  but  rarely.  D,  is  an  analysis  of  the  same  by  Tschermak  {Wien. 
Acad.  Bcr.  (1  Abth.)  Ixiii.  311).    E,  is  the  composition  of  the  pure  salt  calculated 


according  to  the  formula  above  given. 

A 

B 

C 

D 

E 

SO^ 

20-46 

20-26 

32-24 

32-34 

32-19 

CI 

28-01 

30-84 

15-03 

14-56 

14-28 

MgO 

10-16 

10-17 

16-12 

16-75 

16-10 

K 

16-38 

13-07 

15-25 

15-66 

15-69 

Na 

7-97 

11-60 

0-69 

0-03 

"Water 

14-36 

14-12 

21-37 

20-73 

21-74 

Clay 

3-41 

0-16 

100-75 

100-22 

100-70 

100-07 

100 

One  part  of  water  at  17°  dissolves  0-467  part  of  the  anhydrous  crude  kainite;  tlio 
density  of  the  saturated  solution  is  1-256  (v.  Hauer). 

According  to  A.  Jacot  {Compt.  rend.  Ixxiii.  995)  the  beds  of  Kalusz  yield  daily  more 
than  1,000  Austrian  centners  (81,100  kilos.)  of  potassium  chloride. 

KAIiVSZXTE.    See  Syngenite. 

KAKAKA.  The  nut  of  the  New  Zealand  karaka  tree  {Corynocarpus  levigata), 
though  poisonous  in  its  natural  state,  is  one  of  the  staple  articles  of  vegetable  food 
used  by  the  natives.  The  nuts  are  partially  baked  in  earth  ovens,  then  washed  for 
some  time  in  a  stream  of  water,  which  removes  the  poisonous  matter,  and  finally  dried 
and  stored  for  use. 

The  bitter  substance,  karakin,  removed  by  the  water  crystallises  in  beautiful 
radiate  needles.  It  exhibits  the  characters  of  a  glucoside  rather  than  those  of  an 
alkaloid  (W.  Skey,  Chem.  News,  xx^•ii.  190). 

XEKP.    On  the  estimation  of  iodine  in  kelp  liquors,  see  Iodike  (p.  672). 

KETONES.  Formation. — As  ketones  are  formed  by  the  action  of  the  zinc-com- 
pounds of  the  .alcohol-radicles  on  the  chlorides  of  aeid-radielos  (l.^i!  Siipjil.  765).  it 
might  be  expected  that  they  w-ould  also  be  formed  by  the  action  of  the  same  ziuc- 
conipounds  on  the  oxides  or  anhydrides  of  the  same  acid-radicles,  e.g. : 
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OjCH^CO  +  ^"Jg-^IP  =  +  200 

Acetic  oxide  Zinc-ctliyl  Methyl-etliyl 

ketone 

Siytzoff,  howover,  finds  {Zeitschr.  f.  Chcm,  [2],  vi.  lOi)  tliat  the  action  of  ready-formeJ 
zinc-ethyl  on  acetic  oxido  does  not  yield  any  definite  product ;  Lut  by  bringing  the 
acetic  oxide  in  contact  with  zinc-ethyl  in  the  nascent  state,  which  may  be  effected  by 
treating  a  mixture  of  ethyl-iodide  and  acetic  oxide  [2C-ffI  +  (C-IPO)^O]  in  a  cooled 
vessel  with  pulverised  zinc-sodium,  the  desired  result  may  be  obtained.  The  reaction 
is  complete  in  20-30  hours,  and  on  carefully  mixing  the  contents  of  the  flask  with 
water,  distilling  and  treating  the  distillate  with  potash,  an  oil  separates,  part  of  which 
distils  below  100°,  and  forms  a  crystalline  compound  with  sodium  bisulphite.  The 
ketone  separated  from  this  compound  by  potash  boils  at  77-80°,  and  has  the  com- 
position of  methyl-ethyl  ketone,  C*H*0. 

The  same  process,  with  the  substitution  of  methyl-iodide  for  ethyl-iodide,  yields 
common  acetone,  C0(CH^J-. 

Ketones  containing  phenyl  may  bo  formed  :  a.  By  the  action  of  mercury-diphenyl 
on  chlorides  of  acid-radicles;  e.g.  diphenyl-ketono  from  mercury-diphenyl  and  benzoyl- 
chloride : 

(C''n^)=Hg  +  2(CTP.C0CI)  =  HgCr-  H-  2(C''mC0.C'=ff) 
(R.  Otto,  J.fi:  CJiem.  [2],  i.  14-1). 

0.  By  heating  a  mixture  of  an  aromatic  hydrocarbon  and  benzoic  acid  with  phos- 
phorus pentoxide,  e.g. : 

CH^  -1-  C<'H^COOH  =  H-'O  +  C^H^CO.C-II-. 
Benzene       Benzoic  acid  Diphenyl-kctone 

In  like  manner  tohjl -•phenyl  ketone,  C'H'.CO.C'H^,  may  Ije  prepnrod  from  toluene, 
and  naphthyl-j)henyl  ketone,  C'H'.CO.CH^,  from  naphthalene  (Kollarits  a.  Merz, 
Dcut.  Chcm.  Ges.  Ber.  vi.  536). 

Respecting  E.  Schmidt's  method  of  preparing  ketones  by  heating  the  calcium  salt 
of  the  corresponding  acid  mixed  with  calcium  carbonate  in  an  iron  tube,  see  BuTyRONE 
(p.  228). 

Oxidation  of  Ketones. — When  a  ketone  containing  only  normal  alcohol-radicles  is 
treated  with  a  mixture  of  potassium  dichromato  and  dilute  sulpliuric  acid,  two  fitty 
acids  are  produced,  the  action  taking  place  in  such  a  manner  that  the  higher  of  the 
two  alcohol-radicles  is  oxidised,  while  the  otlier  remains  united  with  the  carbonyl 
(Popoff,  \st  Siqjpl.  765) ;  thus  : 

cmco.c^H"  +  0^  =  cff.coon  +  c^h'^o-; 

Jlethyl-amyl  ^.      j ,  Vnlcric 

ketone  ^^'^'^"'^  acid 

C-IP.CO.C^H'  +  0'  =  C-IP.COOH  +  C^IP^O-. 

Etiiyl-piopyl  Propionic  Propionic 

ketone  acid  acid 

From  subsequent  experiments,  and  a  comparison  of  the  results  obtained  by  Kolbe, 
Wurtz,  Erlenmeycr,  Butlerow,  and  Wanklyn,  Popolf  {Ann.  Ch.  Pharm.  clxi.  285  ; 
Dent.  Chem.  Ges.  Her.  v.  381)  deduces  the  following  more  general  conclusion  :  — 

In  the  oxidation  of  ketones  in  which  one  of  the  alcohol-radicles  united  with  tlio 
carbonyl  (R  in  the  following  general  formulae)  is  phenyl  or  methyl,  or  in  sonio  cases 
ethyl,  viz.  : 

(1.)  CH"— (CH=)"— CO— R 

(2.)  _CH-— (CH=)"— CO-R 

(3.)  =CH  CO— R 

(4.)  =C  CO— R  ; 

the  carbonyl  always  remains  united  with  the  radicle  R,  while  the  other  radicle  is 
oxidised.  If  this  other  radicle  belongs  to  a  normal  alcohol  (1),  it  is  oxidised  to  a 
normal  acid ;  if  it  is  an  iso-alcohol-radicle  (2),  it  yields  an  iso-acid ;  a  secondary 
alcohol-radicle  (3)  in  like  manner  yields  a  ketone ;  and  a  tertiary  radicle  (4)  is 
split  up. 

Now  when  a  ketone  is  formed  by  distilling  a  mixture  of  the  calcium  salts  of  two 
fatty  acids,  or  of  a  fatty  and  an  aromatic  acid,  or  by  tlie  action  of  the  zinc-compound 
of  an  alcohol-radicle  on  an  acid  chloride,  the  acid-radicle  yields  the  carbonyl  required 
to  form  the  ketone  ;  and  when  this  ketone  is  subjected  to  oxidation,  tlie  carbonyl  re- 
mains with  the  alcohol-radicle  R,  while  the  other  alcohol-radicle  derived  from  the 
acid  is  oxidised  according  to  the  laws  of  the  oxidation  of  ketones  ;  or,  in  other  words, 
of  alcohol-radicles.    Hence  the  preparation  and  oxidation  of  a  properly  chosen  ketone 
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furnishes  tlio  means  of  first  separating  the  oxidised  carbon  from  an  acid,  and  then 
oxidising  tlie  alcohol-radicle  united  with  this  earbonyl  in  such  a  manner  that  the 
constitution  of  the  acid,  and  therefore,  also,  of  the  corresponding  alcohol,  may  be  in- 
ferred from  the  proditcts  of  oxidation  of  the  ketone. 

As  an  example  of  tliis  metliod  of  determining  the  constitution  of  acids  and  alcohols, 
Popoflf  describes  the  reactions  of  the  phenyl-ketone  from  the  valeric  acid  obtained 
from  fermentation  amyl-alcohol.  The  amyl-alcohol  boiled  at  130-13r5°  and  had  a 
rotatory  power  — -  —2-4°;  the  valeric  acid  obtained  from  it  boiled  at  17-1-176°,  antl 
had  a  rotatory  power  =  +  4-4°.  It  consisted,  therefore,  in  great  part  of  the  optically 
inactive  acid.  On  distilling  a  mixture  of  the  calcium  salt  of  this  acid  with  an  equiva- 
lent quantity  of  calcium  benzoate,' and  rectifying  the  distillate,  a  liquid  was  obtained 
boiling  at  225-226°,  and  having  the  composition  of  butyl-phenyl  ketone,  C'H'.CO. 
CH*.  This  liquid  yielded,  by  oxidation,  benzoic  and  iso-butyric  acids,  the  latter 
being  recognised  by  the  characters  of  its  calcium  and  silver  salts.  A  small  quantity 
of  acetic  acid  was  likewise  produced. 

The  formation  of  benzoic  acid  shows  that  the  earbonyl  and  phenyl  groups  remain 
united  in  the  butyl-phenyl  ketone.  The  production  of  iso-butyric  acid  proves  that 
iso-butyl  was  present  in  tlie  ketone,  and,  therefore,  in  the  valeric  acid  and  in  the  amyl- 
alcohol.  Since  the  valeric  acid  employed  consisted  mainly  of  the  inactive  modification, 
and  since  iso-butyric  acid  was  produced  in  quantity,  it  follows  that  the  inactive  valeric 
acid  and  the  inactive  amyl-alcohol  contain  iso-butyl : 

>CH— CH=— CO^H,  >CH— CH=— CH-(OH) 

CW^  cw 

Acid  Alcohol 
This  result  confirms  the  conclusions  of  Erlenmeycr,  Frankland  and  Duppn,  and 
Butlerow,  respecting  tlie  constitution  of  fermentation  amyl-alcohol.  The  acetic  acid 
was  perhaps  due  to  impurity  in  the  product,  or  to  a  secondary  and  irregular  oxidation 
of  the  ketone,  or  to  the  presence  of  a  small  quantity  of  active  valeric  acid.  This  pos- 
sibly may  be  ethyl-methyl-acetic  acid  : 

cm' 

>CH-CO=H, 

the  ketone  of  which  would  certainly  yield  acetic  acid. 

On  the  compounds  of  ketones  with  Mercuric  Oxide,  see  Acetone  (p.  13). 
KXDITEY-BEAnr.    See  Beak  (p.  126). 

KXESERITS.  A  mineral  found  by  A.  Simony  in  the  rock-salt  of  Hallstatt  has 
been  recognised  by  T.schermak  {Jahrbuch  f.  Mincmlogie,  1871,  758)  as  kieserite.  It 
is  found  in  coarse-grained  yellowish  masses,  the  cavitit\s  of  which  are  lined  with  mono- 
clinic  crystals  whose  axes  a  :  b  :  c  -■=  0-91474  :  1  :  1-7445;  angle  ac  =  88°  63'.  The 
habit  of  the  crystals  resembles  that  of  lazulito,  and  is  determined  by  the  faces  — P  and 
+  F,  ynth  +iP,  —Poo  ,  and  (Poo  )  subordinate.  Hardness  greater  than  3.  Analysis 
a  is  by  Tschermak  ;'  6  by  H.  Wieser  {ibid.  642) ;  c  gives  the  values  calculated  accord- 
ing to  the  formula  JVIgSO'.H-'O  : 

SO'        MgO     FeO      Fe=0'   Na'O      CI  H=0 
a    .       .    57-92    29-09     —      0-25     —      —      13-40  =--  100-66 
/>    .       .    57-87    28-89    0-05     —      O'Oo    0-06    13-24  =  100-16 
c    .       .    57-97    28-99     _      —       —      —      13  04  =  100 
Sp.  gr.  of  a      .2-569  ;  of  J  =  2-5645. 
Kieserite  forms  about  12  ^xc.  of  the  refuse  salt  {Abraumscih)  of  Stassfurt,  and  is 
separated  therefrom  by  its  sparing  solubility  in  cold  water.    This  refuse  salt  having 
been  boiled  down  to  extract  the  potassium  salts,  the  residue  is  placed  in  a  funnel-shaped 
vessel  and  washed  witli  cold  water  ;  tliis  separates  the  sohible  salts  from  the  mixture 
of  other  partially  soluble  compounds,  kieserite,  anhydrite,  clay,  sludge,  &c.,  which 
may  be  separated  to  a  great  extent  by  their  difference  of  specific  gravity.    The  kic'C- 
rite  is  then  placed  in  iron  frames  and  crystallised  by  heat.    In  this  process  a  part  of 
the  compound  is  converted  into  the  salt  containing  7  mol.  of  water,  and  the  mass  is 
sent  into  commerce  as  block  kieserite  containing  60  p.c.  MgSO*.    One  of  the  principal 
uses  of  this  kieserite  seems  to  bo  for  the  washing  of  wool  ;  it  is  also  used  for  the  pre- 
paration of  '  permanent  white '  by  precipitation  with  barium  chloride,  and  for  the 
manufacture  of  crystallised  glauber  salts,  with  the  sodium  chloride  w-hich  is  a  byo- 
product  of  the  refuse  salt.    2  molecules  of  kieserite  and  1  of  calcium  hydrate  hc-itpd 
■with  water  solidify  to  a  gelatinous  mass  containing  CaSO'  +  MgSO*  +  MgO.  This, 
on  being  strongly  heated,  powdered,  and  mixed  with  water,  quickly  hardens  to  a 
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marble-liko  mass,  which  may  bo  polislied  and  to  a  certain  degree  withstands  damp 
(H.  Griineberg,  Dent.  Cheni.  Gcs.  Bcr.  v.  840). 

KIUAS  (J.  A.  Phillips,  mU.  Mag.  [4],  xli.  87).— This  is  the  name  applied  Ly 
Cornisli  minors  to  all  sedimentary  eleavable  rocks.  The  geological  ago  of  these  rocks 
has  not  been  determined  beyond  that  they  belong  to  tho  palaeozoic  era,  and  it  is 
believed  that  they  are  of  Devonian  ago.  They  enclose  five  large  and  several  smaller 
'  islands '  of  granite,  and  are,  as  well  as  tho  granite  itself,  traversed  by  dykes  of 
granitic  and  porphyritic  rock  called  ehcms,  by  trap  dykes,  by  copper  and  tin  lodes,  and 
^y  various  cross  courses,  including /?(ca?zs,  or  fissures  filled  with  clay.  I'ypical  kiUas 
is  a  grey,  bluish-grey,  or  greenish-grey  clay-slate,  and,  when  weathered,  is  brownish- 
yellow  or  buff.  It  is  usually  exceedingly  fissile  with  the  planes  much  contorted,  but 
is  often  more  compact  near  its  juuction  with  tho  gi'anite.  The  sections  examined  in 
the  microscope  by -'a  low  power'  were  magnified  60,  or  by  a  'high  power'  about  400 
linear. 

I.  Killas  from  Polgooth  Mine,  adit  level ;  sp.  gr.  =  2'60. — Tliis  is  a  very  soft  slate  of 
a  light-grey  colour,  marked  in  places  with  a  darker  shade  or  yellow  tinge.  By  trans- 
mitted light  under  a  low  power,  thin  sections  exhibit  no  structure,  but  appear  as  a 
milky-white  mass,  enclosing  moss-liko  semi-crystalline  markings  of  a  brownish-green, 
and  traversed  by  fissures  filled  with  crystalline  (  ransparent  quartz.  With  a  high  power 
it  is  found  to  be  composed  of  an  aggregate  of  minute  granules  intimately  blended 
together  without  definite  outlines,  and  to  enclose  some  grains  of  oxide  of  iron  and 
apparently  fragments  of  hornblende,  and  some  patches  of  a  chloritic  mineral. 

II.  Killas  from  Polgooth  Mine,  80  fathoms  level;  sp.gr.  =2'74. — This  specimen, 
nmch  harder  than  the  above,  is  of  a  grey  colour,  strongly  marked  with  reddish-brown. 
Here  the  microscope  detected  no  difference  excepting  that  tho  grains  of  oxide  of  iron 
were  larger  but  less  numerous,  and  that  there  were  fewer  of  what  .appeared  to  bo 
broken  crystals  of  a  hornblendic  mineral.  Tho  granular  fragments  are  larger  and 
more  distinct,  their  larger  surfaces  being  nearly  parallel  with  tho  pianos  of  cleavage 
of  tho  slate.  The  chloritic  mineral  is  again  very  abundant,  and  peculiar  markings 
are  observed  about  its  margin. 

in.  Killas  from  Polgooth  Mine,  100  fathoms  level;  sp.  gr.  =273. — At  this  depth 
the  killas  is  much  harder  than  that  found  at  shallower  levels,  is  of  a  greenish-gre.y, 
slightly  streaked  and  spotted  with  yellow.  The  sections  resemble  those  from  tho  80 
fathoms  level,  but  contain  no  hornblende  and  fewer  chloritic  patches. 

IV.  KiUas  from  Pohmar  Mine.  40  fathoms  below  the  surface  ;  sp.  gr.  =  2-68. — This 
clay-slate  is  much  contorted,  dividing  readily  in  curved  lamiufe,  witli  glossy  surfaces 
bearing  wa^-y  lines  resembling  minute  ripple-marks.  It  is  of  a  medium  grey,  and 
slightly  yellow  in  places.  Its  sections  resemble  those  of  the  Polgooth  specimens. 
Granules  of  quartz  are  disseminated  through  the  finely-grained  matrix,  which  derives 
its  greyish  tint  from  chlorite,  and  is  minutely  divided  by  a  system  of  markings  made 
up  of  pairs  of  parallel  lines,  each  about  ^^th  of  an  inch  long,  and  ^^th  of  an  inch 
apart. 

V.  Slate  from  '  Sa>wtuaries'  near  St,  Austell ;  sp.  gr.  =  2'52. — This  is  light  grey  and 
buff  in  colour,  and  appears  to  be  weathered.  It  divides  with  difficulty  into  lamina;, 
tho  surfaces  being  without  polish.  It  is  divided  by  headings  variously  coloured,  appa- 
rently by  infiltration  of  water  containing  oxido  of  iron. 

VI.  Killas  from  Dolcoalh  Mine,  215  fathoms  level;  sp.  gr.  =2-71. — This  rock  is  ex- 
ceedingly hard,  tho  cleavage  imperfect,  and  its  prevailing  colour  dark  grey.  Freshly 
fractured  surfaces  exhibit  numerous  minute,  brilliant,  indistinct  crystals,  probably  of 
some  hornblendic  mineral.  AVith  a  low  power  its  sections  appear  to  be  made  up  of 
transparent  angul.ar  particles,  giving  colours  with  polarised  light;  the  greenish  patches 
disseminated  through  the  mass  are  probably  chlorite.  With  a  high  power  are  seen 
ijlack  grains  of  magnetite  and  titaniferous  iron,  and  fan-like  aggregations  of  trans- 
parent acicular  crystals,  often  diverging  from  a  particle  of  oxide  of  iron.  SimiLar 
crystals  also  cross  each  other  in  all  directions,. and  are  probably  hornblende  or  schorl. 
Mechanically  imbeddod  are  rounded  fragments  of  mica,  and  of  a  semi-translucent 
mineral  not  sufficiently  opaque  for  oxide  of  iron. 

VII.  Killas  from  BotallacJc,  Pen:ancc,  surface  near  lode;  sp.  gr.  =2-95. — This  is  a 
very  hard,  dark  greenish-grey  rock,  containing  minute  crystals  of  pyrites;  its  eIeav;igo 
being  to  a  great  extent  obliterated  by  metamorphism,  it  I'rcaks  into  roughly  tabular 
ma«scs  wlioso planes  ajiiiroxiniHto  to  those  ol'  orii^inal  (■Il'a^•:l^;•(•.  Tlio  low  ]>owor  shov,-a 
an  aiuovpliDus  Ikis,-,  nil  cii  tn-'Tii,  iliir  jwi.I.alily  to  rlil.  .:-|;  c,         enclosing  transnarunt 

li;int  colours  wilh  polariicd  ligh't.  A\  ith  ^ihvAi  po\Nvi-  long  .sli'.'idcr  crystals,''probab!y 
of  apatite,  aiKl  minute  triclinic  crystals,  possilily  of  axinite,  are  seen. 
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VIII.  RocJcfrom  BokiUacl;  130  fathoms;  sp.  gr,  =2'82.— A  very  Jark  greeu  speci- 
men, -with  traces  of  lighter  shade  and  no  cleavage ;  is  slightly  magnetic,  and  encloses 
iu  places  minute  crystals  of  pyrites.  The  grains  of  oxide  of  iron  are  more  numerous 
than  in  specimens  obtained  nearer  the  surface.  It  contains  fe'wer  long  crystals  than 
the  surface  rock,  and  is  traversed  by  minute  reins  of  quartz  enclosing  transparent 
acicular  crystals,  probably  of  hornblende.  From  its  physical  constitution  and  the  largo 
amount  of  magnesia  it  contains,  it  may  be  regarded  as  an  impure  serpentine. 

IX.  'Best  roofi7ig  slate,'  Bciaholc;  sp.  gr.  =2-81. — Under  a  low  power  this  slate 
shows  no  distinct  structure,  but  is  thickly  dotted  with  dark  spots  ;  but  with  a  high 
power  numerous  clusters,  about  jogoth  of  an  inch  in  diameter,  of  reddish-brown  crystals 
appear.  These  result  from  the  aggregation  of  several  hexagonal  plates  of  a  substance 
which,  according  to  Mr.  Sorby's  examination,  consists  of  more  or  less  altered  specular 
iron.  The  matrix  is,  moreover,  traversed  in  all  directions,  but  especially  in  planes 
parallel  to  the  cleavage,  by  long  transparent  crystals  which  are  brilliantly  coloured  by 
polarised  light.    Both  brown  and  white  crystals  have  been  formed  in  situ. 

X.  Diortte,  '  Sanctuaries'  St.  Mewan  ;  sp.  gr.  =  2-97. — This  rock  is  of  a  dark  green 
colour  verging  on  black,  is  exceedingly  hard  and  tough,  distinctly  crystalline  and  mag- 
netic. Thin  sections  exhibit  unmistakeable  evidence  of  extensive  alteration.  The 
felspar  does  not  generally  present  any  distinctive  characteristics,  although  in  a  few 
instances  the  parallel  striping  peculiar  to  triclinic  varieties  was  observed.  The  rock 
also  contains  semi-transparent  yellowish-brown  crystals,  probably  hornblende,  a  green 
mineral  of  fibrous  structure  which  is  believed  to  bo  a  variety  of  hornblende,  many 
black  grains  of  oxide  of  iron,  some  well-defined  hexagonal  crystals,  probably  apatite, 
and  an  abundance  of  a  green  chloritic  mineral.  This  diorite  has  probably  undergone 
much  alteration. 

XI.  '  Greenstone'  Blowing-House  Hill,  St.  Austell ;  sp.  gr.  =  2-89. — This  stone  is 
very  similar  to  the  'Sanctuaries'  rock,  but  is  of  a  somewhat  duller  aspect,  and  is 
divided  by  a  series  of  oblique  cross-headings,  which  impart  to  it  a  tendency  to  divide 
into  rhoniboidal  masses ;  it  is  also  less  decidedly  crystalline,  and  exhibits  a  grain  re- 
sembling that  of  some  varieties  of  matamorphosed  schist.  The  sections  show  a  com- 
pact felspatliic  matrix  enclosing  a  few  indistinct  crystals  of  felspar,  together  with  largo 
quantities  of  the  greenish  chloritic  mineral  observed  in  the  St.  Mewan  diorite,  from 
which  the  greenstone  differs  but  little  in  composition.  The  greenish  mineral  is 
arranged  in  approximately  parallel  bands  and  patches,  many  of  the  latter  appearing 
to  be  partially  decomposed  hornblende  crystals,  and,  though  retaining  at  their  centre 
to  a  certain  extent  their  original  structure  and  colour,  have  at  the  edges  been  trans- 
formed into  chlorite  or  an  allied  mineral.  The  rock  also  contains  many  black  grains 
of  oxide  of  iron,  and  some  hexagonal  crystals,  probably  of  apatite.  It  is  believed  to 
be  an  altered  clay-slate. 

XIL  Serpeniinous  roclc,  Menheniot;  sp.  gr.  =277. — This  is  a  moderately  hard  stone 
of  a  dark  green  colour,  has  a  somewhat  crystalline  fracture  and  schistose  structure, 
and  is  slightly  magnetic.  It  occurs  more  or  less  intermixed  with  clay-slate,  and  beds 
of  unaltered  slate  are  found  intcrstratified  Avith  it.  It  exhibits  numeroiis  resinous 
headings,  many  of  which  are  coated  with  asbestos,  with  fissures  containing  calcite. 
Reniform  concretions  of  saponite  are  frequently  found  in  a  clay  apparently  resulting 
from  the  decomposition  of  the  principal  rock.  The  microscope  shows  a  highly  meta- 
morphosed rock  consisting  of  an  amorphous  matrix,  porphjTitically  enclosingyoUowish- 
brown  or  green  patches  with  indistinct  crystalline  forms,  evidently  pseudomorphs, 
with  many  grains  of  magnetite  and  crystals  of  what  is  probably  schiller-spar  or 
diailagc. 

XIII.  Serpentine,  Lizard ;  sp.  gr.  =  2'59. — The  specimen  is  of  a  very  dark  green 
colour,  in  places  verging  on  black  and  thickly  spotted  with  red  ;  it  has  a  coarsely 
granular  structure'  is  without  any  indication  of  foliation,  and  encloses  imperfectly 
developed  crystals. 

XIV.  Orthoclase,  '  Glass  Mine'  Eoche;  sp.gr.  =2'55. — This  yellowish-white  felspar 
occurs  in  granite  containing  considerable  quantities  of  schorl,  and  is  traversed  by  veins 
of  milky  quartz  enclosing  tourmaline  and  cassiterite.  Professor  Miller,  of  Cambridge, 
examined  it  crystallographically,  and  pronounced  it  to  be  a  monoclinic  felspar. 
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The  foUowiug  tuble  exhibits  tho  mean  results  of  the  analyses  of  these  rocks: 


H=0 

TiO' 

P=0=^ 

Fc=0= 

FcO 

CaO  jllgO 

K=0 

Xa=0 

I.  .  . 

II.  .  . 

III.  .  . 

4-OS 
3-G3 
3-265 

CO-42 
(13-10 
50-ai5 

trace 
trace 

0-21 

trace 

■20-835 
20-15 
20-785 

8-17 
3-51 
13-415 

1-  89 

2-  955 
4-92 

0-41 
trace 
trace 

1-71 
1-U2 

0-77 
0-:i5 
0-93 

1-55 

3-  14 

4-  08 

IV.  .  . 

V.  .  . 

VI.  •.  . 

G-58 
ti-16 
1-15 

49-205 
53-30 
07-315 

trrice 
trace 
0-13 

trace 

18-00 
21-725 
•20-815 

12-G8 
G-015 
2-885 

4-28 
1-66 

re'-'S^ 
0-82 

2-025 

trace 

0-5G5 
•J-'JJ 
0-595 

0-745 
4-]  95 

VII.  .  . 

VIII.  .  . 

IX.  .  . 

3-  125 
U-Ofl 

4-  (il 

40-21 
32-i)8 
.38-30 

0-15 

trace 
0-23 

0-Cfi 
trace 
trace 

24-01 
lG-73 
21-89 

4-21 
7-025 
7-055 

11-27 
13-71 
2-57 

sulphur 
trace 
trace 

4-105 
4-90 
0-395 

G-52 
11-52 
1-095 

1-  07 
0-73 

2-  45 

3-53 

0-  C25 

1-  135 

X.  .  . 

XI.  .  . 

0-  80 

1-  00 

47-50 
47-505 

trace 
trace 

0-11 

trace 

17-lG 
17-00 

13 -OG 
11-75 

9-30 
10-71 

Mn'0< 
trace 
0-41 

4-11 

trace 
trace 

2-30 
2-89 

XIT.  .  . 
XIII. 

10'5C 
15-52 

38-70 
38-72 

trace 

trace 

17-59 
2-995 

15-04 
1-905 

4-5G 
6-07 

Cr=0-' 
0-14 
0-08 

4-98 
trace 

G-00 
34-505 

trace 
0  325 

n-84.'-i 

0-7G5 

XIV. 

0-CC5 

C5-1C5 

19-08 

0-50 

and 
0-29NiO 

1-C25 

trace 

2-40 

X.  likowiso  contains  traces  of  snlphur ;  XII.  and  XIII.  traces  of  an  oxide  of  manganese. 


XZI70.    On  the  occurrence  of  pyrocatechin  in  this  substance,  see  Pyroc.«'echix. 

KTERIT^FIN'.  A  mineral  from  Bamlo  in  Norway.  It  occurs  massive  with  im- 
perfect cleaTago  in  two  directions  nearly  at  right  angles  to  each  otlior.  Fracture, 
uneven  and  splintery.  Lustre,  fatty.  Colour,  pale  red ;  translucent  in  thin  fragments. 
Specific  gravity  =  3-15.  Hardness  =  4-5.  "When  warmed  it  exhibits  a  faint  white 
phosphorescence,  and  melts  with  some  intumescence  to  a  blistered  enamel.  Easily 
soluble  in  hot  concentrated  hydrochloric  acid  ;  somewhat  less  easily  in  nitric  acid. 
With  sulphuric  acid  it  evolves  hydrofluoric  acid,  and  forms  calcium  sulphate.  Analysis 
gave : 

P=0=  MgO  CaO  Na=0  Fl  SiO"  APO= 

42-22       37'00       7-oG        1-56       4-78       1  50       540  =  100-02 

with  traces  of  potassium,  iron,  and  sulphuric  acid. 

When  the  non-essential  constituents  are  deducted,  this  composition  corresponds  with 
the  formula  2Mg'(P0')-  +  CaF-,  a  small  portion  of  the  calcium  being  replaced  by 
sodium. 

Kjorulfin  differs  from  wagnerite,  which  it  resembles  in  many  respects,  by  containing 
less  fluorine  and  sodium,  and  more  calcium,  so  that  its  solution  in  hydrochloric  acid 
gives  a  precipitate  with  sulphuric  acid,  which  is  not  tho  case  with  wagnerite  (F.  v. 
Kobell,  J.  pr.  Chcm.  [2]  vii.  272). 

KSrSBE^LXTE.  This  mineral  (iii.  447),  hitherto  known  only  as  occurring  at 
Ilmonau  and  Dannemora  in  Sweden,  is  found,  ace. .nlln^  tn  Igelstrom  {Chcm.  Coiir. 
1870,  198),  in  large  quantities,  in  veins  4  nulns  lliick,  in  the  iron  mine  of  Hillarg, 
Ludovilla  parish,  Dalarno  Government,  Swetlun,  enibcildod  in  helleflinta,  together 
with  magnetic  iron  ore,  limestone,  and  a  small  quantity  of  magnetic  pyrites.  Analysis 
gave : 

S\0~-  FiO  MnO  CnO 

33  14  40-96  10-35  6-35  =  100, 

differing  not  inconsiderably  from  the  former  analysis  of  knebelite  by  Dobereincr 
(32-5  SiO-,  32-0  FcO,  35  MnO,  iii.  447)  ;  nevertheless  Igelstrom  regards  the  mineral 
as  knebelite  on  account  of  its  similarity  thereto  in  physical  characters,  and  its  property 
of  gelatinising  with  hydrochloric  acid.  The  larger  proportion  of  ferrous  oxide  ha 
attributes  to  intimately  mixed  magnetic  oxide. 
KOTTIGIXB.    See  Phosphates. 

KOUiazSS.  Observations  on  this  beverage  have  been  published  by  V.  Jagiolski 
(I'liarm.  J.  Trans.  [3],  i.  861,  886),  who  had  the  opportunity  of  studying  its  use  and 
its  action  on  the  human  body  in  the  Steppes  of  Eussia.  He  points  out  that  koumiss, 
when  kept  for  some  time  in  bottles,  undergoes  essential  alteration,  its  amount  of 
alcohol  and  carbonic  acid  continual!}'  increasing  at  the  expense  of  the  solid  constituents 
of  the  mare's  milk,  and  that  this  alteration  is  attended  with  the  formation  of  acids. 
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especially  lactic,  acetic,  butyric,  and  succinic.  Koumiss  in  its  different  stages  of  fer- 
mentation, and  therefore  koumiss  of  various  ages,  is  required  in  the  treatment  of 
different  disorders.  Koumiss  may  also  be  prepared  from  cow's  milk,  but  on  account 
of  the  much  greater  proportion  of  casein  contained  in  the  latter,  the  koumiss  obtained 
from  it  is  very  different  from  that  prepared  from  mare's  milk.  The  spirit  prepared 
from  koumiss  by  distillation  is  called  '  araca.' 

Koumiss  manufactured  in  Davos,  Switzerland,  in  imitation  of  the  true  Russian 
koumiss,  has  a  mean  density  of  1'1286  at  50°,  and  contains  : 


111  100  grams 

Per  litre 

Water  .... 

.  90-346 

1019-64  gra 

.  3-210 

36-23  , 

.  0-190 

2-14  , 

Sugar  .... 

.  2-105 

23-75  . 

.  1-860 

20-99  , 

Butter  .... 

.  1-780 

20-09  . 

Inorganic  salts 

.  0-509 

6-74  , 

Free  carbonic  acid 

.  0-177 

2-00  , 

This  koumiss  contains  more  sugar  and  less  lactic  acid  than  old  Eussian  koumiss,  and 
is  probably  prepared  by  adding  a  few  per  cent,  of  sugar  to  skim-milk,  alcoholic  fer- 
mentation being  induced  by  the  addition  of  yeast  (H.  Suter-Naef,  Dcut.  Chem,  Ges, 
Ber.  v.  286). 

KRANTZXTZ:.    See  Resins,  Fossit. 

KYWRESTXC  ACID,  and  KVXrURXBrE.  Kynurenic  acid,  discovered  in 
dog's  urine  by  Liebig  (iii.  450),  has  been  further  examined  by  Schmidberg  a.  Schult- 
zien  {^C/iem.  Soc.  J.  [2],  x.  1028)  who  assign  to  it  the  formula  C-'^H'^N^O^,  the  free 
acid  containing  211=0  of  crystallisation,  and  the  barium  salt  being  C^oH'-BaN-^O"  + 
3H=0.  It  is  obtained  from  dog's  uriue  by  evaporation  and  addition  of  hydrochloric 
or  nitric  acid  ;  it  is  practically  insoluble  in  water,  either  hot  or  cold,  or  impregnated 
with  hydrochloric  or  nitric  acid,  but  slightly  soluble  in  alcohol  or  ether.  With  baryta- 
water  in  excess  it  yields  a  soluble  basic  salt,  which  furnishes  a  precipitate  of  mixed 
carbonate  and  neutral  salt  on  passing  carbon  dioxide  through  the  solution,  an  appear- 
ance which  misled  Liebig  to  the  idea  that  the  free  acid  was  thrown  down  from  the 
barium  salt  by  carbonic  acid. 

AVhen  heated  to  265°,  kynurenic  acid  evolves  pure  carbon  dioxide  and  melts  to  a 
brown  liquid.  The  product  is  mostly  soluble  in  water,  and  on  evaporation  yields  crys- 
tals having  the  composition  C'*Ii'*N^O-.  This  substance,  kynur in c,  is  anhydrous, 
melts  at  201°,  and  gives  a  crystalline  hydrochloride,  C'*H'*N=0-.2HC1  +  iH'O, 
and  a  crystalline  platinum  salt,  C"H'^N-0^2HCl,PtCl'' ;  it  also  gives  a  crystalline 
gold  salt. 


L 

:LABBAS0RXTE.  See  Felspar  (p.  372).  On  the  Labradorito  rocks  of  Water- 
ville,  New  Hampshire,  see  E.  S.  Dana  {Sill.  Am.  J.  [3],  ii.  48;  Chem.  Soc.  J.  [2],  x. 

I.ACTXC  ACIBS, C^H'iO^  l.Ethylidenc-lactic  acid,  CH^— CHOE— COOH. 

Formal  ion  frum.  Sugar. — a.  By  Fermentation. — The  following  mixture  is  recommended 
by  C.  O.  \hn-z  {Viertcljahrsichrift  x>r.  P/iar m.  xx.  f>01  ;  Jahresh.  f.  Chem.  1870,  p. 
S'ai):  3  pts.  milk-sugar,  36  pts.  ordinary  water,  0-5  to  0-75  pt.  flour  containing  a 
largo  proportion  of  gluten,  1  or  2  tablespoonfuls  of  beer-yeast,  0  pts.  of  sola-crystals, 
or  3  pts.  of  sodium  bicarbonate.  When  the  fermentation  has  once  been  set  up  by 
milk-sugar,  it  may  be  continued  by  addition  of  cane-sugar. 

0.  Without  Fermentation. — When  600  grams  of  grape-sugar  are  introduced  into  a 
capacious  retort,  together  with  \\  pt.  soda-ley  of  sp.  gr.  1-34,  and  an  equal  volume  of 
■water,  and  heated  in  a  water-bath,  a  very  strong  reaction  takes  place  at  about  96^,  so 
that  it  is  advisable  not  to  operate  with  larger  quantities  at  once.  The  temperature 
rises  above  116°,  and  the  liquid  boils  strongly  without  evolution  of  gas,  acquiring  a 
not  unplea.sant  odour.  On  mixing  it,  after  cooling,  with  a  quantity  of  dilute  s-i'- 
phuric  acid  exactly  sufficient  to  neutralise  tlie  soda,  concentrating  by  evaporation,  and 
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agitating  with  ether,  lactic  acid  is  dissolved  out,  together  withpyrocatechin  and  greasy 
IToducts.  The  lactic  acid  is  abstracted  from  the  ether  by  agitation  with  -water  and 
barium  carbonate  ;  the  resulting  barium  salt  is  converted  into  zinc  salt ;  and  the  latter 
is  purified  by  crystallisation.  The  acid  obtained  from  this  zinc  salt  possesses  all  the 
characters  of  ordinary  lactic  acid.  Its  concentrated  aqueous  solution  docs  not  exhibit 
circular  pobirisation.  As  no  volatile  fatty  acids  are  formed  at  the  same  time  except 
formic  acid,  the  lactic  acid  obtained  by  this  process  is  much  easier  to  purify  than  that 
which  is  prepared  by  fermentation,  but  tlie  yield  does  not  exceed  10  to  20  p.c.  of  tlm 
sugar  employed.  Cane-sugar  or  milk-sugar  may  be  used  in  the  process  instead  of 
grape-sugar  (Hoppe-Seyler,  Dent.  Cficm.  Ges.  Bcr.  iv.  346). 

As  neither  lactic  acid  nor  calcium  lactate  is  altered  by  heating  to  200°  for  several 
hours  with  water,  attempts  were  made  to  produce  lactic  acid  by  the  action  of  water 
on  sugar  or  on  paper  at  200°,  but  always  with  a  negative  result.  If  a  sufficient 
quantity  of  magnesia  is  added  the  sugar  does  not  blacken,  but  still  no  lactic  acid  is 
formed  (Hoppe-Seyler). 

Formation  from  Acetone. — When  dichloracetone  is  heated  to  200°  for  six  hours  with 
20  times  its  volume  of  water,  and  the  contents  of  the  tube  are  successively  treated 
with  excess  of  silver  oxide,  hydrogen  sulphide,  and  zinc-white,  a  zinc  salt  is  obtained 
agreeing  with  that  of  ordinary  lactic  acid. 

CH' 

UOH  I 

=  2HC1  +  CHOH 

noil  I 

COOH 

Tne  exchange  of  CI  for  110  is  in  this  case  accompanied  by  a  transposition  of  the 
atoms  within  the  molecule  (Linncmann  a.  von  Zotta,  Ann.  Ch.  Pharm.  clix.  247). 

2.  Hydracrylic  acid. — This  acid,  which  Beilsteiu  obtained  by  the  action  of 
silver  oxide  and  water  on  ;8-iodopropionic  acid,  and  to  which  he  assigned  the  formula 
C'-H--0",  was  shown  by  Moldenhauer  to  yield,  by  simjile  neutralisation  with  soda,  a 
salt  of  lactic  acid  {\st  Suppl.  770) :  hence  it  would  appear  to  be  only  a  modification  of 
lactic  acid  ;  and  this  view  is  confirmed  by  the  experiments  of  Wislicenus(Z'c!(<.  Chcm. 
Ges.  Bcr.  iv.  532  ;  Ann.  Ch.  Pharm.  clxvi.  6). 

To  prepare  liydracrylic  acid,  an  aqueous  solution  of  )3-iodopropionic  acid  is  boiled 
with  silver  oxido,  the  filtrate  is  treated  with  hydrogen  sulphide,  and  after  the  excess  of 
the  latter  has  been  expelled,  the  liquid  is  neutralised  with  sodium  carbonate  and 
evaporated.  Tlie  residue  is  then  digested  with  boiling  alcohol  of  75  p.c.  wliicli  dis- 
solves sodium  hydracrylate,  leaving  undissolved  the  salts  of  three  other  acids  which 
will  be  noticed  further  on  (p.  721).  The  sodium  salt  may  be  purified  by  two  or  three 
recrystallisations  from  alcohol,  and  the  pure  acid  obtained  by  decomposing  it  witli 
sulphuric  acid,  agitating  witli  ether,  and  leaving  the  ethereal  solution  to  evaporate 
(Wislicenus).  Or  equal  parts  of  the  impure  acid  may  be  neutralised  with  lime  and 
zinc  oxide,  the  two  solutions  mixed,  whereby  a  crystalline  precipitate  is  formed  con- 
sisting of  zinc-calcium  hydracrylate  ;  and  from  this  salt,  pm-ified  by  thorough  washing 
or  by  recrystallisation,  the  pure  acid  may  be  obtained  by  removing  tlie  zinc  with 
hydrogen  sulphide,  and  the  calcium  by  exact  precipitation  with  oxalic  acid  (Heintz, 
Ann.  Ch.  Pharm.  clvii.  291). 

Hydracrylic  acid  remains,  on  evaporation  of  its  ethereal  solution,  as  a  strongly  acid 
Byrup  exactly  like  ordinary  lactic  acid.  It  is  distinguished,  however,  from  this  and 
all  the  other  modifications  of  lactic  acid  by  the  fact  that,  when  lieated,  it  does  not  yield 
a  trace  of  lactide,  but  is  resolved,  almost  without  residue,  into  water  and  acrylic  acid : 

cnw^  =  H-'O  +  cm^o-. 

Heated  with  iodine  nnd  2M/ash-.';ohitiou  (Lichen's  reaction)  it  (hn  s  not  yield  iodoform. 

]!y  oxid.iliiiu  with  chromic  or  nitric  acid  it  yields  nothing  hi;i  .  ailion  .lioxiile  and 
oxalic  acid;  v,i[\i  ,'iilvir  o.ridc  it  forms  carbon  dioxide,  togetlin-  \v\\\i  i-a  i-l  acrtoxylic 
acid  if  the  proportion  of  .silver  oxide  is  small,  oxalic  and  glycnllic  acids  if  it  is  hirger. 
With  mclliiifj  2)otash,  the  products  are  chiefly  acetic  and  formic  acids,  together  with  a 
little  oxalic  acid  and  apparently  also  glycollic  acid. 

Sodium  hydracrylate,  C'H*NaO^,  crystallises  in  flat  prisms  with  acumiu;itod  ficcs; 
deliquesces  in  moist  air;  is  but  slightly  soluble  in  absolute  alcoliol,  oven  at  the  boil- 
ing heat;  somewhat  more  soluble  in  alcohol  of  25  p.c,  from  which  it  crystallises  in 
the  anhydrous  state  on  cooling;  very  soluble  in  dilute  alcohol.  It  melts  at  142° — 143'^ 
without  loss  of  weight  to  a  colourless  liquid,  and  solidities  to  a  crystalline  mass  on 
cooling.  It  gives  off  1  mol.  water  slowly  between  180°  and  200°,  more  quickly  at 
250°,  leaving  a  residue  which  has  the  composition  of  sodium  acrylate,  C^H^NaO'-,  but 
differs  from  that  salt  in  becoming  heated  in  contact  with  water,  and  taking  up  again 
the  water  which  it  had  lost. 


CH' 
I 

CO 

I 

cHcr- 
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Silver  hydracrylate,  CffAgO^,  forms  delicate  prisms  and  needles  easily  soluble  in 
cold  water,  insoluble  in  alcoliol. 

Calcium  hydracrylate,  CH'^CaO' — 2H-0,  loses  water  even  when  its  solution  is 
evaporated  to  a  thin  syrup,  but  on  adding  a  little  water  to  the  residue,  well-defined 
crystals  are  soon  formed. 

Zinc  hydracrylate,  C"H'°ZnO^  +  411^^0,  also  remains  as  a  syrup  when  its  solution  is 
evaporated  over  the  water-bath,  but  soon  becomes  crystalline  on  exposure  to  moist  air. 
By  spontaneous  evaporation  of  the  aqueous  solution  it  is  obtained  in  brilliant 
triclinic  crystals.    100  pts.  of  the  salt  dissolve  in  8  pts.  water  at  16'5°  (Wislicenus). 

Zinc  calcium  hydracrylate,  C"H'°ZnO''.C'*H"'CaO*,  is  obtained  as  a  crystalline  precipi- 
tate on  mixing  the  concentrated  solutions  of  its  component  salts,  and  in  distinct 
crystals  by  dissolving  the  precipitate  in  the  smallest -possible  quantity  of  hot  water 
and  leaving  the  solution  to  evaporate  over  sulphuric  acid.  It  dissolves  in  ll'o  pts.  of 
water  at  15°,  and  is  but  slightly  more  soluble  in  boiling  water  ;  in  ether  and  alcohol 
it  is  quite  insoluble  even  at  the  boiling  heat  (Heintz,  Ann.  Ch.  Pharm.  clvii.  291). 

Constitution  of  Hydracrylic  acid. — The  formation  of  this  acid  from  0-iodopropionic 
acid,  CH=I— CH-— COOH,  would'  lead  to  the  inference  that  it  is  identical  with 
ethylene-lactic  acid,  CH-'OH — CH- — COOH.  But  hydracrylic  acid,  as  already 
observed,  is  distinguished  from  all  other  modifications  of  lactic  acid  by  being  resolved 
when  heated  into  water  and  acrylic  acid.  From  ethylidene-lactic  acid,  it  diSers  in  not  • 
yielding  iodoform  by  Lieben's  reaction  ;  and  from  ethylene-lactic  acid — synthetically 
prepared  by  combining  ethylene  with  carbonyl  chloride,  and  decomposing  the  result- 
ing chloride,  CH-'Cl— CH=— COCl,  with  an  alkali  {1st  Suppl.770)—it  is  distinguished 
by  its  products  of  oxidation.  Ethylene-lactic  acid  is  converted  by  oxidation  with 
chromic  acid,  nitric  acid,  or  melting  potash,  into  malonic  acid,  COOH — CH^ — COOH 
{1st  Suppl.  800) ;  but  hydracrj'lic  acid  when  similarly  treated  yields  totally  dilFerent 
products  (p.  717). 

A  further  distinction  between  the  two  acids  is  afforded  by  the  characters  of  their 
zinc  salts,  and  zinc-calcium  salts,  those  of  hydracrylic  acid  being  crystalline,  as  above 
stated,  whereas  those  of  synthetical  ethylene-lactic  acid  are  amorphous  and  never 
exhibit  any  sign  of  ci-ystallisation.  Lastly,  hydracrylic  acid  or  either  of  its  salts, 
when  heated  with  hydriodic  acid,  always  reproduces  j8-iodopropionic  acid  (glycerin 
iodopropionic  acid),  1  or  2  grams  of  substance  being  sufficient  to  exhibit  the  reac- 
tion ;  but  synthetical  ethylene-lactic  acid,  when  similarly  treated  even  in  twenty 
■  times  that  quantity,  does  not  yield  a  trace  of  /3-iodopropionic  acid. 

The  easy  resolution  of  hydracrylic  acid  into  water  and  acrylic  acid  shows  that  it  is 
very  nearly  related  to  acrylic  acid,  acrolein  and  allyl  alcohol.  These  compounds  are 
now  generally  represented  by  the  following  formidse  (pp.  27,  47) : 

CH''  CH-  CH^ 

II  II  II 

CH  CH  CH 

I  I  I 

CH-OH  COOH  COH 

Allyl  alcohol  Acrylic  acid  Acrolein 

They  do  not  contain  the  group  CH^,  which  therefore  cannot  be  present  in  hydracrylic 
acid,  and  this  conclusion  is  confirmed  by  the  fact  that  this  acid  docs  not  yield  acetic 
acid  by  oxidation,  or  iodoform  by  Lieben's  reaction.  Hydracrylic  acid  must  therefore 
contain  the  group  CH^.OH,  which  exists  also,  together  with  COOH,  in  ethylene-lactic 
acid.  Consequently  hydracrylic  acid  cannot  contain  this  latter  group,  since  if  it  did 
both  acids  would  be  represented  by  the  formula  CH-.OH — CH- — COOH,  that  is  to 
say,  they  would  be  identical.  It  appears,  therefore,  very  probable  that  hydracrylic 
acid  has  the  constitution  represented  by  the  formula : 

CH^OH 

o<r^  I 

-CH.OH 

A  compound  tlius  constituted  will  be  an  acid :  for  organic  hydroxides  are  converted 
into  acids,  not  only  by  transformation  of  the  group  CH-OH  into  COOH,  but  also 
when  negative  elements  or  radicals  accumulate  near  an  alcoholic  hycboxyl. 

Admitting,  then,  this  formula  for  hydracrylic  acid,  the  compounds  related  to  it  must 
be  constituted  as  follows  : 
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CH^  CH=  CH-  CffOH  Cn-I 

CH  0  ^0  /COH  ^CH 

I  0-1         0.^    j        0.^  I         0,:-  I 

CH'OH  ^CH-  ^CHOH       ^CHOH  ^CHOH 

Allyl  alcohol.  Acrolein.  Acrylic  acid.      Glyceric  aciil.  ;8-Iodopropionio 

acid. 

These  formiilaj  are  preferable  to  those  hitherto  adopted,  for  the  following  reasons  : 
When  an  alcohol  undergoes  oxidation,  the  oxygen  which  enters  it  is  attracted  by  that 
earbon-atoni  which  is  already  combined  with  oxygen.  Now  in  glycerin,  CH-OH — 
CHOH — CH^OH,  each  atom  of  carbon  is  already  combined  with  oxygen,  and  therefore 
the  oxygen  which  replaces  the  hydrogen  will  bo  as  strongly  attracted  by  one  of  the 
external  carbon-atoms  as  by  the  middle  ones,  and  thus  glyceric  acid  will  have  the  con- 
stitution above  indicated. 

Acrolein,  although  possessing  most  of  the  properties  of  the  aldehydes,  differs  from 
them  by  not  uniting  with  alkaline  bisulphites,  and  by  its  reaction  with  ammonia :  it 
may  therefore  bo  expected  to  differ  from  the  aldehydes  in  constitution.  Its  reduction 
to  allyl  alcohol  and  oxidation  to  acrylic  acid  are  explained  by  the  new  formula  as 
clearly  as  by  the  old  one.  When  allyl  alcohol  is  oxidised,  it  yields  acrolein  ;  in  this 
case  the  oxygen  is  attracted,  not  only  by  the  group  CH-OH,  but  likewise  by  the  second 
atom  of  carbon  :  for  it  is  well  known  that  in  the  oxidation  of  carbon-compounds  which 
have  some  of  their  carbon-atoms  united  by  two  combining  units,  the  oxygen  most 
readily  attacks  the  carbon-atoms  thus  doubly  united. 

Hydracrylic  acid  is  much  more  easily  oxidised  than  any  other  modification  of  lactic 
acid,  giving  off  torrents  of  carbon  dioxide  and  a  strong  smell  of  formic  acid.  The 
oxidation  probably  takes  place  in  the  manner  represented  by  the  equation  : 
CH-OH 

I  CH-OH  0=rCH 

.CH  +    O'^    =  I  +  I 

OC   I  0=C0— OH  OH 

^CH 

In 

the  first  products  being  glycoUic  and  formic  acids,  which  are  then  further  oxidised  to 
carbonic  and'oxalic  acids.  The  formation  of  acetic  acid  with  only  a  little  glycollic 
acid,  by  the  action  of  melting  potash,  may  be  explained  by  supposing  that,  before  the 
oxidising  action  of  the  potash  begins,  a  large  quantity  of  hydracrylic  acid  is  converted 
into  acrylic  acid,  which,  as  the  temperature  rises,  is  resolved  into  formic  and  acetic 
acids,  while  the  glycollic  acid  is  formed  from  unaltered  hydracrylic  acid. 

The  existence  of  the  double  hydracrylate  of  zinc  and  calcium  suggests  the  idea  that 
hydracrylic  acid  may  be  bibasic  and  polymeric  with  lactic  acid.  In  this  case  its  formula 
may  be  : 

H0.CH2  CmOH 

I  i 
HC— 0— CH 
I 

HC^O— CH 
HO  OH 

The  question  as  to  its  molecular  weight  cannot  be  decided  by  the  density  of  its 
ethylic  ether,  as  this  compound  is  decomposed  by  heat. 

3.  Sarcolactic  acid. — The  sarcolactates  exhibit  in  many  respects  the  characters  of 
double  salts  of  ethylidene-  and  ethylenc-lactic  acids.  According  to  Wislicenus  {Bad. 
Chcm.  Gcs.  Bcr.  ii.  619),  the  zinc  salt  of  sarcolactic  acid  is  resolved  by  strong  alcohol 
into  a  sparingly  soluble  crystalline  salt  and  an  easily  soluble  amorphous  salt.  The 
latter,  so  far  as  it  could  be  examined,  agreed  in  character  with  that  of  tlio  acid  prepared 
from  /3-iodopropionic  acid,  that  is  to  say,  with  the  hj'dracrylate.  The  sparingly  soluble 
zinc  salt,  on  the  other  hand,  is  not  identical  with  the  ethylidene-lactate,  but  contiiins 
2  mol.  water  of  crystallisation  (instead  of  3  mol.)  Moreover  the  acid  separated  from 
this  zinc  salt  differs  from  all  the  other  modifications  of  lactic  acid  in  being  active  to 
polarised  light;  it  turns  the  plane  of  polarisation  to  the  right  (o  =  3'5°),  but  its  salts 
exert  a  Ifevorotatory  power  (o  =  -  8 -ST"). 

The  presence  of  this  optically  active  acid  renders  the  sarcolactates  themselves 
optically  active,  whereas  the  double  salts  formed  by  direct  mixture  of  ethylidene- 
and  cthylene-lact.ates  are  optically  inactive.  There  arc  also,  ns  Heintz  has  pointed 
out  {Ann.   Ch.  Pharin.  elvio.  311),  other   particulars  in  which  the  sarcolactates 
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differ  from  the  corresponding  artificially  prepared  double  salts.  Zinc  sareolactatc 
gives  off  its  -water  at  100°,  much  more  slowly  than  the  artificially  prepared  double 
salt:  it  can  also  be  recrystallisod  from  water  without  sensible  alteration  of  its 
composition,  whereas  the  artificial  double  salt  cannot.  From  tlie  latter,  indeed,  it  is 
easy,  by  repeated  crystallisation,  to  obtain  pure  ethylidene-lactate  of  zinc,  whereas 
when  a  solution  of  the  sarcolactate  from  which  half  the  zinc  has  been  precipitated  by 
hydrogen  sulphide  is  left  to  evaporate,  unaltered  sarcolactate  crystallises  out,  and  the 
mother-liquor  when  saturated  with  zinc  oxide  yields  the  same  salt.  In  the  crystal- 
lisation of  zinc  sarcolactate,  it  often  happens  that,  after  part  of  the  salt  has  separated 
out,  the  whole  solidifies  to  a  translucent  jelly,  in  which  the  microscope  shows  the 
presence  of  small  elongated  six-sided  tables  and  long  very  slender  flexible  needles. 
This  appearance  is  never  exhibited  by  the  artificially  prepared  double  salt. 

For  tliese  reasons  Heintz  regards  sarcolactic  acid  as  a  distinct  modification  of  lactic 
acid,  and  proposes  for  it  the  formula  : 

B?G  CH^OH 

HO.HC  CH» 

I  I 
HO.C— C.OH 


If,  on  the  other  hand,  sarcolactic  acid  be  regarded  as  a  mixture  or  compound  of  an 
etliylideue-  and  an  ethylene-lactic  acid,  one  of  which  is  optically  active,  then  there 
will  bo  four  modifications  of  lactic  acid,  viz. : 

Inactive  ethylidene-lactic  acid. 

Inactive  ethylene-lactic  acid. 

Active  ethylidene-  or  ethylene-lactic  acid  (paralactic  acid), 
Hydracrylic  acid  ; 

whereas  there  are  only  three  constitutional  forniul<e  by  which  these  modifications 
may  be  represented,  viz.  : 

CH^  CH^OH  CffOH 

I  I  I 

CH  Off  ,  OH 

I  I  0^  I 

COOH  COOH  ^CHOH 

There  is,  however,  good  reason  for  supposing  that  the  difference  of  structure  between 
optically  active  bodies  and  their  inactive  isomerides — as,  for  example,  in  the  several 
modifications  of  tartaric  acid — is  rather  physical  than  chemical ;  in  other  words,  that  it 
depends  on  difference  of  arrangements  of  the  molecules  amongst  themselves  rather  than 
on  that  of  the  atoms  within  the  molecules.  On  this  view  the  existence  of  the  four 
modifications  uf  lactic  acid  above-mentioned  presents  no  anomalj'. 

Iiactlc  Anbydrides  (Wislicenns,  Aun.  Ch.  Pharm.  clxiv.  181).  When  pure 
aqueous  lactic  acid  is  left  for  several  months  over  sulphuric  acid  in  a  vacuum,  it  is 
found  that,  notwithstanding  the  loss  of  weight  which  occurs  from  abstraction  of 
water,  the  quantity  of  alkali  required  to  neutralise  a  given  weight  of  the  aqueous  acid 
continually  diminishes;  moreover,  that  the  neutralised  liquid,  if  made  blue  by.  addi- 
tion of  litmus,  becomes  red  after  a  wliile,  and  if  the  free  acid  be  again  neutralised 
with  alkali,  the  liquid  again  assumes  a  red  colour  after  standing,  and  so  on  for  several 
alternations.  These  results  are  due  to  the  formation  of  dilactic  acid,  C''H"'0', 
which,  as  formerly  shown  by  Wislicenus  and  van  der  Bruggen  {1st  Suppl.  712),  may 
be  regarded  as  an  ethereal  derivative  of  two  molecules  of  lactic  acid,  one  of  which 
plays  tlie  part  of  an  acid,  the  other  tliat  of  an  alcohol,  its  constitutional  formula 
being 

I 

CHOH  CH' 

I  I 
0=C— 0  CH 

I 

COOH 

It  is,  therefore,  at  once  a  monobasic  acid,  .a  monoacid  secondary  alcohol,  and  a  com- 
pound ether.  Accordingly  it  will  in  the  first  instance  be  neutralised  by  1  molecule  of 
sodium  hydrate;  but  the  resulting  sodium  salt,  like  all  compound  ethers,  will  bo  par- 
tially decomposed  by  the  water,  and  the  free  lactic  acid  thus  produced  will  destroy  the 
neutral  reaction.    If  the  decomposition  has  been  complete,  as  for  example  when  the 


LACTIC  ACIDvS. 


721 


salt  is  quickly  saponified  by  boiling  with  alkali,  the  neutralisation  of  the  acid  subse- 
quently set  free  will  require  a  quantity  of  base  equal  to  that  required  for  the  first 
saturation. 

^  It  follo^ys  from  these  facts  that  when  a  solution  of  lactic  acid  is  left  to  evaporate, 
dilactic  acid  forms  in  it  even  before  all  the  water  has  evaporated,  the  quantity  of  the 
dilactic  acid  increasing  as  that  of  the  water  dirainishas.  Pure  lactic  acid,  answering 
to  the  formula  C^H'^O',  cannot  therefore  be  obtained. 

Further,  when  lactic  acid  is  left  at  ordinary  temperatures  in  an  atmosphere  kept  con- 
stantly dry,  the  dehydration  does  not  stop  at  the  formation  of  tho  first  anhydride — viz. 
dilactic  acid,  but  proceeds  to  the  formation  of  lac  tide,  C^H'O-.  At  higher  tempera- 
tures, even  in  an  atmosphere  not  perfectly  dry,  tho  dehycbation  goes  on  at  an  accele- 
rated rate.  This  is  shown  by  the  following  numbers,  which  represent  the  results  of 
an  experiment  made  with  lactic  acid  which  had  stood  for  two  months  in  the  exsiccator 
(called  in  the  table  '  original  acid'). 


Water 

Lactic 
acid 

Dilactic 
acid 

Lactide 

Total 

1.  Original  acid  

2.  After  2  hours  in  the  water-bath 

3.  After  16  hours  in  the  water-bath  . 

4.  After  lo  hours  at  140°-150°  . 

6.  Tho  resulting  distillate  .... 

26-23 
■i-65 

69'59 
'U-03 
30-00 

43-87 

4-18 
55-11 
71-40 
52-51 
51-48 

47-61 

100 

100-  04 

101-  49 
100-12 
100 

The  acid  which  had  remained  for  16  hours  over  the  water-bath  appeared  also  to 
contain  hictide  ;  as,  when  more  strongly  heated,  it  yielded  a  sublimate  of  crystalline 
lactide  even  before  the  temperature  had  reached  140°. 

Salts  of  Dilactic  acid. — Wislicenus  observed  several  years  ago  that  the  crude  pro- 
duct obtained  by  heating  lactic  acid  to  150°  gave,  when  neutralised  with  magnesia, 
instead  of  the  crystalline  lactate  of  magnesium,  an  amorphous  saline  mass  consisting 
of  magnesium  dilactate.  He  has  lately  obtained  and  analysed  the  corresponding 
sodiimi  salt,  which  is  also  an  amorphous  viscid  mass.  On  the  ethers  of  dilactic  acid, 
see  \st  Suppl.  773. 

Action  of  water  on  Dilactic  acid. — The  conversion  of  this  body  into  lactic  acid  by 
water  at  ordinary  temperatures  takes  place  very  slowly.  When  5  grams  of  a  dehy- 
drated product  containing  89-86  p.e.  of  dilactic  acid  and  10-16  p.c.  lactide  were  dis- 
solved in  10  c.c.  of  absolute  alcohol,  precipitated  by  water,  and  the  whole  left  to 
itself,  the  viscid  precipitate  did  not  disappear  completely'  in  six  months,  although  it 
diminished  considerably. 

Dihydr  acrylic  acid,  C^H'°0'*. — When  crude  hydracrylic  acid,  prepared  according 
to  Beilstein's  directions,  is  carefuUy  neutralised  with  sodium  carbonate,  there  is  ob- 
tained— besides  the  principal  product,  viz.  sodium  hydraerylato,  C^H'^NaO',  which 
crystallises  readily  from  alcohol — a  small  quantity  of  residue  very  slightly  soluble  in 
alcohol,  and  consisting  of  the  sodium  salts  of  three  acids,  which  may  with  some  diffi- 
culty be  partially  separated  one  from  the  other.  One  of  these  salts  is  very  deliques- 
cent, quite  insoluble  in  alcohol,  and  gives  with  solutions  of  calcium,  barium,  zinc, 
iron,  copper,  silver,  lead,  &c.,  amorphous,  absolutely  insoluble,  precipitates.  The 
copper,  silver,  lead,  and  barium  salts  agree  with  the  formula  CH^M-O*.  The  acid  is 
therefore  bibasic  and  isomeric  with  adipimalic  acid  (p.  29).  Wislicenus  designates  it 
as paradipi malic  acid. 

The  sodium  salts  of  the  other  two  acids  are  easily  soluble  in  dilute  alcohol,  very 
sparingly  soluble,  but  in  various  degrees,  in  strong  alcohol.  The  more  soluble  of  tho 
two  is  sodium  aery  late;  the  other  has  the  formula  CH^Na^O^  The  acid  of  this 
latter  salt,  isomeric  with  dilactic  and  paradipimalic  acid,  is  called  by  AVisliceuus,  di- 
hydracrylie  acid.  Heated  to  120°  with  hydriodic  acid  of  sp.  gr.  1-6,  it  is  con- 
verted, like  hydracrylic  and  acrylic  acids,  into  /3-iodopropionic  acid  ;  paradipimalic  acid 
does  not  exhibit  this  transformation.  The  sodium  salt  of  dihydracrylic  acid  is  more 
permanent  in  the  air  than  that  of  paradipimalic  acid,  and  gives  no  precipitates  with 
calcium  or  barium  salts,  but  with  lead  salts  it  forms  a  precipitate  soluble  in  excess  of 
the  precipitant  (Wislicenus,  Deut.  Chem.  Gcs.  Ber.  iii.  809  ;  A7in.  Ch.  Pharm.  clxyi.  3; 
Chm.  Centr.  1873,  331). 

Xiactamlo  Acids  (Heintz,  Ann.Ch.  Pkarm.  civ.  25).  1.  Ethylidene-lactamic 
acid  ov  Alani7ic,  v/\dc\\  is  a  derivative  of  fermentation  lactic  acid,  is  formed,  to- 
gether with  lactic  acid,  by  boiling  a-chloropropionic  acid  with  aqueous  ammonia — 
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i  I 

CHCl   +  2NHS  =  NffCl  +  CH(NHn 
I  I 
COOH  COOH 


2.  Ethylidcne-dilactamio  acid,  ot  simyAy  Dilactamic  acid,  C'^II"NO',  is  formed 
■nrhen,  in  preparing  alanine  by  Strecker's  method,  viz.  by  boating  aldehyde-ammonia 
with  hydi'ocyanic  acid  and  excess  of  hydrochloric  acid  (i.  G3),  the  hydrochloric  acid  is 
added  first,  and  the  hydrocyanic  acid  afterwards.  The  chlorine  having  been  removed 
in  the  usual  manner  by  lead  hydrate  and  the  lead  by  hydrogen  sulphide,  any  alanine 
that  may  have  formed,  precipitated  bj'  alcohol  and  ammonia,  and  the  alcohol 
volatilised,  the  liquid  is  boiled  with  barium  hydrate,  the  barium  exactly  precipitated 
by  sulphuric  acid,  and  the  filtrate  boiled  with  cupric  oxide.  The  blue-green  solution, 
when  left  to  evaporate,  deposits  indistinctly  crystalline  grains,  which,  when  purified  by 
washing  with  alcohol  and  recrystallisation,  have  the  composition  of  cupric  dilactamate, 
CH^'NO'Cu  (at  110°).  This  salt  does  not  dissolve  very  easily  in  water,  is  nearly  in- 
soluble in  alcohol,  and  does  not  appear  distinctly  crystalline,  even  under  the  micro- 
scope. When  dried  at  110°  it  loses  15'62  to  17'01  p.c.  water,  and  therefore  prob- 
ably crystallises  with  3  raol.  water.  It  is  very  different  from  the  copper  salt  of 
alanine. 

Dilactamic  acid  separated  from  the  copper  salt  by  hydrogen  sulphide,  crystallises 
from  a  concentrated  aqueous  solution  in  very  slender  microscopic  needles,  from  the 
alcoholic  solution  "in  larger  needles.  It  dissolves  easily  in  water,  less  easily  in 
aqueous  alcohol,  not  at  all  in  absolute  alcohol. 

The  formation  of  dilactamic  acid  is  accompanied  by  that  of  other  substances,  pro- 
bably including  trilactamic  acid. 

0H2(NH-)-CH— CHOH 

3.  Hydraerylamio  acid,*  \  ,  is  formed,  together  with 

action  of  ammonia  on  /3-iodopropionic  acid  : 
CH=(NH=) 

+  2NH'  =  NH^I  +  ^CH 

\CHOH 

The  two  acids  may  be  separated  by  repeatedly  boiling  down  the  solution  with  lead 
oxide,  as  long  as  ammonia  continues  to  escape,  exhausting  the  residue  with  water, 
which  leaves  a  residue  of  basic  lead  iodide,  and  adding  alcohol,  which  precipitates 
the  lead-salt  of  dihydracrylamic  acid  in  colourless  needles,  while  the  hydracrylamate 
remains  in  solution. 

A  better  method  of  separation,  however,  is  to  convert  the  two  acids  into  tlie  silver- 
salts.  To  effect  this,  the  iodine  and  ammonia  are  removed  as  above  described,  and  the 
lead  is  precipitiited  from  the  solution  by  sulphuretted  hydrogen.  By  adding  silver  oxide 
to  the  filtrate,  as  long  as  silver  dihydracrylamate  is  formed — a  salt  which  is  almost 
insoluble  in  water — and  passing  sulphuretted  hydrogen  through  the  filtrate,  a  solution 
of  hydracrylamic  acid  is  obtained.  This  solution,  when  evaporated,  leaves  the  acid  as 
a  syrupy  liquid,  which,  by  agitation  with  ether  and  repeated  boiling  of  the  residue 
with  alcohol,  is  converted  into  a  solid  mass. 

Hydracrylamic  acid  is  readily  soluble  in  water,  but  nearly  insoluble  in  absolute 
alcohol.  It  crystallises  in  transparent  prisms,  belonging  probably  to  the  monoclinic 
system.  On  heating  it  to  170°,  it  turns  brown,  and  sublimes  very  slowly  in  feathery 
needles ;  at  a  higher  temperature  it  is  completely  decomposed,  leaving  a  very  difficultly 
combustible  charcoal.  It  has  a  sweetish  taste  ;  the  faint  acid  reaction  of  its  concen- 
trated solution  is  probably  due  to  the  presence  of  a  little  dilactamic  acid.  It  combines 
with  bases  as  well  as  with  acids. 

The  copper  salt  (C^H''NO-)-Cu  +  o3?0,  which  is  much  more  soluble  in  water  than 
the  corresponding  alanine  compound,  crystallises  in  large  dark-blue  rhombic  prisms. 
With  silver  nitrate  the  acid  yields  the  compound  C^H'^NO-.AgNO*,  in  colourless  needles, 
wliich  deflagrate  on  heating. 

4.  Dihydracrylamic  acid,  CECNO',  obtained  by  decomposing  its  lead  or 


dihydracrylamic  acid,  by  the 
CH^I 
1 

GE 
\CHOH 


*  In  Heintz's  paper  this  acid  is  called  ethylene-laclamic  or  paralactamic  acid,  and  represonted  by  the 
formula  CH=(NH")— CH=— COOH  ;  but  according  to  the  explanations  already  given  of  the  coniititUJ 
tion  of  j3-iodopropionio  acid  and  its  derivatives,  it  must  be  hydrocrylamic  acid. 
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silver  salt  with  sulphurottod  hydrogen,  remains  on  evaporation  as  a  thick,  colourless 
syrup  gradually  solidifying  on  standing  to  a  radiate  crystalline  mass.  Once,  by  adding 
a  particle  of  the  solid  acid  to  a  concentrated  solution,  distinct  crystals  were  obtained 
consisting  of  shining  plates  or  flat  needles. 

If,  to  the  solution  saturated  with  ammonia,  silver  nitrate  is  added,  a  precipitate  of 
sihvi-  dihydracrylamatc,  C"'II°NO''Ag'-,  is  obtained.  On  adding  more  silver  nitrate  to 
tiie  filtrate  whilst  warm,  the  compound  C"H'"N'0'Ag'^  +  liH-0  separates  on  cooling 
in  colourless  crystals.  When  ammonia  is  added  to  its  solution,  silver  dihydracrylamato 
is  precipitated. 

According  to  the  formula  of  dilactic  acid  suggested  by  A¥islicenus  (p.  720),  dilac- 
tiimic  and  dihydracrylamic  acids  may  perhaps  bo  represented  by  the  following  con- 
stitutional formula? : 

CH^  CH-'(NH-) 

(  I 

CH(NH2)     QW  CR  CIP 

0=00  CH  \C— 0  CH 

I  I  i 

coon  II  cooH 

Dilactamio  Dihydniorylamio 
XiACTIC  FERnSEirTS.    See  Feiiments. 

IiACTOnrXC  ACXD,  CH'^O",  syn.  with  Isodighjcol-ethylcnic  acid  (iii.  414). 
This  ariil,  proihu'pd  by  treating  milk-sugar  with  bromine,  and  the  product  with  silver 
xiih',  is  I'l'^rar.lc  1  Iiy  Fittig  as  monobasic,  and  by  Hlasiwctz  as  bibasic,  for  reasons 
iniilai-  Id  (hose  a.kluced  with  reference  to  gluconic  acid,  CH'-O'  (p.  560).  The  so- 
calk'il  liil'asic  calriiim  and  barium  salts,  C'*H''CaO"  and  C'^H'BaO'',  are  produced  in 
the  same  inanncr  as  the  corresponding  gluconates. 

IiACTURAMIC  ACXB,  C^ffN^O'  =  CH^— CH^NH.CONH^)— COOH  (Urech, 
Ann.  Ch.  Fharm.  clxv.  99).  This  acid  is  formed  by  heating  alanine  sulphate  in  aqueous 
solution  Avith  a  slight  excess  of  potassium  cyanate  : 

CH^  cm 

CH(NH-)  ,  +  CONK  =  +  CH(NH.C0NH2) 

ioOH  COOH 
On  adding  a  large  quantity  of  alcohol,  removing  the  potassium  sulphate  by  filtration, 
I'aporating,  and  crystallising  the  product  several  times  from  alcohol,  lacturamic  acid 
is  obtained  as  a  white  indistinctly  crystalline  mass,  slightly  soluble  in  cold  alcohol, 
insoluble  in  ether,  melting  with  decomposition  at  155°.  Heated  with  hydrochloric 
acid  in  a  sealed  tube,  it  is  resolved  into  alanine,  carbon  dioxide  and  ammonia  : 

C^H'N^O'  +  HCl  +  WO  =  NH<C1  +  C0=  +  C'H'NO'. 

Silver  lacturamate,  C'H'N-O^Ag,  obtained  by  adding  silver  nitrate  to  a  moderately 
dilute  solution  of  the  acid  neutralised  with  sodium  carbonate,  crystallises  gradually  in 
needles  grouped  in  tufts  or  double  wedges,  anhydrous  and  somewhat  sparingly  soluble 
in  water.  Tlie  lead  salt  (C''H'N-0'')-Pb  +  2H-0  is  obtained  in  colourless  crusts  by 
boiling  the  aqueous  acid  with  excess  of  lead  carbonate,  and  leaving  the  filtrate  to 
evaporate.  The  copper  salt,  obtained  Ijy  saturation,  forms  a  blue  solution  which  dries 
up  under  the  exsiccator  to  an  emerald-green  mass. 

IiACTYIi-TrsiEA,  CffN'O'-',  is  produced  by  heating  lacturamic  acid  to  140°  as 
long  as  water  continues  to  escape  : 

Cff  CH» 

CH— N<:f^  =  H=o  +     CH— Nc;:^ 

1  ^CO.NH^  I  \C0 

COOH  I  I 

CO  NH 

The  decomposition  is  precisely  analogous  to  that  by  which  hydantoin,  C'H^N-'0=,  the 
next  lower  homologue  of  lactyl-urea,  is  formed  from  acetonyl-\iramic  acid.  (Ureeh.) 

Lactyl-urea  is  also  formed  in  the  preparation  of  alanine  from  aldehyde-ammonia  by 
Strocker's  method,  when  potassium  cyanide  is  used  instead  of  hydrocyanic  acid  (Heintz, 
Ann.  Ch,  Pharm.  clxix.  120).  For  this  purpose  hydrochloric  acid  is  added  toaldehyde- 
immonia  and  potassium  cyanide  dissolved  in  water,  and  after  some  days  the  solution 
is  evaporated  in  order  to  allow  ammonium  chloride  and  potassium  chloride  to  separate. 
3  A  2 
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The  syrupy  liquid  is  treated  with  ether-alcohol  to  dissolve  the  alanine,  and  after  the 
removal  of  the  alcohol  and  ether  by  distillation,  the  substance  is  saturated  with 
ammonia.  The  addition  of  alcohol  now  causes  the  separation  of  alanine  contaminated 
with  sal-ammoniac,  and  the  alcoholic  liquid  separated  from  this  contains  lactyl-urea, 
together  with  several  other  substances.  The  lactyl-urea  may  be  separated  as  follows  : — 
The  potash  and  ammonia  are  precipitated  by  sulphuric  acid,  after  which  the  alcohol  is 
removed  by  distillation,  and  the  chlorine  is  separated  by  silver  hydrate,  the  excess 
of  silver  being  then  thrown  down  by  sulphydric  acid.  After  the  small  remaining 
portion  of  ammonia  has  been  removed  by  boiling  with  baryta,  and  the  baryta  by  sul- 
phuric acid,  a  syrupy  residue  is  obtained  on  evaporation.  This  syrupy  liquid  dissolves 
in  alcohol,  from  which  it  separates  on  addition  of  ether.  The  alcoholic  filtrate  sepa- 
rated from  this  syrup  is  freed  from  alcohol  by  distillation,  and  the  acid  residue  neu- 
tralised with  lime.  Lactyl-urea  is  then  deposited  in  long  needles  which,  when  purified 
by  crystallisation  and  pressure,  are  converted  into  large  colourless  rhombic  prisms, 
efflorescing  in  the  air,  and  containing  C'H'^N-0-  -i-  H^O.  When  deposited  from  a 
strong  hot  solution  it  forms  anhydrous  microscopic  needles.  Its  formation  in  this  re- 
action is  due  to  the  presence  of  cyanate  in  the  potassium  cyanide  employed,  consider- 
able quantities  of  it  being  formed  when  a  solution  containing  potassium  cyanate, 
potassium  cyanide,  and  aldehyde-ammonia  is  treated  with  dilute  sulphuric  acid. 

Lactyl-urea  crystallises  in  cauliflower-like  tufts,  easily  soluble  in  water,  insoluble  in 
ether;  it  melts  at  140°  (Heintz),  125°  (Urcch),  and  sublimes  slowly  at  a  somewhat 
higher  temperature,  the  melted  mass  becoming  brown  at  the  same  time.  Its  taste 
is  bitter;  it  is  easily  soluble  in  water  or  alcohol,  less  soluble  in  ether,  and  it  is 
neutral  to  litmus.  When  it  is  heated  to  100°-145°  with  barium  hydi-ate,  much 
ammonia  is  evolved,  and  the  residue  contains  alanine  and  barium  carbonate.  A 
similar  decomposition  takes  place  when  lactyl-urea  is  boiled  for  a  very  long  time  with 
baryta- water ;  but  when  it  is  boiled  with  baryta-water  for  half  an  hour  only, 
barium  lactamate  is  formed. 

Lactyl-urea  treated  with  silver  hydrate  forms  the  compound  C^H'AgN^O^,  almost 
insoluble  in  water,  but  soluble  in  ammonia,  and  precipitated  as  a  white  powder  from 
its  ammoniae.-il  sDlution  by  nitric  acid.  Lactyl-urea  does  not  appear  to  combine  with 
silver  iiilrufo  (lliintz). 

IiAWARKXTE.  This  mineral,  from  Leadhills  in  Scotland,  was  examined  more 
than  fifty  years  ago  by  Brooke,  and  more  recently  by  Thomsen,  both  of  whom  regarded 
it  as  a  compound  of  sulphate  and  carbonate  of  lead  (iii.  467).  But  recent  analyses 
by  Pisani  {Compt.  rend.  Ixxvi.  114)  and  by  Maskelyne  a.  Flight  (Chem.  Soc.  J.  [2], 
xii.  103),  have  shown  that  it  contains  no  carbonic  acid,  but  is  a  compound  of  sulphate 
and  oxide :  PbSOSPbO. 


Pisani  „  %,-'lr  Calculation 


Maskelyne 
a.  Flight 

Sulphate     .       .       .    54-17             57-70  57'605 

Oxide  ....    43-66             42-89  42-395 


97-83  100-59  100-000 

The  older  analyses  were  probably  made  upon  a  different  mineral. 
XAK'TASJURXC  ACID.    On  the  compound  thus  designated  by  Schlieper,  sea 
Allantoic  (p.  45). 

SiANTHAXTUItt.  For  MondelejefiTs  views  regarding  the  atomic  weight  of  this 
metal,  see  Ceeite  Metals  (p.  273). 

For  Erk's  method  of  sepai-ating  lanthanum  from  didymium,  see  Didyjitom  (p.  428). 

IiAOTTHOPINB.  One  of  the  bases  obtained  by  Hesse  from  the  aqueous  extract 
of  opium.    See  Isi  Suppl.  77i;  also  Opium-Bases  in  this  volume. 

3.AKVGZ9rzc  ACID,  Cs^H«»]Sf'»0'-».  An  acid  produced  by  the  action  of  alkalis 
upon  wool.  When  wool  piirified  by  treatment  with  alcohol,  ether,  and  boiling  acetic 
acid  is  boiled  with  concentrated  baryta-water,  the  excess  of  baryta  removed  \y  car- 
bonic acid,  the  filtrate  precipitated  by  lead  nitrate,  and  the  copious  precipitate  washed 
and  decomposed  by  hydrogen  sulphide,  the  solution  on  evaporation  leaves  lanuginic 
acid  as  a  yellowish,  translucent,  xincrystallisable  mass.  Its  barium  salt  is 
CasHssNioO^Ba;  lead  salt,  C3»H'''N">0=°Pb  (P.  Champion,  Cm?ipt.  rend.  Ixxii.  330). 

X.AVDAN'ZM'E,  Ii AUD ANOSIK  E.  Bases  obtained  by  Hesse  from  the 
aqueous  extract  of  opium.    Soo  l.st  Siippl.  774,  and  Opium-Bases  in  this  volume. 

XiAURYXiENE.    The  tcrpene  from  Bay-oil.    See  Oils,  Volatile. 

SiAWROWXTE.    This  mineral,  described  by  Kokscharow  {Uf  Suppl,  775), 
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occurs  in  crystalline  grains,  together  with  small  druses  of  vanadiolito.  in  quartz,  on 
a  vein  of  limestone  in  the  valley  of  Sliidanka  (or  Sludjanka)  near  Lake  Baikal. 
Tiawrowite  is  cleavable  parallel  to  the  faces  of  a  prism  of  87°  ;  hardness  5  ;  sp.  gr. 
3'Oi.  Vanadiolite  has  a  conclioidal  fracture,  blackish-green  colour,  greyish-green  in 
the  streak,  translucent  on  the  edges,  and  melts  with  intumescence  to  a  black  slag. 
])0th  are  mixtures  of  augitic  substance  with  (so-called)  calcium  hypovanadate,  lawro- 
wite  being  a  grass-green  diopside  containing  i'20  p.c.  of  that  salt  as  pigment, 
while  vanadiolite  contains  1  niol.  of  the  hypovanadate  to  3  mol.  of  augitic  sub- 
stance : — 

SiO'  AI=0'        FeO  CaO  MgO  X* 

Lawrowite  63-65  2-L'6  2--i8  23-0.5  lG-()0  2-.j7  =  100 
Vanadiolite  15-61       I'lO       1-40       34-1:3        2-61      44-85  =  100 

(K,  Hermann,  J.  pr.  Chcm.  [2],  i.  442). 

ZiAKSXAXTSriTXi.  A  mineral  occurring  at  Boresowsk  in  Siberia.  Hardness 
=  3.  Sp.gr.  =5-77.  Colour,  olive-green.  Two  analyses  by  Nordeuskiold  {J.  pr. 
Chcm.  cv.  335)  gave — 

PbO  CuO  Fe=0'        Cr=0'         P=0=  H=0 

61-26  12-43  1-00  15-26  8-05  1-31  =  99-40 
61-06       10-85       1-28        16-76       8-75       0-90  =  99-60 

whence  Nordeuskiold  deduces  the  formula — 

3(|CuO.JH20).P'05  +  2[3(PbO-,  CuO).2CrO'']. 

He  supposes  that  the  and  CrO'  in  this  mineral  arc  isomorphous,  and  tlicuce 
deduces  the  general  formula— 

rt(|RO.iH20)'P205  +  5(3R0.2Cr03). 

P.  Hermann  (ibid.  [2],  i.  447)  deduces  from  Nordenskiold's  analysis  the  formula— 

2(3CuO.P-0^)  +  5(2PbO.CrO')  +  2H=0. 

He  moreover  regards  laxmannite  as  identical  with  vauquelinite  (i.  934),  assuming 
that  Berzclius  overlooked  the  phosphoric  acid  in  the  latter. 

KZSAB.  Occurrence. — On  Antimonite  and  Antimonato  of  Lead  occurring  at  Con- 
Btantine  in  Algeria,  see  Nadokite. 

On  native  Molybdatcs  and  Vanadates  of  Lead,  Eosite,  Dechonite,  Descloizitc,  &c., 
see  MoLYBDATES  and  Vanadates. 

metallurg^y.  The  extraction  of  lead  from  galena  in  reverberatory  furnaces  at 
'Nouvelle  Montague'  is  described  by  V.  Bouhy  {Ann.  Min.  [6],  xvii.  169  ;  Jahrcsb.f. 
Chcm.  1870,  1076). 

Lead  Fume. — C.  P.  Williams  {CJievL  News,  xxiii.  236)  has  analysed  the  fumes  con- 
densed in  the  flues  of  furnaces  in  which  lead  ores  containing  zinc  are  smelted  :  I.  So- 
called  'Bartlctt  Lead-white.'  II.  Zinc-white  from  the  ore  of  Sinking  Valley  in  Penn- 
sylvania. III.  From  Wisconsin  ore  worked  for  the  preparation  of  zinc-white  at 
Birmingham  in  Ponsylvania. 

ZnO  .  .  .  72-083 

PbO  ...  0-274 

Sb'O'  .  .  .  trace 

Fe-0'  .  .  .  trace 

PbSO'  .  .  .  23-96S 

ZnSO^  .  .  .  0-810 

ZnCl^  .  .  .  0-S39 

Fe'Cl"  .  .  .  0071 

SbCP  .  .  .  trace 

CdCP  .  .  .  0-256 

CdSO<  .  .  .  — 

CaCO^  .  ,  .  — 
SO^  . 

Lead  in  total  .  .  16-624 

Silver  „  .  .  0-0087 

Williams  proposes  to  condense  such  fumes  in  chambers  through  which  water  falls  in 
the  form  of  rain  (compare  iii.  523-526). 

*  Hypovanadic  oxide,  V=0'.  2V=0'. 


9-23 
13-21 


—  trace 
25-084  74-05 
0-574  trace 


0187 
0-729 


17-132 
0-014 
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Besiloering  of  Lead  hj  Zinc. — E.  Zeiller  a.  A.  Henry  {Ann.  Min.  [6],  xvii.  4i7)  describe 
tlie  mode  of  carrying  out  this  process  at  the  works  of  the  Brothers  Herbst  in  Call. 
The  melting  pans  hold  about  15  tons,  and  for  this  quantity  90,  60,  and  67  kilograms 
of  zinc  are  used  in  three  portions  to  reduce  the  amount  of  silver  in  the  lead  from  500 
to  2  grams  per  ton.  The  poor  lead  is  freed  from  zinc  by  treating  the  contents  of  the 
pan  at  a  red  heat  'with  150  kilo,  lead  sulphate  (mud  from  the  sulphuric  acid  work  at 
IStolberg),  whereby  sodium  sulphate  and  lead  chloride  are  formed,  the  latter  of  which 
acts  in  its  turn  on  the  zinc.  The  crust  is  stirred  vigorously  into  the  melted  metal  to 
promote  the  reaction.  The  last  traces  of  zinc  show  themselves  when  a  sample  of  the 
lead  is  cast  in  a  mould,  a  white  spot  or  line  appearing  in  the  middle,  which  is  so 
characteristic  that  it  will  indicate  the  presence  of  the  smallest  trace  of  zinc.  The  poor 
lead  thus  freed  from  zinc  is  freed  from  antimony  by  heating  with  lime  (40  kilo,  to  the 
contents  of  a  pot).  Tho  scum  from  the  first  addition  of  zinc  is  treated  differently 
from  those  last  obtained.  The  first  scum,  which  is  impure,  is  melted  in  a  furnace 
with  coke  and  refinery  slag,  and  yields  a  rich  lead  fit  for  cupellation.  The  purer 
scums  obtained  by  the  subsequent  additions  of  zinc  are  fused  with  carnallite  and  sal- 
ammoniac  (1500  kilo.  scum.  450  kilo,  carnallite,  and  150  kilo,  sal-ammoniac).  The 
mixture  is  heated  to  400°.  A  crust  of  zinc  chloride  forms  on  the  top,  ammonia  is  given 
off,  and  rich  lead  containing  2'7  p.c  silver  collects  at  the  bottom  of  the  pan. 

Wedding  a.  Brauning  {Dingl.  pol.  J.  cxcvi*a.  214)  describe  the  methods  of  desilver- 
ing  by  zinc  adopted  in  the  Prussian  lead-works  both  before  and  after  the  introduction 
of  over-heated  steam. 

(1)  At  the  furnaces  of  the  Upper  Hartz,  the  treatment  of  poor  lead  containing  zinc 
and  antimony  with  Stassfiirt  salts  had  been  abandoned  and  endeavours  were  made  to 
remove  the  zinc  and  afterwards  the  antimony  by  poling.  The  aqueous  vapour  given 
off  from  the  pole  effected  the  removal  of  these  metals  better  the  higher  the  temperature 
was  raised ;  other  oxidising  agents,  as  saltpetre,  litharge,  or  air  driven  by  a  bellows, 
were  found  inapplicable.  The  argentiferous  zinc-scum  was  remelted  in  blast-furnaces 
by  Flach's  method. 

The  consumption  of  zinc  was  from  1'4  to  r6  p.c.  of  the  argentiferous  lead.  At  the 
Friedriehshiitte  in  Tarnowitz,  the  zinc-scum  was  used  again  for  dcsilvering  a  fresh 
portion  of  lead,  the  consumption  of  zinc  being  thereby  reduced  from  1-4  to  0-68  p.c.  of 
the  argentiferous  lead.  Three  melting-pans  were  used.  In  the  first  and  third,  the 
argentiferous  lead  was  melted,  the  oxide  removed,  and  the  zinc-scum  from  two  pots 
previously  worked  was  added,  together  with  100  parts  of  zinc.  The  zinc-scum  thus 
obtained  was  removed  from  the  first  and  third  pans  into  tho  middle  one  and  there 
refined.  The  lead  which  ran  off,  as  also  the  poor  lead  which  remained  in  the  pans,  was 
repeatedly  mixed  with  zinc  till  tho  percentage  of  silver  in  it  was  reduced  to  O'OOOS. 
The  poor  lead  was  freed  from  zinc  by  the  use  of  Stassfurt  salts  and  simultaneous 
poling.  Besides  0-0005  p.c.  silver,  the  lead  still  contained  from  0-0003  to  0-0009  p.c. 
antimony,  D'OOOO  to  0-0039  p.c.  copper,  0-0014  to  0-0132  p.c.  iron,  and  0-0002  to  0-0007 
p.c.  zinc.  The  rich  zinc-scum  was  smelted  in  an  air-furnace  ;  distillation  of  the  zinc 
failed  on  account  of  the  inability  of  the  earthenware  pipes  to  withstand  the  action  of 
tho  lead. 

(2)  By  tho  introduction  of  Cordurio's  method  of  oxidation  by  overheated  steam,  a 
great  improvement  of  the  process  has  been  attained  in  respect  of  loss  of  metal,  utilisa- 
tion of  the  secondary  products,  and  cost  of  labour.  In  this  method  the  zinc  is  stirred 
into  the  fused  argentiferous  lead,  and  after  the  zinc-scum  has  formed,  the  lead  is 
drawn  off  from  beneath  it.  The  poor  lead  is  heated  to  redness  in  closed  pans  connected 
with  condensing  chambers,  and  treated  with  overheated  steam,  which,  however,  need 
not  be  very  much  overheated.  The  steam  is  passed  into  the  pan  under  a  pressure  of 
13  to  15  pounds.  The  zinc  is  oxidised  first,  and  the  resulting  oxide  may  bo  used  as  a 
pigment.  Afterwards  a  black  zinc  oxide  containing  antimony  is  precipitated.  The 
argentiferous  zinc-scum  is  likewise  treated  with  overheated  steam,  whereby  argentifer- 
ous lead  is  obtained,  together  with  a  mixture  of  that  alloy  with  zinc  oxide.  This 
mixture  of  oxide  is  treated  with  hydrochloric  acid  to  remove  the  zinc  and  obtain  an 
oxide  which  can  easily  be  refined.  In  the  Hartz,  this  dissolution  of  the  zinc  oxide  in 
hydrochloric  acid  is  dispensed  with,  and  the  argentiferous  oxides  are  immersed  in  the 
rich  lead  during  cupellation  at  as  high  a  temperature  as  possible,  whereby  the  zinc  is 
transferred  to  tho  slag.  In  the  Upper  Hartz,  12,S00  kil.  of  lead  containing  from 
1300  to  1400  grams  of  silver  in  1000  kilo,  are  melted  in  a  pan  and  desilverisod  with 
1-4  p.c.  zinc  down  to  5  grams  of  silver. 

The  foUo-sving  are  analyses  of  two  poor  leads  obtained  by  this  process ;  a.  From  good 
argentiferous  lead ;  b.  From  the  very  impure  argentiferous  lead  of  the  Andreasberg 
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Pb 
99-9913 
99-08716 


Cu 
0  0022 
0-00476 


Sb  Zn 

0-0052   

0-00817  0-00265 


0  0007 
0-00166 


Ag 
0  0006 
0-00060 
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Historical  notices  of  the  process  of  desilvering  load  witli  zinc  have  been  given  by 
Grunor  (Berg.  u.  Hilttcnm.  Zcitung,  1870,  190)  and  by  Balling  {Bingl.  i>ol.  J.  cxeviii. 
62). 

Estimation.  F.  H.  Storcr  {Bull.  Soc.  Chim.  [2],  xiv.  213),  estimates  tlie  amount 
of  lead  in  galena  and  other  compounds  by  decomposing  the  compound  with  hydro- 
chloric acid  in  presence  of  zinc,  -whereby  hydrogen  sulphide  and  metallic  lead  are  pro- 
duced. The  same  decomposition  may  be  effected  by  hot  oxalic  acid,  acetic  acid,  and 
dilute  sulphuric  acid.  Dilute  nitric  acid,  on  the  other  hand,  even  at  ordinary  tempe- 
ratures, forms  free  sulphur  and  nitrate  of  lead.  Decomposition  with  hot  hydrochloric 
acid  is  the  best  process  for  estimating  tho  load  and  sulphur,  especially  for  the  variety 
of  galena  occurring  in  America,  which  contains  no  heavy  Dictal  except  lead.  2  or  3 
grams  of  the  finely-pounded  ore  are  placed  in  a  beaker,  together  with  a  zinc  regulus 
1  inch  in  diameter  and  ^  inch'thick,  and  treated  with  100  to  150  c.c.  of  dilute  hydro- 
chloric acid  (1  vol.  acid  to  4  vol.  water),  tho  liquid  being  heated  to  4:0°-50°,  and  the 
vessel  is  covered  with  a  watch-glass  and  set  aside  for  15  to  20  minutes.  After  tho 
liquid  has  become  clear  and  no  more  hydrogen  sulphide  is  evolved,  the  solution  is 
poured  upon  a  moderately  large  filter  of  smooth  paper  on  which  rests  a  piece  of  zinc; 
the  lead  tlicrcby  precipitated  is  washed  with  water,  and  introduced  into  a  tared  porce- 
lain crucible,  the  zinc  being  cleansed  with  a  glass  rod  or  a  piece  of  caoutchouc.  The 
lead  is  then  dried  at  a  moderate  heat  in  a  stream  of  coal-gas.  The  amount  of  sulphur 
in  the  galena  is  estimated  by  arresting  the  escaping  hydrogen  sulphide  in  the  usual 
way.  If  the  galena  is  mixed  with  insoluble  matrix,  the  lead  after  weighing  is  to  be 
dissolved  in  dilute  nitric  acid,  and  the  residue  weighed.  The  same  method  of  analysis 
may  bo  applied  to  the  sulphate,  chromate,  nitrate,  carbonate,  and  other  compounds  of 
lead.  Attempts  to  estimate  the  lead  and  sulphur  in  galena  by  means  of  nitric  acid 
and  zinc  did  not  give  satisfactory  results. 

Mascazzini  {Dingl.  pol.  J.  ccvii.  46)  describes  a  now  method  of  assaying  lead  ores 
based  upon  the  conversion  of  the  lead  into  sulphate  by  heating  with  ammonium  sul- 
phate. Lead  ores  which  are  all  but  free  from  other  metals  may  be  reduced  directly 
by  means  of  nascent  hydrogen  (the  zinc  should  be  finely  pulverised)  and  subsequent 
fusion  into  a  button  of  lead.  Ores  containing  blende  or  pyrites  must  first  be  converted 
into  sulphates  by  means  of  ammonium  sulphate.  The  quantity  of  salt  required  varies 
%vith  the  percentage  of  metallic  sulphides  present.  Two  parts  by  weiglit  of  tho  dry 
sulpliate  usually  suffice  for  tho  conversion  of  the  richest  ores  into  sulphates.  The 
mixture  of  oro  and  ammonium  salt  is  heated  in  a  porcelain  crucible  covered  with  a 
small  inverted  dish.  As  soon  as  tho  boiling  up  has  ceased,  the  temperature  can  be 
increased  to  strong  red  heat,  without  risk  of  losing  any  substance  from  spirting,  till 
the  ferric  and  cupric  sulphates  undergo  decomposition.  The  mass  when  cold  is  readily 
dissolved  out  with  hot  water  acidulated  with  a  little  sulphuric  and  liydrochloric  acid. 
The  latter  prevents  the  silver  from  passing  into  solution,  especially  if  the  liquid  bo 
diluted  and  allowed  to  stand  for  some  time.  Tho  insoluble  portion,  consisting  of  lead 
sulphate  and  silver  chloride,  is  removed  by  decantation  and  filtration,  and  is  well 
washed  with  hot  water,  dried,  removed  to  a  flask,  and  treated  with  powdered  zinc 
and  hydrochloric  acid  as  long  as  any  reduction  takes  place.  Two  parts  by  weight  of 
zinc  are  generally  sufficient  to  reduce  one  part  of  pure  galena,  provided  both  the 
metallic  zinc  and  lead  sulpliate  be  in  the  state  of  a  fine  powder  and  intimately  mixed. 
Since  even  the  best  kinds  of  zinc  contain  a  little  lead,  it  is  necessary  to  determine  the 
amount  of  lead  so  present,  and  to  make  allowanco  for  it.  The  spongy  mass  of  reduced 
metals  is  washed  with  water  freed  from  air,  or  witli  water  aciduhited  with  a  little 
dilute  sulphuric  acid  ;  it  is  next  transferred  to  a  flat  basin,  pressed  with  a  flattened 
glass  rod,  and  thoroughly  washed.  The  mass  is  then  introduced  into  a  crucible,  dried 
at  a  gentle  heat,  and  mixed  with  li  to  twice  its  weight  of  a  reducing  flux,  covered 
with  a  thin  layer  of  the  same,  or  a  little  dry  sodium  chloride,  and  fused  by  raising  the 
temperature  gradually  to  a  red  heat. 

A  flux  proposed  by  Plattner,  consisting  of  13  parts  by  weight  of  potassium  car- 
bonate, 10  parts  by  weight  of  dry  sodium  carbonate,  5  parts  of  fused  borax,  and  5  parts 
of  dried  starch  effects  the  fusion  readily,  and  yields  a  clean  metallic  button. 

The  same  process  is  applicable  to  the  analysis  of  white  lead,  minium,  and  litharge, 
of  lead  ores  containing  gold  and  silver,  and  by  somewhat  modifying  the  fluxes,  also  to 
the  estimation  of  antimony,  tin,  and  copper.  Should  the  gold  or  silver  ores  be  deficient 
in  lead,  a  quantity  of  litliarge  or  lead  salt  is  added,  sufficient  to  yield  a  proper 
regulus. 

Separation  of  Lead  from  Zinc. — The  separation  of  these  metals  in  galena  and 
blende  may  bo  effected  by  heating  the  finely  powdered  mineral  with  excess  of  iodine  to 
200°  in  a  sealed  tul)e  for  several  hours,  then  breaking  tlie  tube,  pulverising  the  con- 
tents, boiling  the  powder  with  distilled  water  till  the  excess  of  iodine  has  disappeared, 
then  leaving  it  to  cool  and  filtering.  Zinc  and  iron  are  thereby  dissolved  as  iodides, 
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while  the  lead  remains  on  the  filter  as  iodide  together  with  sulphur  and  matrix.  The 
lead  iodide  may  be  extracted  from  this  mixture  by  hot  water  (Filhol  a.  MeUies,  Ann. 
Chim.  Phys.  [i],  xxii.  64). 

Analysis  of  Soft  Lead. — The  following  method  is  given  by  Fresenius  {Zeitschr. 
anal.  Chem.  viii.  148;  Zeitschr.  f  Chfin.  1870,65;  Jahresb.  f.  Chem.  1870,  906): 
1.  The  lead  having  been  scraped  clean  with  a  knife,  two  pieces  weighing  200  grams 
each  are  treated  with  dilute  nitric  acid,  which  dissolves  the  lead  completely,  excepting 
when  antimony  is  present,  in  which  case  the  solution  must  be  filtered  and  the  undis- 
solved oxide  mixed  with  the  subsequent  antimony  precipitations.  The  solution  of  one 
portion  is  diluted  to  1600  c.c.  and  mixed  with  1  c.c.  of  hydrochloric  acid,  sp.  gr.  ri2, 
previously  diluted  with  about  50  c.c.  of  water.  This  quantity  is  too  small  to  produce 
a  precipitate  of  lead  chloride  ;  silver,  if  present,  is  deposited  as  chloride  after  two  or 
three  days  standing,  and  after  the  liquid  has  been  siphoned  off,  may  be  collected  on  a 
filter,  washed,  and  weighed.  The  solution  of  the  second  portion  of  lead  is  mixed  in  a 
2-litre  flask  with  about  115  grams  of  pure  strong  sulphuric  acid,  and  diluted  up  to 
the  mark  with  water.  As  soon  as  tiie  liquid  above  the  precipitate  has  become  clear, 
1750  c.c.  are  measured  off  and  evaporated  till  fumes  of  sulphuric  acid  are  abundantly 
given  off ;  the  residue  after  cooling  is  mixed  with  60  c.  c.  water  ;  and  the  solution  is 
filtered  from  tlie  separated  lead  sulphate.  This  precipitate  is  to  be  dissolved  in  hydro- 
chloric acid,  the  solution  precipitated  with  hydrogen  sulphide,  the  precipitate  di- 
gested with  potassium  sulphide,  and  tlio  resulting  solution  tested  for  antimony  by 
acidulation  with  hydrochloric  acid.  The  sulphuric  solution  diluted  and  warmed  is 
treated  with  hydrogen  sulphide  ;  the  liquid,  after  standing  for  twelve  hours,  is  filtered 
off  at  a  gentle  heat ;  the  precipitated  sulphides  are  digested  with  poMssium  sulphide  ; 
the  resulting  solution  acidulated  with  hydrochloric  acid;  and  the  sulphides  of  antimony 
and  arsenic  thereby  precipitated  are  added  to  those  previously  obtained. 

The  precipitate  insoluble  in  potassium  sulphide  is  treated  with  dilute  sulphuric  acid, 
and  the  solution  is  evaporated  mth  addition  of  sulphuric  acid,  filtered  from  the  sepa- 
rated lead  sulphate,  neutralised  with  potash,  and  mixed  with  sodium  carbonate  and  a 
little  potassium  cyanide.  On  gently  heating  the  liquid,  bismuth  oxide  is  precipi- 
tated, which,  after  washing,  may  be  dissolved  in  acid,  precipitated  with  ammonium 
carbonate,  and  weighed. 

The  solution  containing  the  potassium  cyanide  is  tested  with  a  few  drops  of  potas- 
sium sulphide  for  silver  and  cadmium.  If  a  precipitate  is  formed,  it  must  be  dis- 
solved in  nitric  acid,  the  silver  precipitated  by  hydrochloric  acid,  and  the  cadmium, 
after  concentration  of  the  filtrate,  with  sodium  carbonate.  The  solution  freed  from 
these  two  metals  is  to  be  acidulated  and  evaporated  to  expel  hydrocyanic  acid,  and 
treated  with  hydrogen  sulphide  to  precipitate  copper ;  the  precipitated  sulphide  is 
weighed  ;  and  the  estimation  (if  the  quantity  is  Tery  small)  checked  by  titration  with 
potassium  iodide,  after  solution  in  nitric  acid  and  evaporation  with  sulphuric  acid. 

The  precipitates  of  antimonious  and  arsenious  sulphides  are  washed,  dried 
and  treated  with  carbon  sulphide,  then  oxidised  with  fuming  nitric  acid,  mixed  witli 
sodium  carbonate  and  nitrate,  dried  and  fused.  The  fused  mass,  after  softening  and 
trituration  -ivith  water,  is  waslied  with  a  mixture  of  water  and  alcohol ;  the  filtrate, 
after  concentration,  is  heated  with  dilute  sulphuric  acid  till  all  the  nitric  acid  is  ex- 
pelled, and  hydrogen  sulphide  is  passed  into  it  at  70°.  This  precipitate  is  exhausted 
with  the  smallest  possible  quantity  of  ammonium  carbonate,  the  solution  acidulated,  a 
little  sidphuretted  hydrogen  passed  into  it,  and  the  resulting  precipitate  of  arseni  o  us 
sulphide  dried  at  100°  and  weighed.  The  result  may  be  verified  by  Kessler's 
method  of  titration  with  chromic  acid  and  ferrous  sulphate  (Fogg.  Ann.  xcv.  204). 
The  precipitate  is  treated  with  a  hydrochloric  solution  of  mercuric  cliloride,  whereby 
the  arsenic  is  dissolved  as  arsenious  acid  :  2As'S'  +  9HgCl=  +  6H=0  =  2As'0'  + 
3(2HgS.HgCl^)  -I-  12HC1 ;  the  resulting  solution  is  mixed  with  a  titrated  solution  of 
acid  potassium  chromate  till  a  permanent  yellow-green  is  produced ;  a  titrated  solu- 
tion of  ferrous  sulphate  is  then  added  till  a  drop  takeu  out  gives  a  blue  precipitate 
with  dilute  potassium  ferricyanide  ;  and  finally  chromic  acid  solution  is  very  gradually 
added  till  the  blue  precipitate  has  disappeared,  the  solutions  being  of  course  so  dilute 
that  the  green  colour  of  the  chromic  oxide  shall  not  interfere  with  the  distinctness  of 
the  blue  precipitation.  On  deducting  the  quantity  of  chromic  acid  solution  equivalent 
to  the  ferrous  salt  added,  from  the  total  quantity  of  chromic  acid  solution  used,_the 
difference  gives  the  amount  of  chromic  acid  expended  in  oxidising  the  arsenious 
acid. 

The  sodium  antimonate,  together  with  the  autimcuious  sulpliide  left  undissolved  by 
the  ammonium  carbonate,  is  to  be  dissolved  in  hydrochloric  acid;  the  antimony  rcpre- 
cipitated  by  hydrogen  sulphide ;  and  the  precipitate  dried  in  a  stream  of  carbon 
dioxide.  The  result  may  be  checked  in  the  same  manner  as  in  the  case  of  the  arsenic 
precipitate. 
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The  filtrate  from  the  copper  sulphide,  after  coueentration,  is  made  just  alkaline  witJi 
ammonia,  mixed  with  ammonium  sulphide,  and  set  aside  in  a  closed  vessel  for  24 
hours.  To  obtain  the  last  traces  of  nickel,  the  filtered  solution  is  evaporated,  after 
addition  of  a  little  acetic  acid.  The  precipitate  formed  by  the  ammonium  sulphide  is 
treated  several  times  with  a  small  quantity  of  a  mixture  of  6  pts.  sulphuretted 
hydrogen  water  and  1  pt.  hydrochloric  acid  of  sp.  gr.  ri2,  to  dissolve  zinc  and  iron. 
The  sulphides  of  nickel  and  cobalt  are  dissolved  in  nitromuriatic  acid,  after  the 
filter  has  lieen  incinerated;  and  the  solution,  after  evaporation,  is  mixed  with  ammonia 
to  slight  alkaline  reaction,  and  filtered  after  addition  of  a  small  quantity  of  ammonium 
carbonate.  The  filtrate  is  boiled  in  a  platinum  crucible  with  potash  as  long  as  am- 
monia continues  to  escape ;  and  the  separated  nickel  oxide,  after  being  weighed,  is  ex- 
amined with  the  blow-pipo  for  cobalt. 

The  solution  of  zinc  and  iron  is  oxidised  by  nitric  acid,  the  iron  precipitated  by 
ammonia,  redissolved,  reprecipitated,  and  weighed.  For  verification,  the  ignited 
oxide  may  be  fused  with  acid  potassium  sulphate,  reduced  with  zinc,  and  titrated  with 
permanganate  solution.  The  zinc  is  prccipifcited  with  ammonium  sulphide,  separated 
by  dilute  acetic  acid  from  any  manganese  that  may  be  present,  and  weighed.  The 
result  may  be  cliecked  by  titration  with  potassium  ferricyanide  and  permanganate. 
From  the  acetic  solution  after  evaporation,  the  manganese  may  bo  precipitated  by 
caustic  potash. 

In  calculating  the  results  of  the  analysis,  account  must  be  taken  of  the  space 
occupied  in  the  measuring  vessel  by  the  sulphate  of  lead.  By  repeated  experiments 
Fresenius  has  found  that  for  200  grams  of  lead  this  space  is  equal  to  that  of  45  grams 
of  water  at  1 6°.  The  quautities  of  metal  determined  in  1750  c.c.  of  solution  must 
therefore  be  referred  to  the  quantity  of  solution  corresponding  with  200  grams  of  lead, 
that  is  to  say,  1955  c.c,  or,  as  may  be  assumed  for  simplification,  to  179  grams  of  lead 
employed. 

By  test  experiments,  Fresenius  has  shown  that,  in  the  determination  of  quantities 
of  metal  amounting  to  only  a  few  milligrams,  good  volumetric  methods  are  affected 
with  errors  of  only  O'OOOOS  to  0'0002  gram,  whereas  gravimetric  methods  requiring 
ignition  of  precipitates  involve  errors  of  0-0002  to  O'OOOS  gram,  and  those  which  re- 
quire the  collection  of  precipitates  on  dried  and  weighed  filters  are  liable  to  errors  of 
0-0003  to  0  0007  gram. 

The  table  on  p.  731  exhibits  the  quantities  of  foreign  metals  contained  in  a  number 
of  soft  leads  of  recent  production.  Analyses  15-21  are  by  Fresenius,  made  by  the 
method  above  described  ;  the  rest  are  by  Hampe  {Preiiss.  Zcitsehrift fur  Bcrg-,KxMcn-, 
unci  SaHnenwcscn.  xviii.  195  ;  Chcm.  Cciitr.  1871,  281),  made  by  a  similar  method. 

Alloys  of  Iiead  (A.  Bauer,  Beut.  Chem.  Gcs.  Btr.  iii.  691  ;  iv.  449).  An  alloy 
of  lead  and  platinum,  PtPb,  is  obtained  by  fusing  3  parts  of  lead  and  1  part  of  plati- 
num, and  exposing  the  very  brittle  pulverised  mass,  under  a  bell-jar,  to  the  action  of 
cnrbonic  acid,  oxygen,  and  acetic  acid  vapours.  After  three  weeks  the  white  lead 
formed  is  dissolved  in  acetic  acid,  the  residue  left  to  form  more  white  lead,  then  again 
treated  with  acetic  acid,  and  so  on  till  no  further  action  takes  place ;  the  alloy  is  then 
separated  from  finely  divided  platinum  by  levigation.  As  thus  prepared  it  forms  a 
crystalline  powder,  having  a  shining  surface  and  steel-grey  colour,  easily  decomposed 
by  boiling  with  mineral  acids,  but  not  acted  upon  by  dilute  acetic  acid.  When  heated 
it  fuses  quickly  to  a  crystalline,  vei-y  brittle,  reddish  mass,  resembling  bismuth.  It 
may  be  obtained  at  once  in  this  state  by  fusing  platinum  with  a  slight  excess  of  lead 
imder  a  covering  of  borax-glass.  Chemical  combination  takes  place  readily,  and  is 
accompanied  by  vivid  flashes  of  light.  The  crucible  should  be  allowed  to  cool  slowly 
(by  being  placed  in  hot  ashes).  The  alloy  may  be  freed  from  excess  of  lead  by  treat- 
ment with  acetic  acid  and  exposure  to  air  as  above.  Its  density  is  15-736,  the  cal- 
culated density  being — supposing  no  contraction  to  take  place — 14-89.  An  alloy 
containing  two  atoms  of  lead  to  one  of  platinum,  is  obtained  by  employing  excess  of 
lead.    The  alloy  PtPb-  diflfers  but  little  from  PtPb  in  its  outward  appearance. 

An  alloy  of  lead  and  palladium  is  obtained  by  fusing  granulated  lead  in  a  porcelain 
crucible,  with  somewhat  more  than  one  part  by  weight  of  palladium  foil.  Combination 
takes  place  readily  and  is  marked  by  flashes  of  light.  The  product  is  a  beautiful, 
crystalline,  brittle,  greyish-white  mass,  which  is  freed  from  excess  of  lead  by  acting 
upon  it  -with  acetic  and  carbonic  acids.  It  is  attacked  freely,  sugar  of  lead  and  white 
lead  being  formed  ;  and  on  powdering  it  very  finely  and  exposing  it  repeatedly  to  the 
action  of  these  acids,  it  was  found  that  palladum  oven  dissolved  in  acetic  acid,  and 
that  the  remaining  alloy  was  of  constant  composition.  This  alloy,  which  has  the 
composition  Pd'Pb,  forms  a  steel-grey,  crystalline  powder,  difficultly  fusible,  and  having 
a  specific  gravity  of  1 1-225,  theory  equiring  11-65.  When  it  was  used  as  a  nega- 
tive electrode  in  a  battery  of  six  Buuseu  elements,no  occlusion  of  hydrogen  could  be  traced. 
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No  alloys  of  lead  and  gold,  or  of  lead  and  silver,  could  be  obtained  by  fusing  toge- 
ther the  respective  metals. 

An  amalgam  of  lead  is  obtained  by  melting  2  parts  of  lead  in  a  crucible,  and  gradu- 
ally adding  1  part  of  mercury.  The  resulting  amalgam  is  then  acted  upon  with  acetic 
and  carbonic  acids  whilst  exposed  to  air,  as  long  as  any  sugar  of  lead  and  white  lead 
is  formed.  It  contains  40-86  of  lead  and  59-12  of  mercury,  the  formula  Pb=Hg'  re- 
quiring 40-82  of  Pb  and  69-17  of  Hg,  and  forms  a  compact,  crystalline,  granidar  white 
mass,  of  specific  gravity  12-49  at  17°.  The  calculated  density  of  an  amalgam  of 
Pb-Hg'  is  12-6085  (sp.  gr.  of  Hg  =  13-o57).  Hence  it  follows  that  no  contraction  has 
taken  place.  This  is  quite  in  harmony  with  the  observations  made  by  Crookewitt 
{Ann.  Ch.  Pharm.  Ixviii.  290)  on  amalgams  of  equal  atoms  of  lead  and  mercury,  but 
runs  counter  to  the  observations  made  by  Kupffer  on  lead  amalgams. 

Xiead  Chloride,  PbCP.  The  solubility  of  this  compound  in  water  and  in  aqueous 
hydrochloric  acid  was  determined  in  1868  by  J.  C.  Bell  {1st  Supjjl.  776 ;  Chem.  Soc.  J. 
[2],  xxi.  350),  who  found  that  pure  water  at  17-7°  dissolves  0-946  part  of  it,  or  1  part 
in  120  ;  with  the  addition  of  1  p.c.  hj'drochloric  acid,  only  0'347,  wliile  with  14  p.e.  of 
the  acid,  only  O'OOO  is  dissolved,  which  is  the  minimum  quantity.  After  the  liquid 
becomes  more  acidified,  the  solubility  of  the  salt  increases,  so  that  at  72  p.c.  of  acid  it 
is  more  soluble  than  in  water,  and  in  the  pure  acid  (sp.  gr.  1-162)  as  much  as  2-900 
is  dissolved.  The  reaction  is  rather  different  when  sodium  chloride  is  used  as  a  solvent. 
Field  {Chem.  Soc.  J.  [2],  si.  575),  whose  experiments  also  show  that  the  solubility  of 
lead  chloride  in  pure  water  is  1  part  in  120,  finds  that,  on  the  addition  of  sodium 
chloride  to  the  extent  of  5  p.c,  the  sohibility  of  the  lead  chloride  decreases  very  con- 
siderably, and  only  1  in  437  remains  in  sohition.  When,  however,  the  lead  salt  is 
digested  with  a  concentrated  solution  of  sodium  chloride,  it  is  found  to  be  rather  less 
soluble  than  in  water,  viz.,  1  in  129.  This  fact  may  be  strikingly  exemplified  by  the 
addition  of  solution  of  sodium  chloride  to  an  aqueous  solution  of  lead  chloride,  when 
crystals  of  the  latter  are  deposited,  and  vice  versd,  when  water  is  added  to  a  solution 
of  lead  chloride  in  concentrated  sodium  chloride. 

It  is  well  known  that  when  lead  sulphate  is  treated  with  hydrochloric  acid,  lead 
chloride  is  formed  and  free  sulphuric  acid  remains  in  solution,  and  Field's  experiments 
show  that  even  a  cold  saturated  solution  of  sodium  chloride  immediately  decomposes 
lead  sulphate.  And  it  almost  appears  that  at  first  there  is  not  only  an  actual  decom- 
position, but  a  solution,  as  1  gram  of  lead  sulphate  dissolves  perfectly  in  100  grams  of 
solution  of  sodium  chloride,  and  after  some  liours  deposits  cr3'stals  of  lead  chloi-idn. 
Sulphuric  acid,  or  a  soluble  sulpliate,  gives  no  precipitate  witJi  lead  chloride  dissolved 
in  sodium  chloride. 

The  different  forms  of  crystals  of  lead  chloride  observed  by  Mr.  Bell,  some  being  in 
fine  needles  and  others  in  feathery  plates,  may  be  obtained  in  great  beauty  b)-  the 
following  method  : — A  solution  of  aniline  hydrochloride  forms  lead  chloride  with  diffi- 
culty;  indeed,  both  solutions  must  be  rather  concentrated  before  any  reaction  is  per- 
ceptible. On  leaving  the  liquid  to  stand  some  time,  fine  needle-shaped  crystals  are 
deposited,  and  if  to  the  mother-liquor  a  few  drops  of  sodium  chloride  be  added,  a 
beautiful  mass  of  iridescent  scales  is  produced,  differing  entirely  in  phyjiieal  structure 
from  the  fonner.  AVhen  potassium  iodide  is  added  to  a  solution  of  lead  chloride  in 
sodium  chloride,  the  precipitate  formed  is  not  amorphous,  but  has  the  brilliant  spangly 
appearance  which  it  presents  when  deposited  from  its  solution  in  hot  water. 

When  sodium  chloride  is  added  to  either  acetate  or  nitrate  of  lead,  if  the  solutions 
be  sufficiently  concentrated,  it  is  well  known  that  a  white  precipitate  is  formed  con- 
sisting of  lead  chloride.  But  if  acetic  acid  be  immediately  added  to  the  precipitate 
produced  in  the  acetate  solution,  the  whole  is  entirely  dissolved  for  tlie  moment,  but 
crystals  of  lead  chloride  speedily  begin  to  form ;  the  precipitate  in  the  lead  nitrate 
solution  remains  unchanged  on  the  addition  of  acetic  acid.  And  further,  if  to  the  clear 
solution,  after  the  precipitation  of  lead  nitrate  by  sodium  chloride,  any  acetate  be  added, 
even  in  the  cold,  a  cloudiness  is  immediately  formed  which  gradually  becomes  a  pre- 
cipitate. This  is  particularly  the  case  with  copper  acetate,  which,  if  agitated  with  the 
solution  above  referred  to,  yields  in  a  few  hours  a  copious  deposit,  perfectly  soluble 
in  acetic  acid.    The  same  reaction  is  produced  by  the  formates  (Field). 

3^ead  Oxides.  The  monoxide,  PbO,  is  completely  reduced  by  carbon  moiw.vide 
at  the  temperature  of  melting  zinc  (I.  L.  Bell,  Chem.  News,  xxiii.  258).  It  is  not 
acted  on  by  phosphorus  trichloride  at  160°,  but  when  it  is  moistened  with  the  tri- 
chloride and  heated  directly  over  a  lamp-flame,  a  violent  action  takes  place  attended 
with  flame  and  ignition,  chloride  and  phosphite  of  lead  being  formed,  and  a  large 
quantity  of  lead  separated  in  the  metallic  state  : 

6PbO  +  2PCP  =  3PbCP  +  Vh{VO''f  +  2Pb. 
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The  dioxide  acts  on  lieated  phosphorus  trichloride  -with  ignition,  according  to  the 
equation : 

4Pb02  +  4PCP  =  3PbCl^  +  Pb(P03)2  +  2PC1^0 
(Miehaelis,  J.  pr.  Chcm.  [2],  ir.  449). 

Ecd  Lead. — The  usual  process  of  mamifacturing  red  lead  by  exposing  massicot  in 
trays  in  the  same  furnace  that  serves  for  the  production  of  the  massicot  is  tedious, 
and  o'ften  gives  an  extremely  small  yield.  G.  Mercier  {Ann.  Ch.  Fharm.  clx.  252) 
observes  that  this  inadequate  result  is  due  to  the  changes  of  temperature  to  which,  in 
such  a  furnace,  it  is  necessarily  exposed.  The  principal  point  to  be  attended  to,  nest 
to  access  of  sufficient  air,  is  constancy  of  the  right  temperature  :  for  tlie  temperature 
at  which  massicot  takes  up  oxygen,  and  that  at  which  red  lead  loses  it,  lie  very  near 
each  other.  The  most  favourable  temperature  for  the  formation  of  red  lead  approaches 
that  of  a  dull  red  heat,  without,  however,  reaching  it. 

The  greatest  beauty  in  the  red  lead  corresponds  with  the  greatest  increase  in  weight 
in  the  massicot:  this  is  about  2  p.c.  But  after  the  maximum  weight  is  reached,  the 
brilliancy  of  the  red  lead  can  still  increase  or  diminish  through  a  change  in  its  mole- 
cular condition. 

Mercier  has  constructed  a  furnace  for  use  on  the  large  scale,  best  adapted  for  the 
manufacture  of  red  lead.  It  is  essentially  a  large  mufile,  rouncl  which  the  fire  plays 
in  a  great  number  of  small  channels.  By  means  of  easily  worked  dampers  in  certain 
of  these  channels,  the  heat  can  be  regulated  at  pleasure  in  that  part  of  the  furnace. 
By  this  furnace  in  full  action  and  continuously  worked,  about  4  tons  of  red  lead  may 
be  produced  in  24  hours. 

X.BABHXI.Z.ZTE.  This  sulphato-carbonate  of  lead,  PbS0'.3PbC0^  originally 
found  at  Lanark  in  Scotland,  appears  from  the  observations  of  E.  Bertrand  (Bull. 
Soc.  Chim.  [2],  xix.  17)  to  occur  also  at  Iglesias  in  Sardinia.  Some  fragments  of  a 
mineral  from  this  locality  exhibit  in  polarised  light,  coloured  rings  which  show  that 
the  mineral  belongs  to  the  trimetric  system  ;  the  optic  axes  are  more  divergent  for  the 
red  than  for  the  blue  rays.  The  apparent  inclination  of  the  axes  in  air  is  about 
20°  30'  for  natural  hght.  The  crystals  are  negative,  the  acute  bisectrix  coinciding 
with  the  axis  of  greater  elasticity.  All  the  Sardinian  specimens  exhibit  a  twin-form- 
ation of  about  120°,  like  those  from  Leadhills.  The  hardness  of  the  Sardinian  mineral 
is  between  2  and  3,  rather  nearer  to  3;  that  of  the  Scotch  mineral  is  2-5.  The  density 
of  the  Sardinian  mineral  is  6'60  at  14°,  which  is  rather  higher  than  that  of  the  Scotch 
variety,  viz.  6-3  to  6-5,  the  difference  being  apparently  due  to  alteration  in  the  former, 
inasmuch  as  some  parts  of  the  Sardinian  crystals  are  more  or  less  opaque,  contain 
water,  and  decrepitate  when  heated,  whereas  the  perfectly  transparent  portions— which 
were  selected  for  analysis — contain  no  water  and  do  not  decrepitate. 

Another  sulphato-carbonate  of  lead  from  Iglesias,  described  by  Laspeyres  under  the 
name  of  maxite,  is  regarded  by  Bertrand  as  identical  with  leadhillite  ;  but,  according 
to  Laspeyres,  the  two  species  are  distinct  (see  Maxite). 

XiEGUMXH'.    See  Proteiss. 

IiEBIOir-OZXi.    See  Oils  Volatile. 

XiEinOK'-TIlEE.  Analyses  of  the  fruit  find  leaves  of  the  lemon  grown  in  Sicily 
have  been  made  by  A.  Cossa  {Gazzctta  chimica  italiana,\\.  385).  The  results  are 
given  in  the  following  table : 


Leaves 

Rind 

Parenchyma 

Seeds 

Juice 

Potash  

1015 

34-42 

12-90 

41-89 

54-56 

Soda  

1-78 

2-07 

1-50 

1-88 

1-42 

61-83 

38-87 

43-98 

16-75 

15-19 

Magnesia  .... 

1106 

11-33 

11-78 

4-62 

4-85 

Sulphuric  anhydride 

4-85 

3-44 

3-69 

3-39 

4-94 

Phosphoric  anhydride  . 

4-67 

8-38 

22-26 

20-18 

15-63 

Silica  

3-4f) 

0-66 

1-60 

1-13 

1-77 

Undetermined  matter  and  loss 

217 

0-83 

2-20 

1-26 

1-64 

Ash  in  100  parts  of  dry  sub-j 
stance      ...  j' 

100 
12-36 

100 
6-982 

100 
2-130 

100 
2-821 

100 
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Tlio  loaves  in  the  natural  state  contain  o6'61  p,c.  water,  38-03  organic,  and  5-36 
mineral  substance;  the  juioe  contains  86-22  p.c.  -water,  12-32  organic,  and  1-46 
mineral  substance.  A  lemon  weighs  on  the  average  75-3  grams,  and  contains  in  100 
parts,  16-66  rind,  4-51  parenchyma,  r06  seeds,  and  78-77  juice. 

The  amount  of  potash  in  the  ashes  of  the  rind,  seeds,  and  juice  of  the  fruit,  is  large, 
viz.  41-89  p.c. ;  as  likewise  is  the  percentage  of  phosphoric  anhydride  in  the  ashes  of 
the  parenchyma  and  seeds. 

IiEPIDEN-E,  C^^H^^O  (see  1st  Suppl.  780).  Oxylcpidene,  C^^H-'O^,  which  is 
readily  fornu-d  Ijy  treating  a  solution  of  lepideno  in  acetic  acid  with  nitric  acid  or 
chromic  acid,  is  uasily  further  acted  upon  by  chromic  acid,  dioxyhpidene,  C-'*II-''0^ 
being  furmod,  which  crystallises  from  alcohol  in  large  rhombic,  nearly  quadratic 
plates.  By  the  further  action  of  chromic  acid,  dio.xylepidene  yields  benzoic  acid  and 
benzil,  but  reducing  agents  do  not  act  upon  it.  When  treated  with  a  weak  alcoholic 
solution  of  potash,  it  yields  benzoic  acid  and  deoxybenzoin,  from  which  it  appears 
that  its  rational  tbmiula  is  C'*H'°(C'ffO)20  (Ziniu,  Zeitschr.f.  Chem.  vii.  483). 

lEKP-IWAWWA  (Fliiekiger,  Arch.  Pharm.  [2],  cxlvi.  543).  This  substance 
occurs  on  the  leaves  of  Eucalyptus  dumosa,  and  consists  of  white  threads  clotted  toge- 
ther by  a  syrup  proceeding  from  the  insect  {Fsylla  Eucalypti)  which  spins  those 
threads.  It  contains,  in  round  numbers,  of  water  14  parts,  threadlike  portion  33  parts, 
sugar  53  parts.  The  threads  possess  many  of  the  most  characteristic  properties  of 
starch,  from  which,  however,  they  are  sharply  distinguished  by  their  form.  When 
lerp  is  washed  with  water,  the  sugar  dissolves  and  the  threads  swell  but  slightly,  but 
dissolve  to  a  slight  extent,  so  that  the  solution  is  coloured  blue  by  iodine.  The 
threads  freed  from  sugar  by  washing  consist  of  a  substance  called  Lerp-amylwn. 

Lerp-amylum  is  very  slightly  soluble  in  cold  water,  not  perceptibly  more  so  in 
water  at  100°,  but  entirely  soluble  to  a  thin  transparent  liquid  when  heated  to  135° 
in  sealed  tubes  with  30  parts  of  water  ;  this  solution  on  cooling  deposits  the  original 
substance  in  flocks,  without  forming  a  jelly  at  any  time.  The  separation  is  almost 
complete. 

If  the  material  employed  in  this  experiment  were  originally  free  from  sugar,  the 
liquid  left  after  the  separation  of  the  flocks  will  also  be  free  from  sugar.  The  flocks 
deposited  from  solution  are  insoluble  in  boiling  water  ;  therefore  lerp-amylum  suffers 
no  chemical  change  on  being  heated  to  150°  with  water.  Heated  in  the  air-bath  to 
190°  while  dry,  it  turns  brown,  and  is  afterwards  merely  reddened  by  solutions  of  iodine  ; 
at  the  same  time  it  becomes  partly  soluble  in  hot  water  :  hence  it  appears  that  lerp- 
amylum  undergoes  a  change  similar  to  that  which  occurs  when  starch  is  converted  into 
dextrin.  By  oxidation  witli  nitric  acid,  it  yields  oxalic  acid  but  no  mucic  acid  ;  it  is 
neutral  to  vegetable  colours,  and  is  not  precipitated  by  lead  acetate,  and  is  therefore 
not  to  be  confounded  with  the  gums,  &c. 

It  gave  by  analysis  43-7  and  43-07  carbon,  6-6  and  6-4  hydrogen,  agreeing  with  the 
formula  CH'^O*  (44-4  C  and  6-2  H).  Like  starch,  lerp-amylum  rotates  the  plane  of 
polarisation  to  the  right ;  and  on  digestion  with  dilute  sulphuric  acid,  &c.,  forms  a 
crystallisable  carbo-hydrate  which  agrees  in  its  properties  with  dextrin.  It  is  insoluble  in 
ammonia  cuprate,  and  is  homogeneous. 

Though  the  behaviour  of  lerp-amylum  to  iodine  and  to  water,  and  its  insolubility 
in  euprammonia  distinguish  it  from  cellulose,  it  is  to  be  borne  in  mind  that  there 
are  forms  or  conditions  of  cellulose  which  are  blued  by  iodine  and  dissolve  in  water. 

J.EU-CAIffXI.XZa'E,  C-oH-'N-l  0.  FoUenius  {Monit.  scieiit.  [3],  i.  678)  prepares 
this  base  by  boiling  a  solution  of  rosaniline  with  zinc-powder  till  it  is  completely  de- 
colorised. The  filtered  solution,  on  cooling,  deposits  crystals  of  leucaniline,  which 
may  be  purified  ty  solution  in  alcohol,  and  precipitation  with  water.  Colourless  leu- 
caniline, digested  in  acetic  acid,  immediately  yields  a  red  solution  (?  from  formation 
of  rosaniline),  which,  on  evajjoration,  gives  off  acetic  acid  and  leaves  a  brown  mass, 
turning  green  when  moistened  with  hydrochloric  acid,  and  then  dissolving  in  water 
with  red  colour. 

Leucaniline  oxalate  is  obtained  on  mixing  the  alcoholic  solutions  of  aniline  and 
oxalic  acid,  in  the  form  of  a  precipitate  which  dissolves  sparingly  in  cold,  easily  in 
warm  water,  but  crystallises  with  difficulty  and  turns  red  after  a  while.  By  dry  dis- 
tillation it  yields  an  oil  which  is  soluble  in  water  and  has  an  odour  recalling  those  of 
creosote  and  bitter-almond  oil. 


Z.EUCAVRXia'.   See  Auein  (p.  119). 
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IiSUCXXJE,  C^H'^NO^.  Amidocaproic  Add.—G.  Hiifner  (J.  pr.  Chem.  [2],  i.  6) 
has  compared  natm-al  leucine  (prepared  from  liorn-shavings  by  sulphiu-ic  acid,  or  from 
fibrin  by  pancreatic  digestion)  with  leucine  prepared  by  his  own  process  from  fermenta- 
tion caproic  acid  (heating  the  bromocaproic  acid  obtained  therefrom  with  aqueous 
ammonia,  \st  Suppl.  782),  and  with  that  prepared  from  valeral-amraonia.  The  two 
former  appeared,  as  regards  their  solubility  in  water  (3'7  to  3  9  p.c.  at  20°),  and  tlieir 
subliming  point  (170°)  perfectly  identical,  whereas  the  leucine  obtained  by  the  third 
process  dissolved  at  12°  in  117'0  parts  water  (leucine  from  caproic  acid  under  similar 
conditions  required  for  solution  only  48'8  parts).  With  regard,  however,  to  their 
copper-compounds  and  their  nitrates,  and  to  their  reaction  with  manganese  per- 
oxide and  sulphuric  acid,  the  three  leucines  were  found  to  be  perfectly  similar. 
On  the  ground  of  these  observations  Hiifner  regards  their  identity  as  established. 

The  preparation  of  leucine  from  valeral-ammonia  by  the  action  of  hydrocyanic  and 
hydrochloric  acids  is  not  easy.  The  valeral-ammonia  must  be  quite  pure  and  crystal- 
line, and  all  excess  of  hydrocyanic  acid  must  bo  avoided.  Hiifner  first  prepares  the 
compound  C'H^N'.HCl,  obtained  by  Strecker  and  by  Kciller  {1st  Suppl.  782)  and 
decomposes  it  by  boiling  with  hydrochloric  acid.  To  prepare  the  hydrochloride  just 
mentioned,  it  is  sufficient  to  dissolve  2  parts  of  valeral-ammonia  in  1  part  of  aqueous 
hydrocyanic  acid,  leave  the  solution  for  a  night  at  the  temperature  of  the  room,  and 
then  luix  it  with  excess  of  hydrochloric  acid. 

Leucine  from  Vegetable  Proieids. — Eitthausen  a.  Kreusler  (J.  pr.  Chein.  [2],  iii.  307  ; 
Chem.  Soo.  J.  [2],  ix.  710),  have  examined  the  leucine  obtained  by  boiling  these  pro- 
teids  with  dilute  sulphuric  acid,  or  as  a  by-product  in  the  preparation  of  aspartic  and 
glutamic  acids.  When  separated  from  the  otlier  products  of  the  reaction,  it  is  always 
very  impure.  For  purification  it  was  exhausted  with  boiling  spirit  of  sp.  gr.  0'89  to 
O'OO,  frequently  recrystallised  from  that  liquid,  then  dissolved  in  boiling  water,  with 
addition  of  as  much  barium  carbonate  as  the  liquid  would  take  up,  and  recrystallised 
from  water  till  the  quantity  of  barium  salts  remaining  in  the  liquid  had  become  quite 
inappreciable.  After  decoloration  by  animal  charcoal,  it  formed  thin  shining  laminse. 
But  even  in  this  state,  it  still  retained  a  little  sulphur,  which  could  be  removed  only 
by  boiling  with  potash  and  lead  oxide. 

As  all  the  vegetable  proteids  examined  by  Eitthausen  a.  Kreusler  yielded  leucine, 
it  may  be  assumed  that  all  these  bodies  occurring  in  plants  are  capable  of  furnishing 
it.  The  quantity  produced  varies,  however,  according  to  the  particular  proteid  em- 
ployed, gluten-proteids  and  conglutin  yielding  considerably  less  than  legumin.  The 
quantity  of  purified  leucine  obtained  varied  from  4  to  1 2  p.c. 

Leucine  when  heated  with  soda-lime  does  not  give  off  all  its  nitrogen  as  ammonia, 
unless  it  has  been  previously  mixed  ynth.  sugar;  the  same  was  found  to  be  the  case 
with  the  copper-compound  of  leucine. 

According  to  Gossmann  and  others,  an  aqueous  solution  of  leucine  is  not  precipitated 
by  mercuric  nitrate,  whereas,  according  to  E.  Hoifmann,  it  gives  a  white  flocculent 
precipitate  (iii.  582).  Eitthausen  a.  Kreusler  find  that  this  precipitation  occurs  only 
with  impiu'e  leucine  still  retaining  aspartic  or  glutamic  acid. 

Copper -compounds. — Gossmann  {loc.  cit.)  by  evaporating  the  blue  solution  produced 
by  boiling  leucine  with  cupric  oxide  obtained  the  compound  2C°H'^NO-.CuO  in  crystal- 
line grains.  Eitthausen  a.  Kreusler,  by  boiling  a  very  dilute  solution  of  leucine  with 
cupric  hydrate,  obtained  the  compound  3C''H"N0^.2CuO  in  light  violet-brown  scales, 
sparingly  soluble  in  water.  The  light  blue  compound  which  Kohler  obtained  by 
boiling  leucine  cupric  acetate  {1st  Suppl.  782)  has,  according  to  Eitthausen  a. 
Kreusler,  the  composition  7C''H'^NO'^.4CuO. 

X.EVCIM'ZTRXX.,  C«H"NO  =  C'H'^O'  (leucic  acid)  +  JTH'  -  2W0.  This  body, 
■also  called  Icucimide,  is  related  to  leucic  acid  in  the  same  manner  as  aeetonitril  to 
acetic  acid.  It  was  first  obtained  by  Kohler  by  dehydration  of  leucine  (ls<  Suppl. 
782),  and  has  been  more  particularly  examined  by  Thudichum  {Chem.  Soc.  J.  [2],  viii. 
409),  who  prepared  it  by  Kohler's  method  ;  also  from  the  decomposition-products 
obtained  by  the  action  of  sulphuric  acid  on  proteids.  These  products,  after  evapora- 
tion, were  left  for  .some  time  in  contact  with  the  air,  and  then  treated  for  several  weeks 
with  ether  or  alcohol.  These  solutions,  when  left  to  evaporate,  yielded  the  nitril, 
which  was  purified  by  crystallisation  from  hot  alcohol,  and  decoloration  with  animal 
charcoal.  The  product  thus  obtained  is,  however,  very  small,  and  Thudichum,  there- 
fore, gives  the  preference  to  Kohler's  method. 

Leucinitril  forms  white,  faintly  lustrous,  microscopic,  rhombic  needles  which  easily 
melt  and  sublime.    It  is  insoluble  in  cold,  slightly  soluble  in  boiling  water,  soluble 
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also  in  alcohol,  more  easily  in  hot  alcohol,  less  soluble  in  otlicr.  Coneontratcd  aqueous 
ammonia  and  potash  have  no  action  upon  it,  even  at  the  boiling  heat ;  hot  hydro- 
chloric acid  dissolves  a  trace  ;  it  dissolves  in  strong,  acetic  or  nitric  acid,  and  separates 
unaltered  on  addition  of  alkali  or  on  evaporation.  An  alcoholic  solution  of  leueinitril 
mixed  with  tincture  of  iodine  gives  off  a  small  quantity  of  hydriodic  acid,  and  on 
addition  of  potash  and  a  large  quantity  of  water,  deposits  white  crystals. 

In  the  preparation  of  lencinitril  by  Thudiclium's  method,  there  is  often  obtained,  as 
secondary  product,  a  substance  rich  in  sulphur,  which  forms  nacreous  crystalline 
laminoe  more  soluble  in  ether  than  leueinitril,  and  givinp;  off  hydrogen  sulphide  when 
boiled  with  a  solution  of  lead  oxide  in  potash.  Thndichnm  names  this  substance 
tldotcrin.  It  is  not  formed  when  an  ethereal  or  alcoholic  solution  of  leueinitril  is 
treated  witli  hydrogen  sulphide. 

ZiEUCITE.  Out-casts  of  Leucite  from  Vesuvius  have  been  described  by  G.  vom 
Eath  (Pogg.  Ann.  cxlvii.  263).  This  mineral,  the  most  important  and  characteristic 
of  all  those  which  occur  on  Vesuvius  and  in  its  lavas,  occupies  to  a  certain  extent  an 
cxcfptioiuil  place  among  minerals.  It  exhibits  no  varieties,  and  there  are  no  species 
isoiiiorjilious  with  it.  Of  all  rock-forming  minerals  it  is  the  most  limited  in  the  mode 
of  its  occurrence.  Felspar,  which,  in  a  chemical  point  of  view,  is  most  nearly  allied 
to  leucite,  occurs  in  rocks  of  all  ages,  and  in  beds  of  every  species,  but  leucite  is  never 
found  in  veins,  very  rarely  in  druses  of  lava  or  of  ejected  masses,  never  in  pseudo- 
iiiorplis.  Its  occurrence  in  lava  might  perhaps  seem  to  remove  all  doubt  as  to  its  mode 
(if  formation  and  its  crystallisation  from  a  fused  mass.  Nevertheless  the  various 
minerals  whien  constitute  lava  cannot  all  have  separated  from  the  mass  during  solidi- 
iiciition.  It  is  possible,  and  even  probable,  that  leucite  may  have  crystallised  from 
lava,  but  the  crystallisation  must  have  taken  place,  not  during  the  flow  of  solidification 
of  the  lava  on  the  surface,  but  in  the  unknown  depths  below.  On  Somma,  leucite  not 
only  forms  the  lavas,  but  likewise  appears  in  out-oasts,  sometimes  in  limestone  blocks, 
sometimes  in  sanidine  aggregates.  The  following  are  descriptions  of  some  remarkable 
specimens  of  both  these  classes  of  leucitic  out-casts. 

(«.)  A  lump  of  limestone  about  10  cm.  thick,  interspersed  with  grains  of  calcspar 
and  very  small  octohedrons  of  spinelle  and  periclase,  containing  moreover  numerous 
roundisli  cavities  from  3  mm.  to  3  cm.  in  diameter,  in  which  occur  rounded  grains  of 
leucite,  some  firmly  fixed  in  the  cavities,  others  loose,  so  that  they  rattle  when  the 
stone  is  shaken.  The  leucite  in  the  interior  of  these  grains  has  the  ordinary  constitu- 
tion, and  is  intergrown  with  black  augite  ;  externally  they  are  covered  with  a  white  very 
prickly  crust,  consisting  of  silky,  fibrous  prisms  1  mm.  long,  firmly  attaclied  to  the 
grains  and  arranged  in  nearly  parallel  rows.  This  white  mineral,  when  freed  by  acetic 
acid  from  calcium  carbonate  (amounting  to  15-18  p.c.  of  the  whole),  gives  by  analysis 
41-1  p.c.  silica,  34-5  alumina,  6'6  lime,  07  magnesia,  and  IS'l  loss  (alkalis),  whence 
it  appears  to  be  da vj'ne. 

The  calcareous  matrix  consists  of  60'7  p.c.  soluble  and  39'3  insoluble  in  acetic  acid. 
The  soluble  portion  is  a  magnesian  limestone  containing  86'5  p.c.  CaCO^  and  13'5 
MgCO',  therefore  not  a  true  dolomite.  A  similar  composition  was  found  by  Marchand 
in  a  fine-grained  block  of  limestone  from  the  Fosso  di  Pollena. 

The  insoluble  portion  of  the  calcareous  matrix  appears  under  the  microscope  per- 
fectly crystalline,  and  as  a  mixture  of  colourless  grains,  probably  quartz-sand,  greenish 
octohedrons  of  periclase,  black  octohedrons  of  ceilauite,  and  a  very  small  quantity  of 
magnetic  iron  ore.  It  gave  by  analysis  O'S  p.c.  Fe'O',  38-6  SiO^,  10-7  Al'O',  43-1 
MgO,  8'3  FeO  (  — 101'2).  The  alumina  may  be  regarded  as  combined  with  the 
magnesia  and  ferrous  oxide,  forming  ceilanite  ;  the  excess  of  magnesia  with  the  rest 
of  the  ferrous  oxide  forms  periclase,  while  the  silica  is  probably  present  in  the  free 
state.    Not  a  trace  of  lime  was  found  iu  the  insoluble  portion  of  the  matrix. 

(i.)  A  stone  12  centimeters  thick,  having  the  form  of  a  segment,  apparently  about 
one-fourth  of  the  original  spheroidal  block.  It  consists  of  a  calcareous  shell  3  to  4  cm. 
thick,  surrounding  a  pear-shaped  nucleus  of  leucite  of  granular  structure  and  abun- 
dantly traversed  by  black  augite.  In  the  interior  is  a  cavity  lined  with  fine  crystals 
of  leucite  and  augite.  At  the  boundary  between  the  shell  and  the  nucleus  are  numerous 
shining  dodecahedrons  of  reddish-brown  garnet,  1-li  mm.  in  size,  partly  imbedded  in 
the  leucite  mass,  which  separates  easily  and  smoothly  from  the  calcareous  shell,  partly 
resting  on  the  inner  side  of  the  latter.  The  leucite  nucleus  is  immediately  surrounded  by 
a  radio-fibrous  zone  1-1  .J  cm.  broad,  the  fibres  having  a  light  greenish-grey  colour.  This 
fibrous  mineral,  freed  by  treatment  with  acetic  acid  from  intermixed  calcium  carbonate, 
gave  by  analysis  38-6  p.c.  SiO=,  18-4  APO',  4-2  FoO,  2-8  CaO,  24-7  MgO,  and  11-3 
loss  (alkalis) ;  showing  that  it  consists  of  biotite  or  magnesia  mica.  This  and 
the  garnet  have  probably  been  formed  from  the  leucite  and  the  limestone  where  they 
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were  in  contact,  under  the  influence  of  a  very  high  temperature,  the  existence  of  wliieh 
is  shown  by  the  m:irks  of  fusion  at  the  boundary  between  the  shell  and  the  nucleus. 
To  account  for  the  occurrence  of  leucite  in  a  shell  of  limestone  is  by  no  means  eas)', 
for  tlie  latter  cannot  be  regarded  as  the  true  matrix  of  the  leucite.  The  leucite  nuclei 
of  this  and  the  preceding  out-cast  must  rather  be  regarded  as  foreign  enclosures  in  the 
limestone ;  but  it  is  difBcult  to  see  how  the  limestone  can  have  enclosed  the  leucites 
like  a  plastic  mass. 

(c.)  A  sanidine  stone,  containing  very  numerous  crystals  of  leucite,  5  to  28  mm.  in 
size.  The  matrix  consists  of  a  fine-grained  mixture  of  predominant  sanidine,  black 
hornblende,  brown  garnet,  and  a  small  quantitj'  of  magnetic  iron  oxide,  also  separate 
tabular  crystals  of  sanidine  measuring  20  mm.  The  leucites  are  white,  with  conclioi'dal 
fracture,  very  fresh,  some  unusualty  pure,  others  showing  admixtiu-es  of  hornblende. 
They  are  not  sharp-edged,  but  rather  rounded,  and  are  surrounded  with  a  crust  1-1;} 
mm.  thick  of  small,  beautifully  formed  crystals  of  sanidine.  These  appearances  might 
seem  to  indicate  the  commencement  of  a  pseudomorphosis  of  sanidine  after  leucite,  a 
change  which  Eammelsberg  observed  in  its  completeness  in  an  out-cast  very  similar  to 
the  one  under  consideration.  Closer  observation  shows,  however,  that  this  can  hardly 
be  the  case.  On  breaking  a  leucite  nodule  from  the  stone,  tlie  sanidine  envelope  re- 
mains behind  in  the  form  of  a  druse  lined  with  the  most  beautiful  crystals  of  sanidine, 
firmly  attached  to  the  ground-mass,  and  consisting  indeed  of  purer  crystals  growing 
out  of  it.  The  separated  nodule  of  leucite  is  also  covered  with  slender  crystals  of 
sanidine  firmly  implanted  on  it,  and  the  surface  of  the  leucite  itself  is  developed  into 
innumerable  small  but  well-defined  crystals,  arranged  in  parallel  rows.  Now,  when 
one  mineral  has  been  formed  from  another,  or  when  the  process  of  transformation  is 
in  progress,  one  of  the  minerals  is  sure  to  be  found  in  parts  presenting  the  appearance 
of  the  other,  and  intermediate  stages  of  this  transformation  are  likewise  met  with.  In 
the  present  case,  liowever,  the  closest  examination  with  the  microscope  shows  nothing 
of  the  kind.  On  the  contrary,  the  surface  of  the  leucite  nodule  is  seen  to  be  covered 
with  crystals  of  leucite  and  sanidine  placed  side  by  side,  and  both  in  perfect  freshness. 
Moreover,  the  stone  is  perfectly  closed,  no  crack  or  channel  being  visible  in  which 
alteration  of  composition  might  be  expected  to  occur. 

For  these  reasons  vom  Eath  thinks  it  more  probable  that  when  the  large  rounded 
crystals  began  to  form,  their  chemical  composition  was  somewhat  different  from  the 
typical  composition  of  leucite;  perhaps  the  following:  55-96  p.c.  SiO^,  23-0  APO^ 
21-04  K^O,  which  is  that  of  a  mixture  of  ^  sanidine  and  ^  leucite,  and  that  this  mix- 
ture afterwards  split  up  into  the  two  minerals,  which,  indeed,  occur  on  the  leucite 
nodules  in  about  this  proportion.  The  leucite,  so  remarkably  distinguished  by  its 
shell  of  sanidine,  exhibits  nearly  the  normal  composition : 

SiO=  AT-O'  CaO  K»0  Na'O 

Analysis    .       .       65-58       23-38       0-26       19-53       1-50  =  100-25 

SKS^SiO^  I     ^S-O        23-5         -       21-5         -    =  100 

Leucite  has  been  found  in  microscopic  unaltered  crystals  in  the  tufas  of  the  Schloss- 
berg  of  Ackharm  in  the  Kaiserstuhl  range  (F.  Sandberger,  Jahrbitch  f.  Mineralogie, 
1870,  207). 

In  leucite  from  Andernach,  J.  L.  Smith  {8iU.  Am.  J.  [2],  xlix.  335)  found  54'75  p.c. 
SiO-,  23-03  Al-O^,  1-55  Fe-O^,  and  20-06  alkali,  reckoned  as  potash.  The  quantities 
of  alkali  in  other  leucites  were  found  to  be  :  from  Vesuvius,  21-85  ;  from  Berghetta, 
20-68  ;  from  Frascati,  20-38,  exclusive  of  undetermined  quantities  (up  to  0-9  p.c.)  of 
rubidia  and  csesia. 

Crystalline  System  of  Xeucite.  This  mineral  has  hitherto  been  regarded  as 
belonging  to  the  mouometric  system  and  having  the  form  of  the  icosi-tetrahedron  (ii.l25); 
but  G.  vom  Kath  (Jahrb.  f.  Mineralogie,  1873,  113),  from  the  examination  of  the 
leucite  crystals  implanted  in  the  druses  of  the  Vesuvian  out-casts  above  described,  has 
come  to  the  conclusion  that  the  mineral  really  belongs  to  the  dimetric  or  quadratic 
system. 

,  The  faces  of  these  implanted  crystals  are  characterised  by  a  peculiar  striation,  the 
lines  running  parallel  either  to  the  shorter  (so-called  hexahedral)  edges,  or  to  the  sym- 
metric diagonals  of  the  trapezoidal  faces.  These  lines  often  begin  in  the  middle  of  a 
face  and  are  not  continued  to  an  edge ;  but  when  one  of  them  reaches  an  edge,  it  does 
not  usually  stop  there,  but  is  prolonged  into  the  adjoining  face  ;  the  line  and  its  pro- 
longation being  situated  in  a  plane,  which,  assuming  the  form  of  leucite  to  be  the  regu- 
lar icositetrahedron,  is  parallel  to  the  truncation-face  of  the  symmetrical  summits  of 
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the  cryst.ll  or,  in  other  words,  to  the  face  of  a  rhombic  dodecahedron.  Thus,  for  ex- 
ample, m  the  right  upper  octant  (fig.  19)  the  principal  striae  lie  in  the  dodecahedral 
Uco  which  truncates  the  left  upper  symmetrid  summit.  The  plane  of  tlie  stri* 
which  run  over  in  the  diagonal  direction,  over  o-  and  i\  parallel  to  the  combination- 
edge  of  this  latter  face,  corresponds  with  the  truncation-face  of  the  right  upper 
symmetric  summit.  _  The  two  long  stria  which,  running  over  the  combination- 
edge  i  .  I  have  a  similar  position  on  the  two  faces,  viz.  parallel  to  the  edges  i"  : 
and  t  -.0  ,  correspond  with  the  dodecahedral  face  which  truncates  the  front  upper 
symmetric  summit.  The  shorter  groups  of  lines  on  and  ?  (parallel  to  the  edges 
0  .  I-  ando-  :  z^j  are  similarly  situated  with  regard  to  the  back  upper  summit, 
in  like  manner  it  is  possible  to  determine  the  dodecahedral  face  in  which  every  stria 
passing  over  an  edge  is  situated. 

On  viewing  the  crystals  by  lamplight,  it  is  easily  seen  that  the  striation  is  not  merely 
superhcial,  but  is  due  to  interposed  twnn-lamcllae.  Sometimes  indeed  the  stria?  have 
a  very  perceptible  breadth,  and  their  surface  shines  in  a  position  different  from  that 
in  which  the  general  fiiee  of  the  crystal  appears  lustrous,  the  bands  remaining 
dark  while  the  general  surface  is  bright,  and  vice  versa.  If,  for  example,  the  face 
o  be  viewed  in  such  a  position  that  it  shines,  the  striae  are  then  dark  ;  but  on  turn- 
ing the  crystal  for  about  5°  round  an  axis  parallel  to  these  stria,  i.e.  to  the  edge 
0  :  i,  the  twin-lamellge  shine  while  the  face  itself  becomes  dark.  In  short,  the 
striation  of  these  implanted  leucites  exhibits  the  closest  possible  analogy  to  that  of 
triclinic  felspar,  which  is  known  to  arise  from  the  interposition  of  twin-lamella. 

Fig.  19.  Fk;.  20. 


From  the  appearances  above  described,  it  may  be  inferred  with  certainty  that  these 
striated  leucites  do  not  belong  to  the  regular  or  monoraetric  system  ;  for  in  that 
.system  a  twin-formation  parallel  to  a  dodecahedral  face  cannot  occur.  If  indeed  an 
ieositetrahedron  be  cut  parallel  to  the  face  of  the  dodecahedron  and  turned  round  180°, 
no  projecting  or  re-entering  angles  will  bo  formed,  but  the  whole  will  return  into  its 
former  position. 

The  conclusion  thus  deduced  is  confirmed  by  exact  measurements  of  the  angles  of 
the  leucito  crystals,  from  which  it  appears  tliat  edges  which  ought  to  be  identical  if 
the  crystals  were  monometric,  really  differ  by  almut  4  degrees. 

Leucito  belongs  in  fact  to  the  quadratic  or  dimetric  system,  its  form,  hitherto  re- 
garded as  a  regular  icositctraliedron,  or  loiicitohedron,  being  a  combination  of  a  quad- 
ratic octohedron  with  a  di-octohedron  (fig.  20). 

Octohedron,     o  =  a,       a,       c.    or  P 
Di-octohedron,  i  =  -jrf,      ^a,      c,   or  4P2. 
These  faces  exhibit  a.  remarkable  equality  of  development.    The  following  also 
sometimes  occur  subordinate  : 

First  acute  octohedron,  ic  =  la,  aoa.        c.  or  2Pco 
I'irst  quadratic  prism,  m  =    a,      a,     ooc-,  or  ccP. 
The  ratio  of  the  lateral  axes  to  the  vertical  axis,  deduced  from  the  measurement  oi 
the  lateral  ed-c  of  tlic  di-octohedron,  is — 

a  :  c  =  1-8988  :  1  or  1  :  0-00637. 
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Tlio  following  are  the  principal  angles : — 

Terminal  edge  of  the  oetohcdrou  .       .       .       .    =  130°  3' 
Lateral  edge  of  the  octohedron      .       .       .       .     =     73°  19'  40'' 
Primary  terminal  edge  of  the  di-octohedron  (situ- 
ated under  the  octohedral  edge)     .       .       .     =  131°  23' 
Secondary  terminal  edge  (situated  under  the  octo- 
hedral face)  =  146°   9' 30'' 

Basal  angle  of  the  di-octohedron  (situated  at  the 

ends  of  the  lateral  axes)        .       .       .       .     =  126°  52' 15'' 
Easal  angle  of  the  di-octohedron  (situated  between 

the  lateral  axes)  =  143°   7'  35" 


The  plane  angles  of  this  base  are  the  same  as  those  of  the  three  sections  through 
the  octohedral  edges  of  the  icositetrahedron  202. 

The  law  of  twin-formation  of  leucite  is  that  'The  twin-plane  is  a  face  of  the  first 
acute  octohedron;'  and  by  this  plane  the  crystals  are  united.  The  twin-plane  is  in- 
clined to  the  vertical  axes  at  an  angle  of  43°  31' ;  to  one  of  the  lateral  axes  at  46°  28' 
15".  Leucite,  hitherto  supposed  to  be  incapable  of  form- 
ing twins,  is  in  reality  very  much  inclined  to  twin-forma- 
tion, exhibiting  very  regular  combinations  of  two  or  more 
individual  crystals,  and  also  polysynthetic  crystals  in 
which,  as  above  described,  the  principal  crystal  is  inter- 
sected by  laminae  piarallel  to  the  faces  of  the  first  acute 
octohedron. 

Tlie  simplest  of  these  twin-formations  is  represented  in 
fig.  21. 

Imbedded  leucites  do  [not  admit  of  exact  angular  mea- 
surement, but  they  frequently  have  obtuse  projecting  and 
re-entering  angles,  and  exhibit  the  polysynthetic  structure 
in  a  very  high  degree.  There  can,  therefore,  be  little  doubt 
that  they  are  also  quadratic;  like  the  implanted  crystals. 
The  chemical  analysis  of  leucite  crystals  from  the  same  druse  as  those  whose  an- 
gular measurement  has  been  above  given,  exhibits  the  following  composition — 
SiO=  A1=0"         CaO  K=0  Na=0 

65-21       23-70       0-43       19-83       1-21  =  100-38 

agreeing  almost  exactly  with  the  leucite  formula,  K'^O.Al''0'.4SiO^  which  requires 
54-92  SiO,  23-62  Al-0^  and  21-66  K^O.  The  proportion  of  soda  in  these  striated 
crystals  is  not  greater  than  in  crystals  of  leucite  previously  examined,  and  regarded  as 
monometric  (Eammelsberg  found  6-43  p.c.  Na-0  in  a  Vesuvian  leucite) :  consequently 
the  quadratic  form  cannot  be  regarded  as  a  peculiarity  of  these  crystals,  due  to  the  pre- 
sence of  soda. 

The  optical  characters  of  leucite  are  more  in  accordance  with  the  quadratic  than 
with  the  hitherto  assumed  monometric  form.  Des  Cloizeaux  {NouveUcs  rechcrches  sur 
Ics  propriitcs  optiqucs  de.s  cristmix,  1867,  pp.  3-6)  observes  that  leucite,  wlien  ex- 
amined by  polarised  light,  does  not  behave  like  a  monometric  crystal,  the  appearances 
varying  according  to  the  particular  plate  examined,  and  tlie  direction  in  which  it 
has  been  cut  from  the  crystal.  He  also  remarks  that  the  strias  seen  in  polarised  light 
are  parallel  to  the  planes  of  a  dodecahedron.  These  stride,  due  to  interposed  twin- 
lamellae,  had  been  previously  observed  by  Biot,  who  founded  xipon  them  his  theory  of 
lamellar  polarisation. 

Leucite  may  therefore  take  its  place  amongst  the  series  of  quadratic  minerals  which 
are  so  characteristic  of  Vesuvius,  viz.,  zircon,  humboldtilite,  meyonite,  mizzonite,  sarco- 
lite  and  vesuvian,  to  tlie  last  of  which  it  approximates  very  closely.  Tlie  primary  form 
of  vesuvian  has,  according  to  v.  Zepharovich,  an  angle  of  129°  20'  in  its  lateral  edges, 
and  amongst  its  numerous  combinations  there  occurs  the  di-octohedron  4P2,  which  is 
otherwise  not  frequently  observed.  If  the  lorimary  form  of  vesuvian  were  associated 
with  this  di-octohedron,  a  form  would  be  produ.ced  almost  exactly  like  the  regular 
icositetrahedron,  as  in  the  case  of  leucite  (vom  Eath). 

liEUCOXXXrE.  Ballo  {Bingl.  folyt.  J.  cii.  377)  has  obtained  from  crude  naphtha- 
lene an  oily  liquid  containing  leucoline.  A  quantity  of  the  crude  naphthalene,  which 
had  never  been  treated  with  acids  or  alkalis,  was  boiled  on  tlie  water-batli,  and  the 
brown  solution  obtained  was  precipitated  with  ammonia.  A  floceulent  precipitate  was 
formed,  which  on  drying  at  a  higher  temperature  or  in  a  -v-aeuum  over  sulpliuric  acid, 
alwaj-s  fused  to  a  dark  thick  fluid,  possessing  in  an  eminent  degree  the  characteristic 
odour  of  impure  naphthalene.  Potassium  bichromate  produced  also  very  bulky  precipi- 
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tates,  which  dried  up  to  brown  hard  masses,  but  the  precipitation  was  not  complete. 
The  oily  liquid  obtained  as  above  was  distilled,  a  light  brownish-yellow  coloured 
distillate  coming  over;  it  was  then  further  purified  by  fractional  distillation, 
the  portion  coming  over  at  240°  being  collected.  Tho  distillate  was  not 
fully  soluble  in  hydrochloric  acid.  By  shaking  with  dilute  hydrochloric  acid, 
pouring  off  from  the  indifferent  oils,  and  then  adding  ammonia  to  the  solution,  the  oily 
body  was  precipitated  in  a  milky  form,  gradually  collecting  in  drops  at  the  bottom  of 
the  vessel.  This  oily  layer  was  completely  soluble  in  hydrochloric  acid.  Dried  in  a 
vacuum,  it  was  quite  clear,  but  became  somewhat  dark-coloured.  To  this  body  Ballo 
gives  the  name  of  Icucolinc  oil.  It  appeared  to  be  a  mixture  of  several  liases,  but  did 
not  yield  any  precipitate  of  constant  composition  by  fractional  preciiiititiun  with  am- 
monia; neither  did  it  form  any  crystalline  salts.  The  sulphate  is  pj-n  iiiit:ili  il  from 
tlie  ethereal  solution  of  the  oil,  after  addition  of  a  few  drops  of  dilute  siil[ilLuric  Mri.l. 
in  the  form  of  a  yellowish-brown  oil,  and  in  the  strongly  acid  aqueous  .•solution  of  the 
sulphate,  potassium  bichromate  produces  a  bulky  yellow  precipitate.  Ked  litmus  paper 
is  not  turned  blue  by  the  oil ;  it  produces  grease  stains  on  blotting  paper.  These 
properties  render  it  probable  that  the  oil  contains  leucolino.  Platinio  chloride  yields 
in  a  solution  of  leucoline  oil  in  dilute  hydrochloric  acid  a  yellow  precipitate  ;  and  in 
the  filtrate,  after  standing  some  days,  further  portions  crystallise  out  in  long  feathery 
groups  of  orange-yellow  needles.  These  dried  in  a  vacuum  over  sulphuric  acid,  and 
then  at  100°,  gave  by  analysis  28-03  p.c.  platinum,  agreeing  nearly  with  the  platino- 
eliloride  of  lepidine  2(C>°H"N.HCl).PtCP,  which  requires  28-3  p.c.  platinum.  The  first 
formed  precipitate  was  only  partially  soluble  in  alcohol ;  the  undissolved  portion  con- 
tained 29'2  p.c.  and  the  recrystalliscd  portion  29-7  p-c.  platinum.  The  formula  of 
leucoline  platino-chloride,  2(C'-'H'N.HCl).PtCl',  requires  29'3  p.c.  platinum. 

Leucoline  oil  appears  therefore  to  be  a  mixture  of  leucoline  and  lepidine.  Treated 
with  amyl  iodide  and  potash-ley,  it  gives  a  violet  colouring  matter,  apparently  identical 
with  that  obtained  from  cinchonine-chinoline  (i.  873  ;  \st  Suppl.  431). 

This  last  result  appears  to  contradict  tlie  statement  of  C.  Greville  Williams  that 
coal-tar  leucoline  gives  no  colour  when  treated  with  amyl  iodide  and  potash.  Williams, 
however  {Ckcm.  Soc.  J.  [2J,  x.  657),  has  repeated  his  former  experiments  with  tho 
same  result  as  before,  viz.,  that  chinoline  gives  at  once  and  without  difficulty  a  In-il- 
liaut  and  characteristic  blue  colour,  whereas  leucolino  gives  only  a  faint,  dirty,  purplisli 
coloration,  having  no  resemblance  whatever  to  chinoline-blue.  He  thereifore  infers 
that  coal-tar  sometimes  contains  chinoline  as  well  as  leucoline,  a  conclusion  which  is 
strengthened  by  the  fact  that  so-called  leucoline  from  coal-tar  has  teen  found  by  Hof- 
mann  to  give  with  chromic  acid  the  yellow  crystalline  precipitate  characteristic  of 
chinoline,  whereas  Williams's  experiments  show  that  perfectly  pure  leucoline  gives  only 
a  yellow  oily  precipitate. 

XEUCOPHAM'E.  This  mineral  (iii.  584)  is  trimetric,  and  according  to  v.  Lang 
1  {■Jah-buch  fiir  Mincralogie,  1872,  426)  has  the  axial  ratio,  a  :  h  :  c  =  0-9657  :  1  :  0-607. 
The  tabular  crystal  ex.-imined  exhibited  the  feces  OP,  cbP,  2P«  ,  iPoo  ,  P,  2P,  P2,  f  2. 
Cleavage  parallel  to  oP. 

IiEUCOKOSOI.IC  ACID.    See  Rosolic  Acid. 

XEVTTIiOSE.    See  .Scgars. 

IiZCHEN-S.  According  to  W.  Knop  {Chcm.  Ccntr.  1872,  172),  the  ashes  of  lichens 
contain  alumina.  Ho  considers  this  substance  to  be  dissolved  out  of  the  dust  which 
settles  on  the  lichen  and  firmly  adheres  to  its  surface  after  wet  weather,  by  the  oxalic 
acid  which  is  known  to  be  a  frequent  constituent  of  lichens,  this  acid  being  one  of  the 
best  solvents  of  alumina.  He  also  thinks  it  probable  that  the  oxalic  acid  in  lichens 
is  produced  during  the  growth  of  the  plant  from  what  he  names  the  '  lichen  acids  : ' 
for  treatment  of  these  acids  with  caustic  alkalis  produces  a  carbonate  or  an  oxalate. 

Referring  to  the  researches  of  Schwoudener,  from  which  lichens  appear  to  be,  not 
distinct  plants,  but  combinations  of  fungi  with  algae,  tho  gonidia  of  the  lichen  consisting 
of  algae  that  have  become  enclosed  in  the  h3'pha  (mycelium)  of  a  fungus  which  then 
grows  into  the  thallus  of  the  lichen,  Knop  points  out  that  tho  liclien-acids-  are  found 
exclusively  in  the  cortical  layers  of  the  lichen,  that  is,  in  the  fungus,  and  not  in  the 
alga  (gonidiura). 

Eespecting  the  nutrition  of  tho  two  elements  of  a  lichen,  ho  considers  that,  ou  tlic 
one  hand,  the  alga  (gonidium)  which  in  many  lichens  is  completely  enclosed  within  the 
fungus,  obtains  its  nutrient  matters  through  tho  fungus,  by  which  they  are  absorbed 
in  damp  weather  from  the  barks  of  trees  or  tho  stones  on  which  the  lichen  grows,  and 
on  the  other,  that  the  fungus,  which  cannot  bo  converted  into  a  lichen  without  tlie 
presence  of  an  alga,  audcaunot  of  itself  fix  carbonic  anhydride,  has  its  food  elaborated 
for  it  by  the  alga. 
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Lastly,  lie  suggests  tliat  tlie  detection  of  ;i  particular  lichen-acid  in  tlie  soridia  of 
lichens  may  aid  in  determining  the  lichen  to  which  they  belong. 

IiICKT.  Eefraction  and  Dispersioji.—Glndstone  {Chem.  Soc.  J.  [2],  viii. 
101,  147)  has  collected  together  the  results  published  in  his  previous  papers  on  the 
subject  (see  iii.  624-631,  and  \st  Supjd.  783-785),  and  shown,  with  respect  to  a  large 
number  of  hydrocarbons,  that  the  values  of  the  refraction-equivalents  calculated  ac- 
cording to  the  method  already  described  agree  very  closely  with  those  determined  by 
observation.  Exceptions  to  this  agreement  are,  however,  exhibited  by  the  hydro- 
carbons of  the  aromatic  group,  by  two  series  of  nitrogenised  bases,  viz.,  the  pyridine 
and  chinoline  series,  and  by  certain  oxidised  essential  oils,  whose  observed  refractiou- 
equivalents  are  considerably  higher  than  those  calculated  from  the  values  of  the 
elements  (l.s<  Stt-ppl.  785).  Gladstone  is  inclined  to  attribute  this  deviation  to  the 
circumstance  that  the  phenylic  nucleus  C'H^  exerts  as  a  whole  upon  the  rays  of  light 
.1  predominating  influence,  which  is  not  destroyed  when  the  hydrogen  in  the  nucleus 
is  replaced  by  chlorine,  nitric  oxide,  oxygen,  and  sulphur.  The  deviations  from  the 
normal  refraction-equivalent  exhibit  a  regularity  depending  on  the  composition,  which 
for  the  typical  hydrocarbons  may  be  represented  as  follows": — 

Hydrocarbons  Typical  Eefraction- 
fonuula  equivalent 

Paraffins   C''H=''+=  ,  Normal 

Olefines   C°H-" 

Terpenes   C"H="-*  .       „      +  3 

Benzene  and  its  homologues     .  C"H-"~'*  .       ,,      +  6 

Naphthalene    ....  C"H-"-'-  .       „  +14 

Anthracene      ....  C"H-'"-"^  .       „  +17 

Similar  relations  are  exhibited  by  a  series  of  oxidised  compounds  which  differ  from 
one  another  only  in  their  amount  of  hydrogen  : — 

Substance  Formula  Eefractiou- 
equivalent 

Peppermint  Camphor       .       .  C'"II-"0  .  Normal 

Dihydrate  of  Cajeput       .       .  C"H'«0 

Wormwood  oil  .       .       .       .  C'»H'«0  .  „  +1 

Carvol   C'H^O  .  „  +6 

Anethol   C'«H'=0  .  „  +13 

The  first  of  the  two  following  tables  gives  the  refractive  indices,  for  the  lines  A,  D, 
H,  of  a  number  of  compounds  not  previously  examined,  whose  refraction-equivalents 
have  the  normal  values.  The  second  gives  the  refractive  indices  of  several  compounds 
whose  observed  refractive-equivalent  is  greater  than  that  determined  by  calculation. 


Table  I. — Normal  Eefractive  Indices. 


Temp. 
Centi- 
grade 

Eefractive  Indice 

Substance 

Equivalents  of 
Solvent 

Specific 
Gravity 

A 

D 

H 

Hydrate  of  turpentine-cil  . 

CS'SS  alcohol 

0-819 

9 

1-3690 

1-3752 

1-3846 

Camphor  .... 

4-.M  „ 

0-866 

8-5 

1-4022 

1-4067 

1-4205 

Bihydrate  of  Cajeput  . 

0-!)16 

20 

1-4532 

1-4583 

1-4745 

Oil  of  wormwood 

0-9-27 

20 

1-4543 

1-1598 

1-4786 

!)-10  water 

1-340 

1-4588 

1-4037 

1-4771 

Potassium  succinate  . 

71-50  water  +0-28G'H''O'' 

1  093 

1-3517 

1-3563 

1-3679 

TJrea   

7-00  water 

1-088 

1-3762 

1-3815 

1-3962 

Acetyl  chloride  . 

1-159 

1-3992 

1-4042 

1-4213 

Chloropicriu 

1-4616 

1-4679 

1-4876 

Camphcne  hydrochloride  . 

39'S)2  alcohol 

0-823 

9 

1-3713 

1-3757 

1-3876 

Iodoform  .... 

38-54  ether 

0-820 

9 

1-3671 

1-3716 

Ammonium     Bulphocar-  1 
bonate     .      .      .  ) 

35-47  water 

1-065 

1-391S 

Ammonium     sulphocar-  1 
bamate    ...  J 

18-71  „ 

1-091 

10 

1-4171 

1-4254 

Potassium  xanthate  . 

21-34  „ 

1-100 

1-3891 

1-3961 

Potassium  cMorate 

120-75  „ 

1-032 

1^7 

1-3334 

1-3376 

1-3483 

Potassium  bromate 

133-49  „ 

1-035 

17 

1-3341 

1-3382 

1-3491 

Metaphosphoric  acid  . 

8-23  „ 

1-270 

1-3718 

1-3764 

1-3879 

Orthophosphoric  acid  . 

13-30  „ 

1-180 

1-3584 

1-3030 

1-3746 
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Table  II. — Abnormal  Befractivc  Indices. 


.  .  . 

1 

Temp. 
Centi- 
grade 

Refractive  Indices 

Substance 

Specific 

Solvent" 

Gravity 

A 

° 

1-4953 

1-5052 

1-5393 

"loB  ■ 

1-4925 

1-5021 

1-53,58 

.,  .... 

- 

1-4981 

1-5077 

1-5411 

Cynicuc  .... 

1  -4801 

1-4877 

1-5130 

24urobenzonG  . 

1-5438 

\'.\.}, 

1-542G 

1-.5564 

— 

.  • 

Fheuyl  sulpliiup  . 

1-6241 

1-6398 

1-6942 

Potassium  sulphopuenato  . 

ni'-jb  water 

1-3587 

1-3767 

Cblurliydranil 

23*74  ether 

1-3775 

0-859 

i' 

1-3913 

1-3962 

1-4116 

17-44  „ 

8-5 

Potassium  benzor.te  . 

22*!)0  water  +  0-06  K=0 

?-139 

0 

1-3917 

1-3974 

1-4149 

38-24  water  +  0-09  K^O 

1-091 

1-3705 

1-3757 

1-3904 

Benzoyl  chloride 

1  1-2-J8 

10 

1-5438 

1-5568 

1-6012 

Cinnamyl  hydride 

!  1-0.59 

11 

1-6045 

1-6253 

Naphthalene 

7-95  ether 

1  0-789 

c 

1-3950 

1-4005 

1-4189 

Anethol  .... 

0-9877 

1-5430 

1-6129 

Thymol  .... 

18'S9  alcohol 

1-3845 

1-3890 

1-4031 

Myristicol  .... 

0-944  6 

1-4868 

1-5160 

another  specimen  [ 
b.p.  212-i;18°  .      .  .1 

0-9107 

24 

0-4757 

1-4802 

1-5028 

Befracf  ion  and  Dispersion  of  Selenium. — This  substance 'exhibits  very  great  refrac- 
tive and  dispersive  power.    The  dispersive  po-wer  of  the  rays  A  to  C,  that  is  to  say, 

the  magnitiido       ~        is  6^-  times,  and  «(,  —  nj,  14  times  as  great  as  in  carbon 


bisulphide.   The  refractive  indices  of  the  following  Fraunhofer  lines  have  been  dcter- 

A  o  B  C  f  D 

n  =  2-6,54         2-692         2-730  2-787  2-857  2-78. 

The  first  four  numbers  are  very  exact  (at  least  to  5  units  of  the  third  decimal  place); 
the  last  two  are  less  exact,  -inasmuch  as  beyond  the  line  D,  no  more  light  passes 
through  a  film  of  selenium  0-003  mm.  thick  (J.  L.  Sirks,  Pogg.  Ann.  cxliii.  429). 

For  Croullebois'  naeasurements  of  the  Refraction  and  Dispersion  of  Gases  and 
Vapours,  see  Comjtt.  rend.  Ixvii.  692;  Ann.  Ch.  Phys.  [4],  xx.  136  ;  Jahresh.f.  Chem. 
1868,  122;  1870,  170.  _  _  ' 

For  the  same  physicist's  determinations  of  the  refractive  power  of  Water,  Melhylic, 
Ethylic,  and  Amylic  Alcohols,  Ethyiic  Ether,  Carbon  Bisulphide,  Turpentine-oil  and 
Lemon-oil,  see  Ann.  Ch.  I-hys.  [4],  xxii.  139;  Jahresb.  1871,  153. 

Eefraction  and  Dispersion  of  Opaque  Bodies. — A  method  of  determining  the  refractive 
indices  and  dispersive  powers  of  bodies  which,  like  metallic  oxides  and  chlorides,  are 
opaque  in  the  mass  but  transparent  in  very  thin  films,  has  been  devised  by  W.  Wer- 
nicke {Fogg.  Ann.  cxxxix.  132).  Such  films  may  be  formed  in  great  perfection  on 
clean  plates  of  the  metal  by  electrolytic  action,  and  their  thickness  determined  by 
weighing.  They  exhibit  the  interference  colours  of  thin  plates,  and  on  viewing  them 
through  a  spectroscope,  spectra  are  seen  with  well-defined  alternate  bright  and  dark 
bands,  from  the  number  and  position  of  which  the  wave-lengths  of  the  several  Fraun- 
hofer lines  can  be  determined.  By  this  method  the  following  results  have  been 
obtained ; — 

Substance  Sp.  gi-.  Refractive  Indices 


5-  975 

6-  169 
2-542 


B 

2-534 
1-802 


C 

2-558 
2-010 
1-801 


2-705 
2-229 
1-862  1-944 


2-816  2-963 


Cuprous  oxide,  Cu-0  . 
Hydrate  of  Lead  dioxide 
Hydrate  of  Manganese  dioxide 

The  refraction  and  dispersion  of  cuprous  oxide  are  the  greatest  hitherto  determined 
with  certainty  in  any  substance. 

From  a  series  of  observations  extending  to  numerous  other  bodies,  Wernicke  draws 
the  following  general  conclusions :— In  all  bodies  of  great  refractive  and  dispersive 
power  the  absorption  increases  as  the  wave-length  diminishes,  the  increase  being  con- 
tinuous from  a  particular  part  of  the  spectrum  different  for  each  body.   In  transmitted 
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light,  therefore,  these  bodies,  in  layers  of  sufficient  thickness,  always  appear  yello-n-isli- 
red  or  red. 

The  refraction  and  dispersion  of  silver  chloride,  bromide,  and  iodide  have  been 
determined  by  Wernicke  {Fogg.  Aim.  cxliii.  660)  in  two  ways  : — 

1.  By  the  method  above  described.    A  film  of  metallic  silver  was  deposited  on  a 
glass  plate  by  means  of  ammoniacal  solution  of  silver  nitrate  mixed  with  caustic  soda 
and  -['jth  of  its  volume  of  a  reducing  liquid  prepared  by  mixing  50  grams  of  sulpluiric 
acid,  40  alcohol,  35  water,  and  60  manganese  dioxide ;  distilling  off  about  60  c.e.  into  ,j 
a  vessel  containing  50  grams  of  water  ;  then  adding  100  c.c.  alcohol,  and  10  grams  of 
cane-sugar  inverted  with  nitric  acid;  and  diluting  with  water  to  100  c.c.    "When  the  , 
brilliant  silver  film  thus  obtained  is  exposed  to  iodine-vapour,  or  when  pieces  of  iodine  ' 
are  laid  upon  it,  the  silver  is  immediately  converted  into  iodide,  which  exhibits  splendid 
interference  colours.    To  convert  the  silver  speculum  into  bromide  or  chloride,  the  ' 
chlorine  or  bromine-vapour,  dry  and  free  from  air,  must  be  made  to  act  upon  it  as 
quickly  as  possible,  as,  if  the  action  goes  on  long,  the  transparency  of  the  films  is  im-  j 
paired,  probably  in  consequence  of  the  formation  of  oxychloride  or  oxybromide. 

2.  The  refraction  and  dispersion  were  determined  by  direct  measurement  by  means  ' 
of  small  prisms  made  by  casting  the  fused  salts  between  plates  of  parallel  glass  at  the  J 
desired  angle.  Prisms  of  fused  silver  iodide  exhibited,  when  cooled  to  138°,  a  sudden  i 
alteration  of  colour  and  transparency,  leading  to  the  conclusion  that,  at  high  temper-  ' 
atures,  part  of  the  iodine  is  separated  from  its  combination  with  the  silver,  and  is 
absorbed  by  the  remaining  substance  in  tlio  liquid  state :  for  the  spectrum,  like  that  j 
of  solid  and  liquid  iodine,  contains  no  blue  or  violet  light.  In  the  normal  state,  below  j 
138°.  silver  iodide  gives  a  spectrum  less  bright  but  twice  as  long,  and  particularly  \\ 
developed  in  the  blue-violet  portion.  j 

The  following  are  the  results  of  the  observations : 

Silver  chloride      '^^^^Ij"'^  ; 
Silver  iodide  .  j  g 


The  results  obtained  by  the  second  method  are  as  exact  as  those  of  the  first  for  the 
iodide  of  silver,  less  exact  for  the  chloride  and  bromide.  According  to  Des  Cloizeaux 
(Jahresb.  f.  Chem.  1867,  44),  the  refractive  index  of  yellow  light  for  the  ordinary  ray 
in  a  hexagonal  crystal  of  silver  iodide  =  2-23  ;  in  the  ajnorphous  iodide,  according  to 
Fizeaux  (Compt.  rend.  In.  274)  it  is  2-246.  With  regard  to  the  absorption  which,  in 
the  spectrum  of  bromide  and  iodide  of  silver,  begins  even  between  G  and  Hy,  and  in 
tlii^t  of  the  chloride,  behind  H7,  the  three  salts  follow  the  law  above  given.  As  the 
temperature  rises  the  refraction  of  the  three  bodies  diminishes. 

Anomalous  Dispersion. — Leroux  showed,  in  1862  {Compt.  rend.  Iv.  12G),  that 
hollow  prism  filled  with  iodine-vapour  transmits  only  a  group  of  red  and  a  group  of 
blue  rays,  and  that  the  red  rays  are  refracted  more  strongly  than  the  blue,  tliis  effect 
being  quite  independent  of  the  particular  arrangements  and  apparatus  used.  The 
iodine-vapour  likewise  transmits  the  ultra-violet  rays.  Its  dispersive  power  varies 
inversely  with  the  temperature.  To  this  previously  isolated  observation  another  was 
added  by  C.  Christiansen  {Fogg.  Ami.  cxli.  479),  namely,  that  aniline-red  or  fuchsine  in 
an  alcoholic  solution  containing  18-8  p.c.  of  the  colouring  matter,  exhibits  very  remark- 
able refraction-phenomena,  the  indices  of  refraction  for  the  several  Frauuhofer  lines 
being : 

B  CD  F  G  H 

1-450  1-502  1-561  1-512  1-285  1-312, 

increasing  from  B  to  a  little  beyond  D,  then  decreasing  rapidly  to  G,  and  from  that 
point  again  increasing. 

Christiansen  {Fogg.  Ann.  cxliii.  250)  further  determined  the  differences  between  the 
refractive  indices  of  five  Fraunhofer  lines  and  the  line  H,  whose  absolute  refractive 
index  «u  was  also  directly  measured.  The  latter  measurements  are  much  more  ■ 
certain  than  those  of  the  diffijrences,  in  which,  nevertheless,  the  errors  may  amount  to 
four  units  in  the  second  place  of  figures.  By  observation  in  acute  prisms  having 
refracting  angles  of  1°  to  4J°,  the  following  values  were  obtained  for  four  solutione 
containing  18-8,  17,  8,  and  2-5  p.c.  fuchsine  in  alcohol ;  — 


Refractive  InJe.^  Cor : 

c 

D 

P 

Cr 

Hy 

2-071 

2-101 

2-135 

2-0462 

2-0611 

2-0958 

2-1309 

2-202 

2-267 

2-409 

2-1531 

2-1816 

2-2787 

2-405 

2-261 

2-303 

2-360 

2-2331 

2-2633 

2-3140 
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B. 
C. 
1). 
1". 

Cr. 

H. 


18-S 

«  —  «n  n 

.    0-138  l-4.)0 

.    0-1941  l.-.j02 

.    0-249  1-061 

.    O-OOO  1-312 

-0-027  1-285 

.      —  1-312 


0-118  1-426 
0-149  1-493 
0-204  1-548 
0-000  1-344 
-0-022  1-322 
1-344 


0084  1-453 

0-130  1-502 

0-000  1-372 

-0-018  1-354 

—  1-372 


0-OlV  1-354 

0-046  1-419 

0-000  1-373 

0  006  1-367 

—  r373 


Tlie  eounection  between  anomalous  dispersion  and  other  optical  properties  of  tlie 
Lodics  -u'hioh  esliibit  it  -was  first  pointed  out  by  A.  Kundt  {Pogff.  Ann.  cxlii.  163). 
According  to  Cauchy's  theory  of  metallic  reflection;  based  upon  experiments  by  Jamin, 
the  refractive  index  of  metals  varies  -with  the  angle  of  incidence,  and  in  most  metals 
the  law  of  dispersion  is  the  opposite  of  that  -n-hich  h.-jlds  good  for  transparent  bodies. 
To  put  this  theoretical  deduction  to  tlie  test  of  experiment  is  extremely  difficult,  and 
in  most  cases  impossible,  on  account  of  the  opacity  of  metals.  Kundt,  therefore, 
directed  his  attention  to  media  standing  bet-n-een  metals  and  transparent  bodies, 
namely  the  so-called  bodies  vnth  surface-colours,  which  arc  transparent  for  certain  rays, 
but  behave  to  others  more  or  less  like  metals,  and  reflect  light  with  metallic  lustre. 
The  optical  properties  of  these  colouring  matters,  most  of  which  are  strongly  tinted, 
1.  lay  Ijo  summarised,  as  to  all  essential  particulars,  in  the  statement  that  the  light 
reflected  by  them  is  complementary  to  that  which  they  transmit,  and  that  the  reflected 
rays  are  eliiptically  polarised  as  in  metallic  reflection.  Hence  it  appears  probable 
that  tliese  bodies  exhibit  the  most  general  case  of  dispersion  ;  that  is  to  say,  that  in 
theui  tlie  index  of  refraction  for  the  ordinary  scries  of  rays  of  the  spectrum,  diminish- 
iug  by  a  wave-lengtli  from  one  end  to  the  other,  may  increase  and  decrease  in  any 
maimer  whatever,  and  even  become  once  or  several  times  less  than  unity.  Christ- 
iansen's investigation  of  fuchsine  afforded  the  first  verification  of  this  supposition, 
which  has  now  been  sho-wn  by  Kundt  to  hold  good  for  numerous  media. 

The  following  bodies,  which,  in  the  solid  state,  have  a  distinct  surface-colour,  exhibit 
in  concentrated  solution  an  anomalous  dispersion  ;  that  is  to  say,  a  spectrum  in  wliieh 
the  order  of  the  colours  does  not  agree  with  that  in  the  diffraction-spectrum  or  in  the 
dispersion-sj)ectrum  of  ordinary  bodies :  all  specimens  of  aniline-blue  and  aniline- 
violet,  aniline-green  (iodine-green  or  Hofmann's  green),  indigo  (dissolved  in  fuming 
sulphuric  acid),  indigo-carmine,  carthamin  (doubtful),  murexid  (dissolved  in  potash), 
cyanine,  potassium  permanganate,  carmine. 

All  these  bodies  refract  red  more  strongly  than  blue  light,  and  in  those  amongst 
them  in  which  green  is  the  predominant  surface- colour  and  may  still  be  distinctly 
recognised  in  the  spectrum,  this  ray  is  the  least  refracted.  The  substance  -which 
exhibits  the  phenomenon  -with  the  greatest  clearness  is  cyanine.  Potassium  perman- 
ganate and  carmine  exhibit  it  only  when  made  into  a  paste  by  the  introduction  of  solid 
matter.  Kundt  further  remarks  {Fogg.  Ann.  cxliii.  149)  that  probably  all  bodies 
wliich  exhibit  anomalous  dispersion,  and  certainly  fuchsine,  aniline-blue,  aniliuo-violet, 
aniline-green,  mm-exid,  cyanine,  and  potassium  permanganate,  are  also,  in  the  crystal- 
line state,  strongly  dichroic ;  that  is  to  say,  a  ray  of  white  light  entering  a  crystal  of 
Olio  of  these  media  is  resolved  by  refraction  into  two  rays  of  different  colours. 

An  objection  to  the  theory  above  developed  lias  been  raised  by  V.  von  Lang  {Fogg. 
Ann.  cxliii.  269)  on  the  ground  that  the  observed  appearances  are  produced  in  the 
imperfectly  achromatisod  eye  by  refraction  of  the  light  through  the  edge  of  the  very 
acute  prisms  tised  in  the  experiments.  Kundt,  however  {ibid.  259),  overrules  this 
objection  by  the  description  of  his  method  of  observation  with  a  telescope,  wliich  ex- 
cludes the  possibility  of  such  an  influence,  and  by  observations  on  rays  which  had 
passed  through  the  prism  at  a  considerable  distance  from  the  edge.  Further  experi- 
ments established  the  existence  of  anomalous  dispersion  in  all  the  substances  above 
mentioned,  even  in  clear  solutions  of  those  which  had  previously  been  examined  only 
in  the  pasty  condition.  The  anomaly  increases  with  the  concentration.  In  very  con- 
centrated solutions  the  anomalous  spectrum  is  often  very  long.  The  Fraunhofer  lines 
in  this  spectrum  are,  for  the  most  part,  obliterated  by  the  overlapping  of  the  colours; 
Init  thoy  soon  appear  when  one  of  the  colours  is  intercepted  by  viewing  the  spectrum 
through  an  absorbent  medium.  In  this  way  it  is  seen  that  individual  colours  are 
often  extraordinarily  elongated,  as  red  in  fuchsine  and  cyanine,  green  in  the  latter 
substance,  &e. 

Bodies  Jiave.  for  the  rays  -which  are  strongly  reflected  by  them,  and  therefore  enter 
intn  till  III  with  (Miiipai-.-irivi'ly  lilf  ir  inlmsity,  and,  indeed,  for  these  rays  alone,  a  some- 
wliiil  1  >ih--i.li  r.ilijr  . llii'ii  iil  I'f  ,1  li-nr|ition.  In  a  series  of  bodies  which  strongly 
reflect  tlie  iiiiildlc  ray.s  of  the  spectrum  and,  at  the  same  time,  exert  a  strong  absorp- 
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tive  power  on  these  rays,  the  refraction  increases  with  extraordinary  rapidity  in  pass- 
ing from  the  side  of  the  greater  wave-lengths  (iu  air)  towards  the  absorption-band; 
and  in  passing  from  the  side  of  the  sliorter  wave-lengths  (in  air)  to  the  absorption- 
band  it/diminishes  with  extraordinary  rapidity. 

In  media  which  exhibit  several  sharply  defined  and  dark  absorption-bands,  a  refrac- 
tion anomaly  is  observed  at  the  edges  of  each  of  these  bands.  Proceeding  from  the 
red  end  of  the  spectrum,  the  index  of  refraction  increases  strongly  on  approaching  an 
absorption-band,  and  diminishes  perceptibly  behind  it.  A  number  of  bodies  which 
absorb  the  spectrum  from  the  blue  end  onwards  exhibit  a  remarkable  increase  in  the 
refractive  index  from  the  red  to  the  yellow. 

Anomalous  dispersion  has  further  been  shown  to  exist  in  solutions  of  Magdala-red, 
corallin,  alizarin  dissolved  in  potash,  orsellin,  litmus,  iodine  in  a  mixture  of  chloro- 
form and  carbon  sulpliide,  logwood  (in  aqueous  or  ammoniacal  extract),  Brazil-wood 
(ammoniacal  extract),  blood  (red  aqueous  extract),  haematin,  chlorophyll.  Among 
solid  bodies,  ammonio-chromie  oxalate  showed  a  slight  indication  of  anomaly,  and  in 
magnesium  platinoeyanide,  which  is  doubly  refractive,  one  of  the  rays  exhibited  a 
dark  absorption-band  in  the  middle  of  the  spectrum,  and  indications  of  anomalous 
refraction ;  while,  iu  the  other,  the  absorption  affected  the  whole  of  the  blue  and 
green  and  extended  even  into  the  yellow  ;  this  ray  accordingly  exhibited  a  great 
increase  of  refraction  from  the  red  to  the  yellow. 

Anomalous  dispersion  is  likewise  exhibited  by  some  bodies  which  have  but  a  faint 
surface-colour,  such  as  borax-glass  coloured  deep  blue  by  cobalt,  also  potassio-cobaltie 
and  ammonio-cobaltic  oxalate  (Kundt). 

J.  L.  Soret  {Pogg.  Ann.  cxliii.  325)  has  also  made  experiments  on  anomalous  dis- 
persion, in  which  the  influence  of  the  solvent  was  eliminated  by  immersing  the  filled 
hollow  prism  in  a  trough  with  parallel  glass  sides  containing  the  same  solvent.  Opera- 
ting in  this  manner  it  is  no  longer  necessary  to  use  light  of  so  great  intensity,  or  to 
make  the  light  traverse  the  prism  close  to  the  edge.  With  a  moderately  strong  solu- 
tion of  fuehsine  in  a  prism  having  a  refracting  angle  of  30°,  the  violet  was  scarcely 
deflected,  the  red  15',  the  orange  23' ;  in  a  much  weaker  solution  the  violet  was  like- 
wise not  perceptibly  deflected,  the  red  C',  the  orange  16'.  Aniline-violet  showed  only 
a  blue  and  a  carmine-red  band,  which  overlapped  each  other  unless  the  slit  of  the 
spectroscope  was  very  narrow.  In  simlight  a  trace  of  green  was  also  visible  towards 
the  end  of  the  spectrum,  on  the  side  of  the  blue  band.  The  deflection  of  the  blue  was 
]',  of  the  red  4'.  Potassium  permanganate  showed  a  deflection  of  6'  for  violet,  9'  for 
red,  and  12'  for  yellow  light.  These  numbers  show  to  what  extent  the  addition  of 
anomalously  dispersive  substances  diminishes  the  dispersive  power  of  the  solvent 
without  producing  much  alteration  in  the  mean  index  of  refraction.  By  successive 
increase  of  concentration  the  dispersive  power  is  first  reduced  to  nothing  and  then 
becomes  negative. 

A  theory  of  dispersion  and  its  anomalies,  and  their  connection  with  absorption, 
founded  on  the  consideration  of  the  vibrations  produced  iu  the  particles  of  bodies  by 
the  vibrations  of  the  ether  and  their  reaction  on  the  latter,  has  been  given  by 
W.  Sellmeier  {Pogg.  Ann.  cxliii.  272;  cxlv.  399,  520;  cxlvii.  386,  525). 

Fluorescence.— 1.  Fluorescence  of  Earcfied  Gases  after  the  passage  of  the  Electric 
Spark. — According  to  E.  Sarasin  {Ann.  Chem.  Phys.  [4],  xix.  180),  oxygen  is  the  only 
elementary  gas  which  exhibits  fluorescence  after  electric  sparks  have  been  passed 
through  it,  and  among  compound  gases  the  only  ones  which  exhibit  the  phenomenon 
are  those  which  contain  oxygen.  Morren,  on  the  other  hand  ( Cowipi.  rend.  Ixviii.  1033, 
1260),  maintains  that  the  production  of  fluorescence  requires  the  simultaneous  presence 
of  oxygen  and  nitrogen  either  free  or  combined,  and  moreover  that  of  an  acid.  De  la 
Eive  {ihid.  1237)  considers  that  it  still  remains  a  question  whether  pure  oxygen 
fluoresces  well,  or  whether  the  admixture  of  a  small  quantity  of  nitrogen  is  necessary  to 
the  production  of  the  phenomenon. 

Alvergniat  {Chem.  News,  xix.  126)  observes  that  Geissler's  tubes  become  luminous 
when  simply  rubbed  with  the  dry  hand  on  a  piece  of  silk.  The  fluorescence,  however, 
is  faint,  but  increases  if  the  tube  contains  substances  which  become  fluorescent  under 
electric  influence. 

P.  P.  Le  Eoux  {Compt.  rend.  Ixviii.  llOi)  infers  from  numerous  experiments  that 
the  luminosity  thus  produced-is  due  to  electrostatic  induction  within  the  rarefied  gas. 
A  Geissler's  tube  becomes  luminous  in  the  neighbourhood  of  a  thin  plate  of  ebonite, 
which  is  rubbed  on  the  side  opposite  to  the  tube.  On  approaching  an  electrified  body 
somewhat  quickly  to  a  dry  glass  vessel  containing  a  gas  sufficiently  rarefied  to  make 
it  conduct  (hydrogen,  nitrogen,  monoxide,  &c.),  a  very  brilliant  luminosity  is  frequently 
developed ;  the  same  effect  is  produced  on  remoybg  the  electrified  body.    Le  Eoux 
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regards  tho  mode  of  action  exhibited  in  these  experiments  as  capable  of  aflfording  an 
explanation  of  certain  meteorological  phenomena  such  as  tho  aurora  borealis,  and 
'  heat-lightning.' 

2.  Fluorescence  of  Mixtures  of  Alcohols  and  Sulphuric  Acid.— A.  mixture  of  strong 
sulphuric  acid  and  absolute  ethyl  alcohol  in  equal  volumes  exhibits,  when  warmed  for 
ten  minutes,  a  strong  greenish-yellow  fluorescence,  which  becomes  somewhat  stronger 
on  further  heating.  If  the  liquid  bo  heated  till  a  large  quantity  of  sulphurous  oxide 
is  evolved,  and  the  black  pasty  mass  bo  then  treated  with  alcohol,  the  extract  still 
exhibits  the  same  greenish-yellow  fluorescence  in  a  lower  degree.  A  mixture  of  methyl 
alcohol  with  strong  sulphuric  acid  becomes  yellow-brown  when  heated  and  exhibits  a 
strong  fluorescence,  even  if  greatly  diluted  with  common  alcohol ;  tho  upper  layer 
consisting  of  methyl  alcohol  remains  colom-less.  Sulphuric  acid  similarly  treated  with 
amyl  alcohol  becomes  first  yellow,  then  orange,  and  finally  crimson  with  greenish- 
yellow  fluorescence,  which  becomes  more  distinct  after  dilution  with  common  alcohol 
(F.  Goppelsroder,  Zeitschr.  anal.  Chem.  1870,  178). 

3.  Illumination  of  Transparent  Bodies. — A.  Lallemand  {Ann.  Chim.  Pkys.  [4],  xxii. 
200)  has  made  observations  on  the  illumination  of  transparent  bodies,  observed  in 
directions  at  right  angles  to  the  illuminating  ray.  Tho  intensity  and  colour  of  this 
illumination  diifer  greatly  in  different  bodies,  and  if  the  incident  light  is  polarised, 
the  intensity  in  each  body  attains  a  maximum  in  the  plane  of  polarisation,  and  a 
minimum  at  right  angles  to  it.  Collodion  is  one  of  tho  bodies  most  capable  of  illu- 
mination quartz  Crock-crystal),  rock-salt  and  calcspar  arc  among  the  least  capable. 
The  coefficient  of  illumination  depends  upon  the  chemical  nature,  molecular  constitu- 
tion, and  refracting  power  of  the  body.  The  petroleum  liydrocarbons  become  illumin- 
ated tho  more  strongly  as  their  density  and  index  of  refraction  are  greater.  In  non- 
fluorescent  bodies  the  lateral  light  is  always  completely  polarised,  and  in  tho  direction 
perpendicular  to  the  plane  of  polarisation  its  intensity  =  0.  Only  a  very  few  bodies, 
however,  are  found  to  be  quite  free  from  fluorescence,  most  bodies,  even  crown  and 
flint  glass,  exhibiting  a  coloured  fluorescence.  This  fluorescence  is  either  isochromatic. 
that  is,  of  the  same  colour  as  the  exciting  ray.  and  in  this  case  may  bo  produced  by 
the  corresponding  homogeneous  ray  separated  from  the  spectrum  in  the  ordinary  way ; 
or  it  is  hypochromatic,  and  is  attended  with  diminution  of  the  refrangibility ;  this  kind 
of  fluorescence,  however,  is  produced  only  by  tho  ultraviolet  rays.  In  the  case  of 
chlorophyll,  the  general  fact  that  the  loss  by  absorption  of  tho  light  which  passes 
through  a  body  arises  directly  from  the  number  of  rays  expended  in  the  production  of 
the  lateral  illumination  and  the  fluorescence,  is  particularly  evident  for  the  red  rays  of 
the  chlorophyll  spectrum  absorbed  between  B  and  C,  which  jjredominate  in  its  fluores- 
cence spectrum.  Quinine  sulphate,  uranium  glass,  and  potassium  chromate,  and 
solution  of  sulphur  in  carbon  sulphide  do  not  extinguish  the  fluorescent  light  of 
chlorophyll ;  but  chlorophyll,  on  the  other  hand,  completely  extinguishes  the  fluores- 
cence of  quinine,  and  for  the  most  part  that  of  uranium  glass,  and  prevents  the  con- 
version of  soluble  sulphur  into  insoluble,  which  is  produced  in  that  solution  by  tho 
more  refrangible  half  of  the  spectrum  (from  F  onwards). 

At  right  angles  to  the  plane  of  polarisation,  nearly  all  isochromatically  fluorescent 
bodies  exhibit  a  light  not  perceptibly  different  from  white  light.  Tho  ratio  of  its 
intensity  to  the  maximum  intensity  of  the  lateral  light  (parallel  to  the  plane  of  polar- 
isation) was  found  to  be:  in  collodion  =  0  07.  ethyl  alcohol  =  0-16,  amyl  alcohol 
=  0"34,  carbon  sulphide  =  0'60.  These  ratios  are  greatly  altered  by  the  slightest 
impurity  in  the  substance,  and  might  serve — as  Lallemand's  apparatus  is  very  simple 
— as  indications  of  the  purity  of  the  several  substances. 

On  Fluorescence  in  general,  see  Hagenbach  {Paqg.  Ann.  cxlvi.  C.3-89,  232-256  ; 
375-405;  508-536;  abstr.  Chem.  Soc.  J.  [2]  x.  1058). 

On  the  Fluorescence  of  Solutions,  see  H.  Morton  {Sill.  Am.  J.  [3],  ii.  198,  355; 
Chem.  Soc.  J.  [2],  ix.  992  ;  x.  27). 

On  tho  action  of  Rays  of  different  Eefrangibility  on  Phosphorescent  (Fluorescent) 
Bodies,  see  E.  Becquerel  {Compt.  rend.  Ixix.  994;  jahresh.f.  Chem.  1864, 167). 

Absorption. 

1.  Absorption  of  Light  by  Iirdine. — Iodine  vapour,  which  transmits  the  blue  and  red 
riys  of  tlic  spectrum,  to  wliirh  ]>ropertyit  owes  its  fine  violet  colour,  absorbs  the  whole 
of  the  red  rays  as  iN  iliidviirss  increases,  transmitting  only  the  blue.  A  solution  of 
iodine  in  carbon  sul|ilii(li'  i;\liibits  the  same  dichroVsm  when  the  quantity  dissolved  is 
increased  ;  the  alcoholic  solution,  on  the  contrary,  is  always  red  (Andrews,  Chem.  News, 
xxiv.  75). 

2.  Absorption  (f  Light  by  Chlorophyll. — According  to  L.  Schoiin  {Zeitschr.  anal. 
Chem.  1871,  327)  tlio  spectrum  of  the  alcoholic  extract  of  green  leaves  exliibits  only 
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three  aLsorption-bands.  whereas  Hagenbaeli  {Pogg.  Ann.  cxli.  245;  Jaliresh.  1873, 
171)  observed  six.  Selionn,  however,  remarks  that  the  absorption -band  in  the  red 
transmits  a  little  light  in  the  middle,  that  is  to  say,  it  really  consists  of  two  bands. 
In  the  passage  of  light  through  fresh  leaves,  only  the  red  band  was  seen  at  first,  but 
as  the  leaves  dried  and  faded,  the  entire  spectrum  of  the  alcoholic  solution  became 
visible,  whence  it  appears  that  the  solvent  does  not  alter  the  optical  properties  of  the 
chlorophyll. 

The  gold-yellow  filtrate  of  the  alcoholic  extract  treated  witli  soda-ley  shows  two 
absorption-bauds,  one  coinciding  with  the  middle  of  the  band  in  the  red,  one  with  the 
middle  of  the  space  between  the  bands  of  the  orange  and  red  in  the  unaltered  chloro- 
phyll solution. 

The  blue  colouring-matter  extracted  by  alcohol  from  hyacinths  and  violets  exhibits 
three  absorption-bands  all  situated  a  little  to  the  right  of  those  of  leaf-green.  The 
solution  coloured  by  acids  transmits  only  red  light  in  a  rather  thick  layer,  but  in  a 
.  thinner  layer  the  spectrum  brightens  from  the  violet  end  onwards,  and  there  remains, 
to  the  right  of  the  sodium  lines,  a  broad  absorption-band  which  gradually  becomes 
lighter  as  the  solution  is  more  diluted. 

The  lower  side  of  most  green  leaves  exhibits,  when  viewed  through  a  hand-speetro- 
Bcopo,  a  continuous  spectrum  from  B  to  F,  without  the  absorption-bands  peculiar  to 
chlorophyll.  The  brightness  is  somewhat  less  than  that  of  the  corresponding  part  of 
a  spectrum  of  white  paper,  but  the  colours  are  distributed  in  nearly  the  same  propor- 
tion (J.  J.  Miiller,  Pogg.  Ann.  cxlii.  615). 

On  the  Absorption-spectrum  of  Chlorophyll  and  its  Modifications,  see  further,  pp. 
325-330. 

Colours  of  Bodies.  1.  Colours  of  Metals. — The  rays  of  light  reflected  from  a 
coloured  body  are  always  more  or  less  diluted  with  white  light,  because  the  light 
wliieh  illuminates  the  surface  of  the  object  is  never  completely  decomposed,  a  portion 
of  it  being  always  directly  reflected.  The  colour  of  a  polished  metallic  surface  is 
ordinarily  invisible,  because  the  tint  due  to  the  feeble  decomposition  of  the  light  is 
overpowered  by  the  more  powerful  reflected  ray. 

The  method  heretofore  adopted  for  rendering  the  colour  of  metals  visible,  consists 
in  repeatedly  reflecting  a  beam  of  white  light  from  the  metallic  surface  under  exami- 
nation. At  each  incidence  the  white  light  is  partially  decomposed,  and  if  the  number 
of  incidences  be  sufficiently  multiplied,  the  whole  of  the  white  light  will  disappear, 
and  only  the  pure  coloured  rays  be  visible.  The  actual  experiment,  however,  is  not 
very  successful,  inasmuch  as  a  largo  portion  of  tlie  coloured  rays  is  lost  by  gradual 
dispersion.  A  better  method  consists  in  bringing  into  operation  the  well-known  law 
that  when  white  light  is  decomposed,  the  reflected  coloured  ray  is  complementary  to 
the  transmitted  or  absorbed  ray. 

For  tliis  purpose  a  transparent  solvent  of  the  metals  is  required  which  shall  have 
no  chemical  action  upon  them.  In  the  case  of  the  alkali -metals,  anhydrous  liquid 
ammonia  is  found  to  answer  successfully.  AVhen  placed  in  this  menstruum,  these 
metals  gradually  dissolve,  producing  a  solution  which  appears  blue  by  transmitted 
light.  From  this  circumstance  it  would  appear  that  the  natural  colour  of  the  alkali- 
metals  by  reflected  light  is  copper-red  ;  and,  in  fact,  on  gradually  adding  the  solvent 
to  the  metal,  the  silver- white  colour  first  gives  place  to  copper-red,  and  then,  as  the 
solution  becomes  more  dilute,  to  the  blue  colour  of  the  transmitted  light.  A  similar 
change  of  colour  is  exhibited  by  aniline-blue  when  treated  with  alcohol  (C.  A.  Seeley, 
Chcm.  News,  xxiv.  223). 

2.  Change  of  Colour  produced  by  Heat. — Observations  by  E.  J.  Houston  {ibid.  177, 
188)  have  led  to  the  following  general  rule:  When  the  natural  colour  of  a  body  heated 
in  the  pulverul'nt  state,  without  the  occurrence  of  any  chemical  change  (loss  of  hygro- 
Bcopic  or  crystallisation-water  inchided),  alters  with  rise  of  temperature,  and  goes 
througli  the  same  changes  in  tlio  reverse  order  on  cooling,  till  the  original 
colour  is  restored,  the  addition  of  heat  invariably  alters  the  colour  towards  the  red, 
and  the  abstraction  of  heat  alters  it  towards  the  more  refrangible  end  of  the  spectrum. 
Especially  sensitive  are  the  following  substances,  arranged  according  to  the  position 
of  their  colours  in  the  spectrum  : — • 

Red:  Cupric  Ferrocyanide :  colour,  mahogany-bro^vn,  changed  to  blaekish-brown 
by  heat,  the  original  colour  returning  slowly  on  cooling.  Aiitimonious  sulphide 
(kermes):  brownish-red,  becoming  darker  red-brown.  Anhydrous  ferroso-ferric  oxid'': 
brownish-red,  becoming  dark  red.  brown,  black-brown,  and  nearly  black  at  a  temper- 
ature not  much  below  redness.  Cuprous  iodide  :  dark  red,  becoming  darker  red  at  a 
very  moderate  heat,  afterwards  brownish-red,  brown,  black-brown,  and  finally  almost 
black,  the  original  colour  returning  very  quickly  on  cooling.  Mercuric  sulphide  (cin- 
nabar);  vermilion-red,  becoming  brownish-red  on  heating.    MiJiiim:  red,  soon  be- 
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coming  dark  red.  Acid  j>otassium  chromate ;  red,  becoming  dark  red  ;  best  observed 
on  heating  a  small  crystal. 

Orange:  Arsenic  Bisulplddc  (realgar):  orange-red  in  the  pulverulent  state,  becom- 
ing red,  dark  red,  and  brovi'n ;  the  original  colour  returns  quickly.  Mercuric  oxide: 
orange-yellow  powder,  boeoming  red,  dark  red,  and  brownish-red.  Lead  iodide  :  orange, 
becoming  d.-irker  orange,  orange-red,  and  red.  Ferric  oxalate;  light  orange,  becoming 
darker  (in  this  case  only  a  moderate  heat  can  be  applied,  as  decomposition  takes  place 
at  higher  temperatures). 

Yellow:  Neutral  Lead  Chromate;  yellow-orange,  becoming  orange-yellow,  orange 
and  orange-red.  Stannic  sulphide  (mosaic  gold) ;  brownish  orango-yellow,  becoming 
dark  red,  nearly  black;  very  sensitive.  Arseiiiovs  sulphide  (orpimeut);  orange-yclluw, 
becoming  deeper  orange-yellow,  yellow  [?  orange],  orangc-rod,  red. 

Green:  Argentoits  iodide ;  gTeenish-yellow,  very  sensitive  ;  becoming  first  orangc- 
j'ellow,  then  deep  orange.  Mercuru%is  iodide ;  yellowish-green,  still  more  sensitive 
than  the  last ;  becomes  orange-gi'een,  reddish-orange,  red,  and  brownish-rod  in  very 
quick  succession. 

Many  other  bodies  exhibit  similar  changes,  although  less  distinctly.  Xo  blue, 
indigo,  or  violet  bodies,  have  yet  been  found  which,  in  the  solid  state,  exhibit  cliaiigc 
of  colour  befare  decomposition.  Such  an  alteration  has,  however,  been  observed  in 
two  white  bodies.  Zinc  oxide  assumes,  when  heated,  first  a  scarcely  perceptible  bluish- 
white  tint,  then  becomes  green  and  yellowish-green,  and  does  not  quite  regain  its 
original  whiteness  on  cooling.  Stannic  oxide,  when  heated,  first  becomes  pale  green, 
then  decidedly  yellowish-green,  and  goes  through  the  entire  seiilo  of  colours  to  orange 
and  reddish-orange,  but  returns,  on  cooling,  only  to  greenish-white. 

In  solution,  bodies  are  more  sensitive  to  heat  than  in  the  solid  state.  The  follow- 
ing have  been  examined  in  aqueous  solution  : — 

Red:  Bosaniline;  decidedly  red,  becomes  distinctly  darker  at  the  boiling-hc.-.t. 
Decoction  of  logvjood  ;  deep  red,  becoming  darker.  Coiialtous  chloride;  pale  red,  be- 
coming  darker  flesh-red.    Ferric  sulphate  ;  light  red,  becoming  rod-brown. 

Orange:  Chromic  acid;  reddish-orange,  becoming  redder.  Acid  ammonium  chro- 
mate; orange-red,  becoming  pure  red.  Ferroso-ferric  oxide;  in  weak  solution  orangf- 
red,  very  sensitive  ;  becomes  red  and  red-brown.  Acid  putassium  chromate  ;  orange- 
red,  becoming  red. 

Yellow  :  Ferric  nitrate;  lirown-yellow,  becoming  rod-brown. 

Green:  Fotassium  ferroci/aaide;  yoUowish-green,  becoming  yellow.  Neutral  potas- 
sium chromate;  yellowish-green,  becoming  yellow.  Nicl-el  nitrate;  pale  green,  becom- 
ing greenish-yellow.    Nickel  sulphate ;  green,  becoming  yellow-green. 

Blue:  Cuprio  chloride;  blue-green,  in  weak  solution  becomes  decidedly  greenisli- 
yellow  ;  very  sensitive,  the  colour  returning  quickly  on  cooling.  Cupric  sulphate ; 
decidedly  blue,  becomes  distinctly  green  at  the  boiling  heat,  and  quickly  recovers  its 
original  colour  when  the  source  of  heat  is  removed. 

Violet:  Ammoniacal  Nickel  oxide ;  violet-blue,  becoming  light  blue.  Litmus  sohi- 
Hon  ;  violet,  becoming  indigo-blue. 

Tlie  changes  of  colour  produced  by  fall  of  temperature  were  found  to  be,  without 
exception,  directed  towards  the  violet  end  of  the  spectrum.  Cinnabar  acquires  a  bright 
red  colour  ;  stan7iic  sulp)hide  changes  from  brownish  orange-yollow  to  lighter  bro\vn- 
yollow;  mercuric  tritosulphare  from  yellow  to  greenish-yellow;  lead  iodide  from  orange 
to  light  orange  ;  lead  chromate  from  yellow-orange  to  greenish-yellow.  Other  bodies 
exhibited  no  change  of  colour,  the  moans  adopted  for  lowering  their  temperature  being, 
in  fact,  manifestly  inefficient.  Aqueous  solutions  could  not,  for  obvious  reasons,  bo 
observed  at  very  low  temperatures.  Distinct  results  were  exhibited  only  by  solutions 
oi— Cupric  sulphate,  pure  blue,  becoming  darker  blue  on  cooling;  piotassium  ferro- 
ci/anide,  nearly  pure  yellow  in  saturated  solution,  lieeoming  slightly  greenish  ;  cuprio 
chloride  changes  from  bluish-green  to  bliu- :i iv.  m  ;  fn-rw  chloride,  orange-yellow, 
becomes  yellower;  ferric  nitrate,  orange  vd low,  l,(|iiives  like  the  preceding; 
Cupric  chloride,  in  ethereal  solution,  cooled  Ijy  (_  va[i.jratiiju  of  carbon  sulphide,  changed 
its  colour  from  yellowish-green  to  pure  green. 

3.  Complementari/  Colours.— X.  AV.  IL.-fmann  {Dent.  Chcm.  Gcs.  Bir.  iv.  060)  has 
made  observations  on  the  complementary  colours  exhibited  by  various  aniline  dyes  in 
transmitted  and  reflected  light.  Kosaniline  salts  in  solution  exhibit,  by  transmitti'd 
light,  a  deep  purple-rod  colour  ;  their  larger  crystals  reflect  a  splendid  cantharides 
green.  According  to  experiments  by  Dove,  thcso  two  colours  are  identical  with  tlie 
complementary  colours  of  u  lamina  of  gypsum,  wliich  exhibits,  in  polarised  light,  a 
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diiforenee  of  path  equal  to  \'  of  a  -n-ave-length.  A  concentrated  alcoholic  solution  of 
iodine-grccn,  evaporated  in  a  glass  basin,  leaves  a  homogeneous  transparent  varnish 
■which  transmits  a  splendid  green  light,  but  exhibits  by  reflected  light  a  highly  charac- 
teristic red  coppery  lustre  which  conies  out  very  distinctly  on  friction  ;  these,  accord- 
ing to  Dove,  are  the  two  colours  of  a  gypsum  lamina  having  a  difference  of  path  equal 
to  I  of  a  -wave-length.  On  warming  the  glass  dish,  the  green  changes  to  violet,  and 
the  reflected  light  becomes  brass-yellow,  corresponding,  according  to  Dove,  with  a 
gypsum  lamina,  having  a  difference  of  path  equal  to  |  or  *  of  a  wave-length. 

Circular  Polarisation. — 1.  Eclations  between  Circular  Polarisation,  Crystalline 
Form  and  Molecular  StrKcture. — Eammelsberg  {Deut.  Chem.  Ges.  Ber.  ii.  31)  observes 
that  bodies  which  exhibit  circular  polarisation  may  be  divided  into  three  classes:  (1) 
Those  which  are  optically  active  only  in  the  crystalline,  not  in  the  amorphous  or  the 
fused  state  :  quartz,  sodium  chlorate,  and  sodium  bromate,  Sclilippe's  salt.  (2)  Those 
which  are  active  only  in  the  amorphous  or  liquid  form,  not  when  crystallised :  the 
two  tartaric  acids  and  their  salts,  the  malates,  asparagin,  various  sugars,  camphor. 
(3)  Bodies  which  are  active  in  both  states:  the  only  body  of  this  class  at  present 
known  is  strychnine  sulphate. 

The  crystals  of  circularly  polarising  bodies  are  in  all  cases  enantiomorphotis, 
i.e.  they  exhibit  right  and  left  non-superposible  forms,  resulting  from  hemihedry. 
Hence  it  may  be  inferred  that  crystal-molecules  are  not  identical  with  the  indi- 
vidual molecules  of  bodies  themselves,  but  that  a  crystal-molecule  is  a  group  of  in- 
dividual molecules.  In  bodies  which,  in  the  crystallised  form,  exhibit  the  opposition 
of  right  and  left,  the  crystal-molecules  are  linked  together  in  opposite  directions  (like  a 
right  and  left  handed  spiral,  screw,  winding  staircase,  snail-shell,  or  leaf-arrangement). 
In  bodies  of  the  first  kind,  the  individual  molecules  do  not  exhibit  this  opposition  of 
arrangement.  In  bodies  of  the  third  class,  on  the  contrary,  this  opposition  affects  the 
individual  molecules  themselves,  which  are  arranged  in  one  direction  or  the  other.  In 
bodies  of  the  second  class,  the  molecules  constituting  a  crystal-molecule  are  arranged 
in  a  direction  opposite  to  that  of  the  crystal-molecules,  so  that  in  the  crystal,  the 
effects  of  the  oppositely  arranged  individual  molecules  and  crystal-molecules  neutralise 
one  another  ;  but  when  the  arrangement  of  these  latter  is  destroyed  by  liquefaction  or 
solution,  the  action  of  the  individual  molecules  becomes  apparent. 

On  the  relation  between  Circular.  Polarisation  and  Crystalline  Form,  see  also 
P.  Groth  {Pogg.  Ann.  cxxxvii.  433) ;  V.  v.  Lang  {ibid.  447). 

2.  Circular  Polarisatio7i  in  Bithionaies  or  Hyposulphates. — (C.  Pape,  Pogg.  Ann. 
cxxxix.  224).  Among  the  dithionates  which  crystallise  in  the  hexagonal  system,  the 
greatest  rotatory  power  is  exhibited  by  the  optically  positive  crystals  of  the  lead  salt 
with  4  mol.  water,  and  the  anhydrous  potassium  salt,  both  of  which  may  be  obtained 
in  crystals  suf&ciently  large  and  transparent  to  admit  of  the  determination  of  the 
angle  of  rotation  for  the  Fraunhofer  lines  C,  D,  E,  F.  The  rotation  of  the  plane  of 
polarisation  for  rays  which  have  traversed  the  crystal  parallel  to  the  principal  axis  is 
directed  to  the  right  as  often  as  to  the  left,  and  is  of  the  same  magnitude  in  both 
cases.    For  plates  of  1  mm.  in  thickness  the  following  values  were  obtained : 

Anele  of  rotation  for  the  line  : 

C                   D                   E  F 

Lead  Dithionate      .       4-093°          5-531°           7-252°  8-881° 

Potassium  Dithionate     6-182           8-835          10-51  12-33 

The  observations  on  the  optically  negative  ditluonates  of  calcium  and  strontium 
presented  greater  difficulty.  The  calcium  salt  with  4  mol.  water  gave  a  mean  riitation 
of  2-091  ;  the  strontium  salt  w-ith  4  mol.  water  gave  1-642.  In  the  double  ditliionate 
of  lead  and  strontium,  which  also  crystallises  with  4  mol.  water,  no  rotation  could  be 
detected  ;  but  this  negative  result  was  perhaps  due  to  the  smallness  of  the  crystals 
examined.  Neither  of  the  four  salts  above-mentioned  exhibited  any  hemihedral  feces 
which  might  have  afforded  indications  of  the  direction  of  the  rotation  in  the  crystal. 
On  the  lead  salt,  however,  such  faces  could  be  artificially  produced  by  cutting  off  the 
proper  summits,  and  leaving  the  salt  to  crystallise  further.  Neither  of  the  salts  ex- 
hibited circular  polari.sation  when  dissolved  ;  neither  did  the  double  salt  formed  of 
2  mol.  potassium  dithionate  and  1  mol.  sodium  chloride,  which  crystallises  in  dimctric 
forms  approaching  very  nearly  to  the  monometric  {a  :  e  =  0-9335),  exhibit  the  least 
sign  of  circular  polarisation,  even  in  the  thickest  crystals. 

3.  Circii/iir  Polarisation  in  Pnicile  and  in  Cam-phors. — De.scloizeaux  found  (Cfcwi^J^. 
r,i:(l.  Iwiii.  ;i(iS)  that  the  crystals  of  benzile,  besides  their  strong  double  refraction, 
;i.  M  s  llif  piiwer  of  circular  polarisation  in  the  direction  of  their  crystallogniphic 
axis,  and  tli.it  a  plate  of  this  substance  1-15  mm.  thick  is  equal  in  rotatory  power  to  a 
quariz  plate  of  1  n:m. ;  and  he  has  further  observed  {ibid.  Ixx.  1200),  that  no  herai- 
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liodral  faces  can  be  detected  even  on  crystals  of  benzile  prepared  iu  the  most  various 
ways,  and  that  among  tlio  ciTstals  wlii'ch  separate  frnm  the  solutions,  sonic  turn  the 
]ilane  of  polarisation  to  tin'  ri-hf.  i.lhn-s  m  th^;  K  li.  AVhen  a  new  solution  was  formed 
of  dextrogyrate  crystals,  th^  llr^l  .  rysi als  v  h ich  si  paratt'd  from  it  were  for  the -most 
part  also  dextrogyrate,  but  those  which  separated  at  a  hitcr  stage  were  again  a  mixture 
of  the  two  kinds.    The  solution  was  optically  indiiFerent. 

Several  kinds  of  camphor,  on  the  other  hand,  exhibit  circular  polarisation  in  the 
state  of  solution,  but  not  wlien  crystallised.  Besides  common  camphor,  Descloizeaux 
has  found  five  other  species  which  possess  this  property.  The  following  table  exhibits 
the  angles  of  rotation,  a,  of  these  several  camphors  in  alcoholic  solution  [?  saturated], 
at  17^  C.  in  a  column  20  centimeters  long: 

Patschouli  camphor,  C'^H'-'O,  hexagonal,  and 

exerting  negative  uniaxial  double  refraction  .    a  =  —  237°  at  17° 
Mint-camphor  or  Menthol,  C'E'^'O,  hexagonal, 

negative  a  =  -  200°  at  16° 

Borneo  Camphor,  CH'^O,  monometric     .       .    a  =  +  33°  4' 
Terecamphene,  C'"H"',  monometric    .       .       .    o  =  —  63° 
Monohydrochloride  of  Tm-pentine-oil,  C"'H"'.HCI, 

monometric  a  =  -31° 

4.  Cirmlar  Polarisation  induced  by  Magnetic  Action. — The  rotatory  power  acquired 
by  a  considerable  number  of  liquids  under  the  influence  of  an  electro-magnet  has 
been  determined  by  A.  do  hi  Rive  (Vhil.  Mag.  [1],  xl.  393),  with  the  following 
results : — 

1.  The  specific  magnetic  rotatory  power  of  a  body,  i.e.  the  ratio  of  the  rotation  pro- 
duced in  it  to  that  which  is  jwoduced  under  exactly  similar  circumstances  in  distilled 
water,  does  not  exhibit  any  definite  rebition  to  the  other  physical  properties  of  the 
body.  Although  the  denser  and  more  refractive  liquids  appear  for  the  most  part  to 
possess  this  power  in  a  greater  degree  tha,n  otliers,  there  are  yet  several  remarkable 
exceptions  to  this  rule,  amongst  which  the  acids  of  sulphur  are  the  most  conspicuous. 
Chemical  composition,  on  the  other  hand,  has  a  decided  influence.  The  entrance  of 
an  additional  atom  of  oxygen  into  a  body  possessing  rotatory  power  diminishes  this 
piiwer,  whereas  bromine  and  iodine  increase  it  greatly,  and  nitrogen  in  a  lesser  degree, 
i'his  last  law  is  demonstrated  especially  by  obserrations  on  certain  isomeric  compounds. 
Nevertheless,  the  atomic  grouping,  and,  therefore,  the  atomic  volume,  has  also  a 
decided  influence. 

2.  Eise  of  temperature  diminishes  the  specific  rotatory  power  of  all  bodies;  in  the 
first  place,  by  the  expansion  and  consequent  diminution  of  the  number  of  molecules 
in  a  given  volume  which  it  produces,  and,  moreover,  by  a  direct  action,  independent 
of  expansion,  which  is  especially  manifest  in  slightly  expansible  bodies,  such  as  water. 

3.  A  mixture  of  two  liquids,  formed  without  the  occurrence  of  chemical  action,  has 
a  rotatory  power  which  is  the  mean  of  those  of  the  constituent  liquids.  This  result 
does  not  hold  good  in  the  case  of  mixtures  of  sulpliuric  acid  and  water,  if  the  quantity 
of  one  of  the  two  constituents  amounts  to  0'2  of  the  mixture.  The  exception  is  pro- 
liably  due  to  chemical  combination,  which  always  diminishes  the  rotatory  po\ier. 
This  result  may  afford  a  means  of  distinguishing  mere  solution  from  chemical  com- 
bination. 

4.  A  more  exact  study  of  rotatory  power  promises  to  throw  light  on  the  internal 
constitution  of  bodies,  inasmuch  as  the  phenomenon  depends,  not  only  on  the  nature 
of  the  molecules,  but  likewise  on  their  arrangement.  Solutions  and  isomeric  com- 
pounds in  particular  are  likely  to  furnish  important  results. 

The  following  are  some  of  the  numerical  results : — 

Dendty 

Alcohol   0-804  0-870 

Carbon  bisulphide  ....  1-270  3-16 
Sulphuric  acid  (concentrated)       .       .    1-842  0  800 

H=SO',  chemically  pure       .       .       .    1-832  0-750 
Further,  the  specific  rotatory  power  of  Ethyl  Oxide  is  0  838;  of  Ethyl  Eromiilc, 
1-200;  of  Ethyl  Iodide,  2-233;  of  Liquid  Sulphur  Dioxide,  1-2J2  ;  of  the  same  in 
saturated  aqueous  sohitiou,  MOO;  of  Copaiba-oil,  1-320;  of  Turpentine-oil,  1192; 
of  Creasote,  2-259. 

XXGHT,  CHEMXCAIi  ACTIOW  OP.  DistriJnifi.rn  of  Chemical  Encrgi/  in 
the  .S)jfC('™w.— Concerning  the  distribution  thrnuL-lioui  ilie  spictrum  of  the  intensity 
iu  the  chemically  active  rays,  Dr.  .T.  W.  Draper  (/'//,/.  J/,;,/.  |  1  ],  xliv.  422)  has  pro- 
fused  views  opposed  to  those  generally  held,  aecordiii;;  to  which  a  maximum  intensity 
of  such  rays  exists  bet-n  een  the  lines  G  and  H.  and  a  gradual  diminution  t-dce*  plate 
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on  eacli  side  of  this  region.    Draper,  on  tlio  other  hand,  asserts  that,  so  far  from  j 
chemical  influences  being  restricted  to  the  more  refrangible  rays,  every  part  of  tlie  | 
spectrum,  both  visible  and  invisible,  can  give  rise  to  chemical  changes,  or  modify  the  ; 
molecular  arrangement  of  bodies ;  and  the  r.ay  capable  of  producing  chemical  change  | 
in  any  particular  substance  is  that  one  which  the  substance  has  the  power  of  absorb- 
ing.   The  experiments  cited  by  Draper  in  proof  of  his  conclusions  do  not  appear  to  be 
new  ones,  whilst  the  fact  that  diiferent  photo-chemically  sensitive  substances  are  not 
affected  alike  when  exposed  to  the  solar  spectrum  has  long  been  known,  and  it  is  also 
generally  admitted  that  a  certain  action,  though  a  gradually  diminishing  one,  is  notice- 
able in  the  case  of  almost  every  chemically  active  substance  for  a  long  distance  both 
into  the  invisible  and  into  the  yellow  and  red  rays.   The  maximum  of  chemical  action, 
as  observed  with  bromide  of  silver,  differs  in  position  from  that  with  the  iodide  and 
chloride,  and  all  these  again  differ  from  the  maximum  (apparently  in  the  yellow) 
observed  in  the  decomposition  of  carbonic  acid  in  presence  of  the  green  colouring 
matter  of  plants. 

Thus,  for  instance,  C.  Schultz-Sellaek  {Deut.  Chem.  Ges.  Ber.  iv.  210)  has  shown 
that  whilst  a  collodion-film  sensitised  with  chloride  of  silver  is  sensitive  for  the  por- 
tion of  the  spectrum  lying  half-way  between  H  and  G,  an  iodide-film  is  sensitive  to  a 
point  beyond  G,  and  a  bromide-collodion  to  a  point  close  upon  F;  and  Sellack  (like  ' 
Draper)  concludes  that  the  haloi'd  silver  salts  are  decomposed  by  those  rays  upon  j 
which  they  are  capable  of  exerting  a  powerful  absorbent  effect.  i 

Professor  H.  Vogel,  of  Berlin  {Dcut.  Chcm.  Ges.  Ber.  vi.  1302;  Pogg.  Ann.  150,  ( 
453  ;  Phil.  Mag.  [4],  xlvii.  273)  has  recently  shown  that  not  only  is  the  maximum  of  i 
photographic  action  dependent  upon  the  absorbent  power  of  the  particular  substance 
for  different  rays,  but  that  the  admixture  of  certain  coloured  but  chemically  inactive 
substances  with  the  sensitive  compound  has  the  effect  of  altogether  altering  the  position  i 
of  the  maximum  of  chemical  action.    Thus,  for  instance,  when  a  yellowish-red  colour-  ! 
ing  matter,  such  as  aurin,  was  added  in  small  quantities  to  a  brominized  collodion,  the  ' 
plates  prepared  with  this  and  sensitized  in  the  ordinary  way  exliibited,  when  exposed  \ 
to  the  solar  spectrum  and  developed,  two  distinct  maxima  of  action  ;  one  (being  that  j 
observed  with  an  ordinary  bromide  plate)  in  the  indigo,  shading  off  in  intensity  on 
each  side,  and  becoming  weak  near  F;  the  other  (being  a  new  phenomenon)  nearly  as 
intense  as  the  first,  but  occurring  in  the  yellow.    Thus  it  appears  possible  to  prepare  a 
bromide  of  silver  plate  which  is  affected  as  much  by  the  yellow — usuall}'  considered 
as  chemically  inactive — rays,  as  it  is  with  those  in  the  violet,  usually  supposed  to  be 
chemically  the  most  active  rays.    By  adding  to  the  collodion  a  substance  (one  of  the 
aniline-greens)  which  absorbs  the  red  rays  between  D  and  C,  a  bromide-film  can  be 
prepared  upon  which  the  red  rays  near  G  are  capable  of  producing  an  effect.    The  I 
sensitiveness  of  this  film  was  found  to  diminish  from  violet  to  yellow,  and  then  to  | 
increase  again,  showing  a  distinct  maximum  at  the  point  where  the  absorption-band  , 
appears  in  the  spectrum  of  the  aniline-green.  j 

Dr.  H.  Draper  {Pliil.  Mag.  [4],  xlvi.  419),  in  a  paper  on  Diffraction  Spectrum  ; 
Photography,  states  that  he  has  likewise  succeeded  in  photographing  the  lines  of  the 
visible  spectrum  from  b  downward,  and  that  the  picture  comprises  not  only  the  regions 
included  within  the  lines  ED,  C  B,  and  A,  but  also  the  ultra-red  rays  with  their 
three  distinct  groups.  Draper  has  not,  as  yet,  made  known  the  process  by  which  he 
has  obtained  these  singular  and  important  results. 

E.  Budde  {Phil.  Mag.  [4],  xlii.  290,  294)  has  described  an  experiment  in  which  an  ' 
increase  of  volume  was  observed  when  chlorine  was  exposed  to  the  chemically  active 
rays,  and  a  corresponding  contraction  when  no  longer  imder  the  influence  of  light.  A  j 
Leslie's  differential  thermometer  was  fllled  with  chlorine,  and  oil  of  vitriol  previously  ^ 
saturated  with  chlorine  substituted  for  the  index  fluid.  The  bulbs  were  then  placed 
so  that  either  of  them  could  be  illuminated  by  any  portion  of  the  solar  spectrum,  ■  ' 
while  the  variation  in  the  position  of  the  index  was  observed  by  a  telescope.  A  small 
expansion  of  the  gas  occurred  when  the  bulb  was  exposed  to  the  red  and  yellow  rays,  | 
but  a  maximum  displacement  of  6-7  millimeters  took  place  in  the  blue  and  ultra-  i 
■\-iolet  rays.  Control  experiments  showed  that  this  change  of  volume  was  not  due  j 
to  change  of  temperature.  A  thermometer  filled  with  chlorine  was  kept  in  a  water-  ' 
batli  and  exposed  to  direct  sunlight.  By  alternately  shading  the  one  and  the  other  of  •] 
the  bulbs,  a  displacement  of  the  index  amounting  to  several  centimeters  was  obtained.  i 
Budde  explains  this  expansion  by  supposing  that  the  light  actually  decomposes  ; 
elilorine-molecules  into  chlorine-atoms.  The  writer  of  this  article  thinks  it  right  to  I 
observe  that  he  has  repeated  Budde's  experiments,  but  that  he  has  failed  to  obtain  the  j 
slightest  alteration  in  volume  iu  the  insolated  as  against  the  non-insolatcd  portion.  \ 

AVith  respect  to  tlie  measurement  of  the  chemical  action  of  light,  little  has  been  j 
done  beyond  the  establishment  of  a.  self-acting  m.sthod  applicabli;  to  observatories. 
Roscoo  has  recently  desci'ibed  {Phil.  Trans.  1874,  Part  II. ;  Pogg.  Ann.  cli.  2(38  ;  abstr. 
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Proc.  Bo;/.  Soc.  xxii.  158)  an  instrument  by  -which  the  varying  intensity  of  the  chfnii- 
cally  active  rays,  as  affecting  chloride  of  silver  paper  of  constant  sensitiveness,  can  lie 
made  self-recording.  The  method  described  (iii.  686)  in  the  Bakerian  Lecture  fur 
186.5,  although  it  has  been  the  means  of  bringing  into  notice  many  important  facts 
concerning  the  distribution  of  the  sun's  chemical  activity  throughout  the  atmosphere, 
as  well  as  in  diiferent  situations  on  the  earth's  surface,  lias  not  as  yet  been  introduced 
as  a  portion  of  the  regular  work  of  meteorological  observatories,  owing  to  the  fact  that, 
in  order  to  obtain  a  satisfactory  curve  of  daily  chemical  intensity,  at  least  hourly 
observations  need  to  be  made,  and  this  involves  the  expenditure  of  more  time  anil 
labour  than  it  has  been  found  possible  to  give.  The  present  method,  whilst  preserv- 
ing untouched  the  principles  and  accuracy  of  the  former  method,  reduces  the  personal 
attention  needed  for  carrying  out  the  measurements  to  a  minimum,  and  thus  renders 
its  adoption  in  observatories  possible. 

According  to  this  plan,  a  constant  sensitive  paper  is  exposed  by  a  self-acHng 
arrangement  for  accurately  known  times,  at  given  intervals  throughout  the  day.  The 
insolation  apparatus  stocked  with  sensitive  paper  is  placed  in  position  eitlier  early  in 
the  morning  of  the  day  during  which  the  measiirements  have  to  bo  made,  or  on  the 
previous  night,  and  by  means  of  an  electric  commiinication  with  a  properly  arranged 
clock,  the  sensitive  paper  is  exposed  every  hour  during  the  day,  so  that,  in  the  evening, 
the  observer  has  only  to  read  off,  in  the  ordinary  manuer,  the  hourly  intensities  which 
have  been  recorded  on  the  paper  during  the  day. 

This  self-recording  arrangement,  though  apparently  simple,  involves  points  which 
have  rendered  its  successful  completion  a  somewhat  dif&er.lt  matter,  owing,  in  the 
first  place,  to  the  great  Variations  which  occur  in  the  chemical  intensity  of  total  daj'- 
light  in  different  places,  at  different  times  of  the  day,  and  in  different  periods  of  the 
year  ;  and  secondly,  owing  to  the  fact  that,  in  order  to  be  able  to  estimate  tlie  chemical 
intensity,  the  coloration  acquired  by  the  paper  must  reach,  but  not  mucli  exceed,  a 
given  tint.  It  becomes  necessary,  therefore,  that  on  each  occasion  when  an  observa- 
tion is  needed,  the  sensitive  paper  should  be  exposed  mechanically,  not  once,  but  for 
sever&l  known  but  varying  intervals  of  time,  quickly  succeeding  each  other  ;  so  that 
whatever  may  be  the  intensity  of  the  total  daylight  (supposed  during  these  intervals 
to  remo.in  constant),  some  one  at  least  of  the  several  exposed  papers  will  possess  tlie 
requisite  shade.  This  is  accomplished  by  a  duplicate  arrangement  of  a  clock  and 
insolation-apparatus,  by  means  of  which  discs  of  the  constant  sensitive  paper  arc 
exposed  each  hour  for  successive  known  intervals  of  time,  varying  from  two  to  thirty 
seconds.  After  an  interval  of  an  hour,  another  set  of  discs  are  exposed  for  the  same 
series  of  intervals,  and  these  series  of  insolations  are  repeated  once  every  hour  daring 
the  day.  The  mechanical  arrangements  for  effecting  this  with  accuracy  are  shown  in 
the  following  figures.  The  minuto-liand  A  of  the  clock  (fig.  22.)  is  connected  with 
the  train  of  wheels  B,  C,  D,  in  such  a  manner  that  the  last  wheel  D  makes  one  revo- 
lution in  two  minutes.  On  the  periphery  of  the  metal  wheel  are  fixed  eleven  stout 
platinum  needles  (numbered  1  to  11  in  the  figure),  each  of  which  projects  three  milli- 
meters beyond  the  face  of  the  wheel.  As  the  wheel  turns  round,  each  of  these  needles 
is  successively  brought  in  connection  with  the  elastic  metal  arm  E,  the  end  of  wliicli 
is  coated  with  platinum.  The  platinum  pins  are  attached  to  the  wheel  in  such  a 
manner  that  the  contact  lasts  only  for  an  instant,  and  is  then  broken  till  the  next  pin 
comes  into  position.  This  takes  place  eleven  times  in  all.  The  intervals  during  which 
the  contact  is  broken  are  of  various  lengths,  according  to  the  intervals  between  the 
platinum  pins.  In  this  country  the  following  times  of  breaking  contact  have  been 
found  the  most  convenient: — 

Interval  .  No.  1  2  3  -i  5  6  7  8  0  10 
Seconds     .       .       2      3      4      .5      7      10      12      17      20  30 

If  the  instrument  is  to  be  used  in  places  where  the  chemical  intensity  is  much  greater 
or  smaller,  another  interval  must  be  adopted.  A^Hiilo  the  wheel  is  in  contact  with  tlio 
elastic  arm  E,  an  electric  current  from  several  cells  of  a  powerful  battery  passes 
through  a  second  elastic  arm  F,  and  through  wires  which  connect  the  clock  with  the 
insolation-apparatus.  As  soon  as  contact  is  broken  at  E,  this  current  is  likewise 
interrupted.  The  paper  of  constant  sensitiveness  is  cut  into  long  narrow  strips  as  in 
Morse's  telegraph-apparatus.  The  length  (about  3  meters)  must  be  sufficient  for  a 
day.  This  paper  strip  is  wound  round  the  roller  B  (fig.  23)  from  M-hich  it  pa.=scs 
over  the  light  metal  wheel  AV",  having  a  diameter  of  aliout  15  centimeters.  One  end 
of  the  paper  strap  is  attached  to  this  end.  Tlic  cf;cn)ioment  wheel  E  (fig.  23)  is  set 
in  motion  by  a  spring  S,  and  has  a  common  .nxis  with  il:r  wheel  AV.  Tlie  escapement 
is  connected  with  a  piece  of  iron  K,  placed  m  ,ir  nii  cltct  i-uiiiagnet  M.  round  which  a 
current  passes  as  soon  as  metallic  contact  is  cslulilishcd  with  E  (fig.  22). 

When  a  current  passes  round  the  clcctro-niagnet.  tlie  piece  of  iron  K  is  attracted. 
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tho  escapement  is  set  free,  and  the  wheel  with  the  paper  is  moved  through  an  arc 
depending  on  the  number  of  teeth  in  the  eseaponient-whecl  F.  As  soon  as  the  current 
is  interrupted,  the  piece  of  iron  is  brought  back  to  its  original  position  by  the  spiral 
spring  S. 

When  the  minute-hand  of  the  clock  (fig.  22)  comes  to  a  certain  point,  a  pm^,  fixed 
upon  it,  presses  on  the  longer  arm  of  a  lever  L,  which  depresses  the  elastic  arm  E. 
The  platinum  pins  of  the  wheel  D  now  press  against  the  arm  E,  and  the  current  is 
established  and  interrupted  in  the  intervening  spaces.  The  sensitive  paper  is  thereby 
moved  forward,  after  certain  intervals,  through  a  distance  which  is  sufficient  to  bring 
a  fresh  part  of  it  under  the  circular  opening.  This  small  paper  disc  (4  mm.  in  dia- 
meter) is  thereby  exposed  till  tho  current  is  re-established,  and  a  fresh  disc  brought 
under  the  opening.  It  is  easy  to  see  that  by  this  means  the  sensitive  paper  is  exposed 
during  the  above-mentioned  interval,  which  may  amount  to  80  seconds,  till  the  wheel 
D  has  made  one  revolution.  The  fixed  pin  -p,  of  the  minute-wheel,  has,  during  this 
interval,  moved  forward  so  far  that  it  no  longer  presses  against  the  bent  and  thick 
end  of  the  lever  L,  and  consequently  the  end  of  the  elastic  arm  E  is  brought  back  by 
the  insulated  spiral  spring  S.  The  arm  now  remains  in  this  position  for  an  hour, 
when  it  is  again  pressed  down  and  brought  into  connection  with  the  platinum  pins. 
During  this  hour  a  disc  of  paper  is  exposed  and  thereby  strongly  blackened.  If  one 
of  these  black  discs  is  marked  in  the  course  of  the  day,  the  hours  may  be  known  in 
which  the  different  expositions  have  taken  place. 

The  apparatus,  when  in  use,  is  protected  by  a  light  metallic  blackened  shade,  on 
which  is  fixed  a  metallic  plate  with  a  circular  opening  (4  mm.  in  diameter)  carefully 
rounded  on  the  edges.    A  steel  spring  AB  (tig.  23),  on  which  the  sensitive  paper  is 


pressed,  presses  it  against  the  horizontal  metal  plate,  so  that  tlie  exposed  paper  disc 
lies  close  under  the  aperture  of  the  plate.  To  keep  the  paper  and  apparatus  dry  during 
wet  weather,  the  whole  is  covered  -with  a  glass  shade.  The  loss  of  light  thereby 
occasioned  must  be  experimentally  determined  for  each  instrument. 

When  the  apparatus  is  taken  out  in  the  evening,  which  must  be  done  in  a  room 
lighted  by  a  soda-flame,  the  black  discs  are  seen  which  have  been  exposed  for  an  hour. 
Between  these  are  ten  discs  of  various  shades  ;  that  which  has  been  exposed  for  2 
seconds  only  is  perhaps  scarcely  -insible,  while  that  which  has  been  exposed  for  30 
seconds  is  perhaps  too  dark  for  the  determination  of  the  intensity. .  One  of  the  discs 
must  have  a  shade  whose  intensity  can  be  read  off  on  a  graduated  strip  (see  vol.  iii. 
p.  687  ;  figs.  705,  706). 

A  new  method  of  calibrating  the  fixed  strips  of  standard  tint  necessary  for  these 
jueasurements  is  also  described,  but  for  this  we  must  refer  to  the  original  paper. 

This  paper  also  contains  graphic  representations  by  curves  of  the  results  of  a  scries 
of  comparisons  of  the  curves  of  daily  chemical  intensity  obtained  (1)  with  the  hand- 
insolator ;  (2)  with  the  self-recording  instrument.  Comparisons  of  this  nature  were 
made  during  the  months  of  May,  June,  and  July,  1873,  by  simultaneous  hourly  deter- 
minations in  the  neighbourhood  of  Manchester,  according  to  both  methods.  The  fcibles 
and  curves  show  the  close  correspondence  of  the  two  sets  of  observations.  The  inte- 
grals of  total  chemical  intensity  deduced  from  the  two  sots  of  observations  likewise 
e.vhibit  as  close  an  agreement  as  can  be  expected  from  the  nature  of  the  experiments. 


Fig.  22. 


Fig.  23. 


^3 


H.  E.  R. 


XtXCN-  A1.0ES,  Oil.  or,  see  Oils  Volatile. 


LIGNIN— LIGNITE. 


753 


UGXrXSr.  This  name  is  sometimes  used  syuonymously -with  cellulose  (i.  818), 
but  it  is  more  properlj'  applied  to  the  substance,  or  mixture  of  substances,  ^vhieh  fer- 
ments and  encrusts  the  cellulose  framework  of  many  vegetable  tissues.  This  encrusting 
matter,  -which  may  bo  removed  by  prolonged  digestion  with  dilute  nitric  acid,  contains 
more  carbon  than  cellulose,  and  more  hydrogen  than  oxygen,  whereas  in  pure  ccUuhise 
the  hydrogen  and  oxygon  are  in  the  proportion  to  form  water.  Lignin  is  much  less 
digestible  than  cellulose,  and  forms  indeed  the  indigestible  part  of  fodder  (Payen, 
Coinpt.  rend.  Ixxii.  467). 

IiXGirZTSa  The  composition  and  heat  of  combustion  of  lignites  from  several 
localities  in  Franco  and  Germany  have  been  determined  by  A.  Seheurer-Kestner  and 
C.  Meunior  {Compt.  rend.  Ixxiii.  J332),  with  the  following  results  : 

I.  Hard  lignite  from  Fadeau  (Bouches-du-Ehone)  :  black  compact  mass,  with  dull 
coiichoiJal  fracture. 

II.  llich  lignite  from  Manosquo  (Basses-Alpes) :  friable  mass,  having  an  unctuous 
aspect,  black  colour,  and  uneven  fracture. 

III.  Hard  lignite  from  Manosquo :  black  compact  mass,  with  shining  conchoidal 
fracture. 

IV.  Eich  lignite  from  Bohemia :  compact  mass,  with  uneven  fracture,  black  and 
shining. 

A^.  Lignite  passing  into  fossil  wood,  from  Bohemia :  aspect  dull  in  the  direction 
of  the  woody  fibres,  shining  in  the  transverse  direction.  The  fracture  displays  a 
stratification  of  closely  lying  layers. 

VI.  Fossil  wood  passing  into  lignite:  much  resembles  the  preceding. 


Water  . 
Carbon  . 
Ifydrogei 
Oxygen  . 
Ash 


8-27 
o5-30 

306 
17--11 
15-06 


4'04 
22-98 


Volatile 
pai-t 


25-78 
11-09 


100      llOO  jlOO 


Heat-units 

Heat  of  combustion  observed    .  6483 
„    calculated  by  Dulong's^  ^295 


Sum  of  heats  of  combustion  of  ^ 
elements  .       .       .       .  i 


Water  , 
Carbon  , 
Hydroge 
Oxygen 
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4-26 
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20-70 


70-57  13-91 
5-44  10-37 
23-99  45-72 


7-82 
56-68 

4-15 
24-65 

6-70 
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66-31 
4-85 
28-81 


36-75 
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.  5782 
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2-39 
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76-58 
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15-15 
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l{)-97 
20-08 

10-41 
57-06 
4-05 
24-68 

3-80 

66-51  \  32-56 
4-72  9-60 
28-77  ,  57-94 
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4-  01 
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100 
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100  100 

100 

100 

100 
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The  heat  of  combustion  is  in  all  cases  less  than  the  sum  of  the  heats  of  combustion 
of  the  elements,  carbon  and  hydrogen.  In  this  respect  the  lignites  are  distinguished 
from  coal,  -which  always  gives  a  calorific  power  greater  than  that  of  the  carbon  and 
hydrogen.  It  is  impossible,  therefore,  to  judge  of  the  value  of  a  combustible  of  this 
kind  from  its  elementary  composition. 

A  lignite  from  Vescovado  in  the  province  of  Sienna,  Italy,  "was  found  by  E.  Kopp 
{Moiiitcur  Scieniifiqiie,  1870,  58)  to  contain  26-48  p.c.  volatile  combustible  matter, 
45-52  non-volatile  combustible  matter,  21-80  water,  and  9-20  ash.  By  coking  in  a 
retort  it  yielded  51-72  p.c.  of  coke.    It  contained  1-86  p.c.  sulphur. 

Aciioii  of  Alkalis  on  Lignite. — Lignite  from  Traunthal  fused  with  three  times  its 
weight  of  caustic  potash  yields  a  crystalline  sublimate  of  pyrocatechin  ;  but  this 
product  is  not  obtained  if  the  lignite  has  been  previously  exhausted  -with  ether :  hence 
it  appears  that  the  pyrocatechin  is  formed  from  the  bitumen  of  the  lignite.  Pyro- 
catechin is  likewise  obtained  from  other  lignites,  but  only  from  those  which  exhibit  a 
distinct  ligneous  structure.  Lignites  of  the  older  formations  do  not  jield  it,  and  coal  is 
not  acted  upon  at  all  by  fusion  with  alkalis  (Schinnerer  and  Morawski,  Bcut.  Cliem. 
Gcs.  Bcr.  V.  185). 

On  the  Gases  enclosed  in  Lignite,  see  Coal  (p.  361). 

On  the  Transformation  of  Old  Timbering  into  Lignite  in  the  rubbish  of  the  Doro- 
thea Mine,  at  Clausthal  in  the  Upper  Harz,  see  Hirschwald  {Jahrb.f.  Miiieralogie, 
1874,  204  ;  Ckem.  Soc.  J.  [2]  xii.  670). 

XaXnXE-TREE.    On  a  Saccharine  Exudation  from  the  Leaves  of  a  Lime-tree,  see 

IiXQUXBS.  On  the  Constitution  of  Liquids,  see  Handl  {Wien.  A/cad.  Anceigc, 
1872,  88;  Chcm.  Ccntr.  1872,  433). 

On  the  Distillation  and  Boiling  Points  of  Liquids,  see  Distillation  (pp.  436-438). 

On  the  Capillarity-Constants  and  Surface-tension  of  Liquids,  and  the  Spreading  of 
one  Liquid  on  the  Surface  of  Another,  see  Capillaeity  (pp.  240-249). 

Specific  Gravity  of  Liquids.— An  exact  and  easy  method  of  determining  the 
epecilic  gravity  of  liquids  is  given  by  H.  Sprengel  {(Jhem.  Soc.  J.  [2],  si.  577).  The 


apparatus  used  consists  of  an  elongated  TJ-tube(fig.22).the  open  ends  of  which  tormina  to 
in  two  capillary  tubes,  whicli  are  bent  at  right  angles  lu  opposite  directions.  Tiie  size 
and  weight  of  the  instrument  must  be  adapted  to  the  size  and  capability  of  the  balance 
in  which  it  is  to  be  weighed.  As  the  ordinary  balances  indicate  i  milligi-am  when 
loaded  with  60  grams,  the  U-tube.  "when  charged  with  the  liquid,  should  not  exceed 
this  weight  (1,000  grains  =  64,799  grams).  An  instrument  used  by  Dr.  Sprengel 
had  a  length  of  17-7  cm.  (7  inclies),  and  was  made  of  a  glass  tube,  the  outer  diameter 
of  which  was  11  mm.  (^  of  an  inch).  The  U-shape  is  of  course  adopted  for  the  sake 
of  presenting  a  large  surface,  and  so  rendering  tiie  instrument  sensitive  to  cnanges  of 
temperature.  An  important  point  is  the  different  calibre  of  the  two  capillary  tubes. 
The  shorter  one  is  a  good  deal  narrower  (at  least  towards  the  end)  than  the  longer 


Fig.  22. 


Fig.  23. 
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one,  tho  inner  diameter  of  -n-liieli  is  about  .!  mm.  The  horizontal  part  of  this  wider 
tube  is  marked  near  the  bend  with  a  delicate  line  {Ji).  This  line  and  the  extremity  of 
the  opposite  capillary  tube  (ffl)  are  the  marks  which  limit  tlie  volume  of  the  liquid  to 
be  weighed. 

The  filling  of  tho  instrument  is  easily  effected  by  suction,  tho  little  bulb  appa- 
ratus (as  represented  in  fig.  23)  ha^^ng  previously  been  attached  to  the  narrovj 
capillary  tube  by  means  of  a  perforated  stopper,  i.e.  a  bit  of  an  india-rubber  tube 
tightly  fitting  the  conical  tubulus  of  the  bulb.  On  dipping  the  wider  and  longer 
capillary  tube  into  a  liquid,  suction  applied  to  the  open  end  of  the  india-rubber  tube 
will  produce  a  partial  vacuum  in  the  apparatus,  causing  the  liquid  to  enter  the  U-tube. 
As  this  partial  vacuum  maintains  itself  for  some  time  (on  account  of  the  bulb,  which 
acts  as  an  air-chamber),  it  is  not  necessary  to  continue  tho  suction  if  the  end  of  the 
india-rubber  tube  be  timely  closed  liy  compression  between  the  fingers.  When  bulb 
and  U-tube  have  about  equal  capacity,  it  is  hardly  necessary  to  repeat  the  exhaustion 
more  than  once  during  the  filling.  AVithout  such  a  bulb  the  filling  of  the  U-tube 
through  these  fine  capillary  tubes  is  somewhat  tiresome.  The  emptjTlng  of  the 
U-tube  is  effected  by  reversing  the  action  and  so  compressing  the  air. 

After  the  U-tube  has  been  filled,  it  is  detached  from  the  bulb,  placed  in  water  of  the 
standard  temperature  almost  up  to  the  bends  in  the  capillary  tubes,  left  there  until  it 
has  assumed  this  temperature,  and,  after  a  careful  adjustment  of  the  volume,  it  is 
taken  out,  dried,  and  weighed. 

Particular  care  must  be  taken  to  ensure  the  correctness  of  the  standard  temperature, 
as  a  mistake  of  0-1°  causes  the  weight  of  10  c.c.  of  water  to  be  estimated  either  too 
high  or  too  low  by  0'14  milligram,  giving  rise  to  an  error  in  tho  5th  decimal,  or 
making  100,000  parts  100,001-4  parts. 

A  peculiar  feature  of  the  instrument  is  the  ease  and  precision  with  which  the 
measurement  of  the  liquid  can  be  adjusted  at  the  moment  it  has  taken  the  standard 
temperature,  tho  liquid  expanding  and  contracting  only  in  the  wider  capillary  tube, 
viz.,  in  the  direction  of  the  least  resistance.  Tho  narrow  capillary  tube  remains  always 
completely  filled.  Supposing  tho  liquid  reaches  beyond  the  mark  6,  it  may  be  reduced 
through  capillary  force  by  touching  the  point  a  with  a  little  roll  of  filter-paper. 
Supposing,  however,  that  in  so  doing  too  much  liquid  is  abstracted,  capillary  force  will 
redress  the  faidt  if  the  point  a  bo  touched  with  a  drop  of  the  liquid  under  examination  : 
for  this  gentle  force  acts  instantly  through  the  whole  mass  of  tho  liquid,  causing  it  to 
move  forward  again  to  the  mark  or  beyond  it. 

As  the  instrument  itself  possesses  the  properties  of  a  delicate  thermometer,  the  time 
when  it  has  reached  the  standard  temperature  of  the  bath  may  be  learned  from  the 
stability  cf  the  thread  of  liquid  inside  the  wider  capillary  tube.  The  length  of  this 
thread  remains  constant  after  the  lapse  of  about /ye  minutci. 

In  wiping  the  instrument  (after  its  removal  from  the  bath)  care  .should  bo  taken 
not  to  touch  the  point  a,  as  capillarity  might  extract  some  of  the  liquid  ;  otherniso 
the  handling  of  the  instrument  requires  no  especial  precaution. 

The  capillary  tubes  need  not  be  closed  for  tho  purpose  of  arresting  evaporation,  at 
least  that  of  water.  It  appears  from  the  menu  of  several  determinations  that  the 
error  arising  from  this  source  amounts  in  one  hour  to  milligram. 

If  the  temperature  of  the  biilanco-room  is  high,  and  the  expansion  of  the  liquid 
considerable,  it  may  be  found  necessary  to  put  a  small  cap  (bead-shaped  and  open  .it 
both  ends)  over  the  extremity  of  the  wider  capillary  tube,  for  tho  purpose  of  retaining,- 
the  liquid  which,  during  the  time  of  weighing,  might  otherwise  be  lost,  owing  to  its 
expansion.  Raising  the  standard  temperature  of  the  bath  is  another  way  of  macting 
this  inconvenience.  When  a  cap  is  used,  the  wider  capillary  tube  need  not  be  longer 
tlian  the  narrow  one. 

For  Marignac's  determinations  of  the  specific  gravities  and  expansions  of  aqueous 
solutions,  see  Heat  (pp.  602-604). 

Extensive  Tables  of  tho  Specific  Gravities  of  the  Aqueous  Solutions  of  various  Salts 
used  in  the  Arts  and  Manufactures  are  given  by  Benno  Franz  (J.  ^jc.  Chem.  [2],  v. 
274-308). 

For  Thomson's  determinations  of  the  Specific  Gravities,  Molecular  Volumes,  ami 
Specific  Ileats  of  Solutions,  see  Heat  (pp.  596-600).  For  Marignac's  determinations 
of  the  Specific  Heats  of  Solutions,  pp.  600-602. 

On  Conduction  of  Heat  in  Stratified  Liquids,  p.  640. 

CoiiiprcssihUUii  of  Liquids  under  High  Pressures. — The  following  dutermiuatioua  aro 
by  Cailletct  {Compt.  rend.  Ixxv.  77) : — 
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Compressibility 

Total  j 

Density 

Tempera- 

corresponding 

pressure 

ture 

to  one  atmo- 

applied:  ' 

sphere 

Atmospheres  j 

Distilled  v,-ater  deprived  of  air 

1000 

+  8 

0-00044ol 

705 

Carbon  bisulpliide  . 

+  8 

0  0000980 

607 

(+  9 

0-0000676 

174 

Alcohol  ..... 

0-858 

+  9 

0-0000701 

305 

0-0000727 

680 

Petroleum  .... 

0-865 

+  11 

0-0000828 

610 

Essence  of  petroleum 

0-720 

+  10-5 

00000981 

630 

Ether  

+  10 

0-0001440 

630 

Sulphurous  acid 

-14 

0-0003014 

606 

These  numbers  are  not  corrected  for  the  compression  of  the  glass  Tessel,  for  the 
determination  of  -which,  under  these  high  pressures,  no  method  is  known. 

Transpiraiion  of  Liquids. — Lowenthal  (Zeitschr.  anal.  Chcm.  x.  298)  has  made 
experiments  on  the  capillary  transpiration  of  certain  liquids,  by  means  of  an  apparatus 
differing  only  in  a  few  details  from  that  used  by  Graham  (iii.  722).  The  vessel  con- 
taining condensed  air  has  a  capacity  of  not  less  than  1,500  c.c,  and  two  capillary 
tubes  are  used,  fitted  with  two  stopcocks  of  exactly  equal  dimensions,  so  that  two  experi- 
ments may  be  carried  on  simultaneously.  Instead  of  placing  the  tubes  in  water  at  a 
known  temperature,  Lowenthal  finds  it  easier  to  regulate  the  temperature  of  the  room 
so  that  it  shall  be  maintained  at  a  constant  point  during  the  experiments.  The  tubes 
used  are  of  varying  capacity,  containing  from  2"6  to  57  c.c,  some  of  these  ha-N-ing  one 
hnd  some  two  bulbs.  The  time  which  the  liquid  takes  to  pass  through  the  capillary 
lube  is  noted  by  'a  method  similar  to  that  employed  by  Graham. 

Lowenthal  finds  that  the  fatty  oils  used  in  the  arts  have  very  diflferent  rates  of 
transpiration,  and  that  this  is  also  the  case  -with  milk,  beer,  -ndne  made  from  fruits, 
grape-wine,  and  various  other  substances.  This  fact  may  perhaps  be  turned  to  prac- 
tical account  in  testing  such  compounds. 

The  experiments  show  further  that,  for  at  least  some  liquids,  there  exists  a  relation 
between  their  respective  diffusion  and  transpiration  rates.  Thus,  Graham  gives  the 
diffusion  of  HCl  solution  to  NaCl  solution  as  1  :  0-7,  Lowenthal  has  found  their  res- 
pective rates  of  transpira  tion  to  be  as  1  :  0-732.  In  like  manner  the  diffusion  of  NaCl 
to  sugar  is  as  2-33  :  7,  their  tfanspiration  rates  as  2-33  :  5-83. 

TiXTHZOPHORZTE  (A.  Frenzel,  </.  ^:)»\  Chem.  [2],iv.  363;  Jahrcsb.f.  Mineralogic, 
1872,  219).  This  mineral,  nearly  allied  to  the  cupriferous  and  cobalt'iferous  ores  of 
manganese,  contains  \  b  p.c.  lithia.  It  is  found,  usually  on  quartz,  in  the  beds  of  iron 
ore  of  the  granite  district  near  Schneeberg,  Schwarzenberg.  and  Johanngeorgenstadt. 
Tlie  felspar  of  the  granite,  which  is  much  weathered,  contains  a  trace  of  lithium, 
recognisable  by  the  spectroscope.    The  taica  contains  more  of  this  metal. 

Lithiophorite  is  amorphous,  occurs  in  compact,  botryoi'dal,  and  reniform  masses,  in 
flat  shell-like  forms,  and  in  pseudomorphs  after  calespar.  Hardness  =  3  ;  sp.  gr.  = 
3-14  —  3-36.  Colour,  bluish -black ;  streak,  brown-black.  It  gives  off  water  when 
heated  in  a  tube ;  docs  not  melt  before  the  blowpipe,  but  colours  the  flame  with  car- 
mine-red. 

Two  analyses,  by  C.  Winkler,  of  lithiophorite  from  Schneeberg,  gave  :— 

K=0   Li=0  BaO    CoO   NiO    CuO     MnO        0     Fe=0'  A1=0^     IFO  X* 

(1.)      0-73  1-23  2-78      2-4^2       1-74  55-12  10-28  1'48  10-54  12-G4  —  =.  98-96. 

(2.)      1-50  1-42  1-26^0-64  0-30  0'96  49-87    7-77  2-43  15-53  15-42  3-08  =  100-18. 

'  Sand  ;  also  traces  of  hmo,  and  iu  (1.)  of  bismuth  oxide. 

r.  V.  Kobell  has  detected  lithia  in  the  asbolans  of  Sayn,  and  of  the  iron  mine  at 
Sicgcn. 

IiXTHaUBZ.  This  metal,  like  potassimn  and  sodium,  dissolves  in  anhydrous 
liqiiid  ammonia,  and  is  left  behind,  with  its  original  appearance  and  colour,  on  evapo- 
rating the  liquid  (Seeley,  p.  60). 

On  the  Spectroscopic  Character  c-f  various  Lithium  Minerals,  sec  F.  v.  Kobell 
{J.  in:  Chcm.  [2],  iii.  176  ;  Ch"„i.  Soc.  J.  [2  |.  ix.  312). 


LOBARIC  ACID— LUNEBURGITE. 


Separation  of  Lithium  and  SoJi/im. — To  separate  these  motals,  v.  Kobell  (J.  pr. 
Chcin.  [2],  V.  112)  heats  the  mixed  chlorides  to  incipient  fusion  in  a  weighed  platinum 
crucible  ;  then  -weighs  the  mixture,  leaves  it  exposed  for  24  hours  to  an  atmosphere 
not  moist  enough  to  act  upon  the  sodium  chloride,  till  the  lithium  chloride  has  absorbed 
■water  ;  drenches  the  partly  deliquesced  mass  'with  alcohol;  decants  carefully;  repeats 
the  washing  and  decantation  a  second  time ;  and  weighs  the  residual  sodium  chlorido. 
An  experiment  on  weighed  quantities  of  the  mixed  chlorides  showed  that  the  method 
gives  exact  results. 

Lithium  Hyclraic. — An  aqueous  solution  of  lithia  evaporated  in  a  vacuum  yielded  a 
slightly  hygroscopic  hydrate,  LiHO.H-O  (Muretow,  Bciit.  Chew.  Get>.  Bcr.  v.  331). 

EiOBASIC  iiCXB.  A  resinoi'd  acid  obtained  from  the  Jiclion  called  rarmeUa 
saxatiUs  by  AVallrot  h'Lobaria  adusta  by  Hoffmann.  It  is  colourless,  crystallises  in  warty 
masses  made  up  of  thin  plate,  and  in  its  degree  of  solubility  in  different  menstrua  and 
in  other  of  its  properties,  it  resembles  a  crystalline  resin.  It  is  not  affected  by  prolonged 
exposure  to  ammonia  gas,  but  dissolves  in  either  aqueous  or  alcoholic  ammonia,  form- 
ing a  colourless  solution,  which  turns  rose-red  on  exposure  to  the  air.'and  dries  up  to 
an  amorphous  violet-brown  mass,  resembling  in  tint  the  thallus  of  the  lichen  which 
yields  it.  It  dissolves  in  caustic  potash  with  a  pure  yellow  colour,  which,  on  exposure 
and  evaporation,  changes  like  the  ammonia-solution  to  rose-red  and  brown-violet. 
When  heated  it  fuses,  evolves  dense  inflammable  vapours,  and  chars.  It  has  the 
composition  expressed  by  the  formula  CH'^O^  that  of  evernic  acid  being  C"II"'0'. 

Tiie  colour  of  the  brown  variety  of  Parmclia  saxatilis  may,  perhaps,  be  attributed 
to  the  presence  of  oxidation-products  of  the  potassium  salt  of  lobaric  acid.  The  colour 
is  only  superficial,  and  is  produced  by  the  action  of  the  potash  derived  from  the 
weathering  of  the  granite  upon  which  the  lichen  grows  (W.  Knop,  Chi  iii.  Ccntr.  1872, 
172). 

XiOKAO.  This  dye,  also  called  Chinese  green,  was  originally  imported  from  Cliina, 
but  has  likewise  been  obtained  from  the  berries  of  the  common  buckthorn.  In  the 
crude  state  it  is  a  lake  containing  25  p.c.  of  mineral  matter.  If  left  in  contiJCt  with 
water  for  some  days  it  ferments,  and  is  partially  reduced.  The  liquor  is  filtered,  and 
the  residue  washed  with  cold  water,  and  dissolved  in  warm  water,  which  it  colours 
reddish-violet.  This  solution,  on  exposure  to  air,  throws  down  a  blue  precipitate, 
which,  though  j)urer  than  the  original  lokao,  still  leaves  a  considerable  ash  on  ignition. 
Perfectly  pure  lokao  is  obtained  by  agitating  the  crude  green  with  solution  of  ammonia 
carbonate,  filtering,  precipitating  with  alcohol,  washing,  and  drying  at  100°.  The 
product  is  blue  (confii-ming  the  observation  of  Porsoz,  that  'Chinese  green,  when  quite 
pure,  is  a  blue'),  and  is  a  compound  of  ammonia  with  the  pure  colouring  matter 
{lokciin).  Tlio  analysis  of  ammonium-lokai'n  gives  numljers  corresponding  with  the 
fornmla  (NH^)-C^'*I1""0".  Lokain  may  be  considered  as  a  weak  acid,  and  represented 
by  the  formula  C"H«»0'«. 

■  When  ammonium-lokai'n  is  kept  at  100°  for  some  hours,  it  is  transformed  into  an 
insoluble  violet  substance,  which  is  also  formed  when  crude  lokao  is  fermented  with 
yeast,  but  is  best  obtained  by  treating  ammonium-lokain  with  warm  dilute  sulphuric 
acid,  when  it  sj^lits  up  into  glucose  (showing  that  lokain  is  a  glucoside),  and  an  in- 
solulilc  Ti  ^iilur  {h'h-iniiii ).  the  composition  of  which  may  be  expressed  by  the  formula 
C"ll'"()'";  .■iiui  I  hi' conlnct  of  this  substanco  with  a  trace  of  ammonium-carbonate, 
produces  the.  violet  betore  named  {ammoiiium-lokaetin). 

Lokaiitin,  when  heated  with  dilute  nitric  acid  at  100°,  splits  up  into  oxalic  acid  and 
a  substance  giving  an  intense  yellow  coloration  with  alkali.  With  concentrated  sul- 
phuric acid  lokaetin  is  changed  into  a  substance  giving  a  deep  blue  with  weak  alkali. 
Its  formula  is  C"*H'-0',  i.e.,  lokaetin  minus  2H-0. 

Uses  of  Lokao,  cf-c,  in  Dyeing. — (1.)  The  liquor  obtained  by  digesting  crude  lokao 
with  water,  and  filtering,  dyes  cotton  a  pale  green,  but  gives  to  wool  and  silk  only  a 
very  pale  bluish-grey,  similar  to  the  tint  of  some  silks  dyed  by  the  Chinese.  (2.)  The 
deep  \\o\Qt  ammonium-lokaetin  may  be  fixed  upon  cotton  without  a  mordant,  also 
upon  silk  and  wool.  (3.)  Ammonium-lokaetin,  added  tea  batli  of  sodium  thiosulphate, 
gives  a  liquor  -which  dyes  cotton  a  very  pure  sky-blue,  permanent  in  sunlight,  and  fast 
when  washed. 

liUITEBUROlTE.  This  name  is  given  by  C.  Nollner  {Milnch.  Acad.  Bcr.  1870, 
i.  591)  to  a  mineral  obtained  by  boring  at  Liineburg.  It  contains — besides  0-7  p-c. 
liF^,  which  goes  off  at  a  red  heat,  and  traces  of  salts  from  the  neighbouring  salt  bed — ■ 
the  components  given  under  A,  agreeing  nearly  with  the  formula  (2MgO.H-O.P20^)  -l- 
(MgO.B-'C)  +  7n-0,  whieli  requires  the  numbers  B  :— 
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LUPINE— LYCOCTONINE. 


MgO  r=0=  B=0'  SH) 

A  (found)      .       .       25-3  29-8  127  32-2     =  100 

E  (calc.)       ,       .       25-10         29-83         14-32         30-25  =  100  I 

The  same  composition  was  exliibited  by  some  crystals  deposited  from  the  mother- 
liquors  of  sea-water,  the  source  of  -svhich  is  not  given  (Nollner,  lahrbuch  f.  Mineralogie, 
1871,  175). 

XitrpISTE.    The  general  composition  of  yellow  and  blue  lupine-seed  is  as  under: —  i 

Yellow  Blue 

lupine  lupine 

10-4  13-2 

37-5  22-0 

27-3  43-8 

4-4  5-6 

1(3-4  12-2 

4-0  3-2  j 

100  0  100-0  j 

As  lupine-seed  is  rich  in  nutritive  matter,  and  can,  moreover,  be  grown  on  a  poor  i 
soil,  it  would  be  of  great  value  as  feeding  material  but  for  the  bitter  principle  (the  i 
volatile  alkaloid)  which  it  contains.  The  presence  of  this  substance  renders  lupine-  j 
seed  distasteful  and  injurious  to  animals,  especially  to  pigs;  .sheep  are  but  little  affec-  < 
tod  by  it.  The  blue  lupine-seed  is  more  objectionable  than  tlie  j-ellow.  The  amount  i| 
of  alkaloid  present  varies  a  good  deal.  The  alkaloid  may  be  more  or  less  removed  by  ■ 
baking  the.  seed  in  an  oven  or  kiln;  or  by  steeping  in  water  and  washing;  or  by  treat-  j 
ment  with  dilute  hydrochloric  acid,  washing,  and  then  bciiling  with  a  little  sodium  ( 
carbonate  (H.  Settegast,  Ami.  d.  LandwirthschaJ't.  Wochenblatt,  June  7,  1871). 

Yellow  lupine-seed  has  been  further  examined  by  A.  Beyer  {Landwirthschaftliclte  J 
Versicchs-Stationeii,  xiv.  161).  He  finds  that  a  section  of  the  moist  seed  is  strongly  jj 
acid  to  litmus-paper,  and  that  the  seed  contains  citric  acid.  Eitthausen  {J.  pr,  Chem.  ( 
[2],  ii.  339)  found  malic  and  oxalic  acids.  j 

Beyer  also  found  a  viscid  substance,  soluble  in  alcohol,  but  did  not  succeed  in  ob-  | 
taining  it  pure.  | 

The  seed  contains  two  fats :  a  fluid  fat  extracted  by  cold  ether,  and  a  solid  fat  I 
obtained  by  treatment  with  hot  alcohol  after  the  extraction  by  ether.  The  percentage  j 
composition  of  the  fluid  fet,  when  purified,  is  75-7  C,  11-35  H.,  0-098  P.,  12-852  0. ;  ; : 
while  that  of  the  solid  fat  is  72-68  C,  10-84  H.,  1-66  P.,  14-92  0.  The  amount  of  '\ 
phosphorus  in  the  solid  fat  (quite  free  from  adhering  phosphates)  is  remarkable,  j 
linop  found  1  -25  p.c.  of  phosphorus  in  a  fat  from  a  sugar-pea.  ' 

The  alkaloids  of  lupine-seed  are  best  extracted  by  means  of  alcohol  containing  \ 
hydrocliloric  acid  ;  when  isolated  they  are  found  to  be  fluid  bodies  resembling  conine.  [ 
Beyer  separates  the  alkaloids  by  the  different  solubility  of  their  platinum  sjilts.  The  | 
platinum  salt,  insoluble  in  alcohol  and  in  cold  water,  has  the  formula  C"H'*N-0'CP.  | 
PtCl' ;  the  more  soluble  platinum  salt  has  the  formula  C-^H^sN-O'Cr-'.PtCl*.  The  i 
soluble  platinum  salt  corresponds  with  an  alkaloi'd  soluble  in  water,  and  vice  versa. 

Siewert  has  separated  the  two  alkaloids  by  distillation.  The  one  distilling  at  216° 
corresponds  with  the  insoluble  platinum  salt;  that  distilling  at 261°  with  the  soluble, 
Siowcrt's  formute  for  the  alkaloids  are  in  each  case  less,  by  a  molecule  of  water,  than 
tlioso  deduced  from  the  above  platinum  salts,  | 

XilTTEZC  ACX9.  A  yellow  colouring  matter  prepared  from  the  flowers  of  i 
Eiipliorhia  Cyparissias  (p.  495). 

XilTTEXir.  This  name  is  given  by  Thudichum  {Vmc.  Roy.  Soc.  xvii.  253)  to  the  :^ 
yellow  substance  obtained  by  Piccoli  and  Liebenfrom  the  ovary  of  the  cow,  and  called  Ijj 
by  them  hsemolutein  {\st  Siippl.  497).  j; 

X.VTEOCOBAI.TXC  CHXiORXDE.    See  Cobalt-Bases,  Ammoniacal  (p.  365).  ;J 

XiVTXDXn-E.  This  base  lias  been  found,  together  with  several  of  its  homologues,  4 
ill  tobaceo-smoko  (see  Tobacco),  ,) 

jV-ycOCTOWXNE.    See  Aconite  Alkaloids  (p,  24).  '\ 


Water  

Albuminoids  .... 
Non-nitrogenous  extractive  matter 

Fat  

Crude  fibre  .... 
Ash  


MAGNESIUM. 
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IVXAGXTESXTX:.  Crystals  of  magnesito  from  MariazoU  in  Styria,  some  colourless, 
others  brownish,  exhibit,  according  to  J.  Eunipf  (.7rt/;/'i((cA./.  Mineralugic;  1870,  356) 
the  form  OR,  odP2. 

Magnositos  (a)  from  Mahrenberg  in  Styria,  sp.  gr.  2-091  —  2-99-1 ;  (i)  from  Franken- 
stein in  Silesia,  sp.  gr.  2'990,  have  been  analysed  by  H.  Schwarz  {Dingl.  ])ol.  J. 
cxcviii.  1.34),  with  the  following  results  : — 

MgCO^  CaCo^  FeCO^  In^ol. 

92'52  3'5.5  3-79  O'l-t  =  100 

98'-17  trace  trace  1-53  =  100 

A  ferruginous  raagnesito  from  tlio  nortli  bank  of  the  .Schuykill  river,  between  Phila- 
delphia and  Montgomery  county,  Pennsylvania,  consists,  according  to  Leeds  (Chciu. 
News,  xxii.  173),  of  :— 

Jtfrn  FeO  CaO  CO"- 

nH'l.T  10-39  3-20  47-96  =  100'07 

MAG-IffBSIUIW.  Separation  from  ihe  Alkali-metals.— Tho  following  method  is 
given  by  H.  Seheerer  {.J.  ]»:  Cheni.  [2],  iii.  4761).  Evaporate  the  hydrochloric  acid 
solution  of  tho  metals  nearly  to  dryness  in  a  platinum  crucible ;  add  ammonium  oxa- 
late ;  dry,  Iieat  gently,  then  to  full  redness ;  treat  the  residue  with  water,  boil  and 
filter.  Magnesium  carbonate  is  then  found  on  tho  filter,  potassium  and  sodium  car- 
bonates in  the  filtrate.  This  method  is  said  to  yield  good  results.  If,  however,  tho 
metals  are  present  wholly  or  partly  as  sulphates,  these  salts  must  first  be  converted 
into  chlorides  by  treatment  with  barium  chloride. 

Separation  from  Aluminium. — AVlien  a  solution  containing  alumina  and  maguesia, 
together  wdth  a  large  quantity  of  sal-ammoniac,  is  boiled  with  excess  of  ammonia  till 
all  the  ammonia  is  driven  off,  alumina  is  thrown  down  almost  free  from  magnesia. 
If,  however,  sulphuric  acid  is  present,  the  quantity  of  magnesia  precipitated,  together 
with  .alumina,  is  greater  than  when  that  acid  is  absent.  The  quantity  of  magnesia  in 
the  precipitate  likewise  increases  when  the  ammonia  is  added  quickly  and  in  excess, 
instead  of  being  added  in  drops  and  with  stirring.  In  solutions  containing  sulphuric 
acid,  rapid  addition  of  ammonia  leads  to  the  precipitation  of  2  mol.  magnesia  with 
each  molecule  of  alumina,  whereas,  when  the  ammonia  is  gradu.ally  added,  tho  pre- 
cipitate contains  only  1-2  p.c.  magnesia  (S.  Wrinkles,  Chim.  Xcws,  xxii.  4). 

Oxychlorides. — Sorel  found  that  a  mixture  of  strongly  heated  Magnesia  mla  with  a 
concentrated  solution  of  magnesium  chloride  dries  up  in  a  few  hours  to  a  hard  mass, 
apparently  of  oxychloride,  which  resists  the  action  of  water  (Isi  Suppl.  796).  The 
products  thus  formed  have  been  moro  exactly  investigated  by  C.  Bender  {Ann.  Ch. 
Fharm.  clix.  341),  whose  analysis  of  a  sample  prepared  as  above  and  hardened  by 
six  months'  exposure  to  the  air,  gave  numbers  which  rendered  it  probable  that  tlio 
product  consisted  of  a  mixture  of  magnesium  carbonate,  MgCO',  with  the  compound 
MgCl-..5Mg0.17H-0  (a).  By  drying  over  sulphuric  acid,  it  was  converted  into  MgCP. 
5Mg0.14H-0;  by  drying  at  100°'^into  MgCP.oMgO.SH-'O  ;  and  at  150°-180°  into 
MgCl-.5MgO.6H-0.  These  facts  seem  to  show  that  the  elements  of  the  chloride  and 
oxide  of  magnesium  have  entered  into  more  intimate  combination,  inasmuch  as  mag- 
nesium hydrate  decomposes  at  ]  06°.  AVhen  tho  above-mentioned  sample  was  treated 
with  water,  part  of  the  magnesixim  chloride  dissolved,  while  (together  with  magnesium 
carbonate)  the  compound  MgCl-.9Mg0.24H-0  (j3)  was  formed,  from  which,  by  heating 
to  100°  and  to  160°-i80°,  the  compounds  MgCl-.9Mg0.15ffO  and  MgCl-.9MgO. 
lOH-0  were  produced.  By  prolonged  treatment  of  the  compound  &  with  boiling 
water,  the  whole  of  tho  magnesium  chloride  could  be  removed  and  the  residual  sub- 
stance then  contained  the  compound  2Mg0.3H'-'0(7),  from  which,  by  drying  at  160°- 
180°,  tho  compound  4Mg0.5H-'O  could  !.(•  obtained. 

The  compounds  a,  j8,  y — if  tin-  iii.il  cvl.ils  have  not  been  pulverised  at  tho  commence- 
ment of  the  process — are  coinp.irl  i-nlid  Imdies;  having  the  hardness  and  tenacity  of  a 
good  sandstone,  a  brilliant  sui-fai-r.  and  susceptible  of  a  high  polish;  their  cohesive 
power  is  not  destroyed  l)y  water  either  cold  or  hot.  In  tliis  respect  the  compound  y 
resembles  the  mineral  brucite  Mg(OH)^,  the  absence  of  crystallisation  being  probably 
due  to  its  rapid  mode  of  formation. 

For  the  proximate  constitution  of  these  compounds,  C.  Bender  gives  the  following 
f  ;)rinul£)E- : 
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a  (doubled)  2(MgCl=.MgO)  +  16H-0  +  4(2Mg0.3H20) 
$  (MgCF.MgO)  +  12H-0  +  4(2Mg0.3H-0) 

y  2Mg0.3H=0 

The  compounds  dried  at  100°  and  at  150°-180°  are  similarly  constituted.  These 
formulse,  however,  are  not  intended  to  represent  the  phases  of  the  successive  decom- 
position by  cold  and  hot  water,  as  they  would  indicate  that  the  compound  MgCl'-.MgO 
passes  in  each  case  into  solution,  which  is  not  the  case. 

The  crystiilline  deposit  which  frequently  occurs  in  the  solutions  of  magnesium  salts 
mixed  with  sal-ammoniac  (known  in  the  laboratory  as  '  magnesia  mixture  ')  consists, 
according  to  J.  Davis  (Ckcm,  News,  xxv.  258).  of  the  hydrated  oxychloride  MgCl-. 
5MgO  +  13H-0  or  Mg^Cl-O.H'O  +  4(Mg0.3H=0).  By  washing  the  crystals  with  a 
large  quantity  of  water,  the  whole  of  the  chlorine  may  be  removed,  and  the  oxychloride 
converted  into  a  hydrated  oxide. 

B^iLGWETZSIVZ.  Coulomb's  law  of  the  force  with  which  two  magnetic  poles  tend 
to  move  towards  or  away  from  each  other,  makes  it  possible  to  express  the  strength  of 
m:!gnetic  poles,  and  the  intensity  of  magnetic  forces  in  general,  by  reference  to  the 
fundamental  units  employed  for  the  measurement  of  forces  in  mechanics.  The  law 
itself,  which  is  that  the  mutual  force  (attraction  or  repulsion)  acting  hetwecn  two  mag- 
netic poles  is  proportion<il  directly  to  the  'product  of  their  strengths  and  inversely  to  the 
square  of  the  distance  between  them,  leads  at  once  to  the  following  as  the  definition  of 
a  magnetic  pole  of  unit  strength  :  tJie  unit  magnetic  pole  is  such  that  the  force  acting 
between  it  and  another  equal  pole  at  the  imit  distance  is  unity.  But  the  eliects  produced 
in  any  actual  case  by  a  given  magnet  do  not  depend  simply  on  tlio  strength  of  its 
poles :  for  these,  being  necessarily  equal  and  opposite,  neutralise  each  other's  external 
action  the  more  nearly  the  smaller  the  distance  which  separates  them,  and  it  will  be 
shown  further  on  that  the  resultant  force  exerted  by  the  two  poles  of  a  complete  mag- 
net upon  each  pole  of  a  second  magnet  is  directly  proportionate  to  the  distance  be- 
tween the  poles  of  the  first  magnet  as  well  as  to  their  strength.  Hence  the  true 
measure  of  the  power  of  a  complete  magnet  is  obtained  by  multiplying  together  the 
strength  of  its  poles  and  the  distance  between  them.  To  this  product  the  name  mag- 
netic moment  has  been  given.  In  the  case  of  a  straight  piece  of  steel,  of  great  lengtli 
in  comparison  with  its  width  (such  as  a  piece  of  thin  steel  wire),  which  is  uniformly 
magnetised  in  the  direction  of  its  length,  the  poles  coincide  sensibly  with  the  extreme 
points,  so  that  it  would  be  possible  to  determine  the  distance  between  them  by  direct 
measurement.  It  would  also  be  possible  to  ascertain  approximately  the  strength  of 
the  poles  of  such  a  magnet  by  means  of  the  torsion-balance  (Magnetism,  iii.  7u8),  and 
so  the  magnetic  moment  of  the  magnet  could  be  calculated  from  its  two  factors.  But 
in  general,  neither  the  position  of  the  poles  of  a  magnet  nor  their  strength  can  be 
determined  with  anything  like  accuracy  by  a  direct  measurement.  It  was  shown  by 
Coulomb  (iii.  760)  how  the  moments  of  different  magnets  can  be  compared,  but  his 
method  does  not  give  an  absolute  measure  of  magnetic  moments,  since  the  quantity 
measured,  namely,  the  moment  of  the  couple  required  to  deflect  a  magnet  through  a 
given  angle  from  the  magnetic  meridian,  depends  not  only  on  the  properties  of  the 
magnet  under  examination,  but  also  on  the  intensity  of  the  horizont^il  component  of 
the  earth's  magnetic  force  (iii.  781),  which  varies  with  time  and  place.  Hence,  in 
order  to  be  able  to  determine  absolutely  the  magnetic  moment  of  a  magnet,  we  require 
cither  to  have  some  method  of  measurement  which  is  not  affected  by  the  earth's  mag- 
netic force,  or  we  must  be  able  to  ascertain  the  intensity  of  this  force.  The  way  in 
which  this  can  be  done  was  first  pointed  out  by  Gauss,  in  1832.  The  phenom'-ua 
which  ho  employed,  as  the  basis  of  his  system  of  measurement,  were  (1)  the  oscillation 
of  a  magnet  suspended  so  as  to  be  free  to  vibrate  in  a  horizontal  plane,  in  obedience 
to  the  magnetic  forces  exerted  upon  it  by  the  earth  ;  and  (2)  the  deflection  of  a  declin- 
ation compass  from  the  magnetic  meridian  caused  by  the  same  magnet,  when  placed 
at  a  known  distance  from  it,  with  its  axis  perpendicular  to  the  meridian.  From 
observations  of  these  two  phenomena,  measures  can  be  obtained  respectively  of  the 
-product  of  the  earth's  magnetic  intensity  into  the  magnetic  moment  of  the  magnet  to 
be  examined,  and  of  the  ratio  of  the  same  quantities ;  so  that  a  combination  of  the  two 
sets  of  observations  gives  a  value  of  each  quantity  separately.  The  general  principles 
of  the  method  are  more  precisely  indicated  in  what  follows. 

1.  Determination  of  the  product  of  the  horizontal  component  of  the  earth's  magncllo 
intensity  into  the  magnetic  moment  of  an  artificial  magnet. 

If  a  maguet  is  suspended  in  a  horizontal  plane  by  a  fibre  without  sensible  torsional 
rigidity,  or  on  a  point  without  sensible  friction,  it  will  be  in  equilibrium  when  its  axis 
is  in  the  magnetic  meridian  j  but  if  displaced  very  slightly  from  this  position,  it  will 
perform  isochronous  oscillations  backwards  and  forwards  from  one  side  of  it  to  the 
other.    The  rate  of  oscillation  under  such  circumstances  will  depend  upon  the  mass 
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and  dimensions  of  the  magnet,  and  upon  the  moment  of  tlie  couple,  which  tends 
to  restore  tlio  magnet  to  its  position  of  equilibrium  -when  it  is  turned  from  it 
through  an  angle  of  00°,  that  is  to  say,  when  it  is  placed  at  right  angles  to  the  mag- 
netic meridian.  The  moment  of  this  couple  is  evidently  given  by  multiplying  one  of 
the  equal  but  opposite  parallel  forces,  whose  points  of  aiipluMtiDn  are  the  poles  of  tho 
magnet,  by  the  distance  between  their  linos  of  action  tli:ii  i-^,  by  the  disfcince  between 
the  poles.  Again,  these  forces  themselves  depend  conjoiiitly  upon  the  magnetic  inten- 
sity of  the  earth  at  tho  time  and  place  of  experiment,  and  upon  the  strength  of  the 
poles  of  the  magnet ;  that  is,  if  F  denote  the  force  applied  at  either  pole,  H  tho  hori- 
zontal component  of  the  earth's  force,  and  in  the  strength  of  the  poles  of  the  magnet, 
we  have — 

F  =  \\m- 

and  the  moment  of  the  couple  due  to  the  forces  +  F  and  —  F,  acting  at  the  arm  /,  Ls 
given  by — 

FZ  =  ^ml  =  IIM, 

where  I  denotes  tho  distance  between  the  poles  and  M  the  magnetic  moment  of  the 
magnet.  The  time  in  which  the  magnet  will  make  one  whole  oscillation  of  very  small 
amplitude  may  then  be  represented  by— 


in  which  i  stands  for  tho  '  moment  of  inertia  '  of  the  magnet,  or  tho  mass  which, 
placed  at  unit  distmco  from  the  axis  of  suspension,  would  ofier  the  same  resistance  to 
change  of  angular  velocity  about  this  axis  that  the  magnet  does. 

If  the  magnet  be  a  rcctingular  prism  of  weight  v),  and  be  suspended  with  two  of  its 
faces,  whose  diagonals  measure  2f(,  horizontal,  we  have — 


■AO 

The  observations  belonging  to  this  part  of  the  process  consequently  resolve  them- 
selves into  a  determination  of  the  time  of  oscillation  of  tlio  magnet  and  of  its  juomei.t 
of  inertia.  When  these  are  known,  the  value  of  the  product  to  be  measured  is  given 
by  the  equation — 

Mil        l7r=  A     ....  (1). 


2.  I)etcrminalinn  of  the  nitio  cif  the  raagnctic  raomciit  of  ail  arti^^^  magnet  to  tho 
horizontal  component  of  the  earth's  magnetic  intensiit/. 

In  order  to  explain  the  principle  of  this  part  of  the  process,  it  is  convenient  to  con- 
sider, first,  the  action  of  an  indefinitely  small  magnet  upon  an  isolated  magnetic  polo 

in  a  known  position  relatively  to 
it.  Let  AB  bo  an  indefinitely 
small  magnet  and  let  there  be  at 
the  point  O  a  magnetic  pole  of 
the  strength  7u'.  Then  if  m  re- 
presents the  strength  of  the  polo 
A,  and  r  the  distance  AO,  tho 
force  acting  between  A  and  0 
will  be 


A,  J?; 

Let  0  be  taken  as  the  origin  of 
rectangular  co-ordinates,  the  axis 
of  abseissfe  being  taken  parallel 
to  AB.  Then  the  force  exerted 
between  A  and  0  may  be  re- 
solved into  components  X'  and 
Y'  acting  along  the  axes,  which, 
if  .r  and  _y  be  the  co-ordinates  of  the  point  A,  will  have  respectively  the  following 
values,  namely — 

X'  =         -  =  ^—-l 


y 
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Similarly,  tlie  components  of  the  force  acting  between  B  and  0  will  be  represented 
by— 

^  _mm'(a:  +  d.r) 
(r  +  drf 

Y>,  _  tow'?/ 

■where  dx  is  the  increment  of  .r  in  passing  from  A  to  B  and  dr  the  corresponding  in- 
crement of  r.    But  since  r-=  =  x-  -t- y'^  and  (r  +  dr)''  =  (a-+ i/a-)- +//-,  and  since  also 

dx  and  dr  are  indefinitely  small,  ve  get  dr  =  -  dx;  lience — 

^„  _  _  m7n'{x  +  dx)  _  _  mm'{x  +  dx)  ^  Zmm'x-dx 
r'^  +  3rxdx  r'^  r^  ' 

Y"  -  _     tnm'y        _  _  Miny  imm'xydx 
r'^irxdx     ~  r» 
Por  tlie  resultant  forces  acting  along  the  two  axes  we  have  consequently — 

X  =  X'  +  X"  =  - 

and 


Putting  d  for  the  angle  AO.t.  or  for  what  is  sensibly  the  same,  namely,  COx,  we 

hare  ^  =  cos  0  and  ^  =  sin  d. 
r  r 

Also  mdx  is  the  magnetic  moment  of  the  magnet  AB,  so  that,  if  this  bo  denoted  by 
M,  the  above  values  become — 


Y 

The  total  force  exerted  by  the  magnet  AB  upon  the  pole  at  0  is  the  resultant  of  these 
tn  0  ;  it  may  be  represented  by — 

F  =  VX-  +       =        ^1  +  3  cos  -0, 

and  it  acts  in  such  a  direction  that,  if  (J)  lie  the  angle  which  it  makes  with  the  axis 
of  ,r,— 

,       Y  3  sin  e.  cos  0 

tan  <f>  =  —  =  —  

^      X  1  -  3  cos  -e 

From  these  values  it  is  evident  that  the, component  Y  vanishes  whenever  fl  is 
equal  either  to  0°  or  to  any  whole  number  of  right  angles.  For  6  =  0^  or  180°,  we 
have  — 

F,  =  2  =  0°; 

For  0  =  90"  or  270°,  we  have— 
F„  = 


M;, 


The  first  of  these  special  cases  corresponds  with  the  position  AjB,  of  the  magnet,  and 
the  second  with  the  position  A^Bo. 

If  now,  instead  of  a  single  magnetic  pole,  there  is  at  0  a  magnet  ■whose  length  I'  is 
an  indefinitely  small  fraction  of  the  distance  r,  its  two  polos  will  be  acted  on  by  equal, 
but  opposite,  parallel  forces,  constituting  a  couple.  "Wlien  tho  axis  of  the  magnet  at 
0  is  parallel  to  Oy,  the  moment  of  the  couple  tending  to  place  it  parallel  to  0.v  i* — . 

G,  =  2  for  the  position  A,B,  (0  =  0°), 

where  M'  —  m'l'  is  the  magnetic  moment  of  the  magnet  at  0, 
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If,  howfvor,  the  magnet  at  0  is  deflected  through  any  angle,  say  a,  from  t  ho  direction 
Oy,  the  moments  of  the  couples  tending  to  increase  the  detlection  will  be  obtained  by 
multiplying  these  values  hy  cos  a.  Further,  if  O.y  be  the  direction  of  the  earth's  mag- 
netic meridian,  the  magnet  at  0,  -when  deflected  through  the  angle  «,  will  be  subject 
to  a  couple  tending  to  bring  it  back  to  the  meridian,  the  moment  of  which  is  repre- 
sented by  M'H  sin  a,  where  H  sUinds  for  the  horizontal  component  of  the  earth's 
magnetism.  Consequently,  a  magnet  at  0  acted  upon  by  the  earth,  will  place  itself  so 
that,  for  every  position  of  the  magnet  AB,  the  two  couples  which  act  upon  it,  namely, 
the  couple  tending  to  set  it  parallel  to  Ox,  and  the  couple  tending  to  set  it  parallel  to 
0//,  shall  be  of  equal  but  opposite  moments.  For  the  two  special  positions  of  the 
deflecting  magnet  already  mentioned,  the  conditions  of  equilibrium  will  therefore  be 
represented  by  the  equations — 

2  cos  a,  =  M'H  sin  o,  (for  the  position  A^B,), 

™  cos  a...  -  M'H  bin  a.,  (for  the  position  A,,B,,). 

Denoting  these  two  positions,  for  the  sake  of  shortness,  as  tlio  Jirst  position  and 
second  jiosit ion  respectively,  we  obtain  the  two  following  values  of  the  ratio  of  M  to  H, 
namely : — 


(for  \hc  first  position), 
(for  tlie  second  position). 


These  expressions  are  rigorously  true  only  when  the  magnets  employed  are  indefi- 
nitely small ;  but  they  are  nearli/  true  when  the  length  of  the  magnets  is  only  a  small 
fraction  of  r,  the  distance  between  them.  Tlie  larger  they  are  proportionately  to  r, 
the  less  nearly  is  the  value  of  the  product  tan  a  constant;  but  even  when  the  length 
of  the  magnets  is  as  much  as  a  quarter  of  the  distance  between  them,  this  product  can 
be  represented  vnih.  considerable  accuracy  by  a  formula  of  two  terms,  of  the  following 
form : — 

tan  a  =  A  +  .* 

Hero  A  is  evidently  the  value  towards  whieli      tan  a  approximates  as  r  becomes 

greater ;  that  is  A  =  ^  or  =  2        according  as  the  deflecting  magnet  is  placed  in 
H  H 

the  second  or  in  the  first  position.  It  cannot  be  deduced  from  any  single  observation 
of  the  deflection  of  the  magnet  at  0,  since  the  quantity  B,  which  occiurs  in  the  same 
equation,  is  also  unknown.  But  by  observing  the  deflections  corresponding  with  two 
different  distances  of  the  deflecting  magnet,  two  equations  are  obtained  from  wliieli  B 

can  bo  eliminated,  and  hence  the  value  of  A  or  of  the  ratio      can  be  found.  Thus, 

H 

suppose  a  and  a  to  be  the  deflections  observed  when  the  deflecting  magnet  is  placed  in 
tlio  lirst  position  at  the  distances  ?•  and  r'  respectively;  the  two  observations  give  the 
equations  : — ■ 

tan  a,  =  A  H-  —  1 
r-  ^ 

r'^  tan  a',  =  A  +  j 

whence  we  obtain — 

g    =  U  =   I  ""^""^l^'"^'    ....  (2).t 
By  combining  the  value  of  the  ratio  ^  thus  found  with  the  value  of  the  corrcspond- 

*  Or  tan  a  =        +  J?-  :  the  fact  that  when  tlie  sign  ot  r  is  chfingeil,  the  sign  of  the  deflection, 

Imt  not  its  maguitude,  is  changed  .ilso,  shows  that  only  odd  powers  of  ;•  can  appear  in  the  riglit-hand 
member  of  this  equation. 

t  In  practice,  the  falue  of  a,  corresponding  with  each  value  of  ?;  would  be  deduced  fvom  fvnr 
observations,  namely:  (1)  with  the  deflecting  magnet  east  of  the  suspended  magnet,  and  vrith  its 
north  pole  east ;  (2)  deflecting  magnet  east,  north  pole  wtst  ;  (3)  deflecting  magnet  n-est,  north  pole 
irest ;  (4)  deflecting  magnet  west,  north  pole  east.  In  the  second  position  of  the  deflecting  magnet, 
four  con-esponding  observations  would  be  made ;  namely,  two  with  this  moguet  to  the  iiort/t,  and  two 
with  it  to  the  south  of  the  Euspendcd  magnet. 
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iiig  product  Mn  giren  by  equation  (1)  (p.  761).  we  obtain  the  foUownng  value  for  M, 
the  magnetic  moment  of  the  magnet  eniployeil : — 

-jyj  ^    2r      /  i      5.5  _  /i  tan  a\ 

■where  the  magnitudes  t,  r,  and  /',  which  appear  on  the  second  Bide  of  the  equation,  are 
all  expressible  in  terms  of  the  fundamental  mechanical  units  of  time,  space,  and  iiuisn. 
The  result  thus  obtained  is  called  the  absolute  value  of  M,  not  in  order  to  signify  tliat 
it  is  necessarily  very  exact,  but  in  contradistinction  to  the  comparaiivs  value  obtained 
when  it  is  measured  by  any  process  which  merely  enables  us  to  compare  one  magnet 
with  another,  but  does  not  tell  us  ■^^■llat  the  actnal  moment  of  either  of  them  is. 

It  is  obvious,  further,  that  the  same  two  equations,  (1)  and  (2),  afford  also  a  value 
of  H.  or  the  horizontal  component  of  the  earth's  magnetic  intensity,  namely: — 


t  Sf    r'"  tan  a,  —       tan  a'j 

The  value  of  H  thus  found  denotes  the  force  with  which  a  magnetic  pole  of  unit 
strength  would  bo  urged  towards  tlie  magnetic  north  or  south  respectively,  or  the 
moment  of  the  couple  which  would  tend  to  displace  a  magnet  of  unit-magnetic  moment 
if  it  were  placed  with  its  axis  perpendicular  to  the  magnetic  meridian. 

(For  much  of  the  above  see  Berlin,  Ann.  Ch.  Fhi/s.  [4],  xis,  483,  April,  1870  ) 

G.  C.  F. 

nSAXZE.  The  following  table  shows  the  composition  of  green  maize  cut  for  fodder 
about  the  time  of  blossoming ;  the  numbers  are  the  mean  of  eight  analyses.  Also  the 
composition  of  maize-corn,  mean  of  ten  analyses  of  the  ripe  straw  and  leaves,  and  of 
the  empty  cobs;  the  last  two  are  from  Knop's  Agri&nltnr-Chemie.,  717  : — 


Water 

Albumi- 
noids 

Fat 

Fibre 

Soluble 
carbo- 
hydrates 

Ash 

Green  maize 

85-22 

1-68 

■53 

4-41 

7-06 

1-10 

Maize  grain 

12-14 

10-06 

5-01 

404 

67-10 

1-65 

Straw  and  leaves  . 

14-00 

300 

MO 

40^00 

37-90 

4-00 

Empty  C(5bs  .... 

14-00 

1-40 

1-40 

37-80 

42-60 

2-80 

Maize-corn  is  remarkable  for  the  largo  amount  of  fat  it  contains  (reaching  in  some 
analyses  to  9  p.c.)  and  for  its  small  amount  of  ash.  An  analysis  of  maize-corn  by 
Pi Uitz's  improved  method  of  analysing  grain  (p.  577)  gave:  Starch,  62-69;  dextrin, 
■76;  sugar,  1'38;  fibre,  4^19  ;  soluble  albuminoids,  1'87;  insoluble  albuminoids, 
8-63;  fat,  4-36;  extractive  matter,  1-43;  soluble  ash,  1-15;  insoluble  ash,  ■SS; 
water,  13^89  p.c.  For  earlier  analyses  see  Cekkals,  vol.  i.  Malted  maize  contains, 
according  to  C.  Graham,  three  times  as  much  soluble  albuminoids  as  malted  barley, 
and  is  therefore  used  with  advantage  when  mucli  sugar  is  used  in  brewing. 

The  following  is  the  mean  of  eight  analyses  of  the  ash  of  maize-corn,  with  single 
analyses  by  Way  and  Ogston  {Jour.  Boij.  Agri.  Soc.  xi.  497)  of  the  ash  of  the  straw 
and  leaves  and  of  the  empty  cob : — ■ 

K=0   Na=0  CaO  MgO   Fe=0'  P=0''-  SO"  CI      SiO=  CO^ 

Maize  grain         .       .    27^8    3-9  2^5  lo'O      ■S  46  8  1-5  trace    1-6  none 

Straw  and  leaves  .       .    35-3    1-2  10^5      5'5    2-3  8^1  5-2  1-4  28-0  2-9 

Empty  cob    .       .       .    47-1    1-2  3-4      4-1'     -2  4-4  1-9  5-1  26-4  7-5 

The  embryo  of  the  seed  has  a  very  different  composition  from  the  endosperm. 
Haberlandt  {Jahrh.  Agri.  Chem.  1866,  107)  separated  the  embryo  from  six  varieties  of 
maize;  it  amounted,  on  an  average,  to  11-68  p.c.  of  the  seed.  The  embryo  and  endo- 
sperm, dried  at  60°,  contained  per  cent. : — 

Fat  Albumino-ids 

Embryo   30-90  22 -7  7 

Endosperm  1-32  13-34 

The  whole  of  Uie  fat  seems  to  exist  in  the  embryo,  from  which,  indeed,  oil  may  be 
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obtained  by  treatment  with  liot  water  and  pressure.  The  albuminoids  of  the  embryo 
are  soluble,  those  of  the  endosperm  insoluble. 

By  extracting  maize-flour  with  spirit  of  80-S.3  p.c.  at  a  temperature  of  40°-o0=, 
Kitthausou  obtains  about  5  p.c.  of  an  albuminoid  which  he  calls  maize-fibrin,  having 
the  percentage  composition — carbon,  54'69;  hydrogen,  7'ol;  nitrogen,  ]5'58;  sulphur, 
•69  ;  and  oxygen,  21'53.  It  is  similar  in  properties  to  wheat-ftbrin,  but  is  not  soluble 
in  dilute  acetic  acid;  the  maizo-fibrin  contains  also  1  p.c.  less  nitrogen.  By  treatment 
with  i  p.c.  caustic  potash,  after  the  exhaustion  with  spirit,  an  albuminoid  similar  to 
couglutin  is  obtained,  having  the  composition  :  carbon,  61 '4:1  ;  hydrogen,  7'19  ;  nitro- 
gen, 17-72;  oxygen  and  sulphur,  23-68  {Jour.  f.  j)rakt.  Chcm.  cvi.  471).  Garham's 
Zein  is  apparently  a  mixture  of  fibrin  and  casein. 

The  fat  of  maize  resembles  olive-oil ;  its  percentage  composition,  according  to 
Kouig  {Landw.  Versnchs-Statioiicn,  xiii.  241),  is:  carbon,  7o'79  ;  hydrogen,  11-43; 
oxygen,  12-78.    According  to  Allemann  it  contains  oleic,  stearic,  and  palmitic  acid. 

E.  W. 

I«;AX.I}OnrZTE.  This  name  is  applied  by  G.  Ulrich  (Sill.  Am.  J.  [2],  I.  272)  to 
a  native  alloy  of  liismuth  and  gold  occurring  in  the  gold-bearing  granite-veins  at 
Nuggoty  Kiif,  Maiden,  Victoria,  in  small  malleable  spangles  of  flesh-red  colour,  chang- 
ing to  copper-red  and  black  on  exposure  to  the  air.  Cleavage  parallel  to  ooOoo. 
Hardness,  I'O  to  2. 

KAIiEXC  ACIS,  C^ffO*.  This  acid  is  formed  when  silver  succinate  mixed  with 
sand  is  heated  to  a  temperature  somewhat  above  108°  :  C'H^Ag'O^  =  Ag-  +  C*H'0'. 
A  small  quantity  of  succinic  acid  is  at  the  same  time  regenerated  and  a  carbonaceous 
residue  is  left.    (E.  Bourgoin,  Compt.  rend.  Ixxii.  52). 

To  explain  the  isomerism  of  maleic  and  fumaric  acids,  both  of  which  are  converted 
into  succinic  acid  by  addition  of  hydrogen,  it  must  be  assumed  either  that  they  are 
polj-merides,  or  that  one  of  them  contains  carbon-atoms  with  free  combining  units  : 
thus 

CH.CO^H  — CH.CO^H 

li  I 
CH.CO^H  — CH.CO^H 

To  decide  this  question,  Hiibner  a.  Schroiber  {ZciUchr.  f.  C'liem.  [2],  vii.  712)  have 
determined  the  vapour-densities  of  ethyl  fumarate  and  maleic  anhydride,  both  of  which 
can  easily  bo  obtained  pure,  and  volatilise  without  decomposition.  That  of  ethyl 
fumarate  (determined  in  aniline  vapour)  was  found  to  be  8j-2  to  85-6  (H=l);  the 
calculated  value  for  the  formula  C'H-(C^ff  )'-0*  being  86 ;  that  of  maleic  anhydride 
was  found  to  bo  47  to  49-13,  the  calculated  value  for  being  49.    Hence  it 

follows  that  fumaric  and  maleic  acid  have  the  same  molecular  weight. 

1VIAX.XC  ACZB,  C'H«0=.  According  to  Bechamp  {Compt.  rend.  Ixx.  999) 
calcium  malate  fermented  with  microzyme-chalk  {\st  Suppl.  614)  yields  alcohol,  acetic, 
propionic  and  butyric  acids,  and  free  hydrogen. 

On  Adipomalic  ackl  C«H"'OS  see  p.  29. 

On  the  Nitrins  of  Malic  Etlici:%  see  Niteins. 

MAIiT.  Malt  is  prepared  by  soaking  Ijarlcy  in  \vater  for  about  50  hours.  The 
barley  is  then  thrown  on  a  floor,  and  allowed  to  germinate,  witli  frequent  turning,  until 
the  plumule  has  reached  two-thirds  the  lengtii  of  the  grain  ;  tlic  radicle  is  earlier 
developed  and  attains  a  greater  length.  The  malt  is  then  dried  in  a  kiln,  and  finally 
screened  to  remove  the  radicle  and  plumule,  which  constitute  malt-dust.  100  parts  of 
barley  yi<;ld  about  80  of  kiln-dried  malt,  and  2  or  3  parts  of  malt-dust.  In  the  process 
of  soaking  about  i  p.c.  of  the  dry  matter  of  tlic  barley  is  removed,  the  loss  being 
chiefly  nitrogenous  and  cinereal  matter.  In  germination  a  considerable  amount  of 
organic  matter  is  lost  by  oxidation.  The  total  loss  in  the  production  of  screened  malt 
will  be  about  10  p.c.  of  the  dry  matter  of  the  barley ;  but  if  the  malt-dust  is  included 
in  the  product,  the  loss  will  be  about  8  p.c.  The  loss  is  of  course  greater  the  furtlicr 
germination  is  allowed  to  advance.  Malt  of  the  same  degree  of  dryness  contains  le:?s 
ash,  and  generallj'  rather  less  nitrogen  than  the  barley  from  which  it  was  made,  the 
loss  falling  most  heavily  upon  these  constituents  ;  if,  however,  the  malt-dust  is  in- 
eluded  in  the  product,  the  loss  chiefly  falls  on  the  non-nitrogenous  organic  matter. 

The  alteration  in  general  composition  during  malting  is  shown  in  the  following 
table,  which  gives  the  percentage  composition  of  the  perfectly  dry  grain  in  various 
stages  of  the  process,  also  the  percentage  of  water  in  the  natural  condition.  The  ex- 
periments quoted  are  taken  from  the  Ecport  of  Mr.  Lawes  to  the  Board  of  Trade,  '  On 
the  relative  Values  of  Unmaltcd  and  Malted  Barley  as  Food  for  Stock,'  1866. 
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Barley 

Barley 
after 
steeping 

4i  days 
on  the 
floor 

8  daj-s 
on  the 
floor 

l'2i  ilays 
on  the 
floor 

14i  days 
on  the 
floor 

Screened 
Malt 

Malt- 
dust 

Sugar  . 

2-56 

lo6 

8-16 

1019 

11-67 

12-14 

1101 

11-35 

Stnxch,  dcx- ^ 

trine  and  [ 

80-42 

81-12 

74-72 

72-16 

70-73 

70-09 

72-03 

43-68 

fat       .  j 

Albumir.oYds 

9-83 

9-83 

9-89 

10-14 

10-27 

10-39 

9-95 

26-90 

Fibre  . 

4-69 

5-22 

4-96 

5-18 

4-98 

5-03 

4-84 

9-07 

Ash  . 

2-50 

2-27 

2-27 

2-23 

2-35 

2-35 

2-17 

8-40 

Water  in  fresh 

17-04 

42-70 

41-87 

41-65 

40-71 

40-44 

6-66 

11-73 

The  determination  of  sugar  in  malt  is  attended  -witli  considerable  tincertainty ;  in  the 
above  analysis  the  powdered  malt  -was  stirred  -with  cold  water  for  several  hours,  and 
the  sugar  in  the  solution  determined  by  fermentation  and  by  copper.  O'SuUivan 
informs  the  writer  that  alcohol  of  91  p.c.  extracts  10-12  p.c.  of  solid  matter  from  malt. 
This  extract  chiefly  consists  of  carbo-hydrates,  but  contains  (bj'  the  copper  test)  only 
about  1  -5  of  sugar  reckoned  as  dextrose ;  the  sugar  is,  however,  neither  dextrose  nor 
maltose,  and  its  nature  is  not  yet  established.  The  cold  water  extract  of  malt  amounts 
to  18-30  p.c. ;  it  contains,  according  to  O'SuUivan,  both  dextrin  and  maltose,  the  latter 
being  formed  by  the  action  of  soluble  nitrogenous  matter  or  the  gelatinised  starch  <?t 
the  malt  produced  during  kiln-drying;  ungelatinised  starch  is  not  converted  into  sugar 
in  the  cold  by  extract  of  malt ;  the  amount  of  gelatinised  starch  in  malt  varies  much 
according  to  the  treatment  of  the  kiln.  C.  Graham  states  (Jour.  Soc.  Arts,  xxii.  251) 
that  absolute  alcohol  extracts  no  sugar  from  malt,  and  alcohol  of  80  p.c.  very  little. 
With  alcohol  of  80  p.c.  5-68  p.c.  of  sugar  was  in  our  experiment  extracted,  and  nearly 
the  same  amount  of  sugar  was  removed  by  15  minutes  extraction  with  cold  water;  30 
minutes  extraction  with  cold  water  gave  7-14  p.c.  of  sugar.  As  the  sugar  was  deter- 
mined by  copper,  the  latter  -weights  should  probably  be  increased  {vide  hifra). 

Malt  contains  about  4-7  p-c.  of  water.  In  the  process  of  malting  the  starch  has 
been  partially  destroyed  and  converted  successively  into  soluble  starch,  dextrin,  and 
sugar.  Maltin,  the  soluble  albuminoid  which  effects  these  clianges,  has  been  already 
described  {\st  Suppl.  801) ;  all  soluble  albuminoids  possess  this  property  to  a  greater 
or  less  extent.  When  extract  of  malt  acts  upon  starch-paste  the  same  changes  occur, 
achrodextrin  (the dextrin  not  coloured  by  iodine)  beingproduced,  on  which  the  further 
action  of  malt  is  but  slow  (Brucke,  Wicn.  Acad.  Bcr.  Ixv.  [3],  126),  and  the  final  pro- 
duct is  a  sugar  called  maltose  (iii.  799).  Maltose  has  been  recently  shown  by  O'Sul- 
livan  {Jour.  Chem.  Soc.  1872,  679),  to  be  isomeric  with  cane-sugar;  it  reduces  only 
65  p.c.  as  much  cupric  oxide  as  the  same  weight  of  glucose  ;  the  latter  fact  explains 
the  opinions  hitherto  held  (founded  on  experiments  with  cupric  oxide)  that  two  of 
glucose  and  one  of  dextrin  -were  the  final  products  of  the  action  of  malt  on  starch. 
O'SuUivan  confirms  the  statement  of  Dubrunfaut  that  the  rotatory  power  of  maltose  is 
nearly  three  times  as  great  as  that  of  dextrose,  being  +150.  Maltose  is  readily  soluble 
in  91  p.c.  alcohol. 

From  the  great  solvent  action  of  malt  on  starch,  it  has  been  suggested  that  malt 
would  assist  the  digestion  of  animals  ;  the  trials  conducted  by  Mr.  Lawes,  referred  to 
above,  have  shown,  however,  that  with  healthy  animals  the  addition  of  malt  to  their 
vegetable  food  produces  a  less  increase  of  weight  than  the  addition  of  the  quantity  of 
barley  to  -which  the  malt  is  equivalent.  From  an  economical  point  of  view  malting  is 
therefore  undesirable  for  feeding  purposes. 

Malt-dust  is  used  for  cattle-feeding ;  it  will  vary  in  composition  according  to  the 
amount  of  growth  attained  ;  it  is  remarkably  rich  in  nitrogen  and  ash  constituents. 
The  ash  is  often  contaminated  with  sand,  but  the  pure  ash  is  not  less  than  6  p.c.  The 
following  is  the  mean  of  11  analyses  of  malt-dust: 


■\rater 

Afciuni- 
no'ids 

Fat 

Fibre 

Solnble 
carbo- 
hydrates 

Ash 

Malt-dust  . 

9-52 

23-65 

2-19 

12-51 

44-87 

7-26 
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The  mean  of  two  analyses  of  the  ash  of  malt-dust  by  J.  C.  Lermer  {Jahrh.  Agri. 
Chan.  1866,  433)  is  as  follows  : 

K=0      Na'O    CaO    MgO    APO'  Fe^O"    P=0"'      SO '       CI       SiO-'      C0=   Asli  p.  c. 
2877    2-66    3-61    3-i4     -75    lOS    29-92    2-91    7-41    18-36     -91  6-0.3 

Lermor  {see  above)  states  that  he  has  detected  in  malt-dust,  citric,  malic,  lactic,  propi- 
onic, acetic,  formic,  succinic,  oxalic,  and  tannic  acid ;  also  cholesterin  and  asparagin. 

E.  W. 

MAir3>EI.ZC  ACID,  CII^O'.  This  acid,  -which  has  the  constitution  of  phonyl- 

glycollicacid,C''ff-CH'''^  ,  is  formed  synthetically  by  Lolling  the  compound 

^COOH 

of  benzoic  aldehyde  and  acid  sodium  sulphite  for  several  hours  witli  potassium  cyanide 
and  alcohol,  whereby  the  nitril  of  mandelic  acid  is  produced — 

,on  /OH 

CH^-  CE::^  -^  KCN  =  KNaSO^  +  Cff  CH^ 

^^OSO^Na  ^CN 

then  distilling  off  the  alcohol,  and  decomposing  the  residual  bro-wn  mass  by  boiling 
-with  -water  and  hydrochloric  acid.  The  acid  liquid  is  evaporated  to  dryness,  the 
residue  is  redissolved  in  -water,  and  the  solution  saturated  -with  barium  carbonate.  On 
evaporating  the  resulting  solution  of  barium  mandelate  to  dryness,  -washing  the  residue 
with  a  mixture  of  alcohol  and  ether  till  it  becomes  white,  and  decomposing  it  with 
dilute  sulphuric  acid,  a  solution  is  obtained  from  which  mandelic  acid  may  be  extracted 
by  ether  ;  it  may  then  be  purified  by  recrystallisation  from  water  (0.  Miiller,  Bcut. 
Chcm.  Ges.  Ber.  iv.  980). 

BXAMGAXJESZ:  ORES.  The  Manganese  ores  of  Virginia  imbedded  in  the 
Potsdam  sandstone  yield  by  analysis,  after  being  superficially  separated  from  inti- 
mately admixed  quartz  and  micaceous  ochre  : 

31u=0='    MnO   Fe=0'   AVO'    CaO      MgO     SO'      P=0'      SiO'  H=0 
65-20    4-7o    6-20    3-93    1-43    0-41    0'30    0  42    14-20    3  02  =  99  86. 
The  micaceous  oehro  contains : 

Fc=0'      Mn'O'     Co=0'      P=0'       11=0  Jlica 

31-20      1-28      0-23      0  13      b'!'}     61-18  =  99-77. 

The  mica  contains  34-48  p.c.  silica,  20-65  alumina,  2-99  magnesia,  and  3  6  potash 
(J.  E.  Mills,  American  Chemist  [2],  ii.  49). 

On  Manganese  in  Iron  and  Steel,  see  Iron,  p.  691. 

Manganese  in  Blood. — Manganese  exists  in  ox-blood,  in  the  corpuscles  as  well  as  in 
the  serum,  both  of  which  also  contain  iron.  The  ash  of  the  corpuscles  contains  larger 
quantities  of  those  metals  than  that  of  the  serum.  The  portion  of  the  serum-ash 
which  is  soluble  in  water  contains  tra(;es  of  iron,  but  no  manganese  (G.  Campani, 
Gac~ctta  chimica  italiana,  i.  469). 

Metallic  Manganese.  A.  Valenciennes  ( Co;)y)<.  rend.  Ixx.  907)  prepares  this 
metal  by  reducing  the  pure  dioxide  with  charcoal  in  a  crucible  lined  with  magnesia. 
Manganese  thus  obtained  is  very  hard  and  brittle,  so  that  it  easily  splits  under  the 
hamnier  into  fragments,  which  have  the  white  colour  of  cast  iron,  but  are  quickly 
oxidised  in  contact  witli  the  air. 

The  smelting  of  manganese  ores  on  the  manufacturing  scale  has  been  studied  by 
Hugo  Tamm  {Chem.  News,  xxvi.  Ill),  who  has  succeeded  in  obtaining  refined  manga- 
nese cont-iining  99-9  p.c.  of  metal. 

The  following  is  an  outline  of  the  process  : — 

Fluxes. — Two  fluxes  are  required.  Ko.  1,  or  white  flux,  is  prepared  by  mixing 
together  ground  glass  63  parts,  quicklime  18J  parts,  fluor-spar  ISJ  parts.  It  is  a 
fusible  flux,  and  is  principally  required  for  the  preparation  of  No.  2,  or  green  flux. 

The  latter  is  made  by  smelting  together; — Flux  No.  1,  34  parts;  lamp-black  or 
soot,  5-J  parts  ;  manganese  dioxide,  of  good  quality,  60i  parts.  The  slag  obtained  in 
this  operation  alone  is  required.  It  presents  a  fine  green  colour  from  the  presence  of 
manganates,  and  when  once  prepared  may  be  used  over  and  over  again,  provided  the 
manganese  ore  reduced  is  of  tolerably  good  quality.  It  requires  from  time  to  time  the 
addition  of  a  little  wliito  flux  to  increase  its  fusibility. 

Crucibles. — On  account  of  the  high  temperature  required  for  the  reduction  of  man- 
ganese.  some  difficulty  was  experienced  in  obtaining  a  crucible  which  would  w-ithstand 
the  action  of  the  molten  flux,  but  it  was  finally  overcome  by  lining  the  crucible  with 
a  paste  made  by  mixing  3  parts  -of  plumbago  and  1  part  o'f  loam'or  fire-clay  with  a 
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small  quantity  of  water.  This  lining,  -which  should  not  under  any  circumstances  ex- 
ceed half  an  inch  in  thickness,  effectually  protects  the  crucible. 

Smelting  the  Ore. — The  following  proportions  are  recommended: — 

Manganese  dioxide,  of  good  quality       .       .       .    1000  parts 
Lamp-black  or  soot,    ,,  ,,         .       .       .       91  „ 

Green  flux   635  „ 

Oil  in  suffi-cient  quantity  to  wet  the  mixture. 

The  mixture  is  introduced  into  a  crucible  prepared  as  above  directed,  and  a  cover  of 
thick  wood  placed  over  it.  The  wood  is  carbonised  during  the  smelting,  and  forms  a 
charcoal  cover  which  protects  the  mixture  from  oxidation.  A  clay  cover  is  subse- 
quently luted  over  the  whole.  The  crucible  is  then  placed  in  a  wind-furnaco,  aud 
slowly  heated  as  long  as  fumes  escape  ;  the  fire  is  thou  urged,  and  the  crucible  main- 
tained at  a  white  heat  for  several  hours,  the  time  actually  required  depending  upon 
the  quantity  operated  on. 

When  cold,  the  contents  of  the  crucible  are  turned  out,  and  the  button  of  metal  is 
detiiched  from  the  slag,  and  preserved  in  a  well-closed  bottle. 

Eefining. — The  cast  manganese  obtained  by  smelting  an  ore  containing  79'5  p.c. 
of  manganese  peroxide  was  found  to  contain  manganese  06'9,  iron  l-Qo,  with  traces  of 
carbon,  silicon,  and  other  metals.  It  may  be  refined  by  re-melting  it  in  a  close  cru- 
cible, -with  one-eighth  of  its  weight  of  manganese  carbonate. 

Kefiued  manganese  presented  the  following  composition  : — 
Manganese         Iron  Silicon  Carbon 

99-91  0-05  0-015  0'025    =  100-36. 

Specific  Graviti/. — J.  E.  Loughton  {Chem.  News,  xxv.  139)  finds  that  metallic  manga- 
nese of  sp.  gr.  7-8i  prepared  by  heating  the  peroxide  made  up  into  balls  with  charcoal 
and  oil,  may  be  rendered  denser  by  repeated  reheating  with  charcoal,  its  specific 
gravity  being  ultimately  raised  to  7-993  :  hence  ho  concludes  that  the  low  density  of 
certain  specimens  prepared  by  the  older  methods  was  due  to  the  presence  of  oxide. 
He  did  not  succeed  in  preparing  manganese  of  sp.  gr.  8-015,  as  obtained  by  Deville. 

I^etectlon  and  Estimation  of  manganese.  Fresenius  {Zeitschr.  anal.  Chcni. 
xi.  1 13)  has  examined  and  compared  the  various  methods  used  and  proposed  for  the 
precipitation  of  manganese  from  solution.  Known  quantities  of  the  metal  were  taken 
for  each  experiment,  and  the  weight  of  the  precipitate  obtained  was  checked  by  deter- 
mining the  quantity  left  in  the  mother-liquor  and  wash-waters. 

Guyard's  method  of  throwing  down  the  manganese  as  dioxide  by  addition  of  an  ex- 
cess of  potassium  permanganate  (1  si  Sjipp^.  803)  gave  results  considerably  too  high. 
"W.  Gibbs's  method  of  precipitating  by  oxalic  acid  in  presence  of  an  excess  of  strong 
alcohol,  and  washing  with  nearly  absolute  alcohol,  gave  about  99  p.c.  of  the  manga- 
nese present,  the  rest  remaining  in  solution. 

Gibbs's  other  plan  of  converting  the  manganese  into  phosphate  of  manganese 
and  ammonium  by  adding  ammonia  in  excess  to  the  boiling  acid  solution  containing 
sodium  phosphate,  and  then  washing  with  boiling  water,  after  keeping  the  w-holo 
for  about  an  liour  at  the  boiling  point,  gave  very  constant  and  correct  results,  especi- 
ally when  cold  water  was  used  for  washing  and  the  quantity  of  the  wash-water 
diminished  as  much  as  possible  by  the  use  of  the  sucking  filter.  The  phosphate  of 
manganese  and  ammonium  is  soluble  in  32,092  parts  of  cold,  and  in  20,122  parts  of 
boiling  water.    The  precipitate  is  ignited,  and  weighed  as  pj-rophosphate. 

Precipitation  of  Mangano^is  Sulphide. — The  circumstances  affecting  the  accuracy  of 
this  method  were  examined,  with  the  following  results: — 1.  A  great  excess  of 
ammonia  causes  the  results  to  come  out  a  little  too  low.  2.  Even  a  great  excess  of 
ammonium  sulphide  does  no  harm.  3.  Great  excess  of  sal-ammoniac  interferes 
slightly  with  the  precipitation.  4.  Yellow  ammonium  sulphide  is  at  least  as  good  as 
colourless.  The  presence  of  tartaric  acid  has  no  effect.  6.  Citric  acid  almost  en- 
tirely prevents  the  precipitation  of  manganous  sulphide. 

In  estimating  the  small  quantities  of  manganese  left  in  solution,  it  is  customary  to 
drive  off  the  excess  of  sal-ammoniac  by  heat,  but  Fresenius  finds  that  the  latter  body 
carries  with  it  a  very  considerable  quantity  of  manganese. 

Hugo  Tamm's  method  of  precipitating  with  ammonium  carbonate  gives  very  exact 
results,  very  little  affected  by  the  presence  of  sal-ammoniac  even  in  large  quantities. 

A.  Classen  {ibid.  370),  from  an  examination  of  the  circumstances  attending  the  pre- 
cipitation of  manganese  by  ammonium  sulphide  from  solutions  containing  sal-ammo- 
niac and  free  ammonia,  recommends  that  the  ammonium  sulphide  used  for  the  precipi- 
tation should  not  contain  free  ammonia,  and  that  the  manganese  solution  should  not 
contain  excess  of  sal-ammoniac  or  of  ammonia. 

J.  IT.  Talbutt  {Dent.  Chem.  Gcs.  Bei:  iv.  279)  recommends  the  precipitation  of  man- 
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ganato  Ly  ammonium  sulphide  from  a  boiling  solution  containing  sal-ammoniac.  The 
precipitate,  ■which  is  pulverulent  and  easy  to  wash,  is  dissolved  in  hydrochloric  acid,  and 
the  manganese  estimated  as  pyrophosphate. 

According  to  E.  Prior  {Zeitschr.  anal.  Chem.  viii.  428)  the  precipitate  formed  in 
solutions  of  manganous  salts,  by  tlie  neutral  and  acid  carbonates  of  the  alkali-metals, 
consists  of  normal  manganous  carbonate,  not  of  a  basic  carbonate.  Even  after  the 
precipitate  formed  by  sodium  carbonate  has  been  partially  oxidised  by  exposure  to  the 
air,  it  still  (after  deduction  of  the  quantity  of  manganoso-mauganic  oxide  equivalent 
to  the  quantity  of  chloride  evolved  on  heating  it  with  bydrochlorie  acid)  contains 
1  mol.  MnO  to  1  mol.  C0=. 

Fur  How's  observations  on  the  influence  of  fixed  organic  acids  on  the  precipitation 
of  manganese  by  ammonium  sulphide,  see  Ist  Suppl.  p.  803. 

T.  M.  Chatard  (Chem.  Niws.  xxiv.  196)  has  applied  Crum's  method  of  testing  for 
manganese  with  lead  dioxide  and  nitric  acid  (iii.  606)  to  the  quantitative  estimation 
of  small  quantities  of  manganese.  He  prepared  a  solution  of  ammonium  oxalate  of 
such  a  strength  that  1  c.c.  was  equivalent  to  0-0005467  gram  of  manganese.  He  then 
weighed  out  four  portions  of  dolomite,  dissolved  them  in  nitric  acid,  added  a  little 
lead  dioxide,  and  boiled,  whereupon  the  red  colour  of  permanganic  acid  was  developed. 
The  solution  was  passed  through  an  asbestos  filter  by  means  of  a  filter-pump,  and 
then  titrated  with  the  solution  of  ammonium  oxalate  : 


Grams 

Cub.  car. 

Gram 

p.c. 

3-1300  dolomite 

required  39-0 

=  0  0216  Mn 

=  0069 

2-781 

33-2 

=  0-0181  „ 

=  0  065 

2  0998 

24-5 

=  0-0134  „ 

=  0  063 

1-8671 

23-0 

=  0-0128  „ 

0-062 

The  method  yields  good  results  only  when  the  quantity  of  manganese  present  is 
very  small ;  to  large  quantities  it  is  not  applicable,  because  it  then  becomes  impossible 
to  convert  the  whole  of  the  manganese  present  into  permanganic  acid,  either  by  means 
of  sulphuric  acid,  nitric  acid,  and  lead  dioxide,  or  of  sulphuric  acid  and  lead  dioxide 
alone. 

On  the  Esiimaiion  of  Manganese  in  Iron  and  S/eel,  see  Iron,  p.  690. 

Valuation  of  Manganese  Dioxide. — E.  F.  Tesehemacher  and  J.  Denham 
Smith  {Zeitschr.  anal.  Chem.  vii.  509)  point  out  that  tlie  differences  in  the  results  of 
the  valuation  of  manganese  dioxide  by  different  methods  arise  from  the  presence  of 
magnetic  iron  oxide.  One  of  the  harder  varieties,  for  example,  gave,  by  Fresenius  a. 
Will's  oxalic  acid  method  (iii.  814),  71 '5  p.c.  ]VInO^  whereas,  by  titration  with  a  ferrous 
salt,  it  gave  only  70-5  p.c.  ;  but,  after  the  iron  oxide  had  been  removed  by  a  magnet, 
the  first  method  gave  72-5,  and  the  second  72-25  p.c.  The  examination  of  other 
samples  of  manganese  dioxide  showed  that  the  strength.'of  the  magnetic  properties  of 
this  substance  always  increases  with  its  hardness ;  and  in  the  same  proportion  do  the 
differences  in  the  results  of  the  two  methods  increase. 

E.  Scheerer  and  G.  Rumpf  {Zeitschr.  anal.  Chem.  ix.  46)  have  subjected  the  several 
methods  in  use  for  the  valuation  of  manganese  dioxide  to  a  comparative  examination. 
The  dioxide  which  served  for  the  experiments  was  an  American  sample  which,  when 
treated  by  Fresenius  a.  Will's  method,  gave  63-49  to  63-53  p.c.  MnO-.  Eight  experi- 
ments wore  made  by  dissolving  a  weighed  quantity  of  harpsichord-wire  in  hydrochloric 
acid  in  a  flask  filled  with  carbonic  anhydride,  introducing  the  manganese  dioxide  in  a 
test-tube,  and  boiling  till  the  reaction  was  complete  ;  after  which  the  excess  of  ferrous 
salt  was  estimated  by  titration  with  potassium  chroraate.  The  results  varied  between 
61-39  and  62-54  p.c.  MnO.  In  the  next  place  weighed  quantities  of  the  dioxide  were 
heated  in  a  flask  with  fuming  hydrochloric  acid,  and  the  evolved  chlorine  was  passed 
into  milk  of  lime.  Titration  by  Penot's  method  with  arsenious  acid  gave,  in  seven 
experiments,  results  lying  between  68-15  and  63-39  p.c.  Three  experiments  made 
according  to  Bunsen's  iodometric  method  (the  liberated  iodine  being  estimated  by 
Mohr's  method  with  sodium  thiosulphate),  gave  62-73  to  62'76  p.c.  MnO-.  It  appears, 
then,  that  only  the  first  and  last  methods  give  results  which  agree  satisfactorily  among 
themselves,  and  the  last  alone  gives  the  true  commercial  value  of  the  sample. 

Scheerer  a.  Rumpf  further  observe  that,  in  the  process  depending  on  the  oxidation  of 
ferrous  oxide,  undecomposed  manganese  dioxide  is  often  driven  to  the  surface  of  the 
liquid,  where  it  cannot  act  on  the  ferrous  salt.  They  further  regard  the  use  of  ferrous 
salts  as  iinadvisable,  on  account  of  the  difficulty  of  keeping  them  free  from  ferric  oxide 
and  moisture.  With  reference  to  the  method  of  absorbing  the  chlorine  by  milk  of  lime, 
an  attempt  was  made,  but  without  success,  to  prevent  the  formation  of  calcium  chlo- 
rate, which  begins  at  40°,  by  cooling  the  liquid  with  Glauber's  salt  and  hydrochloric 
acid. 

Scheerer  a.  Eumpf  finally  recommend  Bunsen's  iodometric  method  as  the  most  accu- 
rate and  simple  of  all.    They  think,  however,  that  it  is  not  advisable  to  use  less  than 
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half  a  gram  of  dioxide  in  each  experiment ;  and  they  accordingly  bring  the  resulting 
solution  of  iodine  in  potassium  iodide  to  250°  c.c,  and  titrate  50  c.e.  of  this  solution. 
They  further  point  out  that  it  is  indispensably  necessary  to  determine  the  iodine  imme- 
diately after  the  evolution  of  chlorine,  since,  after  a  certain  time,  the  results  become 
altered  by  decomposition  of  hydriodic  acid.  The  quantities  of  iodine  found  after  the 
lapse  of  24  hours  represented  2  p.c.  MnO-  more  than  before. 

F,  Mohr  {Zeitschr.  anal.  Chcm.  viii.  314)  likewise  regards  the  method  of  distilling 
the  manganese  dioxide  with  hydrochloric  acid,  receiving  the  evolved  chlorine  in  solu- 
tion of  potassium  iodide,  and  determining  the  liberated  iodine  by  titration,  as  prefer- 
able to  other  methods  of  estimation,  inasmuch  as  it  depends  on  the  evolution  of  chlorine 
by  the  method  actually  employed  in  manufacturing  operations.  He  titrates  the  iodine 
with  a  jL-solution  of  sodium  thiosulphate. 

Fresenius  {Zeitschr.  anal.  Chem.  ix.  63)  recommends  that,  in  performing  Bunsen's 
method  of  iodometric  estimation,  the  peroxide  to  be  valued  should  be  mixed  with 
magnesite,  in  order  to  produce  a  slow  evolution  of  carbon  dioxide,  and  thereby  prevent 
the  potassium  iodide  solution  from  being  driven  back  into  the  generating  flask. 

E.  Luck  {Zeitschr.  anal.  Chem.  xi.  310)  has  examined  the  various  disturbing  in- 
fluences that  may  interfere  with  the  results  of  Fresenius  a.  Will's  method  of  manganese 
analysis.  In  the  analysis  of  manganese  dioxide  containing  ferrous  oxide,  by  the  iron 
method,  and  other  methods  in  which  the  dioxide  is  directly  acted  on  by  hydrochloric 
acid,  the  practical  value  of  the  sample  is  at  once  determined  ;  but  in  the  oxalic  acid 
process  of  Fresenius  a.  Will  the  presence  of  iron  in  the  sample  may  cause  the  value 
given  by  the  analysis  to  exceed  the  actual  working  value  by  a  number  proportional  to 
the  fractional  amount  of  the  ferrous  oxide  which,  from  various  circumstances,  has 
escaped  further  oxidation.  Eosults  in  accordance  with  those  of  other  methods  may, 
however,  be  obtained  by  adding  to  the  liquid  6  to  8  c.c.  of  a  solution  of  sodium  acetate 
(1  :  9),  inasmuch  as,  in  presence  even  of  small  quantities  of  acetic  acid,  the  ferrous 
oxide  is  completely  oxidised  without  the  carrying  forward  of  acetic  acid  vapours  by 
the  escaping  carbon  dioxide.  In  carrying  out  the  process  of  Fresenius  a.  Will  it  is, 
however,  necessary  that  the  temperature  be  not  allowed  to  rise  above  70°,  and  that  the 
apparatus,  during  and  after  the  analysis,  be  protected  from  direct  sunshine  ;  since,  on 
the  one  hand,  the  mutual  action  of  sulphuric  acid,  oxalic  acid,  ferric  oxide,  and  a 
manganous  salt,  gives  rise  at  80°-82°  to  the  evolution  of  a  small  quantity  of  carbon 
dioxide,  and,  on  the  other  hand,  the  formation  of  carbon  dioxide,  which  takes  place 
under  certain  circumstances,  becomes  much  more  considerable  tinder  the  influence  of 
direct  sunshine. 

On  circumstances  affecting  the  accuracy  of  Fresenius  a.  Will's  oxalic  method,  see 
also  J.  Pattinson  {Chem.  News,  xxi.  267) ;  E.  Scheerer  {ihid.  284  ;  Jahresb.  f.  Chem. 
1870,  991,  992). 

Alloys  of  nsangranese.  Some  of  these  alloys  have  been  examined  by  F.  Fenwick 
AUen  {Chcm.  News,  xxii.  194).  They  cannot  well  be  prepared  from  metallic  man- 
ganese, on  account  of  the  difficulty  of  separating  the  metal  from  its  compounds.  To 
obtain  a  copper-alloy,  a  mixture  of  pure  manganic  oxide  or  manganous  carbonate  was 
fused  with  cuprio  oxide  and  charcoal  in  a  plumbago  crucible  at  the  highest  attainable 
temperature.  The  alloy,  which  was  afterwards  found  disseminated  through  the  mass 
in  granules,  fused  with  moderate  facility.  An  alloy  of  75  parts  copper  and  25  man- 
ganese was  very  hard  and  brittle  while  hot,  but  very  elastic  and  easy  to  roll  when 
cold.  By  the  addition  of  zinc,  an  alloy  was  obtained  resembling  the  inferior  sorts  of 
nickel-silver,  and  easy  to  work  either  hot  or  cold.  The  experiments  were  repeated 
with  similar  results  in  a  crucible  capable  of  containing  100  pounds  of  metal.  An  alloy 
containing  from  5  to  30  p.c.  manganese  was  more  malleable,  ductile,  and  tough  than 
copper.  Mixed  alloys  of  manganese  with  tin,  lead,  and  other  metals,  are  well  adapted 
for  the  journals  of  machinery.  Such  alloys  cannot  be  prepared  on  the  large  scale  in 
plumbago-crucibles,  as  too  much  manganese  passes  into  the  slag,  and  the  wear  of  the 
crncible  is  very  considerable.  They  are  best  prepared  in  a  Siemens'  furnace  with 
reducing  flame. 

A.  E.  V.  Schrotter  {  Wien.  AJcad.  Bcr.  [2te.  Abth.]  Ixiii.  451)  states  that  the  method 
of  preparing  manganese  alloys  on  the  large  scale  was  discovered  in  1849  by  the  late 
Hofrath  E-.  v.  GersdorfF.  Schrotter  himself  also  prepared  an  alloy  of  manganese  and 
copper  by  igniting  manganoso-manganic  oxide  with  cupric  oxide  and  charcoal,  and,  in 
like  manner,  an  alloy  of  manganese,  copper,  and  zinc. 

Eespecting  the  alloys  of  manganese  and  iron  (ferromanganeso,  spiegeleisen)  and 
their  use  in  the  manufacture  of  steel,  see  Iron  (p.  699). 

nZang:anous  Chloride,  MnCl-.  According  to  Kreeke  {J.  pr.  Clicm  [2],  v.  105) 
this  salt  exhibits  remarkable  changes  of  colour  when  its  aqueous  solution  is  evaporated 
to  certain  degrees  of  concentration.    On  concentrating  it  at  a  temperature  between 
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70°  .md  100°,  tlio  sohition,  which  is  at  first  colourless,  becomes  rose-coloured,  after- 
w:irds  yellow,  and  finally,  before  crystallising,  a  splendid  green.  A  solution  of  rose- 
coloured  crystals  of  manganous  chloride  in  10  to  12  parts  of  water  is  colourless,  either 
cold  or  boiling.  On  evaporating  on  the  water-bath,  a  little  over  70°,  and  strongly  con- 
centrating, the  rose  colour  is  developed  and  gradually  increases  in  intensity,  the  maxi- 
mum tint  being  attained  when  the  solution  contains  about  15  p.c.  of  the  salt.  On 
further  concentration  the  rose-tint  passes  into  orange,  and  at  last,  when  the  strength 
of  20  p.c.  is  attained,  the  colour  becomes  a  clear  yellow,  like  that  of  a  solution  of 
potassium  chromate.  On  cooling  below  70°  the  rose-tint  is  regained.  Crystallised 
manganous  chloride,  dried  at  100°,  forms  a  clear  green  mass,  not  hygroscopic  like  the 
original  salt.  This  mass  dissolves  partially  in  water,  with  liberation  of  heat,  yielding 
a  red  solution.  The  undissolved  portion  is  a  white  pulverulent  basic  salt,  soluble  in 
dilute  acid  (Krccke). 

According  to  K.  J.  Bayer,  on  the  contrary  (ibid.  445),  perfectly  pure  manganous 
chloride  does  not  exhibit  these  remarkable  changes  of  colour  ;  but  if  small  quantities 
of  ferric  chloride  or  cobaltous  chloride  be  previously  added  to  the  manganous  solution, 
the  clianges  of  colour  make  their  appearance  during  evaporation  exactly  in  the  manner 
described  by  Krecke.  In  the  case  of  cobalt  chloride  the  colour  is  so  characteristic 
that  it  may  serve  very  well  for  the  detection  of  small  quantities  of  cobalt  in  a  concen- 
trated solution  of  manganous  chloride. 

Bayer  remarks,  also,  that  pure  anhydrous  manganous  chloride  is  not  gi-een,  but 
an  easily  fusible  red  body,  which  solidifies,  on  cooling,  to  a  beautiful  crystalline  mass, 
having  a  lustre  like  that  of  magnesium  chloride. 

Oxides.  The  oxides  MnO-  and  Mn^O*  are  reduced  to  manganous  oxide,  MnO,  by 
carbon  monoxide  at  the  temperature  of  melting  zinc ;  MnO^  suffers  the  same  reduction 
even  at  a  heat  just  below  redness  (L.  Bell,  C/icm.  News,  xxiii.  258). 

Pure  manganous  oxide  may  be  prepared  as  follows: — A  solution  of  potassium 
permanganate  saturated  at  60°,  filtered  through  paper  free  from  lime,  is  added  to  a 
saturated  oxalic  acid  solution,  and  the  liquid  is  decomposed  with  acetic  acid  and  boiled. 
The  precipitate  is  repeatedly  washed  with  water  by  subsidence  and  decantation,  dried 
in  a  platinum  basin,  ignited  and  reduced  in  a  stream  of  pure  dry  hydrogen.  Thus 
prepared,  manganous  oxide  has  a  light  green  colour,  the  solution  in  dilute  hydrochloric 
acid  being  slightly  brown  (F.  Kessler,  J.  pr.  Chcm.  [2],  vi.  1  72). 

Pyrolusite,  MnO^  from  Giessen,  contains,  according  to  an  analysis  by  E.  Stapff 
{Arch.  Pharm.  [2],  cxliii.  194):— 

MnO'        Fe^O^        A1=0'        CaO         BaO  llgO  CoO 

94'32       1-98       0-66       1-97       0-43       0-065       trace    =  99-425. 

Kani^anates  and  Permaug:anates.  The  preparation  of  a  number  of  these 
salts  on  the  largo  scale  is  described  by  E.  Deselabissac  [Bingl.  fol.  J.  cei.  58).  a.  500 
lbs.  of  potash-ley  (45°  B.)  and  100  lbs.  potassium  chlorate  are  evaporated  down  in  an 
iron  pot,  182  lbs.  of  finely  pounded  manganese  dioxide  are  added,  and  the  mixture  is 
heated  till  it  fuses  quietly.  The  mass,  after  being  stirred  till  it  is  cold,  is  heated  to 
redness  in  iron  pots,  and  after  again  cooling  is  boiled  out  with  water. 

h.  A  solution  of  12  parts  sodium  hydrate  (36  parts  soda-ley  of  sp.  gr.  1-337  and  34 
parts  soda-ley  of  sp.  gr.  1-365)  is  fused  with  12  parts  potassium  chlorate  and  18  parts 
manganese  dioxide  till  the  mass  begins  to  crumble.  The  mixture  is  then  heated  to 
redness  in  an  iron  melting-pot,  and  after  cooling  exhausted  with  200  to  220  parts  of 
hot  water. 

c.  Ten  parts  of  caustic  soda  and  1  part  potassium  nitrate  are  fused  together,  and 
6  parts  of  strongly  heated  manganese  dioxide  are  thrown  into  the  quietly  fusing  mass. 
The  fused  mass  in  the  crucible,  as  soon  as  it  dissolves  as  completely  as  possible  in 
water  with  a  deep  green  colour,  is  ladled  out,  and  the  crucible  immediately  recliarged. 
The  muddy  deposit  which  remains  in  the  pot  when  the  melted  mass  is  dissolved  in 
water,  is  lixiviated  with  water,  and  this  water  is  utilised  for  dissoh-ing  a  new  melt ;  or 
chlorine  is  passed  into  the  aqueous  solution,  and  the  resulting  liquid  is  used  as  a  dis- 
infectant. 

d.  Tessie  du  Mothay  and  Mareehal  work  up  the  fused  mass  of  sodium  manganate — 
which  they  obtain  by  melting  the  residues  of  chlorine  preparations  with  caustic  soda 
in  contact  with  the  air — to  sodium  permanganate,  by  treating  it  with  magnesium  sul- 
phate.   The  reaction  is  represented  by  the  equation — 

3Na-MnO* -I- 2MgS0< -I- 2H20  =  Na^Mn'^O' -f  2Na=S0* -^  2MgH20=  +  MuO=. 
With  reference  to  this  process,  Deselabissac  observes  that  contact  of  air  is  essential  to 
the  formation  of  good  oxidation-products,  the  oxidising  salts  alone  not  being  sufficient 
for  the  purpose.  Manganese  dioxide  and  sodium  nitrate  heated  together  to  redness  for 
a  considerable  time  in  the  muffle  of  a  stone-ware  furnace,  and  lixi-viated  with  hot  water 
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after  cooling,  yield  a  solution  wliieh  on  cooling  deposits  nearly  colourless  crystals 
having  the  composition  Na''^MnO'+  lOH-0.  These  crystals  in  dissolving  in  -water  are 
partly  decomposed  and  acquire  a  green  colour. 

Decomposition  of  Potassium  Permanganate  by  Sulfhiiric  Acid. — Spiess  {J.  pr.  Chrm. 
J2],  i.  421)  observes  that  when  pure  sulphuric  acid  is  pom-ed  aipon  this  salt  in  the 
state  of  powder,  violet  vapours  are  evolved  which  condense  in  the  neck  of  the  flask  to 
a  brown-black  sublimate,  which  tiu:ns  brown  when  treated  with  water  and  yields  a 
solution  containing  sulphuric  acid  and  manganous  oxide,  but  no  potash.  Heated  with 
strong  sulphuric  acid  it  gives  off  gas,  and  yields  a  dark  violet  solution,  which  when 
diffused  in  water  assumes  the  colour  of  a  manganous  salt.  Kolbe  {ibid.  423)  is 
of  opinion  that  the  sublimate  obtained  by  Spiess  was  probably  nothing  but  perman- 
ganic acid  containing  a  little  sulphuric  acid.  He  remarks  also  that  Unverdorbon 
\Pogg.  Ann.  vii.  322),  by  distilling  potassiuni  permanganate  with  sulphuric  acid,  ob- 
tained a  red  transparent  gas  which  was  quickly  resolved  into  manganic  oxide  and 
oxygen  {vide  Permanganic  Acid,  iii.  819). 

Action  of  Reducing  Agents. — According  to  Aschoff  (<7.  per.  Chem.  Ixxxi.  29  :  Jahresb. 
1860,  167)  a  neutral  solution  of  potassium  permanganate  is  coloured  green  by  addition 
of  caustic  potasli.  Mohr,  however  {Zeitschr.  anal.  Chem.  ix.  43),  has  shown  that  this 
effect  is  produced  only  wlien  the  caustic  alkali  contains  organic  mutter.  A  solution 
of  the  permanganate  mixed  with  previously  fused  caustic  soda  may  be  heated  to  boil- 
ing without  turning  green.  An  alkaline  solution  of  permanganate  affords  indeed  an  ex- 
tremely delicate  test  for  the  presence  of  organic  matter  and  of  reducing  substances  in 
general.  Sugar,  gum,  paper,  starch,  and  other  organic  bodies  which  do  not  act  readily 
on  permanganic  acid  in  acid  solution,  instantly  turn  it  green  in  presence  of  excess  of 
alkali.  The  alkaline  solution  of  permanganate  is  also  a  very  delicate  test  for  thiosul- 
phates  (see  further  Jahresb.  f.  Chem.  1870,  333,  996). 

manganous  Sulpbide.  According  to  F.  Muck  {Zeitschr.  f.  Chem.  vi.  6)  flesh- 
coloured  manganous  sulphide  is  not  altered  by  heating  to  140°-150°  for  four  or  five 
hours  in  a  sealed  tube  with  water,  hydrogen  sulphide,  and  ammonia  ;  yellow  ammo- 
nium sulphide  under  the  same  circumstances  completely  converts  it  into  green  man- 
ganese sulphide  ;  potassium  polysulphide  forms  a  closely  adhering  violet  precipitate, 
but  leaves  the  manganous  sulphide  otherwise  unaltered  ;  caustic  potash  decomposes  it, 
with  formation  of  greyish- white  manganous  hydrate.  Under  ordinary  pressure,  water, 
ammonia  and  potassium  polysulphide  do  not  act  iipon  manganous  sulphide ;  when 
treated  with  a  very  large  quantity  of  ammonium  sulphide  it  turns  green,  but  it  is  not 
acted  on  by  a  small  quantity  of  that  reagent,  and  not  even  when  first  warmed  with  a 
small  quantity  of  it  and  then  mixed  with  a  large  excess.  Potash-ley  decomposes 
manganous  sulphide  even  in  the  cold,  more  quickly  on  warming,  the  sulphide  not  being 
reproduced  ;  on  the  other  hand,  recently  prepared  manganous  hydrate  is  but  slowly 
converted  into  manganous  sulphide  by  sodium  sulphide,  though  easily  by  ammonium 
sulphides. 

A.  Wagner  {Bingl.  pol.  J.  cxcv.  532)  has  examined  the  behaviour  of  hydrogen  sulphide 
towards  manganese  compounds,  and  the  regenerability  of  manganese  sulphide,  with 
reference  to  the  use  of  manganese  compounds  for  the  purification  of  coal  gas  from 
hydrogen  sulphide.  A  stream  of  hydrogen  sulphide  was  passed  for  six  hours  over 
air-dried  manganous  hydrate,  whereupon  the  mass  became  very  hot,  and  the  product 
was  exposed  for  a  week  to  the  action  of  the  air.  It  was  then  found  to  contain  34-4  p.c. 
Mn^O^  32-2  MnS,  1-5  MnSO\  23  p.c.  sulphur  soluble  in  carbon  sulphide,  and  8-2 
water.  Hence  it  appears  that  a  week  is  not  sufficient  for  the  regeneration  of  the 
manganous  sulphide.  Moist  carbon  dioxide  expels  hydrogen  sulphide  from  manganese 
sulphide;  hydrogen  sulphide, on  the  contrary,  acts  but  very  slowly  on  manga"  "is  car- 
bonate. Manganese  dioxide  tolerably  free  from  iron  decomposed  hydrogen  sulphide 
completely ;  after  the  mass  had  been  exposed  to  the  air  for  a  week,  it  gave  off  only 
traces  of  hydrogen  sulphide  when  treated  with  hydrochloric  acid,  and  then  contained 
only  6'1  p.c.  free  sulphur  to  33'1  p.c.  manganese;  only  traces  of  the  sulphur  had  been 
oxidised  to  sulphuric  acid.  Manganese  dioxide,  which  had  been  treated  with  liydrogen 
sulphide,  gave  off  that  gas  when  carbon  dioxide  was  passed  over  it,  and  contained,  after 
regeneration,  6'0  p.c.  sulphur  to  29'9  p.c.  Mn. 

B«:AXr©AWSSE  SPAR,  MnCO-l  (1.)  A  highly  calcareous  variety  of  this 
mineral,  rose-coloured,  and  of  sp.  gr.  3'032,  occurring  with  willemite  at  Miiiehill, 
Sussex  Co.,  New  Jersey,  has  been  analysed  byW.  T.  Eoepper  {Sill.  Am.  J.  [2],  i.  37); 
(2.)  Manganese-spar  from  Dietz  in  Nassau,  forming  a  flesh-coloured  nodular  coating 
on  clay-slate,  by  Hohn  a.  Euders  {Arch.  Pharm.  [2],  cxliii.  198)— 


MANGANITE— MANNITE. 


778 


MnCO'       CaCO'       FeCO'     MgCO"      CcCO'  Insoluble 

43-5t       50-40       0-76       5  69         —         0-08     =  100'47 

90-88         1-95       6-85       0-41        0-91         —      =  100 

SHAWGASTITB,  H2(Mu=)"0'.  On  the  isomorphism  of  this  mineral  with  chryso- 
bcryll,  diaspore,  and  gotliite,  seo  p.  572, 

MANTiTlTE,  C'Hi'O".  Formation.~Unnemam\  {Ann.  Ch.  Plmrm.  csxiii.  136) 
found  that  invert-sugar  is  courerted  by  nascent  hydrogen  (water  and  sodium  amalgam) 
into  mannite.  Dewar  {Phil.  Mag.  [4],  xxxix.  346)  confirms  this  statement,  but  con- 
siders that  there  is  no  ground  for  supposing  that  Isevulose  is  the  only  kind  of  sugar  that 
can  be  converted  into  mannite  by  addition  of  hydrogen.  In  no  case  is  the  conversion 
of  the  sugar  into  mannite  complete,  a  gummy  uncrystallisable  substance  being  always 
formed  at  the  same  time.  Glucose  from  honey  also  yields  mannite  when  treated  as 
above.  Milk-sugar  does  not  appear  to  be  converted  into  dulcito  under  similar  cir- 
cumstances. 

Optical  Rotatory  Power. — Mannite  has  hitherto  been  classed  among  substances  in- 
active to  polarised  light :  for  though  many  of  its  siibstitution-derivatives  rotate  the 
plane  of  polarisation,  this  power  had  not  been  directly  demonstrated  for  mannito 
itself.  Eecently,  however,  L.  Vignon  {Ann.  Chim.  Phys.  [5],  ii.  433 ;  Compt.  rend. 
Ixxvii.  1191)  has  established  the  existence  of  this  power  in  mannite,  by  mixing  its 
saturated  solution  with  boric  acid  or  borax,  and  examining  the  action  of  the  result- 
ing liquid  on  polarised  light.  Boric  acid  indeed  is  known,  from  the  researches  of 
Biot  and  Pasteur,  to  possess  the  singular  property  of  augmenting  the  rotatory  power 
of  tartaric  and  malic  acids ;  and  Vignon  finds  that  it  likewise  increases  the  optical 
activity  of  mannite  to  such  an  extent  that  a  dextrorotatory  action  can  be  clearly  per- 
ceived, a  mixture  of  the  saturated  solutions  of  mannite  and  boric  acid  producing  in  a 
Soleil's  apparatus,  with  a  tube  200  mm.  long,  a  deviation  of  about  5  degrees. 

On  evaporating  this  solution  over  the  water-bath,  a  viscid  mass  is  obtained,  which 
Avhen  treated  with  absolute  alcohol,  gradually  changes  to  a  white  powder  consisting  of 
mannite,  again  appearing  inactive  to  polarised  light,  and  the  boric  acid  is  found  in 
the  alcoholic  solution,  with  all  its  usual  properties.  It  appears,  therefore,  that  the 
boric  acid  has  not  entered  into  chemical  combination  with  the  mannite.  On  adding 
crystals  of  sodium  carbonate  to  the  mannito-boric  solution,  the  salt  dissolves  with 
effervescence  and  the  dextrorotation  increases  to  20  degrees.  A  similar  result  is  ob- 
tained on  adding  boras  to  a  saturated  solution  of  mannite. 

These  facts  show  that  mannite  possesses  rotatory  power.  The  boric  acid  and  borax 
do  not  combine  with  it,  but  merely  increase,  by  an  action  which  is  peculiar  to  them, 
the  dissymetry  which  pre-existed  in  the  molecules  of  the  mannite.  It  may,  therefore, 
also  be  inferred  that  the  rotatory  power  exhibited  by  the  ethers  of  mannite,  pre-exists 
in  tlie  mannite  itself,  and  is  not  created  by  the  act  of  etherification. 

Arsenic  acid  and  its  salts  likewise  increase  the  rotatory  power  of  mannite,  the  in- 
crease being  progressive  when  the  mixture  is  left  to  itself.  Thus  a  mixture  of  man- 
nite and  arsenic  acid  which,  immediately  after  solution,  gave  for  the  yellow  ray  in  a 
tube  200  mm.  long,  Oy  =  +  0-3924°,  gave  after  24  hours  Oy  =  +  1-090°;  and  a 
mixture  of  mannite  with  potassium  diarsenate  exhibited  the  following  variations  of 
rotatory  power — 

Immediately  after  solution    ay  =  —  5'2.5° 
After  24  hours        .       .    Oy  =  -  10-1783° 
„      4  days  .       .       .    Oy    =  -  10-82° 
6  days  .       .       .    Oy   =  -  10-82° 

VeLBt&m  {Comfit,  rend.  1192)  reports  that  Bichat,  by  operating  with  a  tuba 

4  meters  long,  has  obtained  a  direct  demonstration  of  the  rotatory  power  of  mannite  in 
aqueous  solution. 

Action  of  Water  on  Mannite  at  Different  Temperatures.— M.anm.te,  heated  with  water 
in  sealed  tubes  for  three  hours,  undergoes  no  alteration  below  280° ;  but  at  that  tem- 
perature it  is  converted  into  a  viscid  piroduct  which,  when  purified  in  the  manner  to 
bo  presently  described,  has  the  composition  of  mannitic  ether,  C'-H-'^O".  The 
viscid  product  gradually  deposits  a  small  quantity  of  a  crystalline  body  which  pre- 
existed in  the  mixture;  it  is  isomeric  with  mannitan,  and  is  called,  for  distinction, 
mannitone. 

Mannite,  heated  with  water  to  287°,  no  longer  yields  mannitone,  but  only  manni- 
tan, mannitic  ether,  and  a  small  quantity  of  uualtered  mannite. 

Lastly,  mannite,  mannitone,  and  mannitic  ether,  heated,  together  orseparately,  with 
water  to  295°,  are  completely  transformed  into  maunitan  (Vignon). 
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Chloro-  and  Bromo-Derivatives  of  nXannite  (G.  Boucliardat,  Compt.  rend. 
Ixxv.  1187;  Ixxvi.  1550;  Bull.  Soo.  Ckim.  [2],  xix.  109). 

Dichloromannite,  C''H"(0H)^C1-,  is  prepared  Ly  beating  1  part  of  mannite  with 
6  parts  of  strong  hycboehloric  acid  to  100°  in  a  sealed  tube  for  6-10  hours.  The 
product,  dried  over  quick-lime  and  oil  of  vitriol  for  about  a  month,  yields  light  yellow 
scales  which,  when  dissolved  in  cold  water  and  recrystalHsed,  yield  dichloromannite  in 
monoclinic  crystals  soluble  in  22  parts  of  water  at  14°.  This  compound  is  laevogyrate, 
its  molecular  rotatory  power  for  the  yellow  ray  being  —  3'7°.  The  aqueous  solution 
is  neutral  and  tasteless,  and  is  not  precipitated  by  silver  nitrate.  Dichloromannite  is 
insoluble  in  absolute  alcohol  and  in  ether.  It  melts  at  17-1°,  being  at  the  same  time 
decomposed  ;  at  a  higher  temperature  it  volatilises  completely.  Its  vapour  burns  with 
a  green-edged  flame.  Boiling  water,  or  concentrated  solution  of  alkali,  rapidly  converts 
it  into  monochloromannitan,  thus:— 

C^ff|(°5)'  -  HCl  =  C«H»|  0^^\ 

just  as  diehlorhydrin  is  converted  into  epichlorhydrin. 

Nitrosulpliuric  acid  converts  dichloromannite  intodichloro-tetranitromannite, 

C*ff         ^ ,  wliich  is  insoluble  in  water,  but  soluble  in  boiling  alcohol,  separating 

from  that  solution,  on  cooling,  in  fine  needles.  This  substance  is  not  easily  explosive, 
notwithstanding  its  composition  ;  it  is,  in  fact,  more  stable  than  dichloromannite.  It 
melts  at  145°. 


Bibrornomannitc,  CH'*  ■ 


,  is  prepared  in  a  similar  way  to  the  analogous 


chlorine-compound,  the  mannite  and  hydrobromic  acid  being  heated  together  for  two 
hours  only.  Crystals  appear  after  a  considerable  length  of  time,  and  are  purified  by 
rapid  solution  in  hot  water  and  cooling.  Dibromomannite  is  tasteless,  scentless,  in- 
soluble in  cold  water,  alcohol,  and  ether,  but  soluble  in  warm  water,  and  in  concentrated 
hydrobromic  acid.  It  crystallises  in  small  colourless  plates,  melting,  with  decompo- 
sition, at  178°. 

Ni  trosulphuric  acid  converts  dibromomannite  into  dibromo-tetranitromanuite, 
C^H^ )  Br^  ^ '  which  crystallises  in  long  needles,  insoluble  in  water  and  in  cold  alco- 
hol, but  soluble  in  the  latter  when  it  is  heated. 

The  compounds  above  described  are  isomeric  with  the  dulcite-ethers  (p.  441);  they 
give  similar  reactions,  with  one  exception,  viz.,  that  when  treated  with  alkaline 
hydrates,  the  mannitic  ethers  furnish  mannitan,  whereas  those  of  the  dulcite  series 
yield  dulcitan,  which  maybe  recognised  by  converting  it  into  mucicacid  (Bouchardat). 

Aceto-mannites  (Schiitzenberger,  Attn.  Ch.  Pkartn.  clx.  74). — Mannite,  heated  in  an 
open  vessel  with  acetic  anhydride  containing  10-15  p.c.  of  acid,  dissolves,  and  the  pro- 
duct, on  cooling,  becomes  a  mass  of  indistinctly-shaped  crystals  which,  after  separation 
of  syrupy  mother-liquor  by  filtration  through  asbestos  by  means  of  a  filter-pump,  and 
washing  with  alcohol,  forms  a  solid,  white,  very  light  substance,  apparently  homo- 
geneous, scarcely  soluble  in  boiling  alcohol,  soluble  in  water  and  acetic  acid,  insoluble 
in  ether  :  it  has  a  faint,  sweet  and  bitter  taste,  and  is  feebly  dextrorotatory ;  its  com- 
position is  that  of  a  monoacetyl  derivative  of  di-mannitic  anhydride,  C'^H'^O",  viz., 
C'-H-'(C-H'0)0"'.  On  saponification,  this  body  yields  a  faintly  sweet  substance 
apparently  identical  with  mannitan.        .       .  • 

By  the  further  action  of  acetic  anhydride  a  thick  syrup  is  obtained  which,  on  treat- 
ment with  water,  gives  a  precipitate  crystallisable  from  boiling  w^ater  or  alcohol;  this 
is  liemceto-mannite,  C'*H^(C'^H'0)«0'' ;  it  melts  at  100°,  and  becomes  crystalline  on 
cooling.  It  has  no  action  on  polarised  light.  [According  to  Bouchardat  it  has  a 
dextrorotatory  power,  [a]y  =  -)-18°.]  The  syrupy  mother  liquors  of  this  compound 
give  on  evaporation  an  extremely  bitter  substance  ensilj'  soluble  in  water,  acetic  acid, 
and  alcohol;  it  is  dextrorotatory,  [a]  =  22-6°;  has  the  composition  C«H'"(C-H''0)-0*, 
and  appears  to  be  identical  with  diacetomannitan  (compare  \st  Suppl.  806). 

MAWKTITIC  AKTHYDRIDES.    1.  MannifiG  Ether,  C'^H^^O"  =  (C«H»)"  [  0". 

— This  compound,  the  first  anhydride  of  mannite,  is  formed,  as  above  stated  (p.  773), 
by  heating  mannite  with  water  to  280°  for  three  hours.  On  dissolving  the  product 
in  water,  filtering,  evaporating  to  dryness,  dissolving  the  residue  in  absolute  alcohol, 
filtering,  and  again  evaporating,  a  viscid  substance  is  obtained  which,  after  a  while, 
deposits  crystals.  These  may  be  separated  from  time  to  time  by  means  of  absolute 
alcohol,  which  dissolves  the  viscid  substance  and  leaves  the  crystals ;  after  about  a 
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month  they  cease  to  form.  The  viscid  mass  is  then  redissolved  in  absolute  alcohol ; 
the  liquid  evaporated ;  the  residue  boiled  for  an  instant  with  water;  the  resulting  solu- 
tion filtered  through  animal  charcoal  and  evaporated  to  dryness  ;  the  residue  washed 
with  ether,  and  redissolved  in  absolute  alcohol ;  the  filtered  solution  once  more  evapo- 
rated to  dryness ;  and  the  residue  dried  at  120°  till  it  no  longer  loses  weight. 

Mannitic  ether  thus  obtained  is  a  slightly  yellowish  mass,  having  the  consistence 
of  turpentine,  a  bitter-sweet  taste,  very  soluble  in  water  and  alcoliol,  insoluble  in 
ether.  It  is  Ipevogyrate  ;  [o]y  =  —  5'59°.  It  does  not  reduce  potassio-cupric  solution 
or  ferment  witli  yeast.  It  is  not  converted  into  mannito  or  mannitan  by  boiling  for 
six  hours  with  dilute  sulphuric  acid  or  baryta-water.  It  unites  witli  strong  sulphuric 
acid,  forming  a  sulphonic  acid  identical  with  that  obtained  from  mannitau.  With  a 
mixture  of  sulphuric  and  nitric  acids  it  forms  a  nitro-derivativo  analogous  to  nitro- 
mannitan.  Heated  with  water  in  a  sealed  tube  for  two  hours  it  is  completely  trans- 
formed into  mannitan. 

All  these  reactions  show  that  the  compound  in  question  is  a  true  ether  of  mannite. 
2.  Mannitan,  CH'-O^  =  CH'^O"  —  H-0. — This  compound  was  discovered  by 
Bertliolot,  who  obtained  it  by  boiling  mannite  witli  hydrochloric  acid,  and  by  tlie 
saponification  of  mannitic  ethers  (iii.  825).  Vignon  {Ann.  Chim.  Phi/s.  [5],  ii.  458) 
prepares  it  by  mixing  pulverised  mannito  with  half  its  weight  of  strong  sulphuric  acid, 
gradually  heating  the  mixture,  with  constant  stirring,  to  125°,  at  which  temperature 
it  must  be  kept  stationary.  After  about  two  hours  the  mixture  is  gradually  saturated 
with  barium  carbonate,  without  allowing  the  temperature  to  fall,  as  otherwise  too 
much  sulphomannitic  acid  would  be  formed.  After  complete  neutralisation  the  mass 
is  left  to  cool  and  exhausted  with  absolute  alcohol,  the  solution  is  filtered  and  evapo- 
rated over  the  water-bath,  and  the  residue  dried  at  120°. 

The  viscid  product  thus  obtained  is  mannitau.  Its  formation  is  duo  to  direct  de- 
hydration of  the  mannite,  not  to  tlie  pre\-ious  formation  of  sulphomannitic  acid  and  its 
subsequent  decomposition  into  sulphuric  acid  and  mannitan.  This  is  shown  by  the 
following  facts.  If  barium  sulphomannitate,  prepared  by  heating  1  mol.  mannite  with 
1  mol.  sulphuric  acid  to  100°,  saturating  with  barium  carbonate,  filtering,  and  evapo- 
rating, be  heated  to  125°  for  two  or  three  hours,  it  quickly  acquires  an  acid  reaction, 
and,  if  the  mass  be  then  saturated  -with  barium  carbonate,  it  yields  barium  sulphate 
aud  mannitan;  but  if  the  sulphomannitate  be  lieated  to  the  same  temperature,  after 
being  mixed  with  excess  of  barium  carbonate,  so  that  the  mixture  remains  constantly 
neutral,  the  sulphuric  acid  being  neutralised  as  fast  as  it  is  set  free,  no  mannitan  is 
formed,  the  only  products  obtained  being  barium  sulphate  and  mannite.  It  is  clear, 
then,  that  tlie  production  of  mannitan  in  the  former  case  arose  from  the  action  of  the 
free  sulphuric  acid  on  the  mannite  resulting  from  the  decomposition  of  the  sulpho- 
mannitate. It  may  therefore  be  concluded  that  the  formation  of  mannitan  from  man- 
nite by  the  action  of  sulphuric  acid  is  an  act  of  simple  dehydration. 

Mannitan  is  a  very  viscous  substance,  having  a  saccharine,  slightly  caramelic  taste ; 
very  soluble  in  water  and  in  absolute  alcohol,  insoluble  in  ether.  Its  molecular  rota- 
tory power  is  [a],,  =  -f  36  5°.  It  does  not  reduce  potassio-cupric  tartrate  or  ferment 
in  contact  with  yeast.  It  deliquesces  when  exposed  to  the  nir,  but  is  not  converted 
into  mannite  even  in  the  course  of  a  month.  Neither  does  it  yield  any  perceptible 
quantity  of  mannite  when  heated  for  some  hours  with  dilute  sulphuric  acid  or  baryta- 
n'ater.  When  treated  with  a  mixture  of  strong  sulphuric  'and  fuming  nitric  acid,  it  is 
converted  into  nitromannitnn.  Heated  with  oxalic 'acid,  it  reacts  like  a  polyatomic 
alcohol,  producing  formic  acid  and  carbon  dioxide.  It  unites  with  sulphuric  acid, 
forming  a  conjugate  acid,  the  liarium  salt  of  which  is  uncrystalli sable,  easily  decom- 
posible,  especially  when  heated,  and  very  soluble  in  water; 

Nitromannitan  is  prepared  by  gradually  adding  1  part  of  mannitan  to  a  mixture  of 
10  parts  strong  sulphuric  acid  and  A},  parts  fuming  nitric  acid,  keeping  the  mixture 
cool  for  a  quarter  of  an  hour,  thou  pouring  it  into  water,  whereupon  a  copious  white 
precipitate  is  formed,  and  a  brownish-yellow  liquid  resembling  melted  phospiiorus 
gradually  falls  to  the  bottom.  This  liquid  is  washed  with  water  and  digested  with 
ether,  which  dissolves  the  nitromannitan,  and  the  solution"  is  evaporated  at  the  ordi- 
nary temperature  and  further  concentrated  in  a  vacuum. 

Nitromannitan  is  insoluble  in  water,  but  soluble  in  alcohol  and  in  ether.  When 
dissolved  in  a  mixture  of  alcohol  and  ether  it  has  a  molecular  rotatory  power  [a]y  = 
-  52-26°. 

When  heated  it  gives  ofif  nitrous  vapours  and  an  odoTir  like  that  of  ethyl  nitrate; 
then  at  a  higher  temperature  the  mass  swells  up  and  quickly  takes  fire,  leaving  a  car- 
bonaceous residue.  It  detonates  violently  under  the  hanmier.  Ammonium  sulphy- 
drato  easily  reconverts  it  into  mannitan  having  the  same  rotatory  power  as  the  original 
substiince. 

The  physical  characters  aud  detonating  properties  of  nitromannitan  render  it  diffi- 
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cult  to  analyse,  hut  Vignon,  from  analogy,  assigns  to  it  the  formula,  C*H'(NO')'  or 

(my 

Monochlorommnitan,  C''H"C10*  =  C^H'    O      ,  is  formed  by  boiling  dicliloro- 

ici 

mannite  with  water  or  strong  alkali  (p.  774).  It  is  a  neutral,  slightly  bitter  sub- 
stance, very  soluble  in  water,  alcohol  and  ether.  Heated  in  a  sealed  tube  -nith  a  sutu- 
rated  solution  of  hydrobromic  acid,  it  is  converted  into  a  crystalline  substance  slightly 
soluble  in  cold  water,  which  is  probably  bromochloromannite.  With  hydrochloric 
acid  under  the  same  conditions  it  is  reconverted  into  diehloromannite.  Cold  nitrosul- 
phuric  acid  converts  it  into  a  nitrochlorinated  body  insoluble  in  water,  but  soluble  in 
ether  and  alcohol  (Bouchardat). 

Monobroinomannitan,  C^W^'SrO^jfoTmadL  by  boiling  dibromomannite  with  (water, 
is  a  neutral,  slightly  bitter  substance,  soluble  in  all  proportions  in  water,  very  soluble 
in  alcohol  and  ether,  melting  at  100°.  Its  solution  is  not  precipitated  by  silver  nitrate. 
Long-continued  boiling  with  water  converts  it  into  mannite  (Bouchardat). 

3.  Mannitonc,  C*H'-0^. — This  body,  isomeric  with  mannitan,  separates  spontane- 
ously from  the  viscid  mass  obtained  by  heating  mannite  with  water  to  280°.  It  is 
very  soluble  in  water  but  insoluble  in  absolute  alcohol,  by  which  property  it  is  sepa- 
rated from  mannitio  ether.  It  may  be  purified  by  washing  with  cold  absolute  alcohol, 
solution  in  water,  and  filtration,  if  necessary,  through  animal  charcoal.  The  solution 
on  evaporation  deposits  it  in  shining  crystals. 

Mannitone  has  a  bitter  taste  and  does  not  reduce  potassio-cupric  solution.  It  is 
laevogyrate,  [a]y  =  —  25°.  Its  nitro-derivative  and  other  derivatives  are  identical 
with  those  of  mannitan.  It  is  converted  into  mannitan  by  heating  with  water  to  296° 
(Vignon). 

nSAsrUKE.  The  following  facts  and  considerations  are  supplementary  to  the 
previous  article  on  this  subject  (vii.  826-851). 

The  quantity  of  ammonia  and  nitric  acid  supplied  to  the  soil  by  the  annual  rainfall 
lias  been  carefully  determined  in  several  instances.  Way  analysed  the  rain-water  col- 
lected at  Eothamsted  in  1855  and  1856  {Jour.  Boy.  Agri.  Soc.  svii.  144,  620) ;  the  rain 
collected  at  nine  of  the  German  Experimental  stations  has  also  been  analysed  {Jahrcsb. 
Agri.  Chem.  1866,  67;  1867,  58;  1868-69,  150).  The  following  table  gives  all  the 
results  which  extend  over  a  whole  year,  calculated  for  an  English  acre. 


Nitrogen  in  Annual  Rainfall  per  Acre. 


Rainfall, 
inches 

Ammonia 
per  litre, 
milligrams 

ffjitric  Acid 
per  litre, 
milligrams 

Total 
Nitrogen 
per  acre, 
lbs. 

Eothamsted  (Hoitfordsliire) .  , 

Kuschen  (Poscn) 

Insterburg  (near  Konigsborg)  . 

1855 

29-31 

1-07 

•45 

6-63 

1856 

27-27 

1-54 

•45 

8-31 

1864- 

65 

11-85 

•65 

-62 

1-86 

1865- 

66 

17-70 

•54 

2-50 

1864- 

65 

27-55 

•67 

1-16 

5-49 

1865- 

-66 

23-79 

•92 

1-90 

6-81 

Dahme  (Brandenburg)  . 

1865 

17-09 

1-72 

6-66 

Eegenwalde  (near  Stettin) 

1864- 

-65 

23-48 

2-46 

3-10 

15-09 

1865- 

-66 

19-31 

2-28 

1-84 

10-38 

Ida-Marienhutte  (near  Breslau) 

1866 

-67 

25-37 

2-17 

16-44 

1865-i36 

21-12 

2-60 

11-82 

1866- 

-67 

25-84 

2-30 

-46 

11-63 

Proskau  (Silesia) 

1864- 

-65 

17-81 

3-90 

6-67 

20-91 

Mean  of  all  determinations  . 

22-11 

1-80 

1-64 

9-58 

Boussingault  found  in  the  rain  collected  at  Liobfrauenberg  an  average  of  '588  milli- 
gram of  ammonia  and  '187  milligram  of  nitric  j'acid  pel"  litre.  Frankland  has  re- 
cently found  the  total  combined  nitrogen  in  rain-water  from  Eothamsted  to  bo  -38 
milligram  per  litre. 

If  the  above  analyses  have  all  been  made  -with  equal  accuracy,  it  is  evident  that  the 
amount  of  nitrogen  contained  in  rain  varies  much  at  different  times  and  places. 
Boussingault  and  others  have  shown  that  rain  collected  in  towns  is  much  richer  in 
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ammonia  and  nitric  acid  than  rain  colloctod  in  country  places ;  also  that  light  showers 
are  far  more  nitrogenous  than  long-continued  heavy  rain. 

Agricultural  statistics  plainly  show  that  more  nitrogen  is  obtained  from  the  atmo- 
sphere in  an  ordinary  rotation  than  is  on  an  average  supplied  by  rain.  If  -vve  take 
any  well-established  rotation,  on  soil  not  deficient  in  cinereal  plant-food,  and  com- 
pare the  amount  of  nitrogen  in  the  crops  with  that  supplied  in  the  manure,  we  are 
forced  to  this  conclusion.  Whether  this  nitrogen  is  obtained  from  the  air  by  the  crops 
or  l;)y  the  soil,  or  if  by  crops,  by  which  crops,  are  questions  that  are  as  yet  very  im- 
perfectly answered. 

The  amount  of  ammonia  in  the  atmosphere  is,  according  to  Villa,  about  1  part  in 
50,000,000.  In  Boussingault's  experiments,  plants  protected  from  rain,  but  allowed  free 
access  of  air,  assimilated  only  a  very  small  quantity  of  nitrogen,  the  trace  of  ammonia 
in  the  air  having  no  practical  effect.  Sachs,  and  latterly  A.  Mayer  {Bent.  Chc?n.  Ges. 
Bar.  vi.  1410),  and  T.  Schlosing  {Coni-pt.  rend.  Ixxviii.  1700),  have  grown  plantsin  an 
atmosphere  artificially  enriched  with  ammonia ;  under  these  circumstances  nitrogen 
was  assimilated  by  the  plant,  but  even  then  not  to  an  extent  sufficient  for  normal 
growth.  The  direct  effect  of  the  combined  nitrogen  of  the  atmosphere  on  the  nourish- 
ment of  crops  is  probably  therefore  but  small.  The  question  whether  plants  can 
assimilate  the  free  nitrogen  of  the  atmosphere  has  been  already  referred  to  (iii. 
828). 

Various  chemists  hold  that  the  soil  obtains  nitrogen  from  the  atmosphere.  Am- 
monia is  possibly  absorbed  in  small  quantity  by  the  humus,  clay,  and  ferric  oxide  of 
the  soil.  It  has  also  been  argued  that  the  oxidation  of  organic  matter  in  the  soil  must 
be  attended  with  the  formation  of  ozone,  which,  acting  on  the  nitrogen  of  the  air,  may 
produce  nitric  acid.  Boussingault  has,  however,  lately  shown  {Conipt.  rend.  Ixxvi.  22) 
that  nitrification  in  a  vegetable  soil  is  attended  with  a  loss  and  not  a  gain  of  nitrogen. 
Lastly,  P.  Deh^rain  has  shown  (Bull.  Soc.  Chim.  [2],  xix.  638)  that  a  mixture  of  glu- 
cose and  caustic  alkali  exposed  to  pure  nitrogen  for  some  time  may  absorb  a  portion  of 
the  gas  even  in  the  cold,  and  the  absorption  becomes  distinct  if  the  temperature  is 
raised ;  results  less  marked  were  obtained  with  moist  sawdust.  Ho  thinks  that 
ammonia  is  first  prodiiced,  and  then  forms  compounds  similar  to  the  glucose  azote  of 
P.  Thenard  ;  no  proof  of  the  formation  of  ammonia  is  given.  Deherain  concludes 
that  in  the  lower  layers  of  the  soil,  where  little  oxygen  is  present,  the  decomposing 
vegetable  matter  absorbs  nitrogen  and  thus  enriches  the  soil. 

Against  these  possible  accumulations  of  nitroge)i  by  the  soil  and  plant  lias  to  be 
placed  the  well-ascertained  loss  of  nitric  acid  in  drainage-water,  with  other  possible 
sources  of  loss  to  be  considered  presently. 

The  conditions  which  affect  the  agricultural  statics  of  nitrogen  are  thus  both  com- 
plicated and  obscure.  One  set  of  facts — namclj-,  the  amount  of  nitrogen  obtainable  in 
the  form  of  crops  from  land  receiving  no  nitrogenous  manure — is  being  gradually  as- 
certained at  Eothamsted.  Mr.  Lawes  has  kindly  furnished  the  wi-iter  with  the  fol- 
lowing figures,  which  represent  approximately  the  amount  of  nitrogen,  in  pounds  per 
acre,  contained  in  crops  growing  continuously  on  the  same  land  without  nitrogenous 
manure.  In  the  rotation  experiment  the  crops  consist  of  turnips,  barley,  beans  or 
clover,  and  wheat.    The  whole  of  the  crops  are  removed  from  the  land. 

Nitrogen  removed  in  Crops  grown  wiihoid  Nitrogenous  Manure. 


Nature  of  Crop  and  Manure 


Wheat,  20  years  )  without  manurej  and  with  purely  cincrcall 
Barley      ,,        \      manure    ......  J 

Oats,  4  years,  without  manure,  and  with  purely  cinereal  manure 

Beans,  21  crops,  without  manure  

,,         ,,        with  purely  cinereal  manure  .... 

Meadow-grass,  18  years,  without  manure  

„  „        with  purely  cinereal  manure 

Rotation,  20  years,  without  manure  ...... 

,,  ,,       with  superphosphate  to  turnips  only  . 


The  above  figures  must  be  taken  as  simply  representing  the  present  state  of  (he 
experiments.  In  some  cases  the  crops  .are  slowly  falling  off,  showing  that  a  part  of 
tho  nitrogen  in  the  crop  has  been  obtained  from  past  accumulations  in  the  soil ;  in 


Average  Nitrogen 
removed  in  crop 
per  acre  per 
annum 


lbs. 
20-25 
18-23 
about  30 
„  45 
„  36 
„  56 
30-35 
35-40 
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otli°r  cases  we  have  yet  to  learn  whether  the  crops  diminish,  before  wo  can  safely  con- 
clude that  the  whole  amount  of  nitrogen  in  the  produce  is  obtained  from  the  atmo- 
sphere. The  figures  show  that  leguminous  crops  yield  far  more  nitrogen  than  grami- 
naceous crops,  even  when  nitrogenous  manure  has  been  for  many  years  withheld.  The 
mixed  herbage  of  meadow-grass  stands  much  higher  than  the  cereals  as  to  the  amount 
of  nitrogen  harvested  each  year,  and  where  cinoreal  manures  are  applied  to  the  mea- 
dow the  nitrogen  annually  removed  in  the  crop  reaches  the  maximum  point  in  the 
table.  In  the  latter  case  the  manure  has  developed  a  very  considerable  growth  of 
clover,  which  accounts  in  great  measure  for  the  high  nitrogen  obtained.  This  most 
interesting  plot  as  yet  shows  no  signs  of  falling  off  in  its  produce. 

The  production  of  clover  on  meadow-land  by  cinereal  manures  contiiining  potash  is 
of  considerable  interest.  In  1856,  at  the  commencement  of  the  grass  experiments  at 
Eothamsted,  the  herbage  appeared  uniform  upon  all  the  plots ;  various  manuring  has, 
however,  strikingly  changed  the  character  of  the  herbage.  A  series  of  botanical 
analyses  of  the  hay  has  been  made,  the  first  only  of  which  has  been  hitherto  published 
{Jour.  Boy.  Agri.  Soc.  1863) ;  the  following  summary  of  the  results  for  four  of  the 
principal  plots  has  been  kindly  communicated  by  Messrs.  Lawes  and  Gilbert. 


Percentage  Botanical  Composition  of  Meadow-Hay  variously  Manured. 


1862 

1867 

1872 

Manuring 

Gram- 

Legum- 
iuosEe 

Other 
orders 

Gram- 
inacese 

Legnm- 

Other 
orders 

Qram- 
inacea; 

Legum- 
inosEE 

Other 
orders 

No  manure 
Mixed  cinereals 
Ammonium  salts 
Mixed  cinereals  and{ 
ammonium  salts  \ 

71-52 

64-65 
86-32 

88-59 

7-15 
24-70 
•12 

•13 

21-33 

10-  65 
13-56 

11-  28 

62-27 
59-29 
71-85 
77-06 

8-07 
12-69 
-34 

•16 

29-66 
28-02 
27-81 

22-78 

66-18 
48-82 
84-70 

92^19 

9-58 
39-77 
-46 

•02 

24-24 
11-41 
14-84 

7-79 

The  cinereal  manure  supplies  lime,  magnesia,  soda,  phosphoric  and  sulphuric  acids, 
besides  potash ;  but  where  the  potash  only  is  omitted,  the  characteristic  growth  of 
clover  ceases.  It  is  seen  that  ammonia  prevents  the  growth  of  clover  even  when  potash 
is  present. 

In  ordinary  agriculture,  as  is  well  known,  a  great  part  of  the  constituents  of  the 
crops  are  returned  to  the  land  in  the  form  of  farmyard-manure,  while  the  remainder 
is  lost  by  sales  of  produce.  The  average  loss  of  ash-constituents,  in  an  ordinary  rota- 
tion, by  the  sale  of  corn  and  meat,  has  been  already  given  in  detail  (see  previous  article 
on  Manure,  iii.  832-842).  To  complete  the  subject  we  proceed  to  consider  the  chem- 
istry of  farmyard-manure. 

Farmyard-manure  consists  of  the  solid  and  liquia  excrements  of  the  stock  of  the 
farm,  plus  the  straw  used  as  litter.  The  value  of  the  manure  will  depend  greatly  on 
the  character  of  the  animals  contributing  to  it.  In  the  case  of  a  working  animal,  as 
a  horse  or  draught-ox,  the  whole  of  the  nitrogen  and  ash-constituents  contained  in  the 
food  will  appear  in  the  manure.  In  the  case  of  fattening  animals,  or  of  animals  pro- 
ducing milk  or  wool,  a  part  of  the  nitrogen  and  ash-constituents  of  the  food  will  bo 
retained  by  the  animal,  and  the  manure  will  be  of  poorer  quality.  The  quantity  of 
nitrogen  and  a.sh-constituents  contained  in  the  various  animal  products  of  a  farm,  and 
consequently  not  recovered  in  the  manure,  will  be  gathered  from  the  following  table. 
The  composition  of  the  fat  ox,  sheep,  and  pig  is  deduced  from  the  experiments  at 
Eothamsted,  in  which  whole  bodies  of  animals  were  submitted  to  analysis. 


Composition  of  tlic  Animal  Exports  from  a  Farm. 


Nitrogen 

Phosphoric 
.  acid 

Potash 

Lime 

Magnesia 

lbs. 

lbs. 

lbs. 

lbs. 

Ihs. 

Fat  ox,  1,000  lbs.  fasted  livel 

23-18 

10-52 

1-84 

19-20 

weight  .       .       .       .  / 

Fat  sheep,  1,000  lbs.  fasted  livel 

19  60 

11-29 

1-59 

12-80 

■50 

weight  ....  J 

Fat  pig,  1,000  lbs.  fasted  live) 

17-57 

602 

1-48 

C-67 

-35 

weight  ....  J 

1-56 

Milk,  1,000  lbs. 

5-25 

2-03 

1-80 

-16 

Wool  (unwashed),  1000  lbs. 

73-00 

1-00 

40-00 

1-00 

-70 
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The  character  of  the  food  supplied  to  the  farm-stock  has,  however,  the  greatest 
influence  in  determining  the  quality  of  tlie  manure  ;  tlic  more  nitrogenous  and  abun- 
dant is  the  diet,  the  higher  will  be  the  quality  of  the  manure.  A  third  element  in 
determining  the  character  of  the  manure  is  the  nattire  and  proportion  of  the  litter 
used. 

Supposing  the  quantity  and  kind  of  food  and  litter  consumed  on  any  farm  to  be 
known,  it  is  possible  to  calculate  pretty  nearly  what  will  be  the  quantity  and  compo- 
sition of  the  farmyard-manure  produced.  Lawes  and  Gilbert  have  made  such  a  cal- 
culation for  a  farm  on  the  ordinary  four-course  rotation,  assuming  that  1  cwt.  of  oil- 
cake per  acre  per  annum  is  consumed  by  the  stock,  and  that  the  manure  suffers  no 
loss  from  drainage.  The  result  they  arrived  at  synthetically  is  given  in  the  next  table, 
with  an  abstract  of  the  actual  analyses  of  other  chemists. 


Percentage  Composition  of  ordinary  Farmyard-Manwc. 


Lawes  and 
Gilbert 

Boa?sin- 
gaiilt 

Voelcker 

E.  WoliI 

Anderson 

Calculated 
composition 
of  fresh  dung 

Average 
composition 

Fresh 
dung 

Rotten 
dung 

Average 
composition 

Mean  o£ 
8  samples 

Water 

Organic  matter  . 
Ash  . 

70-00 
27-23 

,2-77 

79-30 
14-03 
6-67 

66-17 
28-24 
5-59 

75-42 
16-53 
8-05 

75-00 
18-09 
6-91 

72^48 
13-94 
13-58 

Potash 

Phosphoric  acid  . 
Nitrogen 

•53 

-  ^23 
•f)i 

•41 

-67 
•31 
■64 

•49 
•45 
•61 

•68 
•32 
-53 

•32 
-31 
•38 

Lawes  and  Gilbert's  calculated  composition  for  fresh  dung  is  lower'in  total  ash  than 
the  actual  manure,  as  this  always  contains  an  admixture  of  sand  and  earth.  Boussin- 
gault's  results  rohite  to  a  mixed  manure  from  horses,  oxen,  and  pigs,  the  decomposition 
of  which  was  moderately  advanced.  He  found  water  to  vary  from  77-8  to  80-4  p.c, 
and  the  nitrogen  in  the  dry  matter  from  1-7  to  2-4  p.c.  The  fresh  dung,  analysed  by 
Voelcker,  was  14  days  old  ;  it  was  the  mixed  produce  of  horses,  cows,  and  pigs.  The 
rotten  dung  was  6  months  old,  and  of  similar  origin  to  the  preceding.  Anderson's 
results,  relating  to  the  manure  of  Scotch  farms,  show  great  variation  and  low  quality. 
Water  ranged  from  68-64  to  83-02  ;  organic  matter  from  7^24  to  21  ^68  ;  potash  from 
•10  to  -60  ;  phosphoric  acid  from  -09  to  -62  ;  nitrogen  from  -19  to  -49  p.c. 

The  composition  of  farmyard-manure  is  greatly  dependent  on  tlie  extent  to  which  it 
has  suffered  decomposition,  and  on  the  losses  of  soluble  matters  which  follow  exposure 
to  rain.  Fermentation  speedily  commences  in  fresh  dung,  and  a  great  loss  of  organic 
matter  soon  takes  place;  but,  except  under  the  influence  of  rain,  the  loss  of  nitrogen  is 
but  small.  If  the  dung  is  exposed  to  the  influence  of  rain  and  drainage,  the  loss  of 
nitrogen  and  of  soluble  ash-constituents  will,  on  the  other  hand,  be  very  great. 

Voelcker  {Jour.  Boy.  Ar/ri.  Soc.  1856,  191)  has  investigated  the  losses  farmyard- 
manure  suffers  during  keeping.  A  considerable  bulk  of  the  fresh  manure  mentioned 
in  the  preceding  table  was  kept  for  one  ytar  under  cover,  a  similar  bulk  was  kept  for 
the  same  time  in  a  heap  exposed  to  weather,  and  a  third  portion  of  the  manure  was 
spread  as  in  a  yard.  Under  cover  the  organic  matter  fell  in  6  months  to  52  p.c,  and 
in  12  months  to  44  p.c.  of  the  original  quantity  ;  but  the  nitrogen  at  the  end  of  the 
year  was  still  90  p.c.  of  the  original ;  the  manure  at  the  close  of  the  experiment  con- 
tained only  41-6  p.c.  of  water.  The  same  manure  exposed  to  weather  during  6  winter 
months  of  little  rain,  contained  69  p.c.  of  its  original  organic  matter  ;  but  at  the  end 
of  the  12  months  only  33  p.c.  remained.  The  nitrogen  was  scarcely  altered  in  the 
first  6  months,  but  at  the  end  of  12  months,  after  a  wet  summer,  it  had  fallen  to  71  p.c. 
of  the  original  amount.  The  manure  spread  in  a  yard  suffered  a  far  greater  waste  ; 
at  the  end  of  one  year  it  contained  only  21  p.c.  of  the  organic  matter,  and  41  p.c.  of 
the  nitrogen  originally  present.  It  is  evident  from  these  results  that  wcU-fermouted 
dung  is  a  more  concentrated  manure  than  fresh  dung,  since  it  has  lost  considerably  in 
bulk,  while  but  little  of  the  nitrogen  and  none  of  the  ash-constituents  have  escaped ; 
on  the  other  hand,  if  the  dung  is  exposed  to  weather,  and  the  drainage-water  lost,  the 
manure  rapidly  wastes,  and  the  residue  is  comparatively  worthless.  The  nitrogen  lost 
by  (lung  not  exposed  to  rain  di.sappears  as  ammonia  and  as  free  nitrogen. 

In  fresh  farniyard-mauurc  the  nitrogenous  compounds  arc  mostly  insoluble  in  water; 
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in  •ffell-fermented  dung  the  proportion  both  of  soluble  nitrogen  and  of  soluble  organic 
matter  is  considerably  greater.  Farmj'ard-manure,  even  after  fermentation,  contains 
only  a  small  part  of  its  nitrogen  as  ammonia.  The  phosphates  and  silica  in  dung  are 
to  a  great  extent  soluble. 

The  experiments  at  Eothamsted  exhibit  the  quantitative  relations  of  the  manure  to 
the  crop  produced  ;  it  is  found  that  in  no  case  is  the  whole,  or  nearly  the  -whole,  of 
the  manure  xecovered  in  the  produce.  Thus,  on  the  meadow-land,  manure  has  been 
applied  for  9  years,  supplying  the  nitrogen  and  ash-constituents  contained  in  1  ton 
of  hay ;  the  average  produce  of  this  manure  has  been  33  cwts.  During  the  snmo 
period  the  produce  -without  manure  has  averaged  20  cwts. ;  the  manure  has  thus  actually 
produced  only  13  cwts.  per  annum,  and  eonsequentlj'  only  about  65  p.c.  of  the  manure 
has  been  recovered  in  the  crop.  In  the  case  of  barley  and  wheat  the  relation  of  the 
nitrogen  applied  to  the  nitrogen  found  in  the  increase  of  the  crops  has  been  calculated 
for  a  period  of  20  years,  and  in  the  case  of  oats  for  3  years  ;  the  mean  results  are  given 
below.  In  each  case  the  crop  was  abundantly  supplied  with  ash-constituents,  and 
the  increase  due  to  the  nitrogenous  manure  has  been  ascertained  by  subtracting  from 
the  produce  yielded  by  the  mixed  cinereal  and  nitrogenous  manure  tliat  given  by  the 
cinoroal  manure  alone  :— 


Nitrogen  Recovered  in  the  Increase  f or  100  supplied  as  Manure. 


Manures  appUed  per  acre 

Wheat 

Barley 

Oats 

Cinereals  and  ammonium  salts  (41  lbs.  nitrogen) 

32-4 

48-1 

„               „              ,,     (mean  53-3  lbs.  nitrogen)  . 

49-8 

„               „              ,,     (82  lbs.  nitrogen) 

32-9 

61-9 

„               „              „     (123  lbs.  nitrogen)  . 

31-6 

„    (164  lbs.  nitrogen)  . 

28-5» 

Cinoreals  and  sodium  nitrate  (82  lbs.  nitrogen)  . 

45-3 

50-4 

Cinereals  and  rape-cake  (mean  Gl'TS  lbs.  nitrogen)  . 

36-3 

Farmyard -manure  (about  200  lbs.  nitrogen) 

14-6 

10-7 

It  is  seen  that  the  nitrogen  recovered  in  the  crop  is  at  best  only  about  one-half  of 
that  applied  in  the  manure,  and  that  with  excessive  applications  of  nitrogen  theretittn 
is  much  less.  The  return  is  smallest  of  all  in  the  case  of  farmyard-manure.  This 
manure  does  not  produce  a  larger  crop  than  some  of  the  artificial  manures  mentioned, 
tlie  amount  applied,  though  large,  does  not  therefore  appear  to  be  relatively  excessive  ; 
the  low  result  is  rather  due  to  the  fact  that  the  nitrogen  of  dung  exists  principally 
in  organic  combinations,  and  becomes  available  to  tlio  plant  only  by  a  slow  decompo- 
sition. In  the  case  of  wheat,  all  the  manures,  save  the  sodium  nitrate,  are  applied  to 
the  land  in  the  autumn,  while  in  the  case  of  barley  and  oats  the  manures  are  applied 
in  spring-time.  The  wheat  manures  thus  suiFer  a  loss  of  winter  drainage  to  which  the 
barley  and  oat  manures  are  not  subject.  A  great  part  of  the  inferior  result  obtained 
with  wheat  is  due  to  this  cause,  but  not  the  whole  of  it,  as  other  experiments  confirm 
the  statement  of  the  table  that  barley  gives  a  rather  better  return  for  nitrogen  applied 
than  wheat.  In  the  rotation  experiments  the  amount  of  nitrogen  recovered  in  the 
produce  appears  to  bo  decidedly  larger  than  with  wheat  and  barley,  but  details  are 
not  yet  published. 

A  crop  can  never  appropriate  in  one  season  tho  whole  of  the  manure  applied,  for  it 
is  impossible  that  the  whole  can  come  in  contact  with  the  roots  ;  but  in  a  succession  of 
seasons  the  whole  of  tho  manure  should  be  recovered  if  none  is  lost  by  drainage,  by 
exhalation,  or  by  conversion  into  inert  compounds  -within  the  soil.  Repeated  analyses 
pf  drainage-waters  liave  shown  that  scarcely  any  phosphoric  acid  is  lost  in  this  direc- 
tion, all  soils  containing  any  ferric  oxide  or  alumina  having  a  powerful  retentive 
power  for  phosphoric  acid.  Potash  also  very  seldom  appears  in  drainage-waters,  but 
they  are  comparatively  rich  in  lime,  sulphuric  acid,  nitric  acid,  soda,  and  chlorine. 
The  analyses  of  the  drainage-waters  from  the  wheat-field  at  Eothamsted  (Voelcker, 
Jour.  Chem.  Soc.  1871,  286,  and  Frankland,  t7o2«r.  i?o?/.  Agri.  Soc.  1873,  337)  show 
that  the  loss  of  nitrogen  in  the  form  of  nitrates  may  be  very  considerable,  'fhe  spring 
and  summer  drainage-waters  from  the  plots  receiving  ammonia  contain  very  little 
nitric  acid,  but  the  winter  drainage-waters,  foUo-wing  the  autumn  application  of  am- 
monium salts,  seldom  contain  less  than  1  part  of  nitrogen  per  100,000,  and  rise  in 
many  instances  to  much  larger  quantities,  tlie  amount  being  generally  proportional  to 
tho  quantity  of  ammonia  applied.    The  drainage-water  from  tlie  plots  receiving 

»  Mean  of  13  years  only. 
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sodium  nitrato  reaches  its  maximum  contouts  in  nitrates  shortly  after  tlio  spring 
application  of  the  manure,  and  in  the  case  of  heavy  rain  the  amount  thus  lost 
is  very  considerable.  From  the  plot  which  has  received  farmyard-manure  for  many 
years  very  little  drainage-water  is  obtained,  owing  to  the  increased  porosity  of  the  soil, 
and  it  contains  less  nitric  acid  than  the  drainage-waters  from  any  of  the  ammonia 
plots,  the  organic  matter  of  the  dung  evidently  checking  oxidation.  Lawes  and 
Gilbert  calculate  that  every  inch  of  rain  that  passes  beyond  the  range  of  the  roots  en- 
tails a  loss  of  2'26  lbs.  of  nitrogen  per  acre,  if  the  drainage-water  contains  1  part  of 
nitrogen  per  100,000;  and  from  the  evidence  yielded  by  tlieir  drain-gauge,  they  con- 
elude  that  one-third  of  the  annual  rainfall  may  pass  below  40  inches,  this  drainage 
being  chiefly  continod  to  the  winter  months.  It  is  quite  evident  then  that  a  soil  will 
lose  a  considerable  amount  of  nitrogen  by  drainage.  The  great  absorptive  power  of 
soil  for  ammonia  was  formerly  thought  to  ensure  the  conservation  of  nitrogen  when 
applied  in  this  form,  but  the  readiness  with  which  ammonia  is  oxidised  into  nitric  acid 
in  an  aerated  soil  destroys  the  safeguard  just  mentioned,  and  ammonium  salts,  like 
nitrates,  should  not  be  applied  to  land  till  the  crop  can  make  speedy  use  of  them. 

Besides  loss  of  nitrogen  in  drainage-waters,  some  is  possibly  lost  by  exhalation. 
Boussingault  found  that  snow  which  had  lain  on  a  garden  bed  contained  much  more 
ammonia  than  the  snow  collected  from  tlie  neighbouring  terrace.  A  soil  rich  in 
organic  matter  may  also  evolve  nitrogen  in  a  free  state.  T.  Schloesing  has  shown 
[Compt.  rend.  Ixxvii.  203,  353)  tiiat  a  moist  vegetable  soil  containing  nitrates,  if 
confined  in  a  small  quantity  of  air,  first  absorbs  all  the  oxygen,  carbonic  acid  being 
produced ;  that  the  nitrates  are  then  reduced  with  formation  of  ammonia ;  and 
that  finally  a  quantity  of  free  nitrogen  is  evolved  in  excess  of  the  nitrates  origi- 
nally present,  the  organic  nitrogen  of  the  soil  evidently  therefore  suffering  loss. 
Nitrogen  is  apparently  ovblved  in  the  free  state  during  the  decomposition  of  organic 
bodies  only  wlien  oxygen  has  been  admitted.  Lawes,  Gilbert,  and  Pugh  obtained  con- 
siderable quantities  of  free  nitrogen  from  the  decomposition  of  moistened  beans,  &c., 
when  oxygon  was  admitted,  but  tlio  gases  evolved  wore  only  carbonic  acid  and  hydrogen 
when  oxygen  was  excluded. 

The  nitrog-en  of  manure  may  also  exist  in  the  soil  in  a  form  unsuitable  for  assimila- 
tion by  the  plant  and  thus  cease  to  be  effective.  Nitric  acid  appears  to  bo  pre-, 
eminently  the  form  in  which  nitrogen  is  most  readily  assimilated  by  plants.  Wliether 
ammonia  is  equally  available  seems  open  to  doubt,  some  of  the  German  water-culture 
experiments  exhibiting  ammonia  as  far  inferior  to  nitric  acid,  while  in  other  cases  a 
normal  growth  was  obtained  when  ammonia  was  the  only  source  of  nitrogen.  The  ex- 
periments of  Cameron,  Hampe,  Wagner,  and  others  have  shown  that  urea,  uric  acid,  hip- 
puric  acid,  glycocine,  and  creatine  are  perfectly  available  forms  of  nitrogen  to  plants, 
and  in  the  case  at  least  of  urea  and  creatine,  they  are  taken  up  without  decomposition, 
being  easily  detected  in  the  living  plant.  On  the  other  hand,  the  nitrogenous  humus 
bodies,  which  form  the  bulk  of  the  nitrogenous  matter  in  vegetable  soils,  are  clearly 
unable  to  supply  nitrogen  to  plant-s  (at  least  to  cereals),  a  small  quantity  of  a  nitrate 
far  surpassing  in  its  effects  a  large  quantity  of  nitrogenous  peaty  matter.  By  oxida- 
tion, and  especially  by  treatment  with  lime,  the  nitrogen  of  the  humus  becomes,  how- 
over,  slowly  available. 

In  the  wheat-field  at  Eothamsted  there  is  considerable  evidence  that  the  residues  of 
ammoniacal  manuring  speedily  assume  a  form  unavailable  for  succeeding  crops  of 
wheat.  Plots  to  which  very  large  quantities  of  ammonium  salts  have  been  applied 
yield  scarcely  more  produce  than  unmanured  soil  as  soon  as  fresh  additions  of  am- 
monia cease ;  yet  analysis  of  the  soil  shows  that  a  considerable  accumulation  of  nitrogen 
has  really  taken  place.  It  has  been  shown  by  P.  Thenard  and  others,  that  ammonia 
is  capable  of  combining  with  glucose  and  other  vegetable  substances  at  a  high  tem- 
perature, forming  dark  coloured  nitrogenous  bodies  in  which  ammonia  cannot  bo  de- 
tected. Knop  found  that  peat  soils  by  long  conbict  with  ammonia  absorbed  consider- 
able quantities,  and  that  after  this  absorption  it  could  not  be  again  recovered  in  the 
form  of  nitrogen  by  treatment  with  sodium  hypochlorite.  It  seems  possible  that  nitro- 
genous matters  of  a  similar  character  may  be  formed  in  the  soil  by  the  action  of  the 
ammonia  applied  as  manure  on  decaying  vegetable  substances. 

With  regard  to  the  ash-constituents  of  manure  there  can  be  little  doubt  that  some  of 
tliom,  especially  phosphoric  acid,  assume  more  or  less  insoluble  ^forms  after  mixing 
with  the  soil,  and  cease  to  bo  as  available  for  the  plant  as  a  'fresh  application  of 
manure.  The  Eothamsted  experiments,  however,  plainly  show  that  residues  of  cine- 
real  manures  are  capable  of  producing  a  marked  and  long-continued  effect  on  succeed- 
ing crops,  and  that  in  the  case  of  wheat,  residues  of  phosphates  and  alkalis  are  far 
more  effective  than  residues  of  ammonia.  For  details  of  these  results  see  Lawes  and 
Gilbert's  statements  (Jour.  Boy.  Agri.  Soc.  1873,  321). 

From  the  considerable  absorptive  power  of  soil  for  phosphoric  acid  and  potash,  the 
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residues  of  these  manures  renuun  accumulated  near  the  surface.  Hermann  v.  Liebig 
{Jour.  Chem.  Soc.  1872,  318,  837)  has  analysed  some  of  the  soils  of  the  Eothamsted 
■wheat-field  after  22  years'  application  of  manure  :  he  finds  the  accumulation  of  phos- 
phoric acid  and  potash  to  be  chiefly  in  the  first  9  inches  of  soil,  and  none  has  apparently 
passed  below  the  second  9  inches. 

E.  W. 

IVXAXXTE.  This  name  is  given  by  Laspeyres  {J.  pr.  Chem.  [2],  v.  470)  to  a 
hydrated  sulphate-carbonate  of  lead  found  in  the  Mala-Oalzetta  mine,  near  Iglesias  in 
Sardinia,  where  it  occurs  in  small  quantities  in  galena,  together  with  anglesite  (PbSO') 
and  eerussite  (PbCO^),  forming  curvilaminar  and  crystalline  masses,  with  one  dis- 
tinct cleavage-plane  to  which  the  acute  bisectrix  is  perpendicular.  The  cleavage  and 
the  optical  properties  show  that  the  mineral  belongs  to  the  rhombic  or  trimetric  system. 
Besides  the  principal  cleavage,  which  yields  lamellae  with  adamantine  lustre  and  New- 
tonian colour-rings,  there  appear  to  be  also  indistinct  directions  of  cleavage.  The 
mineral  is  negatively  uniaxial,  with  very  small  axial  angle,  and  strong  refractive 
power,  like  all  native  lead-salts  ;  the  optic  axes  are  more  divergent  for  the  red  than 
for  the  blue  rays.  Fracture,  concho'idal  or  splintery.  Hardness,  2  o  to  3;  that  is, 
between  potash-mica  and  calcspar.  Sp.  gr.  6'87i.  Somewhat  brittle;  colourless; 
transparent  to  translucent.  Lustre  on  the  fractured  surface,  fatty-adamantine  like 
that  of  eerussite.  In  physical  properties,  therefore,  maxite  closely  resembles  lead- 
hillite  (3PbC0'.PbS0^),  but  it  is  distinguished  from  that  mineral  by  containing  water. 
At  100°  it  gives  off  only  traces  (0-099  p.c.)  of  hygroscopic  water,  the  constitutional 
water  requiring  a  beat  of  250°-300°  to  expel  it.  The  carbonic  acid  requires  a  still 
higher  temperature,  and  is  not  completely  expelled  below  a  bright  red  heat.  At  the 
outer  edge  of  an  ordinary  spirit-flame,  maxite  fuses  quickly  and  quietly,  almost  as 
easily  as  native  sulphide  of  antimony  (which,  as  v.  Kobell  has  shown,  is  the  most 
easily  fusible  of  all  minerals)  to  a  bead  of  lead  sulphate  and  oxide,  which  is  red  while 
hot,  then  becomes  yellow,  and,  on  cooling,  crystalline  and  nearly  white.  Before  the 
blowpipe  it  gives  the  ordinary  reactions  of  lead,  and  when  fused  with  sodium  carbon- 
ate on  charcoal,  a  strong  hepatic  reaction. 

Quantitative  analysis  gave  results  agreeing  with  the  empirical  formula,  5H-0, 
18PbO,  9C0^  5S0^ 

Calculation  Analysis 

bWO  ...       90  1-838  1-866 

9C02  .       .       .     386  8-081  8-082 

5S05   .       .       .400  8-163  8-140 

18PbO        .       .    4014  81-918  81-912 

4890  100-000  100-000 

From  this  may  be  deduced  the  rational  formula,  5PbSO'.9PbCO^(4PbO,5H-0), 
which  is  that  of  a  molecular  compound  of  31  p.c.  lead  sulphate,  49  p.c.  lead  carbonate, 
and  20  p.c.  of  a  lead  hydroxide  not  known  in  the  separate  state. 

Bortrand  {Bull.  Soc.  Chim.  [2],  xix.  17  ;  Chem.  Soc.  J.  [2],  xi.  481)  regards  maxite 
not  as  a  distinct  mineral,  but  as  leadhillite  altered  by  the  action  of  water,  and  de- 
scribes a  specimen  of  leadhillite  from  Iglesias,  in  which  the  same  alteration  has  taken 
place,  but  to  a  smaller  extent  than  in  the  maxite  described  by  Laspeyres  (see  Lead- 
hillite (p.  730). 

Laspeyi-es,  on  the  other  hand  {Jahrh.f.  Mineralogie,  1873,  292;  Chem.  Soc.  J.  [2], 
xi.  1112),  points  out  that  the  difference  of  composition  between  maxite  and  leadhillite 
is  much  too  great  to  allow  of  their  being  regarded  as  identical,  as,  indeed,  may  be  seen 
by  the  following  comparison : — 

Pbo  CO'  so»  n^o 
Maxite  .  .  .  81-912  8-082  8-140  1-866 
Leadhillite  (Scotch)  .  80-800  11-960  7-250  — 
Difference    .       .       .      +1-112      -3-868     +0-890    -1-866  p.c. 

These  differences  become  still  more  apparent  on  writing  the  formula;  of  maxite 
(18PbO.9CO-.6SOs .+  6H=0)  and  that  of  leadhillite  (4Pb0.3COMSO^),  with  equal 
numbers  of  molecules  of  lead  oxide  ;  they  then  become — 

PbO  CO"  SO'  H=o 

Maxite        ...       36  18  10  10 

Leadhillite  ...       36  27  9 

Difference     ...         0  -9  +1  +10 

Laspeyres  is  further  of  opinion  that  the  so-called  leadhillite  from  Iglesias,  described 
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by  Bertrand,  is  not  leadhillito  more  or  less  altered  by  hydration,  but  a  mixture  of 
true  leadhillito  with  maxito. 

nZEIiAmPVRVns.  The  seed  of  tho  Purple  Cow-wheat  {Melavipyrum  arvense) 
contains  a  gliicosido  identical  with,  or  very  much  like,  rhinanthin  {\st  Sufpl.  994). 
It  is  obtained  by  exhausting  tho  seeds  with  alcohol,  freeing  the  extract  from  fat,  and 
leaving  the  alcoholic  solution  to  evaporate  over  sulphuric  acid ;  by  a  second  crystalli- 
sation it  is  obtained  white.  When  boiled  with  an  acid,  it  splits  up  into  glucose  and  an 
insoluble  violet-brown  substance  (H.  Ludwig  and  H.  Miillcr,  Arch.  Pharm.  [2J, 
cxlix.  6). 

niEXiAPKVRE.  Tho  molaphyres  of  tho  Little  Carpathians  havo  been  examined 
by  H.  Hofer  {Jahrhiich  f.  Mincrahgic,  1871,  113).  They  are  eruptive  rocks  of  tlie 
middle  trias  period,  and  may  be  classified  as  compact,  crystalline,  porphyritic  and 
amygdaloi'dal. 

l._  Compact.— 1h.\s  is  the  predominating  variety  of  the  group,  and  is  distinguished 
by  its  varied  colour,  the  darker  hues,  however,  prevailing.  The  typical  colour  is 
black,  with  a  dash  of  violet;  red  and  reddish-brown  are  rare,  and  black  passing  into 
green  is  frequent.  By  weathering,  the  latter  hue  changes  to  a  light  yellowish-brown, 
through  the  oxidalfion  of  ferrous  oxide.  The  green  varieties  effervesce  more  with  acid 
than  the  black,  and  this  is  especially  the  case  with  freshly-exposed  dark  green 
specimens.  Tho  green  melaphyre  takes  a  black  colour  and  almost  metallic  lustre 
by  weathering.  By  aid  of  a  lens,  numerous  dark  green  granules,  resembling  sela- 
donite,  are  observed  in  it.  Compact  melaphyre  melts  before  the  blowpipe  to  a  black 
and  very  vesicular  slag;  has  a  stony  conchoi'dal  fracture,  and  a  hardness  between  6  and 
7.  Though  hand  specimens  but  slightly  affect  the  magnetic  needle,  this  instrument 
is  entirely  untrustworthy  in  the  vicinity  of  the  rocks  themselves.  The  specimens 
examined  were  :  I,  Violet-black  melaphyre,  from  the  southern  end  of  the  Blumenthal, 
north  of  Grenitz;  sp.  gr.  2-852.  II.  Blacldsh-grey  melaphyi-e,  with  a  dash  of  olive- 
green,  resembling  basalt,  from  the  bed  of  the  Schwarzen  "Waag,  near  Hoskowa;  sp.  gr. 
■2-734 : 


Si02 

APO' 

Fe=0' 

FeO 

CaO 

MgO 

K'O 

Nn=0 

CO' 

H=0 

Total 

52-75 

10-80 

20-24 

3-84 

2-36 

0-41 

1-54 

3-62 

1-99 

3-10 

100-65 

U.  . 

55-20 

11-30 

21-18 

4-02 

2-47 

0-43 

]-61 

100-00 

lla.  . 

50-41 

21-40 

11-07 

4-95 

3-31 

0-94 

2-26 

3-91 

3-33 

101-58 

m. . 

5131 

21-78 

11-20 

504 

3-37 

0-96 

2-30 

3-98 

100-00 

Tho  oxygen  ratios  of  silica,  sesquioxides,  and  protoxides  are  in  15 :  29-438,  11-620, 
3-009  ;  and  in  116  :  27-364,  13-556,  and  3-865. 

2.  Crystalline. — This  variety  is  in  a  state  of  transition  from  the  compact  to  the  por- 
phyritic variety  ;  bright  coloured  scales  soparato  themselves  from  the  uniform  mass, 
and  when  of  some  size  are  recognised  as  felspar  ;  tho  conchoi'dal  fracture  is  lost,  and 
becomes  irregular.  If  the  crystals  of  felspar  increase  in  size,  the  rock  is  then  porphy- 
ritic, and  the  three  forms  of  melaphyre  are  occasionally  met  with,  side  by  side,  in  situ. 
Tho  lithological  characters  of  tho  crystalline  varieties  are,  as  regards  colour,  as  varied 
as  those  of  tho  compact  molaphyres,  to  each  of  which,  in  fact,  a  congeneric  crystalline 
kind  is  to  be  met  with. 

The  specimen  examined  was  from  tlie  Ipolticzathal,  near  Hoskowa.  It  was  green  ; 
had  a  sp.  gr.  =  2-859,  and  enclosed  very  small  white  brilliant  crystals,  apparently  of 
felspar,  green,  often  foliated,  masses,  intimately  mixed  with  the  felspar,  and  occasional 
black,  angular  granules.    Its  composition  is  : — 


SiO' 

A1=0» 

Fe"0" 

FeO 

CaO 

MgO 

K'O 

Na=0 

H'O 

Total 

(t. 
b. 

48-69 
50-77 

12-  81 

13-  37 

10-  77 

11-  23 

9-43 
9-84 

7-  99 

8-  33 

0-  99 

1-  03 

1-73 

5-56 
3-71 

3-36 

99-26 
100-00 

Tho  oxygon  ratios  of  silica,  sesquioxides,  and  protoxides  are:  27'076,  9-610,  and 
G-203. 

3.  Porpliyritic. — The  dark  varieties  and  those  with  a  violet  hue  are,  with  scarcely 
an  exception,  tho  only  ones  which  become  entirely  porphyritic.    This  division,  there- 


»  In  this  and  the  follo-nring  tables  the  percentages  given  uncirr  a  are  the  direct  results  of  analysis, 
those  under  6  are  raised  to  100°  after  deduction  o£  carbonic  anhydride  and  -water. 
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fore,  is  characterised  by  a  blackisli-violet  base,  enclosing  greenish  felspar  in  crystals, 
on  an  average  G  lines  in  length  and  1  line  in  breadth. 

The  composition  of  a  specimen  of  the  above  kind,  found  south  of  Luczivua,  at  the 
north  foot  of  the  Palkniczaberg,  is  given  below  (I),  as  well  as  that  of  the  li^lit  green 
felspar  (andesin)  which  it  encloses  (11),  and  of  tlio  dark  violet  base  itself  (III). 


SiO" 

A1'0» 

Fe=0= 

FeO 

CaO 

MgO 

K=0 

Na=0 

H=0 

Total 

Sp.  gr. 

la.  . 

52-46 

19-65 

10-86 

1-92 

5-30 

0-65 

1-67 

2-89 

4-81 

100-11 

2-689 

lb.  . 

55-05 

20-62 

11-40 

2-01 

5-56 

0-68 

1-65 

3-03 

100-00 

Ua.  . 

53-26 

24-28 

2-96 

6-83 

0-56 

2-47 

4-68 

3-08 

99-02 

2-633 

lU.  . 

56-04 

25-55 

3-12 

7-19 

0-59 

2-59 

4-9- 

100-00 

Ilia. 

50-65 

16-32 

15-03 

2-33 

4-45 

0-63 

1-79 

3-44 

5-14 

99-78 

2-751 

111b. 

53-62 

17-25 

15-88 

2-46 

4-70 

0-67 

1-89 

3-63 

100-00 

The  oxygen  ratios  of  silica,  sesquioxides,  and  protoxides,  are:  16.  29-358,  13-139, 
and  3-352;  Ub.  29-886,  11  943,  and  4-681  ;  and  III/-.  28  542,  12-822,  and  3  397. 

A  further  example  of  this  variety,  from  an  entirely  isolated  out-crop  in  the  Bistra,- 
thal,  near  Bries,  enclosed  green  crystals  of  felspar,  and  round  masses,  li  lines  across, 
of  a  green,  almost  compact  mineral,  which  was  found  to  be  delessite,  enclosing  small 
particles  of  calcite.  This  rock  has  a  rather  even  splintery  fracture,  and  is  probably 
in  the  first  stage  of  decomposition.    Its  specific  gravity  is  2-816,  and  composition: — 


SiO= 

re=0' 

FeO 

CaO 

MgO 

K'O 

Na'O 

H=0 

Total  j 

52-21 
55-10 

12-  84 

13-  55 

16-  35 

17-  26 

5-  67 

6-  00 

3-67 
3-87 

1-13 
1-19 

0-  98 

1-  03 

1-  90 

2-  00 

201 

4-50 

101-26 
100-00 

The  oxygen  ratios  of  silica,  sesquioxides,  and  protoxides,  are  :  29-385,  11-506,  and 
3-589. 

4.  Amygdaldidal. — The  numerous  varieties  of  this  group  agree  in  having  a  dark  base. 
In  one  from  the  Nischne  Chmelenicthal,  at  Svarin,  it  was  of  a  dull  dirty  violet,  and 
enclosed  felspar  crystals  I  J  lines  in.  length,  which  had  lost  their  distinct  cleavage, 
were  without  lustre,  and  effervesced  with  acid.  In  some  of  the  more  altered  crystals 
small  spherules  of  a  dark  green  mineral  are  seen  ;  in  other  instances  the  entire  struc- 
ture of  a  crystal  has  been  replaced  by  this  substance.  The  amygdalo'ids,  then,  are 
clearly  due  to  a  metamorphosis  of  the  andesin. 

The  specific  gravity  of  this  altered  melaphyi-e  is  2-856,  and  its  composition  is  given 
below,  under  I. 

A  typical  specimen  from  Schwarzwaag  had  a  dull  reddish-brown  base,  enclosing 
delessite,  amygdaloi'ds  of  calcite,  and  here  and  there  small  particles  of  mesitin.  The 
felspar  was  completely  decomposed.  Its  specific  gravity  is  2-727,  and  composition  as 
under  (II) :— 


SiO" 

APO» 

Fe=0" 

FeO 

CaO 

MgO 

K=0 

Na=0 

CO' 

K'O 

Total 

la.  . 

51-80 

7-78 

20-99 

5-34 

3-10 

0-47 

2-25 

2-71 

1-29 

3-77 

99-50 

lb.  . 

54-85 

8-24 

22-23 

5-65 

3-28 

0-50 

2-38 

2-87 

100-00 

Ua.  . 

42-75 

14-04 

14-10 

2-50 

0-10 

0-57 

2-22 

4-29 

7-69 

3-49 

100-75 

lib.  . 

47-73 

15-67 

15-74 

2-79 

10-16 

0-64 

2-48 

4-79 

100-00 

The  oxygen  ratios  of  silica,  sesquioxides,  and  protoxides,  are :  lb.  29-252,  10-514, 
and  3-523  ;  and  116.  25-454,  12-042,  and  5-411. 

The  minerals  met  with  in  the  larger  ca-vities  of  the  altered  melaphyreof  this  region 
are:  delessite  and  green  earth,  calcite,  mesitin,  quartz,  chalcedony,  agate,  and  jasper, 
pistacite,  heulandite,  copper  pyrites,  and  malachite. 

iax:x.X.TTXC  acid,  C'-H«0'=.  The  principal  results  of  Baeyer's  elaborate  in- 
vestigation of  this  acid  and  its  derivatives  have  been  given  in  the  l.-*;!  Stippl, 
(pp.  808-814).  The  following  facts  have  since  been  published  {Ann.  Ch.  Pharm. 
cxlvi.  325-360). 

The  acid  C'E'^O'  =  C'=H«(COOH)^,  formerly  called  hydropyromellitic  acid,  is  a 
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mixture  of  two  isomerides.  One  of  these,  for  which  the  original  name  is  retained,  it) 
r.niorphous,  while  the  otlior,  called  isohydropyromcllitic  acid,  crystallises  in  agglomera- 
tions of  needles  ha\-ing  the  composition  C"'H'<'0'.2H-0,  and  g'iving  olF  their  water  of 
crystallisation  at  120°.  Its  aqueous  solution  is  not  precipitated  by  baryta-water  in 
the  cold,  but  on  heating  the  liquid,  a  dense  crystalline  precipitate  soluble  in  acetic 
acid  is  formed.  Lead  ac'etate  produces  a  flocculent  precipitate  insoluble  in  acetic  acid. 

Both  varieties  of  hydropyromellitic  acid,  Avhcn  heated  above  200°,  yield  a  distillate 
of  tetrahydrophthalic  acid,  C^H'"0'  (see  Phthalic  Acid). 

When  mellitio  acid  is  heated  with  cili/ccrin  till  the  solid  mass  becomes  brownish- 
black  and  porous,  no  pyromellitic  acid 'is  formed,  but  a  large  quantity  of  trimesic  acid, 
C^'ll'^O^. 

TrimclUtk  acid,  C''ff(CO=H)^  when  heated,  yields  the  anhydride  C«n»  CO^'"'' 

icooii 

a  crystalline  mass  which  melts  at  157°-158°,  and  dissolves  readily  in  hot  water. 
Fnhnitio  anhydride,  formed  in  like  manner  from  prehnitic  acid,  C''H-(C0'-H)',  has 
(CO^^ 

the  composition  CH^  \  CO^  ' 
l(COOH)- 

The  methylic  ethers  of  the  several  polycarbonic  acids  of  benzene  crystallise  exceed- 
ingly well,  and  are  well  adapted  for  the  detection  and  comparison  of  these  acids.  The 
following  have  been  prepared  by  the  action  of  methyl  iodide  on  their  silver  salts. 

Methyl  isohydropyromellifate  crystallises  from  a  hot  alcoholic  solution  in  short  tliick 
needles,  melting  at  156°,  and  distilling  without  decomposition.  Methyl  pyromellif ate 
is  but  sparingly  soluble  in  boiling  alcohol,  and  forms  large  plates  melting  at  138°. 
Methyl  trimellitate  crystallises  from  dilute  alcohol  in  long  slender  needles  melting  at 
63°-65^ 

IMCEIiOXOKrTBXM',  C^II'-N-'SO^  (P.  Schroiuer,  Bent.  Chem.  Gcs.  Bcr.  iv.  763). 
A  crj'stalHsablo  substance  oljtainctl  together  with  leucine,  sarcine,  doubtful  traces  of 
xanthine,  abundance  of  water,  and  calcium  oxalate,  from  cockchafers  {Melolontha 
vulefaris).  The  aqueous  extract  of  the  mashed  insects  is  freed  from  albuminoids  by 
boiling ;  the  concentrated  filtrate  is  precipitated  by  basic  lead  acetate ;  and  the 
filtered  liquid,  freed  from  excess  of  lead  by  hydrogen  sulphide,  is  concentrated,  whore- 
npoh  it  deposits  urates.  The  mother-liquor  evaporated  to  a  syrup  and  left  at  rest  for 
some  time  deposits  crystals  which  exhibit  under  the  microscope  well-defined  needles, 
together  with  the  spherical  forms  of  leucine,  and  the  mother-liquor  after  a  few 
days  yields  a  second  crop  of  the  needles.  The  united  products  are  treated,  first  with  a 
large  quantity  of  alcohol  of  SOp.c,  then  for  a  considerable  time  with  alcohol  of  70  p.c, 
whereby  the  leucine  is  dissolved  and  a  white  flocculent  substance  consisting  of  micro- 
scopic needles  is  left  behind.  These  needles  also  separate  from  the  70  p.c.  alcohol 
dui'ing  the  filtration. 

The  substance  thus  obtained  is  melolonthin.  30  lbs.  of  cockchafers  yield  only  1"56 
pram  of  it.  When  purified  by  recrystallisation  from  water,  with  addition  of  a  few 
drops  of  ammonia,  it  is  perfectly  colourless,  and  has  a  beautiful  silky  lustre.  It  is 
tasteless  and  scentless ;  hard ;  grates  between  the  teeth ;  does  not  lose  weight  at 
100°  ;  dissolves  sparingly  in  cold,  more  easily  in  warm  water,  very  slightly  in  aqueous 
alcohol,  not  at  all  in  absolute  alcohol  or  in  ether,  but  easily  in  potash,  soda,  sodium 
carbonate,  ammonium  carbonate,  tartaric,  hydrochloric,  aitric,  and  sulphuric  acids, 
and  in  water  containing  a  few  drops  of  ammonia ;  and  crj'stallises  from  this  last- 
mentioned  solution,  as  the  ammonia  evaporates,  in  rather  large  tabular  rhombic 
prisms.    The  aqueous  solution  does  not  act  on  polarised  light. 

IVTENEG-HIMITE.  This  mineral,  hitherto  found  only  at  Bottino  in  Tuscany, 
has  lici'ii  ilisonvi  rcd  in  the  emery  bed  at  Ochsenkopf  near  Schwarzenberg  in  Saxony. 
It  occurs  in  compact  masses  disseminated  through  the  emery;  has  a  metallic  lustre,  a 
black  lead-grey  colour,  a  black  shining  streak,  compact  to  even  fracture  ;  hardness  = 
3  ;  sp.  gr.  -    6-367.    Two  analyses  gave— 

Lend        Copper   Antimoiiv     Sulphiu-  Iron 
61-33       1-38       10-60       17-01:        —      =  90-35 
60-09       1-5G       19-11        18-22       0-25    =  00-23 
iiidic.-iting  the  formula  4PliS.Sb-S'',  which  is  that  previously  assigned  to  meneghiiiito 
(iii.  879  ;  Frenzel,  Jahrbuchf.  Mineraloyic,  1871,  290). 

BXERCURY.  Tension  and  Diffusion  of  Mercury  Vapour. — Faraday  showed  that 
mercury  gives  off  A-apour  at  ordinary  temperatures  between  15-0°  and  27°  ;  but  his  ex- 
periments did  not  indicate  the  formation  of  mercurial  vapour  at  temperatures  below 
the  freezing  point  of  water  (iii.  864).  Mcrget,  however  {Compt.  rend.  Ixxiii.  1356),  by 
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exposing  paper  streaked  with  ammoniaeal  silver  nitrate,  or  in  bright  sunshine  the 
chlorides  of  platinum  and  palladium,  to  the  action  of  the  mercury  vapour,  has  sho-n  n 
that  the  vaporisation  of  the  metal  goes  on  continuously  between  +  25°  and  —25°,  and 
takes  place  even  as  low  as  —  not  being  interrupted  even  by  the  freezing  of  the 
metal,  and  that  the  vapours  possess  a  considerable  diffusive  power. 

Eeguault  {Compt.  rend.  Ixxiii.  1462)  also  finds  that  mercury  at  —13°  gives  off 
sufficient  vapour  to  produce  a  daguerreotype  picture  by  24  hours'  exposure.  His  de- 
terminations of  the  vapour-tension  of  mercury  at  different  temperatures  (iii.  94)  also 
show  that  it  emits  vapour  of  measurable  tension  at  0°. 

Estimation. — Two  processes  for  the  estimation  of  mercury  are  given  by  J.  B.  Hannay 
{Chem.  Soc.  J.  [2],  xi.  665).  The  first,  which  is  a  volumetric  method,  depends  upon 
the  fact  that  potassium  cyanide  dissolves  the  precipitate  produced  by  ammonia  in  a 
solution  of  mercury  chloride.  A  few  drops  of  ammonia  are  first  added  to  the  solution 
containing  the  mercury  in  the  state  of  chloride,  and  then  a  standard  solution  of  potas- 
sium cyanide  until  the  turbidity  produced  by  the  ammonia  disappears.  If  arsenic, 
copper,  &c.,  be  present,  the  solution  should  be  precipitated  by  sulphuretted  hydrogen, 
the  arsenic,  &c.,  separated  by  sulphide  of  ammonium,  and  the  mercury  sulphide  dis- 
solved in  aqua  regia. — The  other  method  consists  in  decomposing  the  mercury,  in  solu- 
tion as  sulphate,  by  the  electric  current  in  a  platinum  basin,  the  mercury  being 
deposited  on  the  basin  in  the  state  of  metal  and  weighed  as  such. 

Eshka  {Dingl.  jiolyt.  J.  cciv.  47)  estimates  mercury  in  its  ores  by  exposing  the  ore 
to  a  high  temperature  in  contact  with  metallic  iron,  and  absorbing  the  volatilised  mer- 
cury with  metallic  gold. 

A  weighed  portion  of  the  pulverised  sample  is  placed  in  a  porcelain  crucible,  with 
smooth  and  even  edge,  and  mixed  with  about  half  its  weight  of  pure  iron  filings,  and 
the  whole  is  uniformly  covered  with  a  layer  of  filings  from  0'5  to  1  centim.  thick. 
The  crucible  is  covered  with  a  concave,  well-fitting  gold  lid,  the  cavity  of  which  is 
filled  with  distilled  water.  The  crucible  is  heated  for  ten  minutes  by  means  of  a 
flame,  whose  point  plays  on  the  under  surface.  The  gold  lid  is  now  removed  from  the 
crucible,  the  water  poured  off,  and  the  mercurial  mirror  on  the  convex  side  is  washed 
with  alcohol,  the  lid  dried  in  the  water  bath,  and  weighed  after  cooling.  The  increase 
of  weight  in  the.gold  lid  expresses  the  weight  of  mercury  contained  in  the  sample  of 
ore. 

The  quantity  of  ore  to  be  operated  on  varies  from  10  grams  for  poor  ores  contain- 
ing 1  p.c.  of  mercury  to  1  gram  for  rich  ores  about  30  p.c. 

Amalgams. — Crystalline  amalgams  of  potassium  and  sodium  are  described  by 
Kraut  a.  Popp  {Ann.  Ch.  Pharm.  clix.  188).  AVhen  sodium  amalgam  (prepared  by 
triturating  3  parts  of  sodium  with' 97  parts  of  mercury)  is  added  to  an  aqueous  solution 
of  carbonate  or  hydrate  of  sodium,  or  left  for  several  days  under  a  moderate  quantity 
of  water,  long  needles  of  an  amalgam  are  formed  having  the  composition  Na-Hg'-'.  If 
the  sodium  amalgam  bo  immersed  in  a  solution  of  carbonate  or  hydrate  of  potassium, 
hard  crystals  appear  after  a  few  days  in  the  separated  mercury,  consisting  of  an 
amalgam  of  potassium.  These  crystals  are  cubes  with  rhombic  dodecahedral  and  octo- 
hedral  faces,  the  sides  of  which  sometimes  attain  the  length  of  5  mm.  When  left 
under  the  liquid  they  disappear  again  for  some  time,  but  in  closed  vessels  they  remain 
unaltered.  They  contain  merciuy,  potassiimi,  and  sodium,  the  quantity  of  thesodiiuu 
being  less  the  longer  the  time  for  which  the  formation  of  the  crystals  has  gone  on. 
Supposing  the  sodium  to  be  in  the  form  of  the  above  described  amalgam  !Na"Hg'-, 
merely  mixed  with  the  potassium  amalgam,  the  composition  of  the  latter  will  be  ex- 
pressed by  the  formula  K'^Hg-^  These  formulae  of  the  potassium  and  sodium 
amalgams  exhibit  some  analogy  to  those  of  the  peroxides  of  the  same  metals,  viz. 
and  Na'O^.  Crystallised  potassium  amalgam  was  prepared  some  time  ago  by  Berze- 
lius  and  Pontin  (iii.  889),  also  by  Crookewite  {Jahrcsb.  f.  CJKm.  1847-48,  393). 
Lowig  {ibid.  1860,  397)  obtained  sodium  amalgam  in  prisms  an  inch  long  by  adding 
sodium  to  mercury  in  such  quantity  that  the  mixture  solidified  completely  on  cooling, 
then  pressing  out  the  excess  of  mercury,  fusing  the  amalgam,  and  leaving  it  to  solidify 
slowly. 

Reactions  of  Mercury  Coiii'poiinds. — A  solution  of  mercuric  ckloridcis  com- 
pletely decomposed  in  a  few  hours  at  ordinary  temperatures  by  metallic  silver  (cspe- 
jcially  in  the  finely  divided  state)  according  to  the  equation — 
HgCP  +  Ag2  =  2AgCl  +  Hg. 

From  a  solution  of  mercuric  iodide  in  potassium  iodide,  silver  likewise  precipitates 
the  mercury  completely  at  ordinary  temperatures  (Campani,  Niiovo  Cimento  [2J, 
ill  73). 

Mercuric  oxide  dissolves  completely  in  solution  of  potassium  iodide,  in  consequence 
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of  the  formation  of  potassium  lijdrato  and  the  double  iodide  2KI.HgI-  (John.  Arch. 
Pharm.  [3],  i.  97). 

Mercuric  siclp hide, —This  compound  oecurs  in  Lake  County,  California,  forming 
an  amorphous  crust  in  clefts  and  bollo-\vs  of  a  siliceous  gangue,  associated  with  cin- 
nabar and  with  iron-  and  copper-pyrites.  Fracture,  couchoidal  to  brittle ;  hardness 
=  3;  sp.gr.  =7'701-7'748;  colour,  greyish-black;  streak  on  porcelain,  pure  black. 
Before  the  blowpipe  it  behaves  like  cinnabar.    The  mean  of  several  analysefs  gave — 

S  IIr  Fc  Quartz 

13-82       85-79       0-39       0-2.5     +  100-2j 

tlie  formula  lIgS  requiring  13-88  sulphur  and  86-12  mercury  (G.  Moore,  Jahrbuchf. 
Mincralogic,  1871,  291). 

MEBCURir-Ril.DZCI.ES,  ORCANZC.  See  Ut  Siippl.  (pp.  818-821).  On  the 
Naphthyl-mcrcuric  Compounds,  see  further  Naphthyl,  in  this  volume. 

DISSACOirZC  AOZS,  C^H'O^.  On  the  formation  of  this  acid  from  the  isomeric 
itaconic  acid,  see  p.  709. 

Potassium  mesaconate  subjected  to  electrolysis  yields  at  the  positive  pole  carbon 
dioxide  and  allylene,  C'H\  which  is  precipitated  by  silver  nitrate.  The  other  pro- 
ducts of  the  decomposition  are  probably  acrylic  and  itaconic  acids.  The  allylene  thus 
produced  is  not  identical  either  with  ordinary  allylene,  or  with  those  produced  respec- 
tively by  the  electrolysis  of  citraconic  and  itaconic  acid  (p.  708). 

Mesaconic  acid  is  slightly  coloured  by  fei-ric  chloride,  and  the  solution  when  boiled 
deposits  a  gelatinous  precipitate  which  rcdissolves  on  cooling.  The  addition  of  a 
further  quantity  of  ferric  chloride  prevents  its  redissolution.  Neutral  mesaconates  of 
alkali-metal  give  with  ferric  chloride  a  brown  precipitate  which  is  insoluble  in  excess 
of  the  reagents,  and  does  not  dissolve  when  the  liquid  is  heated  (Aarland,  J.  pr.  Chem, 
[2],  vi.  256). 

nXESZTVI.EN'E,  C»H'-  =  C'^H''(Cff)^  This  hydrocarbon,  treated  with  phospho- 
nium  iodide,  is  hydrogenised  more  easily  than  benzene,  toluene,  or  xylene  (p.  666), 
and  is  converted  into  hexhydromesitylene,  CH'^.  The  latter,  when  freed  by 
nitric  acid  from  unaltered  mesitylene,  boils  at  135°-138°  ;  it  smells  like  petroleum,  is 
attacked  by  bromine,  and  converted  by  prolonged  treatment  with  fuming  nitric  acid 
into  trinitromesitylene  (A.  Baeyer,  Ann.  Ch.  Pharm.  clvi.  266). 

MESXTYXiENE-SVIiPHOIfZC  ACXD,  C'H'^SO^  =  C«(CH3)'H=  SG^H  (Jacob- 
sen,  Ann.  Ch.  Pharm.  cxlv.  85).  The  mesitylene  required  for  the  preparation  of  this 
acid  was  obtained  by  a  modification  of  Fittig's  process  {1st  Suppl.  298).  Instead  of 
first  mixing  the  acetone  with  sand  and  then  adding  sulphuric  acid,  the  acetone  (2  vol.) 
was  at  once  mixed  with  strong  sulphuric  acid  in  a  retort  fitted  with  a  long  condensing 
tube  directed  upwards,  so  that  the  acetone  volatilised  by  the  heat  resulting  from  the 
action  might  flow  back  again  ;  the  liquid  after  cooling  was  mixed  with  a  quantity  of 
sand  sufficient  to  form  a  thick  paste,  and  then  distilled.  A  kilogram  of  acetone  thus 
treated  yields  110  grams  of  crude  mesitylene  boiling  between  163°  and  170°. 

To  prepare  the  sulphonic  acid,  this  crude  mesitylene  was  treated  with  a  mixture  of 
ordinary  and  fuming  sulphuric  acid  in  equal  volumes,  whereupon  it  dissolved  with 
only  slight  browning  and  almost  without  rise  of  temperature,  the  solution  beginning 
to  crystallise  after  a  few  minutes,  and  soon  afterwards  solidifying  completely.  A  small 
quantity  of  another  hydrocarbon,  probably  a  tetramethyl-benzene,  remained  undis- 
solved ;  it  dissolved,  however,  in  warm  fuming  sulphuric  acid,  yielding  a  sulphonic 
acid  whose  salts  were  essentially  different  from  these  mesitylene-sulphonates.  For 
the  preparation  of  niesitylene-sulphonic  acid  it  would  therefore  be  better  to  digest  the 
impure  mesitylene  only  with  ordinary  sulphuric  acid. 

The  aqueous  solution  of  the  mesitylene-sulplionic  acid,  prepared  as  above  described, 
yielded  directly  a  very  pure  barium  salt,  which  was  reciystallised  and  used  for  the  pre- 
paration of  the  other  mesitylene-sulplionates. 

Mcsitylene-sulphonic  acid  is  obtained,  by  slow  evaporation  of  its  syrupy  solution 
over  sulphuric  acid,  as  a  coarsely  laminar  crystallised  mass  having  the  composition 
C'H'^SO'.  2H-0.  The  indi-vidual  crystals  are  six-sided  tables  ( Jacobsen).  According 
to  II.  Rose  {Zeitschr.  f.  Chem.  [2]  yi.  341),  they  belong  to  the  rhombic  system,  and 
the  salts,  especially  the  magnesium  salt  Mg(C"II"SO')-  +  6H-'0,  which  crystallises 
in  large  hard  transparent  tables,  very  much  resemble  the  acid  in  their  forms.  Accord- 
ing to  Jacobsen,  the  acid  is  not  deliquescent,  melts  near  100°,  and  is  resolved  at  a 
higher  temperature  into  mesitylene  and  sulphuric  acid.  According  to  Rose,  it  melts 
near  77°,  attracts  moisture  only  in  very  damp  air,  solidifies  again  in  the  crystalline 
form  in  dry  air,  and  gives  off  its  water  of  crystallisation  when  kept  for  a  long  time 
Q-vcr  sulphuric  acid. 
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Poiassiiim  Mcsitylene-sul'phonate,  KC'H"SO^  +  H-0,  usually  crystallises  in  roundish 
groups  of  laminae  having  a  silky  lustre ;  it  dissolves  in  7  parts  of  water  at  12°,  some- 
what less  abundantly  in  cold  alcohol;  in  both  cases  the  solubility  diminishes  very 
rapidly  with  the  temperature.  From  the  alcoholic  solution  the  salt  is  gradually  pre- 
cipitated by  other  in  spherical  aggregates.  The  ammonium  salt,  (NH^)C''H"SO^  +  H-0, 
is  very  soluble  in  water  and  in  alcohol,  and  crystallises  by  slow  cooling  in  rhombic 
plates.  It  gives  off  its  water  of  crystallisation  at  110°,  melts  with  decomposition  at 
250°,  and  yields  a  sublimate  of  a  substance  which  is  insoluble  in  water,  easily  soluble 
in  alcohol,  and  still  more  in  ether,  and  probably  consists  of  mesitylene-sulpham- 
ide.  The  calcium  salt,  Ca(C»H"SO')=  +  bWO,  forms  distinct,  hard,  limpid  crystal- 
line crusts  which  efBoresce  in  dry  air.  The  strontium  salt,  which  may  be  obtained  in 
stellate  groups  of  large  laminae,  likewise  gives  off  its  water  with  facility.  The  barium 
salt,  Ba(C'H"SO')-  -t-  OH-'O,  crystallises  from  a  moderately  concentrated  hot  sohition 
in  long  flat  prisms  with  dihedral  summits,  or  by  slower  crystallisation  in  more  tabular, 
shorter,  but  broader  crystals ;  from  alcohol  in  bright  iridescent  laminae.  It  dis- 
solves in  15  parts  of  water  at  28°,  the  solubility  increasing  quickly  with  the  tempera- 
ture. It  effloresces  very  easily  in  dry  air,  gives  off  8  mol.  water  at  a  comparatively 
low  temperatxire,  but  retains  the  last  molecule  till  it  is  heated  above  100°.  'Iha  cobalt 
salt,  Co(C'H"SO')-  +  6H-0,  crystallises  in  .beautiful  groups  of  shining  flesh-coloured 
laminae,  easily  soluble  in  water  and  in  alcohol.  "VVlien  dried  at  100°  it  is  rose-red  and 
still  appears  to  retain  4H-0  ;  the  dehydrated  salt  is  of  a  fine  ultramarine  coloiu'.  The 
copper  salt,  Cu(C''H"SO^)^  +  4H^0,  crystallises  in  spherical  groups  of  whitish-green 
laminae  having  a  silky  lustre ;  after  drying  at  100°  it  is  grass-green  and  anhydrous. 
It  dissolves  in  17  parts  water  at  10°,  much  more  freely  in  hot  water.  The  concen- 
trated solution  of  the  lead  salt,  Pb(C'H"SO^f  +  9H-0,  solidifies  on  cooling  to  a 
coarsely  laminar  crystalline  mass  having  a  strong  mother-of-pearl  lustre.  It  dissolves 
in  6'4  parts  of  water  at  20°,  easily  also  in  alcohol,  effloresces  very  quickly,  begins  to  de- 
compose at  about  200°.  The  lead  salt  crystallising  in  needles  described  by  Hofmann 
{Chem.  Soc.  J.  ii.  113)  was  not  obtained  by  Jacobsen. 

The  acid  obtained  from  the  above-mentioned  less  soluble  hydrocarbon  mixed  with 
the  mesitylene,  was  produced  in  comparatively  large  quantity  from  the  portion  of  the 
crude  mesitylene  which  distilled  above  180°.  The  distillate  obtained  between  180° 
and  230°  was  repeatedly  rectified  over  sodium,  and  the  portion  boiling  between  195° 
and  210°,  probably  tetramethybenzene,  C'°H'*,  was  collected  apart  and  dissolved  in 
fuming  sulphuric  acid.  The  barium  salt  prepared  by  saturating  the  acid  liquid  with 
barium  carbonate,  probably  Ba(C'"H'^SU')-  +  B.-0,  separated,  on  evaporating  the 
filtrate,  in  sparingly  soluble,  hard,  indistinctly  crystalline  crusts,  floating  on  the 
surface.  The  same  salt  was  gradually  precipitated  in  the  crystalline  state  from  the 
solution  of  the  potassium  salt  by  barium  chloride.  It  is  very  much  like  barium  iso- 
cumene-sulphonate,  but  much  less  soluble,  and  its  solubility  is  but  little  increased  by 
heat.  The  potassium  salt  is  easily  soluble  in  water,  and  crystallises  from  the  hot 
alcoholic  solution  in  small  felted  needles  (Jacobsen). 

Bromomesltylene  -  sulptaonic  acid,  C'H^Br.SO^H  =  C«(Cff)3HBr.S0'H 
(H.  Hose,  loc.  cit.)  Bromine  acts  strongly  on  mesitylene-sulphonic  acid,  producing, 
however,  for  the  most  part,  scarcely  anything  but  brominated  substitution-products  of 
mesitylene.  It  is  only  by  great  dilution,  efficient  cooling,  and  the  use  of  bromine- 
water,  that  any  considerable  quantity  of  bromomesitylene-sulphonie  acid  can  be  ob- 
tained. The  liquid  filtered  from  separated  bromomesitylene  and  neutralised  with  lead 
carbonate  first  deposits  crystals  of  lead  bromide ;  and  on  precipitating  the  remainder  of 
the  lead  with  hydrogen  sulphide,  repeatedly  evaporating,  saturating  with  barium  car- 
bonate, evaporating,  and  treating  the  residue  with  hot  alcohol,  barium  bromomesitylene- 
sulphonate  is  dissolved,  while  any  barium  bromide  that  may  still  be  jjresent  is  left 
behind.  From  this  barium  salt  the  acid  may  be  prepared  in  the  visual  waj'.  The 
brominated  acid  may  also  be  obtained,  and  in  somewhat  larger  quantity,  by  the  action 
of  sulphuric  acid  on  bromomesitylene.  The  salts  of  the  brominated  acids  prepared  by 
these  two  processes  exhibit  identical  properties. 

Bromomesitylene-sulphonie  acid  is  very  soluble  in  water,  alcohol,  and  ether,  and 
crystallises  from  ether  in  shining  needles,  which  are  so  deliquescent  that  their  melting- 
point  cannot  bo  determined.  Its  salts  are  less  soluble  than  tliose  of  mesitylene-sul- 
phonic acid,  do  not  effloresce  in  dry  air,  and  do  not  readily  give  up  their  water  of 
crystallisation  below  130°.  Their  forms,  which  are  well  defined,  belong  to  the  rhom- 
bic system.  The  barium  salt,  Ba(C=H'°BrSO^)=  +  H-O,  crystallises  in  broad  needles 
or  laminae,  very  slightly  soluble  in  alcohol,  insoluble  in  ether.  The  water  of  crystal- 
lisation is  given  off  only  at  a  temperature  near  that  at  which  the  salt  begins  to  decom- 
pose. The  lead  salt,  ThiCWBiSO^y-  +  li  H-'O,  forms  beautiful  radiate  groups  of 
vrystals,  moderately  soluble  in  hot  alcohoI,'insoluble  in  ether.    The  potassium  salt. 
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KCH'^BrSO'  +  H-0,  orystallisc-s  in  isolated  rhombic  tablets  easily  soluble  in  watei' 
and  ill  liot  alcohol.  The  cojjpcr  salt,  Cu(C''H"'BrSO^)^  +  4H=0,  crystallises  in  beautiful 
tiifts  of  long,  nearly  white  crystals,  having  a  silky  lustre,  and  assuming  a  grass-green 
colour  when  heated  above  100°.  The  sodium  talt,  NaC'H"'BrSO^  is  obtained,  by 
spontaneous  evaporation  of  its  aqueous  solution,  in  hard,  finely-developed  transparent 
crystals. 

xritromesitylene-sulplionic  acid,  C»H"'NO=.SO'H  =  C''(CH')^H(N02).S0»H 
(H.  Eosi\  Zrifxrhr.  f.  [2],  vi.  74).    This  acid  is  prepared  by  gradually  adding 

mesitylcia  -bulpliuiiic  arid  lu  carefully  cooled  fuming  nitric  acid,  whereupon  it  dissolves, 
forming  a  deep  brown  solution,  which  after  a  few  hours  becomes  almost  colourless. 
This  solution  is  poured  into  a  large  quantity  of  water,  filtered  from  the  white  flocks  of 
dinitromesitylene  which  separate  together  with  a  small  quantity  of  an  oil,  probably 
impure  nitromesitylene,  and  repeatedly  evaporated  at  100°  with  addition  of  water, 
in  order  to  remove  the  excess  of  nitric  acid.  The  crystalline  mass,  after  being  pressed 
and  recrj'stallised,  readily  yields  the  pure  acid  in  brittle,  transparent,  prismatic  crys- 
tids,  having  the  composition  C'^(CH^)^HNO-.SO'H  +  11H"0,  easily  soluble  in  water, 
alcohol,  and  ether,  and  melting  at  131°.  Exposure  to  sunlight  turns  the  acid  yellow, 
and  when  dried  over  sulphimc  acid  it  becomes  opaque,  and  loses  its  water  of  crystal- 
lisation. Most  of  its  salts  are  easily  solul)le  in  water,  crystallise  well,  and  burn  with 
deflagration. 

The  barium  salt,  Ba[C''(Cff)^HNO-SO']^,  crystallises  from  its  hot  aqueous  solution 
in  pale  yellow  tufts  of  crystals.  It  is  almost  insoluble  in  ether,  soluble  with  difficulty 
in  cold  water  and  in  alcohol.  The  potcissmm  talt,  KC'*(CH3)3HNO-S03  +  B-0,  forms 
large  white  needles  or  broad  plates,  and  is  readily  soluble  in  alcohol  and  water.  The 
cojipcr  salt,  Cu[C«(Cff)^HNO^SO^]-  +  3H-0,  crystallises  in  pale  green  lustrous  scales, 
which  are  moderately  soluble  in  cold  water.  The  Zc«fZ  Pb[C"(CH^)='HNO^SO»]'^ 
+  ii-0,  is  easily  soluble  in  water,  and  crystallises  from  hot  solutions  in  white 
glistening  tufts  of  needles.  The  ammonium  salt  is  readily  soluble  in  alcohol  and 
water,  and  separates  in  nodular  concretions. 

Nitromesitylene-sulphonic  acid  has  not  hitherto  been  i^roduced  by  the  action  of  sul- 
phuric acid  on  nitromesitylene. 

Amidomesitylene-sulphonic  acid,  C''(CH')'HNH2S0'H  +  H=0,  is  prepared 
from  the  nitro-acid  liy  dissolvinic  it  in  ammonia,  saturating  the  solution  with  sul- 
phuretted hydrogen,  ami  rvapor.iting  it  almost  to  dryness  ;  water  is  then  added,  and 
the  boiling  solution  dccumposud  by  hydrochloric  acid.  The  filtered  solution,  on  cooling, 
deposits  the  amidomesitylene-sulphonic  acid  in  pale  red  needles,  which  may  be  rendered 
■nhito  by  treatment  with  animal  charcoal  and  recrystallisation.  The  acid  dissolves 
easily  in  hot  alcohol,  with  difficulty  in  cold  water,  but  much  more  readily  in  hot 
watei'.  By  slowly  cooling  its  aqueous  solution,  it  is  obtained  in  fine  truncated  prisms, 
and  from  a  hot  concentrated  solution,  in  needles,  which  acquire  a  red  tinge  on  exposure 
to  light.  It  loses  its  water  of  crystallisation  when  dried  over  sulphuric  acid.  It  does 
nut  combine  with  hydrochloric  acid,  and  crystallises  unchanged  from  moderately  strong 
sulphuric  acid.  Its  solutions  redden  litmus-paper,  and  it  expels  carbonic  acid  from 
the  carbonates. 

Its  salts  crystallise  well,  and  are  generally  easily  soluble  ;  their  solutions  become 
yellow  on  evaporation,  from  incipient  decomposition.  The  barium  salt,  Ba[C*(CH^)' 
HNH-SO']-,  crystallises  from  its  hot  aqueous  solution  in  yellow  nodules,  which 
are  moderately  soluble  in  cold  water.  The  mac/ncsiuvisalt,  Mg["C^(CH'7HNH-S0']'  + 
3H-0,  forms  hard  transparent  yellow  crystals.  The  :inc  salt,  Zu[C«(CH^PHNir-,SO'']-" 
+  5H-0,  is  readily  obtained  in  fine  crystals,  easily  soluble  in  cold  water.  The  lead 
salt,  Pb[C''(CH')3HNH=S03p  +  H-0,  is  also  readily  soluble  in  cold  water,  and 
crystallises  well.  The  calcium,  sodium,  and  ainmonium  salts  are  readily  soluble  in 
cold  water ;  the  silver  salt  much  less  soluble  (H,  Rose). 

nxsSOCAMPHORXC  ACID.    See  Camvuoric  Acid  (p.  235). 

nXESOZiE.  risani  {Compt.  mid.  Ixxiii.  1448)  has  analysed  a  mesolo  from  the 
basaltic  amygdaloid  of  Gignat,  near  Saiut-Germain-Lembron  in  Auvergne,  with  the 
following  results : 

SiO=  A1=0"-  CaO  N:rO  K=0  H=0 

42-3  28-1  10  0  6-7         trace         14-1     =  101-2 

MESOXiXTE.  The  investigations  of  E.  Schmid  (Poffff.  Ann.  cxlii.  118)  tend  to 
show  that  this  mineral  is  a  distinct  species,  and  not  a  variety  of  scolecite,  as 
supposed  by  Rammelsberg  (v.  207).  Schmid  examined  three  specimens,  two  from 
Iceland  (I.  and  II.),  the  former  consisting  of  radiated  bundles  terminating  in  free 
crystals,  which  exhibit  the  combination  of  the  monoclinic  prism  with  tho  clino- 
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pinacoid  and  tlie  complete  pyramid,  while  the  latter  and  that  from  Stromo  (III.)  are 
finely  radiate,  the  ends  not  being  free.  At  ordinary  temperatures  they  lose  but  little 
water,  probably  hygroscopic,  the  quantity  not  being  greatly  increased  when  the  heat 
is  raised  to  100°.  Above  the  boiling  point  the  loss  increases,  and  by  a  gentle  incan- 
descence continued  for  half  a  hour,  all  the  water  of  the  three  specimens,  amounting 
to  12'943,  13'190,  and  13'3o5  p.c.  respectively,  was  driven  off.  Coarse  fragments, 
after  lying  two  days  in  acid,  show  signs  of  gelatinisation.  The  portions  analysed  were 
dried  at  100°,  and  had  consequently  lost  somewhat  more  than  the  hygroscopic  water; 
the  results  were  : — • 


I. 

... 

.... 

Oxygen 

Oxygen 
ratios 

Oxygen 

Oxygen 
ratios 

Oxygen 

Oxygen 
ratios 

Silicic  acid  . 

Alumina,  ^ 
■with  a  trace  V 
of  iron  oxide] 

Lime 

Magnesia 

Soda 

Specific  gravity 

■i6-583 

27-566 

9105 
0-076 
3-638 
2-18 

24-842 

12-845 

2-602) 
0  030^ 
0-948] 

5-802 
3-00 

0-836 

47-133 

26-520 

10-365 
0-026 
4-501 
218 

25-136 
12-358 

2-961 ) 

0-  00  \ 

1-  173] 

6-102 

300 

1-006 

47-404 

27  049 

9-163 
0-058 
4-689 
2-16 

25-281 

12605 

2-618) 
0  023  [ 
1-222] 

6107 
3-00 

0-919 

The  ratios  of  the  constituents,  with  the  exception  of  the  water,  are  those  of  labra- 
dorite.  The  amounts  of  water  in  these  three  new  specimens  show  as  little  uniformity 
as  those  of  earlier  analyses,  and  it  is  this  point,  in  fact,  that  has  made  the  recognition 
of  mesolite  as  a  distinct  mineral  species  a  matter  of  doubt.  Fuchs  held  that  the 
water-percentage  was  dependent  on  those  of  soda  and  lime,  and  considered  mesolite  to 
be  formed  of  scolecite  and  natrolite  as  proximate  constituents.    If  then  the  oxygen  of 

the  soda  be  ^  of  that  of  the  total  monoxides,  the  v/ntei  will,  on  this  assumption,  be 

3  —  —  ,  and  the  formula  : — 
m 


or 


m 


JVIETAXiDEHYDE.    See  Aldehyde. 

9XETil.]bS.  On  the  Atomic  Weights  and  Classification  of  the  Metals,  see  Elements 

^^'otf  the  Electric  Effects  produced  by  the  Contact  of  Metals  with  Water,  Acids,  and 
Saline  Solutions,  see  Electricity  (pp.  443-446).  On  the  Thermo-electric  Actions  of 
Metals  and  Liquids  (p.  457). 

On  the  Colours  of  Metals,  see  Light  (p.  746). 

On  the  Solution  of  Metals  in  Liquid  Ammonia,  and  on  the  supposed  Metal-ammo- 
niums, see  Ammonia  (p.  60). 

,  Distinction  of  Base  from  Isohle  ilfcia/*.— According  to  P.  Guyot  {Zeitschr.  anal. 
Chem.  ix.  516),  a  solution  of  auric  chloride  or  silver  nitrate  produces  on  alloys  con- 
taining base  metals,  brown  or  grey  spots,  whereas  on  pure  gold  or  on  articles  gilt 
therewith,  this  effect  is  not  produced.  Lustres  on  tapestry  or  paper-Iiangings  may  be 
tested  -nnth  sulplmr  chloride,  a  drop  of  which  placed  on  impure  lustre  immediately 
produces  a  brown  rim,  which  is  not  the  case  when  the  coating  is  of  pure  gold.  Thin 
leaves  of  metal  may  be  tested  with  sulphur  chloride  or  with  a  solution_  of  phosphorus 
in  carbon  sulphide.  Aluminium  immersed  in  such  a  solution  remains  bright  for  several 
months ;  silver  turns  brown,  and  platinum  acquires  a  very  faint  golden  lustre. 

Separatio7i  of  Metals  by  Electrolysis.— By  employing  an  electric  current  of  suitaljle 
intensity,  it  is  possible  to  separate  directly  the  more  easily  reducible  metals  from  tliose 
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which  nre  lo?s  reducible,  and  to  obtain  in  this  manner  two  distinct  groups  ;  the  first 
comprising  iron,  nickel,  cobalt,  and  zinc;  the  second,  all  the  other  metals  capable  of 
reduction,  the  latter  group  also  representing  those  metals  which  are  precipitable  by  a 
plate  of  zinc. 

In  the  electrolytic  separation  of  two  metals  (copper  and  cadmium,  for  example), 
differing  but  slightly  in  reducibility,  it  is  found  advantageous  to  employ  a  current 
somewhat  stronger  than  would  be  necessary,  supposing  it  were  intended  to  avoid 
the  precipitation  of  the  less  reducible  metal.  In  this  way  a  deposit  is  in  the  first 
instance  obtained,  containing  the  whole  of  the  more  reducible  metal,  together  with  a 
small  quantity  of  the  other  metal ;  the  solution  is  then  poured  off,  replaced  by  a  liquor 
free  from  metallic  salts,  and  the  direction  of  the  current  reversed  for  a  short  time.  As 
soon  as  the  deposited  metals  have  passed  into  solution,  the  original  direction  of  the 
current  is  re-established.  The  less  reducible  metal,  being  now  only  in  very  small  pro- 
portion, remains  entirely  in  solution,  while  the  metal  which  is  more  easily  reduced  is 
deposited  perfectly  pure.  It  is  sometimes,  though  not  often,  necessary  to  repeat  this 
operation. 

When  a  solution  of  cobalt,  nickel,  or  zinc  is  reduced  by  galvanic  action,  it  is  ad- 
visable to  supersaturate  tJie  solution  with  ammonia,  to  avoid  the  deposition  of  oxide. 
It  is  found  impossible  to  estimate  iron  correctly  by  the  above  method,  owing  to  the 
great  tendency  of  the  metal  to  form  sesquioside  (Lecoq  de  Boisbaudran,  Compt.  rend. 
Ixxiii.  1322). 

On  tlie  Electrolytic  Separation  of  Copper  and  other  Metals,  as  practised  at  tlie 
Mansfeld  Copper  Mines,  see  Copper  (p.  384). 

On  the  Action  of  Sulphurous  Acid  on  Metals,  see  Stilphukous  Acid. 

On  tlio  Jiifluonce  of  certain  Liquids  in  Retarding  the  Action  of  Acids  on  Metals, 
SCO  Chemical  Action  (p.  305). 

nSETAIVZOBFHIsni.  On  the  metamorphism  of  rocks,  as  exhibited  in  the  co7i- 
fact  phenomena  produced  between  the  clay-slates  and  granular  diabases  in  the  Harz, 
see  E.  Kayeer  (Zeitschr.  gcolog.  Gescllsch.  xxii.  103  ;  Jahrb.f.  Mineralogie,  1870,  496; 
Jahrcsh.f.  Chemie,  1870,1344). 

An  elaborate  Treatise,  of  historico-critical  character,  on  the  Theory  of  Metamorphism 
and  the  Origin  of  Crystalline  Slates,  has  been  published  by  J.  Eoth  (Ahhandl.  d.  Bed, 
Acad.  1871.  2Jfi7/sikalischc  Classe,  161  ;  Vcrh.  geol.  Eeichsanstalt.  1871,  362). 

On  the  Mutamorphism  of  Meteorites,  see  p.  793. 
.    JHCETATHZOHYDROBEXS-ZOZC  ACID.    See  Thiohtdeobenzoic  Acid. 

METEORITES.  Formation.—'Da.vLhTlie  {Compt.  rend.  Ixii.  200,  369,  666)  has 
made  a  series  of  synthetical  experiments  with  the  view  of  throwing  light  on  the  mode  of 
formation  of  meteorites,  and  on  their  relation  to  terrestrial  rocks.  He  finds  that  ordinary 
meteorites  (chondrites),  when  exposed  in  a  plumbago  crucible  to  a  heat  near  the  melt- 
ing point  of  platinum,  yield  an  iron  regulus  (proceeding  partly  from  the  metallic  iron 
present,  partly  from  reduction  of  ferrous  silicate),  together  with  a  flux  which  on  cool- 
ing solidifies  to  a  crystalline  mass  containing  two  different  crystallised  bodies  in  very 
<lifferent  proportions.  The  upper  layer  of  this  flux  consists  of  olivin  either  in  flat 
rhombic  cctohedrons,  or  in  six-sided  tables  (OP  .  oof  co  .  oof*2),  or  in  laminae 
(OP  .  Poo  .  ??Pco  ).  The  inner  mass  consists  of  onstatite  (MgO.SiO-)  in  prisms,  not 
exactly  definable,  with  rectangular  base  and  fibrous-laminar  fracture  ;  sometimes  the 
enstatite  is  intergrown  with  olivin  or  grouped  more  or  less  regularly  round  a  nucleus  of 
olivin.  Meteorites  of  different  groups  (iii.  980)  differ  in  their  melting  points  only  in 
consequence  of  the  predominance  of  one  or  the  other  of  these  silicates.  The  Chassigny 
meteorite  gave  scarcely  anything  but  olivin,  that  of  Bishopville  little  besides  snow- 
white  enstatite ;  the  aluminiferous  meteorites  of  Jouvenas,  Jouzac,  and  Stannern,  on 
the  other  hand,  yielded  glasses  free  from  crystals ;  that  from  the  Jouvenas  meteorite 
was  blistered.  The  enstatite  and  olivin,  which  exist  in  meteorites  in  a  sUite  of  very 
intimate  mixture,  but  may  be  shown  to  be  present  by  their  different  behaviour  to  acids, 
crystallise  therefore  separately  from  the  fused  mixture,  and  enclose  the  alumina  sili- 
catt^s  in  their  mass,  if  the  latter  are  not  present  in  considerable  quantity. 

Exactly  similar  products  are  obtained  by  the  fusion  of  terrestrial  olivin  rocks. 
Olivin  melts  completely  in  a  strong  gas-furnace,  yielding  a  green  translucent  crystal- 
line mass  which  exhibits  well-defined  crystals  on  its  surface.  Lherzolite  melts  still 
more  readily,  exhibiting  after  fusion  distinct  needles  of  enstatite,  which  occur  more 
abundantly  if  silica  has  been  added  previously  to  the  fusion.  Serpentine  yields  by 
I'usion  and  solidification  crystals  of  olivin  and  enstatite ;  when  fused  with  addition 
of  magnesia,  it  is  converted  for  the  greater  part  into  olivin;  with  addition  of.  silica 
into  enstatite.  When  these  rocks  are  fused  in  a  plumbago  crucible,  the  result  is 
essentially  the  same :  the  iron  of  the  silicate  is  reduced  and  separated  in  the  form  of 
microscrpic  granules. 
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The  reguliiie  masses  of  iron  obtained  by  the  fusion  of  meteorites  (which  from  their 
mode  of  formation  probably  contain  carbon  and  silicon)  sometimes  exhibit  on  cut  and 
polished  faces,  after  treatment  with  acids,  a  dendritically  ramified  crystalline  sub- 
stance distinct  from  the  dull  ground,  and  in  the  case  of  tlie  Moutrejeau  and  Aumale 
meteorites,  also  distinct  crystals  of  titanium  nitrocyanide,  but  not  the  regular  (Wid- 
manstattian)  figures  characteristic  of  the  unaltered  meteorite.  The  meteoric  iron  of 
Oaille  (Dep.  of  Var)  after  refusion  (imbedded  in  alumina)  exhibited  the  same  appear- 
ances, although  it  had  become  crystalline  throughout  its  mass. 

The  synthetical  preparation  of  meteoric  iron  was  not  quite  successful.  Soft  iron  fused 
with  phosphorus,  nickel,  silicon,  and  iron  sulpliide,  acquires  a  distinctly  crystalline 
character  and  laminar  fracture,  without,  however,  exhibiting  on  the  etched  cut  sur- 
faces the  lines  and  separations  of  meteoric  iron.  A  product  at  least  resembling 
meteoric  iron  was  obtained  by  fusing  soft  iron  (or  pig  iron)  with  2  to  10  p.c.  of 
iron  phosphide  :  it  showed  on  tmetched  cut  surfaces  the  iron  phosphide  in  shin- 
ing lines  (only  less  regularly  disposed  than  in  meteoric  iron)  and  a  black  amorphous 
substance,  which  was  separated  somewhat  uniformly  through  the  mass,  and  appeared 
also  to  consist  of  iron  phosphide.  A  still  better  result  was  obtained  by  fusing  ]  800 
grams  of  soft  iron,  170  nickel,  50  iron  phosphide,  40  iron  monosulphide,  and  20  cast 
iron  rich  in  silicon.  An  iron  containing  iron  phosphide  and  nickel,  and  similar 
in  structure  and  composition  to  meteoric  iron,  separated  on  fusing  olivin,  Iherzo- 
lite,  hyperstheue,  basalt,  melaphyre,  and  serpentine  in  a  plumbago  crucible ;  any 
chromium  present  in  these  minerals  also  passed  into  the  regulus. 

Daubree  has  also  studied  the  analogies  which  exist  between  meteorites  and  rocks  of 
the  olivin  family,  and  show  themselves  most  distinctly  in  the  structure  of  the  fused 
rock.  These  rocks,  like  the  meteorites,  exhibit  indications  of  cleavage-planes  in  the 
form  of  fine,  sharply-drawn  straight  lines  between  irregular  furrows ;  they  also,  like 
the  meteorites,  exhibit  needles  of  enstatite ;  they  have  partly  the  granular  consistence 
of  the  chondrites,  and  if  they  have  been  fused  in  a  plumbago  crucible,  they  assume, 
when  two  pieces  are  rubbed  together,  the  same  graphitic  lustre  that  meteorites  exhibit 
on  friction  surfaces,  due  in  fact  to  the  triturated  powder  of  the  imbedded  metallic  iron. 
The  essential  difference  between  the  two  consists  in  this,  that  in  the  terrestrial  rocks 
all  the  constituents  are  combined  with  oxygen,  whereas  in  the  meteorites  some  of  the 
constituents  are  present  in  tlio  unoxidised  state. 

From  all  these  facts  Daubree  infers  that  meteorites  have  been  brought  to  the  state 
in  which  they  fall  to  the  earth,  either  by  partial  reduction  of  a  rock  of  the  olivin 
family,  or  by  partial  oxidation  of  metallic  and  metalloidal  elements  of  the  same  rock,- 
not  originally  combined  with  oxygen.  He  has  tested  the  admissibility  of  both  these 
hypotheses— of  which  he  seems  to  prefer  the  second — by  further  synthetical  experi- 
ments. Wlieu  olivin,  Iherzolite,  Or  pyroxene,  is  heated  to  redness  in  a  stream  of 
hydrogen,  the  ferrous  oxide  contained  in  it  is  reduced,  and  the  ferric  phosphate  is  con- 
verted into  iron  phosphide.  As  meteorites,  for  the  most  part,  do  not  contain  carbon, 
it  appears  most  probable  that  any  reduction  that  may  have  taken  place  is  due  to 
hydrogen  ;  the  water  resulting  from  it  might,  in  consequence  of  the  small  size  of  the 
fragments,  be  volatilised.  In  corroboration  of  the  second  hypothesis  the  following 
experiments  are  adduced.  Silieide  of  iron,  imbedded  in  magnesia,  and  exposed  for  a 
quarter  of  an  hour  in  an  imperfectly  closed  crucible  to  the  heat  of  a  powerful  gas- 
furnace,  yielded  granules  of  soft  iron  retaining  only  traces  of  silicon,  and  a  fused  mag- 
nesio-ferrous  silicate,  in  the  cavities  of  which  ootohedral  crystals  ot  olivin  could  be 
recognised.  A  mixture  of  10  parts  nickeliferous  iron  (containing  9  p.c.  nickel),  1  part 
iron  phosphide,  1  part  iron  monosulphide,  43  parts  silica,  and  57  parts  magnesia,  gave, 
when  treated  in  like  manner,  a  ferruginous  olivin  (free  from  nickel  and  phosphorus), 
partly  crystallised  in  tables,  and  a  regulus  in  which  the  sulphur  and  phosphorus  of 
the  mixture  were  concentrated  (the  phosphorus  as  phosphide  of  magnesium,  nickel, 
and  iron). 

,  According  to  both  the  preceding  hypotheses,  the  original  material  of  the  earth  and 
.the  planetary  bodies  which  have  yielded  the  meteorites  must  have  been  the  same,  and 
the  olivin  rocks,  which  differ  so  remarkably  from  the  rest  in  their  basic  character  and 
their  high  specific  gravity  (up  to  3-3),  and,  according  to  Daubrde's  hypothesis,  con- 
stitute, at  certain  depths,  the  chief  constituent  of  the  interior  of  the  earth,  must  be 
regarded  as  the_  universal  slag  of  the  planetary  system.  In  whatever  way  meteorites 
may  have  attained  their  present  condition,  their  confused  crystallisation  and  the 
irregular  form  of  the  iron-granules  contained  in  them,  tend  to  show  that  the  tempera- 
ture at  which  the  changes  in  question  took  place  could  not  have  exceeded  the  welding 
heat  of  iron.  In  a  mixture  of  Iherzolite  and  reduced  iron  fused  at  a  high  tempera- 
ture, Daubree  found  the  separate  iron-granules  completely  roimded. 

The  following  observations  throw  further  light  on  the  structure  of  meteorites.  When 
a  polished  plate  of  the  meteoric  iron  of  Charcas  or  Caille  is  immersed  in  a  solution  of 
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cupric  sulphate,  there  is  first  formed  on  the  white  ground  a  copper-coloured  nttwor'c 
of  Schreiborsite  needles,  and  immediately  afterwards  caeh  needle  becomes  surrounded 
with  a  ring  or  aureole  of  copper,  sharply  defined  on  the  inner  as  well  as  on  the  outer 
side.  Scarcely  have  rings  formed  when  the  free  parts  of  the  surface  likewise  become 
coated  with  copper.  This  latter  deposit  cannot  be  rubbed  oflF,  but  it  may  bo  removed 
by  treatment  with  ammonia,  and  the  surface  of  the  meteoric  iron  then  shows  (still 
more  distinctly  if  the  deposition  of  the  copper  be  interrupted  at  the  moment  when  the 
rings  appear,  and  the  excess  of  the  copper  salt  be  removed  by  washing  witli  a  largo 
quantity  of  water)  a  structure  essentially  different  from  the  Widmanstatt  figures,  and 
(lesignated  by  Daubreo  as  the  primary  networli  (rescau  dc  dqiar/).  _  The  long  par;illel 
brilliant  needles  of  schreibersite,  surrounded  by  the  ring,  maybe  distinguished  on  the 
grey  fine-grained  ground  mass  (Daubree,  Comjji.  rend.  Ixiv.  685). 

To  determine  whether,  in  a  meteoric  stone  containing  botli  silicates  and  metallic 
portions,  the  iron  is  present  as  a  coherent  mass  or  in  isolated  grains,  a  fragment  of 
the  stone  heated  to  redness  may  be  quenched  in  cold  water  (or,  to  provent_  oxidation 
of  the  metal)  under  mercury.  In  this  manner  Daubree  has  found  that  the  iron  in  the 
meteorite  of  Sierra  de  Chaco  is  in  separate  grains,  whereas  that  of  Atacama  forms  a 
coherent  mass  intersected  by  granules  of  silicate.  In  the  meteorite  of  Kittersgrun, 
on  the  other  hand,  both  the  silicate  and  the  iron  arc  coherent  masses  intcrgrown  witli 
one  another  {Compt.  rend.  Ixvi.  148). 

Classification. — Eammelsberg  classifies  the  constituents  of  meteorites  as  fol- 
lows : — 

1.  MeUdlio  bodies :  Nickel-iron;  schreibersite. 

2.  Metallic  sulphides  :  Oldhamite,  CaS  ;  troilite,  FeS  ;  niagnetic  pyrites,  Fe^S'. 

3.  Oxides:  Magnetic  iron  oxide,  Fe''0* ;  chrome-iron  oxide,  FeCr-0'. 

4.  Silicates  ;  a.  Bisilicates  or  Metasilicatcs  :  Enstatitc,  MgSiO^ ;  bronzite,  (Mg;  Fo) 
SiO»;  augite  (Mg;  Ca)SiO' ;  and  (Fe;  Mg;  Ca)SiO».  h.  Sinffulosilicates  or  Orthosili- 
cafes :  Olivin,  (Mg  ;  Fe)-SiO^ ;  anorthito.  CaAPSi-0». 

To  these  must  be  added  crystallised  silica  (tridymito  ?)  and  carbon,  partly  combined 
partly  in  the  form  of  graphite. 

Among  the  augitic  or  rhombic  bisilicates  of  meteorites,  Eammelsberg  further  dis- 
tinguishes MgSiO^  as  enstatite,  wMgSiO'  +  FeSiO'  as  bronzite  when  n  >  3,  and  as 
hypersthono  when  it  <  3  (independently  of  admixtures  of  common  to  all  the 
three  types),  and  he  infers,  from  a  discussion  of  all  the  available  analyses,  that  enstatito 
is  contained  in  the  meteorites  of  Bishopvillc,  I'nsti,  and  Deosa  ;  bronzite  in  those  of 
Breitenbach,  Eittersgriin,  Steinbach,  and  Shalka ;  non-ferruginous  augito  in  the 
Busti  stone  ;  ferruginous  augite  in  those  of  Jouvonas,  Stannern,  and  Petersburg  in 
Tennessee  (Pogg.  Ann.  cxl.  311). 

A  comprehensive  memoir  on  meteorites  and  their  relation  to  terrestrial  rocks  h:is 
been  published  by  S.  Meunier  {Moiiiteur  Scicntifiquc  [3],  i.  97).  He  classifies  meteor- 
ites under  forty-three  types,  the  names  of  which  ar^  formed  from  those  of  the  respec- 
tive localities  with  the  sufl3x  '  ite.'  Many  of  these  individual  types  exhibit  a  genetic 
connection  ;  thus  '  Deesito  '  (from  Deesa  in  Chile)  consists  of  a  metallic  ground-mass 
of  'caillite,'  enclosing  fragments  of  a  mineral  identical  with  'tadjerite'  (the  stone 
which  fell  at  Tadjera,  near  Selif,  in  1867).  Further,  though  the  metallic  part  of 
deesito  is  chemically  identical  with  that  of  caillite,  it  is  distinguished  from  the  latter 
by  the  irregularity  of  its  Widmanstatt  figures,  a  property  which  may  be  imparted  to 
caillite  by  refusion.  By  loss  strong  heating,  aumalite  and  chantonnite  (iii.  980)  may 
bo  converted  into  tadjerite ;  on  the  other  hand,  the  black  crust  of  chantonnite  consists 
of  tadjerite,  a  result  which  Meunier  regards  as  related  to  the  heat  of  friction  developed 
in  eruption. 

From  tho  comparison  of  a  large  number  of  examples,  Meunier  classifies  his  types  as 
follows : — 

1.  Stratiform,  meteorites  (caillite). 

2.  Eruptive  meteorites  (chantonnite) ;  to  which,  also,  belong  the  eruptive  breccias 
(deesite). 

3.  Metamorphic  meteorites  (tadjerite). 

4r.  Brecciform  non-eruptive  meteorites  (meteorite  of  St.  Mesmin). 

AVith  regard  to  tho  analogies  between  meteorites  and  terrestrial  rocks,  Meunier 
refers  serpentine  to  chantonnite  and  aumalite,  and  explains  the  microscopical  identity 
and  chemical  resemblance  of  the  three  bodies  on  the  supposition  that  chantonnite  is 
aumalite  slightly  metamorphosed  (by  the  heat  of  friction  of  the  eruption),  and  that  ser- 
pentine is  cliantoTinito,  strongly  oxidised  and  hydrated,  forming  the  outcrop  of  the  veins, 
just  as  malachite  forms  that  of  veins  of  copper  pyrites.  In  sltort,  he  regards  meteor- 
ites as  the  deeper-seat e<.l  rooks  of  a  star  perfectly  analogous  in  structure  to  tlio  earth. 

For  ireunier's  speculations  on  tho  successive  transitions  of  a  star  from  its  originally 
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fluid  state  to  a  condition  eimilar  to  that  of  the  earth,  afterwards  to  that  of  the  moon, 
and  its  ultimate  resolution  into  fragments  like  meteoric  stones,  we  must  refer  to  the 
original  paper  ;  see  also  Jahresh.f.  Cham.  1871.  1235. 

On  the  Metamorphosis  of  Meteorites,  see  further,  Meunier  {Compt.  rend.  Ixxii.  452, 
508,  541  ;  Chcm.  Soc.  J.  [2],  ix.  329  and  503-505). 

General  Properties  and  Proxiynate  Constituents  of  Metcorie.Iron. — 
Meunier  {Ann.  Chim.  Phys.  [4],  xvi.  19)  distingiiishes  the  following  varieties  of 
nickel-iron : — 

1.  Octihheliite,  FeNi^,  of  sp.  gr.  6-834,  constituting  the  entire  mass  of  the  meteoric 
iron  of  Octibbeha  County,  Mississippi. 

2.  Tanite,  Fe^Ni,  sp.  gr.  7'380,  containing  85  p.c.  iron,  14-0  nickel,  and  a  trace  of 
cobalt ;  from  the  meteoric  iron  of  Caille  {Alpes  maritimcs). 

3.  Plessite,  Fe'^iSri,  sp.  gr.  7'850  (origin  not  stated). 

4.  Kamacite,  Fe'^Ni,  sp.  gr.  7'652,  containing  91'9  p.c.  iron,  7-0  nickel,  and  a  trace 
of  cobalt ;  from  the  meteoric  iron  of  Caille.  Also  containing  92'0  iron,  and  7'o  nickel 
from  that  of  Charcas,  in  Mexico. 

Of  iron  carbide,  Meunier  distinguishes  two  varieties,  viz. :  Chcdi/pite,  CFe'',  from 
the  meteoric  iron  of  Naakornak  in  Greenland ;  and  Campbellite,  with  less  carbon 
(1-50  p.c),  from  that  of  Campbell  County,  Tennessee. 

To  Trdilite  Meunier  assigns,  contrary  to  ordinary  acceptation,  the  formula 
(Fe;  Ni)'S^  basing  his  conclusion  on  the  following  analysis: — 

Fe  Ni  Cu  S 

a.  .       .    59-01  0-14  trace  40  03  =  99'18 

b.  .       .    56-29  3-10  —  39-21  =  98-60 
a.  From  the  meteoric  iron  of  Toluca  ;  b.  from  that  of  Charcas. 

For  Schreibersite  he  gives  the  formula  Fe'Ni-P,  deduced  from  an  analysis  of  schrei- 
bc-rsite  from  the  Toluca  iron  : — 

Fe  Ki  Co  Mg  P  Sp.gr. 

57-11         28-35        traeo        trace        15-01  =  100-47  7-103 
In  two  graphites  Meunier  found  : — 

C  Fe  Ni  Sp.  srr. 

a.       .       .    97-3  2-4  trace  =  99-7  1-715 

.       .    98-0  0-9  —    =  98-9  1-309 

a.  From  the  meteoric  iron  of  Caille  ;  b.  from  that  of  Charcas. 
The  crust  of  the  Toluca  iron  was  found  to  consist  of — 

Fe=0'  FeO  NiO  CoO  Sp.  gr. 

68-93  28-12  2  000  trace  =  99-05  4-89 

whence  it  appears  to  consist  of  nickeliferous  magnetic  iron  oxide. 

The  non-metallic  granules  are  distinguished  as  those  wliich  belong  to  the  metallic 
iron  and  those  which  belong  to  the  troi'lite.  Both  kinds  are  indistinctly  crystallised, 
the  former  from  the  iron  of  Tuczon,  in  Mexico,  have  a  sp.  gr.  of  3-35,  and  contain 
silica,  ferric  oxide,  and  magnesia.  Meunier  regards  them  as  hyalosiderite.  In  the 
grains  from  the  Caille  and  Charcas  irons  he  found  only  silica,  and  inclines  to  the 
opinion  that  they  consist  of  quartz. 

AVith  respect  to  the  gases  enclosed  in  meteoric  iron,  Meunier  was  unable  to  find  any- 
thing but  atmosplieric  air,  whereas  Graham  found  hydrogen  in  the  meteoric  iron  of 
Lenarto  (\st  Suppl.  635).  Graham,  however,  remarks  that,  as  Meunier  made  iise  of 
mercuric  chloride  to  dissolve  the  iron,  the  hydrogen,  from  its  metallic  nature,  would 
give  rise  to  a  precipitation  of  mercury  without  evolution  of  hydrogen,  and  therefore 
tliat  Meunier's  result  cannot  be  regarded  as  conclusive  against  the  existence  of  hydro- 
gen in  the  meteoric  iron. 

The  Widmanstatt  figures  are  attributed  by  Meunier,  not  to  schreibersite,  but  to 
troi'lite,  inasmuch  as  they  are  developed  by  the  action  of  fused  potash  as  well  as  by 
that  of  acids,  whereas  schreibersite  is  attacked  by  melting  potash. 

Meunier  classifies  meteoric  irons  according  to  the  predominance  of  one  or  more 
varieties  of  nickel-iron  contained  in  them  ;  thus  : — 

I.  Meteoric'iron  consisting  exclusively  or  for  the  most  part  of  one  nickel-iron;  viz.:— 

1.  Octibbehitc,  FeNi^,  from  Octibbeha. 

2.  Tanite,  Fe^Ni,  from  Tazewell. 

3.  Kamacite,  Fe"Ni,  from  Nelson. 

II.  Mixtures  of  two  nickel-irons  : — 

4.  Tcenite  and  Kamacite,  from  Caille. 

5.  Tcenite  and  Plessite,  from  Jewell  hill. 

6.  Tcenite  and  Campbcllite,  from  Campbell  County. 
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III,  Mixtures  of  three  nickel-irons: — • 

7.  Tmiite,  Kamacite,  and  Plcssiie,  from  Burlington. 

Eammelsberg  {Zcitschr.  gcolog.  Gcs.  xxii.  893;  Jahresb.f.  Chem.  1S10,  1395)  objects 
to  Meunier's  conclusion  that  the  iron  sulphide  of  meteorites  consists  of  magnetic 
pyrites,  Fe'S*.  By  a  renewed  analysis  of  troilite  from  the  meteoric  iron  of  Seelasgen, 
he  obtained : — 

P  Fe  Ki=  B 

0-18  62-2J:  l-OO  35-68  =  100. 

Deducting  the  nickel  and  phosphorus,  together  with  the  corresponding  quantity  of 
iron,  as  sclireibersite,  there  remains  for  the  iron  sulphide  61-97  p.c.  iron  to  38-03 
sulphur,  giving  the  atomic  proportion  of  Fe  :  S  =  100  :.  107,  instead  of  100  :  100. 
Nevertheless  Eammelsberg  is  inclined,  according  to  the  analogy  of  the  older  analyses, 
to  admit  the  formula  FeS;  and  the  more  so  as  he  regards  Meunier's  method  of  analysis, 
which  led  to  the  formula  Fe'S',  as  inadmissible. 

J.  L.  Smith  (Sill.  Am.  J.  [2J,  xlix.  331)  directs  attention  to  the  general  occurrence 
of  cobalt  and  copper  in  meteoric  iron,  and  is  inclined  to  regard  both  these  elements  as 
essential  constituents  of  it.  Tin  ha  has  never  found  ;  load  only  in  the  Tarapaca  iron, 
its  orcurrence  in  which  is  also  mentioned  by  Greg  (Jakresh.  f.  Clicm.  1855,  1027). 
Smith  is,  hov/ever,  of  opinion  that  the  presence  of  the  lead  must  be  attributed  to 
fusion-experiments  which  had  been  made  with  this  iron  with  the  view  of  obtaining 
noble  metals  from  it.    Pieces  from  the  interior,  free  from  cracks,  contained  no  lead. 


The  composition  and  physical  character  of  the  meteorites  which  had  been  most 
exactly  investigated  down  to  the  year  1859,  are  given  in  vol.  iii.  pp.  977-982.  To 
describe  the  large  number  which  have  been  examined  since  that  date  would  take 
Tip  more  space  than  can  bo  devoted  to  the  subject  in  this  volume  (see  Jahrcsb.  f. 
Chem.  1860-1871).    The  following  have  been  recently  examined: — • 

Meteoric  iron. — 1.  J.  W.  Mallet  {Sill.  Am.  J.  [3],  ii.  200)  describes  three  masses 
of  meteoric  iron  foimd  in  Augusta  County,  Virginia,  weighing  56,  36,  and  3^  lbs. 

All  three  specimens  presented  the  same  general  appearance.  They  were 'of  a  very 
irregular  pear  shape,  one  end  of  each  mass  being  larger  and  more  roimded  than  the 
other.  On  the  exterior  they  were  covered  with  a  dark  brown  crust,  consisting  essen- 
tially of  hydrated  ferric  oxide,  which  varied  from  about  one-eighth  to  one-third  of  an 
inch  in  thickness.  The  masses  were  of  course  magnetic,  and  on  examination  gave 
evidence  of  feeble  magnetic  polarity,  with  multiple  poles.  The  interior  structure  of 
the  iron  was  compact,  and  highly  crystalline,  of  much  the  same  general  character 
throughout ;  but  a  few  small  grains  and  streaks  of  a  brownish-yellow  mineral  were 
noticed,  which  on  being  picked  out  and  examined,  proved  to  be  troilite.  Minute 
fissures  also  were  observed  running  through  several  portions  of  the  metal,  from  which 
a  watery  liquid  contaising  chlorine  exuded.  Traces  of  Widmanstattian  figures 
might  be  detected  upon  a  polished  surface,  even  without  the  aid  of  an  iicid ;  and  when 
the  iron  had  been  etched  with  nitric  acid,  the  markings  became  veiy  distinct 
and  beautiful.  In  all  three  specimens,  upon  the  principal  cut  surfaces,  narrow,  well 
defined  bands  of  alternate  nickel-iron  and  schreibersite  were  visible,  the  alternations 
sometimes  running  parallel,  but  more  often  intersecting  each  other  at  angles  of  60°, 
90°,  or  120°. 

The  iron  was  not  passive,  but  very  easily  rendered  so  by  nitric  acid. 
The  following  are  the  results  of  analysis,  No.  1  representing  the  largest,  and  No.  3 


the  smallest  specimen  : — 

No.  1  No.  2  No.  '\ 

Specific  gravity  at  15°  C.  .       .  7-853  7-855  7'839 

Iron   88-706  88-365  89-007 

Nickel   10-163  10-242  9-964 

Cobalt   -396  -428  -387 

Copper   -003  -004  -003 

Tin   -002  -002  -003 

Manganese        ....  trace  —  trace 

Phosphorus        ....  -341  -362  -375 

Sulphur   -019  -008  -026 

Chlorine   -003  -002  -004 

Carbon   -172  -185  "122 

Silica   -067  -061  -056 


99-872  99-659  99-947 
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Each  specimen  contained  a  small  quantity  of  tin,  a  metal  wliieli  has  been  said 
seldom  or  never  to  accompany  meteoric  iron.  The  chlorine  is  probably  not  nn  essen- 
tial constituent  of  the  original  masses,  but  has  been  derived  from  the  soil  in  which 
the  iron  has  lain  imbedded.  No  chlorine  coxild  be  detected  in  a  specially  selected 
solid  piece,  of  some  50  grams  weight,  taken  from  a  part  of  No.  1  destitute  of  fissures 
and  flaws. 

The  siliceous  residue,  although  returned  as  silicic  acid,  appeared  upon  examination 
to  have  existed  partly  in  combination  as  silicide  of  iron. 

Cuttings  of  this  iron,  heated  in  a  porcelain  tube  connected  with  a  Sprengel  pump, 
gave  off  gas  having  the  following  composition  : — 

H  CO  C0=  N 

35-83  .38-33  &-75  16-09  =  100 

124-59  grams  of  the  iron  having  a  volume  of  15-87  c.c.  yielded  36-33  c.c.  of  gas  at 
0°  C.  and  760  mm.  in  14i  hours,  the  greaier  portion  being  given  off  in  the  first  2h 
hours. 

The  proportion  of  hydrogen  in  the  Virginia  iron  is  much  less  than  in  that  of  Lcnarto 
analysed  by  Graham  {1st  Suppl.  635),  and  that  of  carbon  monoxide  much  greater. 
Graham's  analysis  of  the  Lenarto  iron  shows  no  carbon  dioxide  (Mallet,  Proc.  Boy. 
Soc.  XX.  365). 

2.  Meteoric  iron  from  Trenton,  Washington  Co.,  Wisconsin,  has  been  analysed  by 
J.  L.  Smith  {Jahresb.  f.  Min.  1871,  178),  and  from  the  desert  of  Atacama  by  E. 
Ludwig  {Wien.  Acad.  Ber.  Ixiii.  [2],  323)— 

Fe  Ne         Co         Cu  P  Insoluble 

Wisconsin  91-03  7-20  0  53  trace  0-14  045  =  9935 
Atacama  91-53  7-14  0-41  trace  045  —  =  9953 
The  Wisconsin  iron  is  in  several  masses,  the  largest  of  -which  is  14  inches  long,  8 
inches  broad,  4  inches  thick,  and  weighs  62  lbs.  Sp.  gr.  =  7-82.  The  Atacama 
specimens  are  polished  on  the  surface,  quite  free  from  oxide,  and  dissolve  without 
residue  in  warm  nitric  acid.  One  of  the  smaller  fragments  was  found  to  couUun  a 
very  small  quantity  of  sulphur. 

3.  0.  U.  Shepard  {Sill.  Am.  J.  [3],  iii.  438)  describes  meteoric  iron  from  El  Dorado 
Co.,  California.  The  mass,  weighing  85  lbs.,  was  found  in  a  field ;  its  surface 
shows  the  indentations  common  to  these  bodies,  the  crust  or  coating  being  slightly 
oxidised.  Turnings  taken  from  it  exhibit  a  sp.  gr.  of  7-80,  which  is  perhaps  a  little 
above  that  of  the  mass. 

The  fragments  examined  were  free  from  sulphur.  A  single  analysis  made  on  a 
gram  of  material  gave  88-02  p.ciron,  8  88  nickel,  and  3-50  insoluble  matter  consisting 
of  a  mixture  of  ferrous  and  ferric  oxides,  with  many  silvery  particles  of  supposed 
metallic  phosphides  (schreibersite). 

4.  Meteoric  Iron  from  Greenland. — This  iron,  described  by  Nordenskiold  {Beut. 
Chem.  Ges.Ber.iv.  987),  wa§  found  by  the  Swedish  expedition  of  1871  on  the  sea- 
shore at  Ovifak  near  Disco  Bay,  at  the  foot  of  a  basalt  mountain,  in  three  masses, 
weighing  300,  200,  and  100  centners,  together  with  several  smaller  pieces.  It  is  very 
hard,  crystalline,  and  brittle,  but  when  moved  to  a  warmer  climate,  weathers  -very  rapidly 
and  crumbles  to  a  coarse-grained  powder. 

Metallic  iron  is  also  found  in  the  solid  basalt  near  the  locality  of  the  loose  blocks, 
and  on  the  other  hand  many  of  these  loose  masses  are  partly  encrusted  with  rock  of 
the  same  character  as  the  neighbouring  basalt,  a  circumstance  which  seems  to  indicate 
that  the  loose  blocks  also  originally  belonged  to  the  basalt.  The  composition  of  the 
loose  and  imbedded  masses  is  likewise  consistent  with  the  supposition  of  a  community 
of  origin,  as  the  following  analyses  will  show: — 

a.  One  of  the  larger  blocks,  analysed  by  Nordenskiold  ;  b.  One  of  the  smaller  loose 
masses,  analysed  by  Nordstrom ;  c.  Iron  from  a  vein  in  the  basalt,  analysed  by  Lind- 
strom. 

All  the  three  samples  contain  nickel.  The  unusually  large,  though  varying  amount 
of  carbon  is  also  common  to  them  all ;  so  likewise  is  the  considerable  proportion  of 
chlorine,  which  shows  itself  during  the  weathering  of  the  iron  by  the  exudation  of 
watery  drops  of  iron  chloride.  The  Widmanstatt  and  Setven  figures  are  most  distiiTjt 
in  the  iron  from  the  basalt. 
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Iron 

8 149 

86-3i 

93-24 

Nickol 

2'  18 

l-(il: 

1-24 

Cobalt 

007 

0-35 

0-56 

0'27 

O'lO 

019 

Alumina  "       "       "  ' 

trace 

0-24 

Limo 

0-48 



M-  ff  es'i' 

O'O-t 

0-20 

trace 

Potash"'' 

trace 

0-07 

O'OS 

Soda 

0-11 

0-12 

Phosphorus 

0-20 

0-07 

0-03 

Sulphur  .       .       .  . 

1'52 

0-22 

1-21 

Chlorine  .... 

0-72 

1-16 

0-16 

Silica  .... 

trace 

6-66 

0-59 

„    undissolved  . 

0-0,5 

4-37 

Carbon,  organic  matters, } 

10-16 

3-71 

<C  2-30 

oxygen,  and  loss  .  J 

}H  0-07 

100-00 

105-93 

99-79 

From  this  community  of  character  it  might  perhaps  be  inferred  that  the  -whole  con- 
sists of  native  metallic  iron.  The  discoverer,  however,  is  more  inclined  to  regard  it  as 
duo  to  a  fall  of  meteorites  at  a  very  remote  epoch,  before  the  volcanic  ashes  had 
hardened  into  the  existing  basalt.  The  decided  meteoric  shape  of  the  masses,  their 
porosity,  and  the  presence  of  organic  matter — circumstances  which  cannot  -well  be  re- 
conciled with  the  supposition  that  the  iron  has  been  ejected  from  the  interior  of  the 
earth  in  a  state  of  igneous  fusion— together  with  the  presence  of  nickel,  &c.,  all 
afford  evidence  of  meteoric  origin  (Nordenskiold). 

Near  the  large  iron  masses  above  described  other  iron  was  found  in  grains  and 
spherular  masses  ;  also  a  vein  of  the  metal  several  inches  wide  and  some  feet  in  length, 
enclosed  in  a  rock  which  is  apparently  trap,  but  shows  a  marked  dilFerence  in  com- 
position from  the  basalt-breccia  from  which  it  protrudes.  The  metal  of  this  vein,  which 
has  been  examined  by  Wohler  (Ann.  Ch.  Pharm.  clxii.  247),  resembles  grey  east  iron  ; 
it  has  a  bright  lustre,  is  very  hard,  quite  unalterable  in  air,  and  has  a  specific  gravity 
of  5-82.  Nordenskiold  obtained  gas  from  the  metal  of  the  larger  masses  by  heating 
them;  Wohler  finds  that  the  iron  of  the  vein  evolves  more  than  100  times  its 
volume  of  a  gas  which  burns  with  a  pale  blue  flame,  and  consists  of  carbon  mon- 
oxide mixed  with  a  little  dioxide.  The  'iron,'  in  fact,  contains  a  considerable  amount 
of  carbon  and  a  compound  of  oxygen,  and  has  evidently  not  been  at  any  time  exposed 
to  a  high  temperature.  By  heating,  the  iron  becomes  brighter  in  appearance,  and 
though  more  soluble  in  acid,  still  leaves  a  carbonaceous  residue.  A  fragment 
heated  in  hydrogen  lost  however  11-09  p.c,  or,  in  other  words,  was  shown  to  contain 
that  amount  of  oxygen.  Hydrochloric  acid  acts  but  slowly  and  partially  on  this 
metal,  evolving  sulphuretted  hydrogen  and  then  hydrogen  having  the  odour  of  a  hydro- 
carbon, and  leaves  a  black  granular  magnetic  powder  which,  though  insoluble  in  acid 
when  cold,  generates,  on  the  application  of  heat,  a  gas  with  a  strong  odour  of  a 
hydrocarbon,  and  leaves  a  residue  of  amorphous  sooty  carbon  and  slightly  lustrous 
graphitic  particles.  In  ferric  chloride  the  '  iron '  dissolves  -without  evolution  of  gas, 
leaving  about  30  p.c.  of  a  black  residue  wliich,  after  having  been  dried  at  200°,  loses 
by  subsequent  ignition  in  hydrogen  19  p.c.  of  its  weight,  water  being  formed.  This 
residue  is  very  readily  attacked  by  acid,  evolves  sulphuretted  hydrogen,  and  leaves  a 
nearly  pure  carbon  in  powder  and  graphitic  scales.  Ferric  chloride  and  hydrogen 
chloride  appear,  therefore,  to  remove  the  free  metal  only,  and  to  be  without  action  on 
its  compounds  with  sulphur  and  oxygen.  The  '  iron '  has  the  following  ultimate 
composition  : — 

Iron         Nickel      Cobalt     Phosphorus     Sulphur      C.irbrai  O.vvsjcn 
80-64        1-19        0-49         0-15  2-82         3-69        11-09     =     100  07 

The  oxygen  which  constitutes  so  considerable  a  part  of  an  apparently  metallic  mass 
might  be  regarded  as  present  in  the  form  of  a  diferrous  oxide,  Fe-0*  were  it  not  that 
this  view  provides  no  iron  for  combination  with  sulpliur  and  carbon.  As  Norden- 
skiold found  magnetite,  Fe'0\in  other  Ovifak  irons,  Wohler  regards  the  iron  compound 
which  constitutes  the  veins  as  an  intimate  mixture  of  magnetite,  of  which  there  would 
be  40-2  p.c,  with  metallic  iron,  its  sulphide,  carbide,  and  phosphide,  its  alloys  with 
nickel  and  cobalt,  and  some  carbon  in  isolated  particles.  The  latter  undergoes  no 
change  when  the  magnetite  and  carbide,  by  the  action  of  heat,  generate  carbonic  oxide. 
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Meteoric  Stones.  1.  The  Hcsslo  Meteorites.  A  remarkable  fall  of  meteoric 
Btones,  wliicli  took  place  on  January  1,  1869,at  Aerno  near  Hessle  on  the  Malar  Lake, 
in  Sweden,  is  recorded  by  Haidinger  {Wicn.  Acad.  Be>:  lix.  [2],  224).  These  stones, 
some  of  which  were  twice  the  size  of  the  fist,  were  spread  over  a  tract  of  country  16 
km.  long  and  5  km.  broad.  They  have  been  analysed  by  A.  E.  Nordenskiold  {Pogg. 
Ann.  cxli.  205).  Their  weight  varies  from  0'07  gram  to  1791  grams,  and  their 
specific  gravity  from  3-671  to  4-004.  Some  of  them  which  fell  on  ice  or  snow 
crumbled  to  a  black-brown  powder,  which  contained,  together  with  a  few  magnetic 
particles,  4-3  p.c.  water  (at  110°)  and  glowed  when  heated,  giving  oflF  a  small  quantity 
of  a  brown  distillation-product  and  leaving  a  red-bro-mi  powder.  The  analysis  of  this 
powder  gave,  together  with  traces  of  lithia — 

C        n         0  SiO'      FeO     JIgO     CaO  Na=0 

51-6    3-8     15-7      16-7     8-4     \b     0-8      1-5    =  100 

These  stones  are  encrusted,  black  on  the  outside,  grey  within,  porous,  and  adhere  to 
the  tongue.  They  are  composed  of  silicates  and  metallic  grains  bound  together  by  a 
whitish-grey  porous  mass. 

,  ( 1.)  Total  Analysis. — a  (Lindstrom).  Stone  from  Hessle  ;  h  and  c  (Nordenskicld).  b 
found  in  the  ice  between  Arno  and  Hessle,  c  at  Arno. 

(2.)  Silicate  of  la,  analysed  by  Lindstrom :  a.  After  digestion  with  mercuric  chloride. 
b.  After  separation  of  the  magnetic  particles. 

(3.)  Nickel-iron.  a.  The  portion  dissolved  in  mercuric  chloride  from  analysis  1,  after 
deduction  of  a  portion  of  iron  which  binds  the  S  to  FeS  (Lindstrom).  b  from  lb  ;  c 
from  Ic  (Nordenskiold).    The  analyses  lead  to  the  formula  Fe'Ni. 

(4.)  Portion  of  the  silicate  of  la,  which  is  soluble  in  strong  hydrochloric  acid ; 
48-67  p-c.  of  tlie  total  quantity  of  silicate  after  deduction  of  FeS  (Lindstrom). 

(.5.)  Insoluble  portion  after  deduction  of  1*90  p.c.  chromiferous  residue  imdecompo- 
sible  by  hydrofluoric  acid  (Lindstrom). 

(6.)  Analysis  of  the  spherules  which  make  up  the  chief  mass  of  the  Balingsta  stone, 
after  deduction  of  nickel-iron  a-nd  ferrous  sulphide  (Nordenskiold). 

(7.)  Powder  of  the  stone  obtained  by  pressure  between  the  fingers  and  sifting  through 
a  thick  cloth,  after  deduction  of  the  magnetic  particles  and  ferrous  sulphide ;  a  and  b, 
total  analysis  ;  c,  undissolved  matter  (42-8  p.c.) ;  d,  dissolved  (56-2  p.c.)  (Nordenskiold). 

The  proximate  constituents  of  the  Hessle  meteorites  are,  according  to  Nordenskiold, 
20  p.c.  nickel-iron  (Fe'Ni),  small  quantities  of  schreibersite,  chrome-iron,  troi'lite,  and 
carbonaceous  matter,  10  p.c.  labradorite  and  anorthite,  37  p.c.  olivin,  and  23  p.c. 
shepardite,  the  last  two  not  separately  recognisable. 

2.  Meteorite  of  BMnhiihr en,  Westphalia. — This  meteorite  fell  on  June  17,  1870.  Its 
fall  was  witnessed  by  a  peasant,  who  two  days  aftei-wards  found  it  buried  in  a  path- 
•way,  27  inches  below  the  surface.  Before  reaching  the  ground,  one  end  of  the  stone 
had  split  off,  and  a  fragment  of  the  detached  portion,  weighing  30  grams,  was  found 
some  300  yards  away. 

The  general  form  of  the  meteorite  is  that  of  a  flattened  spheroid.  Its  dimensions  are  : 
length,  0-125;  breadth,  0-112;  thickness,  0-093  meter;  probable  length  before  frac- 
ture, 0-130  meter.  The  exterior  of  the  stone  consists  of  a  black  layer,  scarcely  0-1  mm. 
thick,  which  is  not  smooth  and  even,  but  covered  with  a  number  of  extremely  fine 
fused  granulations.  When  examined  -with  a  magnifying  glass,  the  surface  exhibits 
innumerable  branching  cracks,  which  penetrate  into  the  interior  of  the  stone,  and  are 
filled  with  the  fused  mass  of  the  exterior.  Inside,  the  meteorite  is  much  lighter  in 
colour  than  meteorites  generally.  It  consists  of  a  greyish-white  mass,  interspersed 
with  a  very  largo  number  of  irregularly  distributed  crystalline  granules  of  a  light 
yellowish-green  colour,  some  imperceptibly  small,  others  of  considerable  size,  and 
mostly  several  millimeters  in  length.  These  crystals  belong  to  the  rhombic  system, 
but  it  has  not  been  found  possible  to  determine  their  exact  form.  Their  mean  sp.  gr. 
is  3-426.    An  analysis  of  them  gave  the  following  result  :— 

SiO'  FcO  MnO  MgO  CaO  APO^ 

54-51  17-53  0-29  26-43  1-04  1-26  =  101-06, 

sho-wing  that  the  crystals  are  bronzite,  with  a  large  proportion  of  iron. 

The  mass  of  the  meteorite,  in  which  the  crystals  are  embedded,  is  finely  granular, 
white  or  light  grey,  and  very  brittle.  Its  sp.  gr.  is  3-404.  Two  analyses  of  it  show 
that  it  is  almost  identical  in  composition  with  the  crystals  of  bronzite  contained  in  it. 

The  Ibbenbiihren  meteorite  is  remarkable  for  the  simplicity  of  its  constitution, 
consisting  almost  entirely  of  a  single  silicate,  bronzite.  It  contains  no  chrome- 
iron  ore,  which  is  almost  always  present  in  meteorites,  and  no  trace  of  any  sulphur- 
compound.  Traces  of  metallic  iron,  however,  appear  to  be  present.  The  surface  is 
distinctly  attracted  by  the  magnet,  a  portion  of  the  ferrous  oxide  of  the  bronzito 
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having  been  converted  into  magnetic  oxide  by  the  combined  action  of  the  oxygen  of 
the  air  and  a  high  temperature.  At  present  only  three  other  meteorites  of  similar 
constitution  are  known :  the  Chassigny  meteorite,  consisting  of  olivin ;  the  Bishops- 
\-ille,  of  cnstatite;  and  that  which  fell  at  Manegaum,  in  Hindostan,  in  1843,  and 
consists,  like  the  present,  almost  entirely  of  bronzite  (Gr.  vom  Eath,  Fogg.  Ann.  cxlvi. 
463). 

3.  Meteorite  from  Bandong,  Java. — This  stone,- weighing  2,240  gi-ams,  fell,  with  five 
others,  on  December  10,  1871.  It  is  an  irregular  rounded  fragment,  of  sp.  gr.  3-519, 
with  a  dull  blackish  surface,  presenting  numerous  spherical  indentations.  The  fracture 
shows  a  pale  grey  stony  matrix  of  silicates,  in  which  are  distinguished  metallic  grains 
of  three  different  kinds.  The  first,  of  an  iron-grey  colour,  consist  of  nickel-iron ; 
others,  of  a  bronze-yellow  colour  and  iridescent,  are  iron  sulphide ;  and  a  third  lund, 
black  and  insoluble  in  hydrochloric  acid,  consists  of  chromic  iron.  Under  the  micro- 
scope a  thin  section  of  the  matrix  is  crystalline  and  transparent. 

Analysis  gave  the  following  results : — 

Soluble  in  HydrocMoric  Acid,  60-17  ^J.c. 
S        Fe       Ni        Co      MnO      FeO       MgO     CaO    K=0    Na=0  Al'^O'  SiO= 
2-13    4-95    1  03    0-14    0-12    16-87    12  S1   O'SO  0-89   0-70  1-43   17-25  68-62 

Insoluble  in  HiidrocUoric  Acid,  39-83  v.c. 
Chrome-  *^ 

iron       MuO      Fe'0»       MgO        CaO         K'O         Na^O       Al'O'  SiO" 

4-41      trace      4-30       0-43       0-76       O'lS       1-49       2-63  20-40  =  39-50 


Hence  the  meteorite  appears  to  consist  of — 

Iron      Chromc-iron  Felspathio 
Nickel-iron     sulpliide  ore  Peridote  Augite  mineral 

2-81  6-44         4-41  47-26  20-98  17-00  =  97-00 

(Daubree,  Compt.  rend.  Ixxv.  1676). 

4.  Meteorite  of  Lodr an,  near  Moultan  in  India:  October  1,  1868.  (G.  Tschermak, 
i'ogg.  Ann.  cxl.  321).  This  partially  encrusted  stone  is  a  very  distinct  mixture  of 
nickel-iron,  olivin,  bronzite,  magnetic  pyrites,  and  chrome-iron.  The  nickel-iron 
contains : 

Fe  Ni  MgO  Ee=iduo 

85-44  12-79  0-25  0-81     =  99-29 

The  olivin  (A)  and  bronzite  (B)  have  been  examined  crystallographically  by  V.  v. 
Lang.  The  former,  whieli  is  of  a  blue  or  bluish-grey  colour,  is  fringed  on  its  cracks 
with  mineral  dendrites,  probably  proceeding  from  chrome-iron,  as  indicated  by  the 
analysis.  The  olivin  substance  contains  82  p.c.  magnesium  silicate  to  18  p.c.  iron 
silicate.  The  green  or  yellow-green  bronzite  exhibits  three  kinds  of  microscopic  im- 
bedded crystals,  besides  capillary  bodies,  apparently  consisting  of  felspar  and  chrome- 
iron.  The  composition  answers  to  78  p.c.  magnesium  silicate  to  22  p.c.  iron  silicate. 
SiO=  M'O'         Cr-0'         FeO  MgO  CaO 

40  14  —  0  60       13-35       46  01  —  100-30 

55-35        0-60  —        12-13       32-85        0-68        =  101-51 

Sp.gr.  of  A  =  3-307  ;  of  B  =  3-313 

The  ferrous  sulphide  does  not  exhibit  crystalline  forms,  but  in  the  chrome-iron  the 
forms  0,  ooO  and  303  are  recognisable.  An  approximate  estimation  of  the  entire 
mass  gave  32-5  p.c.  nickel-iron,  28-9  olivin,  31-2  bronzite,  with  a  little  chrome-iron 
and  anorthite  (?)  and  7"4  magnetic  pyrites. 

5.  Meteorite  of  Shalka,  in  Bengal. — This  meteorite,  which  fell  on  November  30, 
1850,  is,  according  to  G.  Eose  {Fogg.  Ann.  cxxiv.  193),  a  fine-grained  mixture  of  dark 
green  olivin  with  a  white  silicate,  and  isolated  granules  of  chrome-iron.  It  is  coated 
with  a  dull  blackish-brown  crust.  Eammelsberg  {ibid.  cxli.  275)  finds  that  its  powder 
may  bo  separated  Ijy  levigation  into  a  lighter  (A)  and  a  heavier  portion  (B),  and  the 
former  by  the  action  of  acid  into  a  decomposilale  portion  (a)  and  an  undecomposible 
portion  (/*). 


SiO' 

FeO 

MgO 

CaO 

Na'O 

Cr=0»,FeO 

Insoluble 

3-84 

3-91 

3-17 

trace 

86-43  =  99-46 

65-55 

16-63 

77-73 

0-09 

0-92 

0-33 

—    =  101-15 

62-25 

20-02 

25-96 

1-03 

0-73 

—    =  100 
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From  these  numbers  tho  proximate  constituents,  independently  ot  tbo  cliromo-irou, 


may  be  calculated  as 

A  B 

Bronzite                                                     88-67  83  9 

Olivin  11-33  16-1 


This  analysis  confirms  G.  Rose's  conclusion  as  to  the  existence  of  t-vvo  silicates  in 
the  meteorite. 

6.  The  meteorite  of  Goalpara,  in  Assam,  of  unkno-svn  date,  has  the  appearance  of  a 
coarse-grained  olivin,  of  dark  grey  colour,  and  consists  of  8-49  p.c.  metallic  iron,  0-85 
hydrocarbon,  61-72  olivin,  and  30-01  enstatite  (Tschermak  a.  Teclu,  Wien.  Akad.  Ber. 
Ixii.  [2],  852,  855). 

7.  The  meteorite  of  Busti,  in  India,  contains  globules  of  calcium  sulphide  and  small 
golden-yellow  octohedrons  called  osbornite,  apparently  consisting  of  an  oxj'sulphide 
of  titanium  and  calcium;  these,  together  -with  the  calcium  sulphide,  are  imbedded  in 
augite  (Maskelyne  a.  Flight,  Proc.  Roy.  Soc.) 

8.  The  meteorite  -which  fell  at  Khctree,  Kajputana,  has  been  analysed  byD.  Waldie 
(C'kem.  News,  xxi.  278).  It  exhibits  light  and  dark  grey  portions,  partly  arranged  in 
layers,  partly  forming  small  spherules  which  are  difficult  to  separate  from  one  another. 
Sp.  gr.  3-612-3-818.  It  consists  of  nickel-iron  (A),  troilite,  Fe'S^  and  schreibersite  (B), 
soluble  silicates  (C),  and  insoluble  silicates  (D) : — 


Fe 

Ki 

Co 

Cr 

S 

P 

16-98 

1-26 

0-21 

0-10 

—    =  18-55 

3-34 

1-76 

0-12  =  5-22 

SiO' 

Cr=0' 

FcO 

MrO 

CaO 

Na'O 

X* 

10-73 

0-41 

7-51 

13-7G 

0-68 

0-09 

2-00  =  35-18 

24-44 

1-36 

0-40 

3-65 

1004 

1-69 

0-78-t- 

—     =  42-36 
101-31 

9.  A  meteorite  which  fell  in  Stewart  Co.,  Georgia,  on  October  6,  1869,  has  been 
examined  by  J.  E.  Willet  {Sill.  Am.  J.  [2],  xl.  331).  Its  fall  was  accompanied  by 
seven  explosions,  and  the  stone  immediately  after  its  fall  was  found  biu-ied  to  the 
depth  of  about  a  foot,  and  not  sensibly  hot.  It  was  coated,  excepting  on  a  few  small 
portions,  with  a  black  crust  of  the  thickness  of  paper.  It  had  the  form  of  an  irregular 
cone,  and  weighed  about  366  grams.  The  surface,  when  freed  from  the  black  crust, 
was  grey  and  studded  -with  green  spherules  of  tibruus  structure,  the  fibres,  however, 
radiating,  not  from  the  centre  of  the  spin  rule,  Iml  fromapoint  on  its  surface;  between 
these  were  whitish  grains,  dark  partii.-li  s,  and  spots  of  chrome-iron.  The  chemical 
analysis  by  J.  L.  Smith  showed  that  the  stone  consists  of : — 

Nickel-iron  . 
Ferrous  sulphide  . 
Bronzite  or  hornblende 
Olivin  . 

Albite  or  oligoclaso 
Chrome  iron 

Tho  nickel-iron  contains  86-92  p.c.  Fe,  12-01  nickel,  q,nd  0-75  cobalt. 

10.  Meteorite  of  Tjiibe,  India. — This  meteorite  fell  on  December  9,  1869.  Nine 
hours  after  its  fall  it  was  still  too  hot  to  be  touched  by  the  hands.  It  weighed  10 
kilogi'ams  and  had  a  specific  gravity  of  3-496.  A  portion  (14  p.c.)  was  separable  by 
the  magnet  and  had  a  specific  gravity  of  6-8  at  15°.  The  ratio  of  nickel  to  iron  in 
the  magnetic  portion  was  1  :  15.    The  siliceous  portion  gave  by  analysis: — 

Matter  Na=0 

insol.  in  Iron  tvith  trace 

HCl  sulphide  SiO=  MgO      FcO       CaO      of  ICO  A1=0=    MnO  NiO 

50-14  3-71  14-95  16-40    12-01    0  74      032  022    0-30    trace  =  98  79 

11.  Meteorite  of  Tadjcra. — This  stone,  which  fell  on  June  6,  1867,  at  Tadjera,  near 
Setif  in  Algeria,  contains,  according  to  Meunier  {Ann.  Ch.  Phys.  [4],  vii.  5),  54-64  p.c. 
deeomposible  silicates,  28-80  undecomposible  silicates,  0-20  chrome-iron  ore,  8-04 
troilite,  and  8-32  nickel-iron. 

1 2.  Meteorites  of  Danville  in  Alabama. — A  number  of  stones  fell  in  this  locality  at 
5  P.M.  on  November  27,  1868.  The  one  examined  had  the  usual  black  crust,  was  of  a 
grey  colour  on  a  freshly-broken  surface,  and  somewhat  oolitic  in  its  structure.  Troilite 
and  nickeliferous  iron  were  easily  recognisable,  and  another  mineral  was  observed 
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■which  was  probably  enstatite.  Tho  specific  gravity  of  the  stone  is  3'398.  The  iron 
has  the  following  composition  : — 

Fe  Ni  Co  P  S 

89-013         0-050  0-521  0-019  O'lOo  =  99'208 

The  troilito  consists  of  61-11  iron  and  39-56  sulphur  (  =  100-67). 
The  stony  portion  of  this  meteorite  is  made  up  of  60-88  p.c.  soluble,  and  39-12  p.c. 
insoluble  silicate,  the  latter  being  thus  composed : — 

SiO'  APO^  FeO  MgO  CaO 

50-08  4-11  19-85  20-U  3-90  =  98-08 


These  numbers  denote  a  mineral  of  the  augite  group.  Tho  analysis  of  the  soluble 
portion  (in  which  were  fouhd  silica  45-90,  magnesia  26-52,  iron  protoxide  23-64, 
alumina  1-78,  and  limo  2-31)  yielded  numbers  corresponding  with  the  constitution  of 
an  olivin  (J.  Lawrence  Smith,  Jahrhuch.f.  Mineralogie,  1871,  82). 

13.  The  Franklin  Meteorite. — This  stone  fell  four  miles  from  Frankfort,  in  Franklin 
county,  Alabama,  on  December  6,  1868.  It  weighed  1  lb.  9|  oz.,  and  has  a  mean 
specific  gravity  =3-31.    It  contains: — 

Iron  Chromiuia 

SiO=       M'O'       oxide      oxide       MgO        CaO       K=0       Na=0  S 
61-33     8-05     13-70     0-42      17-59     7-03     0  22     0-45     0-23  =  98-02 


with  a  trace  of  nickeliferous  iron. 

The  chromium  oxide  corresponds  with  0-62  p.c.  chromite,  the  sulphur  with  0-63  p.c. 
tro'ilite.  This  stone  belongs  to  the  class  to  which  G.  Eose  has  given  the  name  of 
Howardite,  and  resembles  in  its  physical  character  the  meteorite  of  Petersburg,  Ten- 
nessee (G.  J.  Brush,  ibid.  178). 

14.  Meteorite  of  Searsmont,  Maine. — The  original  mass  of  this  meteoric  stone  would 
appear  to  have  presented  an  oval  sub-conical  outline,  the  exterior  being  covered  with  a 
thick  crust  of  at  least  one-sixteenth  of  an  inch  in  thickness.  Its  colour  is  bluish-whito, 
and  remarkably  uniform,  but  it  is  slightly  stained  in  one  or  two  places  with  ferric  oxide. 
More  than  one-half  of  the  meteorite  is  composed  of  small,  rounded,  translucent  grains, 
vitreous  in  lustre,  and  rarely  exceeding  a  mustard-seed  in  size.  Between  these, 
and  often  partially  coating  them,  is  a  fine-grained  white,  or  greyish-white  mineral, 
which  is  supposed  to  bo  chladnite ;  it  constitutes  about  one-fourth  of  the  stone,  is 
without  visible  crystalline  structure,  and  rather  loosely  coherent.  Minute  points  of 
bright  meteoric  iron  are  very  thickly  scattered  throughout  the  mass,  and  a  few  grains 
of  troilito  are  visible.  In  one  spot  only  a  peculiar  blackish  substance  of  small  dimen- 
sions was  noticed,  which,  on  being  touched  with  the  point  of  a  knife,  was  found  to  be 
soft,  and  to  leave  a  bright  metallic  streak  ;  it  was  probably  a  plumbaginous  aggregate. 

In  appearance,  especially  in  the  well  marked  character  of  its  granules,  this  stone 
closely  resembles  the  Aussum  (France)  meteorite  of  December  1858,  while  in  tho 
thickness  and  general  character  of  the  crust  it  also  corresponds  with  the  celebrated 
Mauerkirchen  stone  of  1768. 

It  was  analysed  by  J.  L.  Smith,  with  the  following  results  :  sp.  gr.  3-701  ;  stony 
matter,  85-38  p.c;  nickeliferous  iron,  14-62  p.c.  The  iron  yielded:  iron,  90-02; 
nickel,  9-05  ;  cobalt,  0-43.  Tho'stony  portion,  treated  with  a  mixture  of  hydrochloric 
and  nitric  acids,  gave  :  52-3  p.c.  soluble  in  acid,  and  47-7  insoluble. 

Both  the  soluble  and  insoluble  portions  consisted  essentially  of  double  silicates  of 
iron  and  magnesium,  the  soluble  part  being  classed  as  an  olivin,  whUe  tlie  insoluble 
was  considered  to  be  either  bronzite  or  enstatito. 

The  proximate  composition  of  the  stone  would  therefore  be  : — 

Nickeliferous  iron   14-63 

Magnetic  pyrites   3-06 

Olivin   43-04 

Bronzite,  with  a  little  orthoclase  and  chrome-iron  39-27 


(0.  U.  Shepard,  Sill.  Am.  J.  [3],  133,  200). 

15.  A  meteorite  which  fell  at  Adarc,  in  the  county  of  Limerick,  in  1810,  has  been 
analysed  by  E.  A;  Apjohn  {Chem.  Soe.  J.  [2],  xii.  104).  It  consists  of  an  earthy  ma- 
trix in  which  are  imbedded  numerous  small,  shining,  metallic  particles.  Its  surface  is 
dark-coloured  and  has  a  fused  appearance.  Sp.  gr.  =  3-94.  Its  proximate  composi- 
tion is : 
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Niekol-iron        ....  19-07 

Magnetic  pyrites        .       .       .  G  oi 

Clirome-iron      ....  r7'5 

Soluble  silicate  ....  3;j-4'l 

Insoluble  silicate       .      .       .  37-07 

99-87 

The  metallic  portion  consists  of  80-120  p.e.  iron,  14-275  nickel,  0-602  cobalt,  with  a 
trace  of  phosphorus. 

The  composition  of  the  soluble  silicate  (A)  and  insoluble  silicate  (B)  is  as 
fullo-ffs  : — 

SiO"         A1=0'        FoO       MnO      CaO  MgO         Na'O         K=0  r=0' 

42-91  2-35  16-93  6-20  6-34  24-32  0-29  0  02  —  =  98-42 
59-48       3-24       7^94     8-84     4-62       13-17       I'SO       0-30  trace  =  99-45 

This  meteorite  is  especially  interesting  as  containing  also  a  small  quantity  of  vana- 
dium, affording  indeed  the  first  instance  in  -which  that  element  has  been  discovered  in 
a  nioteoric  stone. 

ISffiETHSK-'H'I.-BliS.SISMES.  When  orthoformio  ether  and  acetamide  are  heated 
together  in  sealed  tubes  to  180'',  cubic  crystals  are  formed  consisting  of  methenyl- 

diacetyl-diamine,  CH-^  ,  or       (C^ITO)^.    Their  formation  may  be 

i[N(C=H»0)]"  (h 
represented  by  the  cQuation— 

CH(0C=ff)3  +  2C-IP0Nn=  =  3C-ffOn  +  CH{5}Jg,g5)°) 

Besides  these  products,  there  are  formed  ethyl  acetate  and  amidomethenylimide, 
CII  j^jjjjyi  or  methenyl-diamino  N-j^a^^^  >  which  latter  remains  in  solution,  but 
has  not  yet  been  obtained  in  the  free  state.  Its  hydrochloride  has  the  composition 
CN2II^2HC1 ;  the  platinochlorido  is  CN-H'.2HCl.PtCl'.  Methenyl-diacetyl-diamino 
heated  with  water  is  converted  into  the  acetate  of  methenyl-di  amine — 

CN=ff-(CIPO)=  +  2IP0  =  CN-H'(C-'H'0=)=  1 
(Wichclhaus,  Dent.  CJicm.  Gcs.  Bir.  iii.  2). 

mHTH^S.  il.2.CSJHO£,  CII'O.  On  the  formation  of  methyl  alcohol  by  reduction 
of  formic  acid,  see  Formic  Acid  (p.  533). 

Testing  and  Estimation. — Methyl  alcohol  does  not  give  Lichen's  iodoform  reaction 
with  iodinei-and  potash  {\st  Suypl.  593  ;  Incl  Suppl.  67  i),  and  may  therefore  easily  bo 
tested,  by  means  of  this  reaction,  for  ethyl  alcohol,  acetone,  and  other  compounds  which 
yield  iodoform  when  thus  treated  (Licben). 

The  proportion  of  methyl  alcohol  in  commercial  wood-spirit  may  be  estimated  as 
follows  : — A  dry  flask  holding  100  c.c,  and  containing  30  grams  of  phosphorus  di-iodide, 
is  closed  witlua  double-perforated  stopper  (best  of  glass)  provided  with  a  sn)all  tap- 
burette  in  which. 5  c.c.  of  the  wood-spirit,  measured  at  15°,  are  placed.  In  the  other 
hole  a  condensing-tube,  bent  at  an  obtuse  angle,  is  fitted.  The  wood-spirit  is  then 
added  drop  by  drop,  and  when  all  is  introduced,  the  flask  is  heated  for  five  minutes  in 
boiling  water,  and  then  inclined,  to  distil  off  the  methyl  iodide.  The  receiver  consists 
of  a  glass  tube  holding  25  c.c,  the  lower  end  being  narrowed  and  calibrated.  Wlion 
the  distillation  is  finished,  the  condenser  is  rinsed  out  with  water,  the  receiver  filled 
with  water  to  tlio  mark,  and  after  the  contents  have  been  well  shaken,  the  volume  of 
the  iodide  is  read  off.  As  5  c.c.  of  pure  methyl  alcohol  yield  under  these  conditions 
7'19  c.c.  of  iodide,  the  quantity  of  the  alcohol  in  the  wood-spirit  can  be  found  by  a 
simple  proportion.  If  the  wood-spirit  contains  methyl  acetate,  this  compound  will 
also  be  converted  into  the  iodide  ;  but  in  the  valuation  of  wood-spirit  for  the 
manufacture  of  aniline-colours,  which  is  the  chief  object  of  the  process  hero  de- 
scribed, the  error  arising  from  this  substance  may  be  neglected,  because  it  also  forms 
methylated  anilines  ;  moreover  its  quantity  can  bo  easily  determined  by  heating  the 
wood-spirit  with  standard  soda,  and  finding  the  quantity  used  by  means  of  standard 
acid.  Acetone  yields,  under  the  above  conditions,  only  a  few  drops  of  a  distillate  which 
3  F  2 
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is  soluble  in  water,  and  the  other  impurities  are  converted  into  resinous  bodies 
(G.  Krell,  Deiit.  Chem.  Gcs.  Bcr.  \\.  1310). 

Mixtures  of  Methyl  Alcohol  and  Water. — The  specific  heats,  heat  of  combi- 
nation, boiling  point,  capillarity,  expansion  by  heat,  and  compressibility  of  mixtures 
of  methyl  alcohol  and  -water  in  various  proportions  have  been  determined  by  A.  Dupre 
{Proc.  Boy.  Soc.  xx.  336). 


Specific  Heats. 


Weight  per  cent,  of 
Methyl  Alcohol 

Specific  Heat  referred  to  Water  =  100 
Found            1  Calculated 

Difference 

10 

98-582 

95-832 

+  2-750 

20 

95-914 

91-665 

4-249 

30 

92-658 

87-497 

5-161 

40 

89-219 

83-330 

6-889 

50 

84-645 

79-162 

5-483 

60 

80-177 

74-995 

5-182 

70 

75-500 

70-827 

4-673 

80 

69-999 

66-660 

3-339 

90 

64-282 

62-492 

1-790 

100 

64-325 

Heat  produced  hy  mixing  Methyl  Alcohol  and  Water. 


Weight  per  cent,  of  Methyl  Alcohol 

Heat  Produced  for  5  grams  of  mixture 

10 

20-930 

20 

37-276 

30 

44-744 

40 

45-384 

50 

44-429 

60 

41-393 

70 

34-456 

80 

22-448 

90 

13-164 

Boiling  Points. 


Weight  per  cent,  of 
Methyl  Alcohol 

Boihng  Point 

Difference 

Found 

Calculated 

0 

99-93 

10 

82-57 

95-80 

-  13-23 

20 

75-26 

91-76 

16-56 

30 

70-68 

87-53 

16-85 

40 

68-31 

83-40 

15-09 

50 

67-08 

79-26 

11-18 

60 

65-76 

75-13 

9-38 

70 

64-65 

71-00 

6-35 

80 

6313 

66-87 

3-74 

90 

60-96 

62-73 

1-77 

100 

58-60 
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Capillary  heights  of  mixtures  of  Methyl  Alcohol  ami  Water  in  a  tube  O'bSi  mm. 
diameter,  at  13-5°. 


Weight 
per  cent,  of 
Methyl 
Alcohol 

Height  referred  to 
Water  =  100  mm. 

Length  of  a  Water- 
Column  of  equal 
weight 

Height 
calculated 

Difference 

0 
10 
20 
30 
40 
60 
60 
70 
80 
00 
100 

100-00 
68-820 
68-830 
62-463 
48-047 
46-638 
46-467 
45-176 
43-997 
42-612 
40-970 

100-00 
67-818 
67-264 
50-381 
46-252 
43-136 
42-170 
40-034 
37-005 
36-671 
33-337 

93-334 
86-667 
80-001 
73-336 
66-668 
60-002 
63-336 
46-669 
40-003 

-  26-416 
29-403 
29-620 
27-083 
23-632 
17-832 
13-302 
8-714 
4-332 

Specific 

Gravities  {water  — 

100,000). 

Weight 
per  cent.  o£ 

Specific  Gravity  at  10° 

Difference 

Specific  Gravity 
at  20° 

Methyl 
Alcohol 

Found 

Calculated 

0 
10 
20 
30 
40 
60 
60 
70 
80 
00 
100 

09973 
98632 
07478 
06222 
94729 
92001 
01048 
88933 
86698 
84064 
81371 

97762 
05622 
03573 
01611 
89727 
87923 
86188 
84620 
82016 

+  870 
1856 
2649 
3118 
3264 
3126 
2746 
2078 
1138 

99819 
98384 
97080 
06676 
04054 
92205 
90207 
88036 
86655 
83079 
80334 

Expansions  deduced  from  the  observed  Specific  Gravities. 


Weight 

Volume  at  20° 

per  cent,  of 
Methyl 

■Volume  at  10° 

Difference 

Alcohol 

Found 

Calculated 

0 

100 

10O-164 

10 

100 

100-252 

100-293 

-0-041 

20 

1(10 

100-410 

100-429 

-0010 

30 

100 

100-671 

100-562 

+  0  000 

40 

100 

100-718 

100-689 

+  0-029 

50 

100 

100-853 

100-809 

+  0-044 

60 

100 

100-932 

100-922 

+  0010 

70 

100 

101-019 

101-028 

-0-009 

80 

100 

101-101 

101-124 

-0-023 

90 

100 

101-173 

101-212 

-  0  039 

100 

100 

101-200 
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Compressibility. 


■  Weight 

Compressibility  for  one  Atmosphere 

per  cent,  of 

Temperature 

Difference 

Alcohol 

Found 

Calcultited 

0 

16-8 

0-00004741 



— 

10 

16-5 

•00004368 

0-00005497 

-0-00001129 

20 

16-0 

•00004365 

•00006303 

•00001038 

30 

15-4 

■00004289 

•00007052 

•00002763 

40 

17-4 

•00004781 

•00007758 

•00002977 

60 

16-5 

•00004910 

•00008420 

•00003504 

60 

16'4 

•00005541 

•00009029 

•00003488 

70 

15-7 

•00006167 

•00009586 

•00003419 

80 

16-3 

•00007416 

•00010083 

•00002667 

00 

15-2 

•00009103 

•00010511 

•00001408 

100 

lo-O 

•00010879 

ETHBISS.  C/u'oric?e,  CH'Cl.— The  best  method  of  preparing  this 
compound  is  to  pass  a  current  of  hydrogen  chloride  into  a  boiling  solution  of  zinc 
chloride  in  twice  its  -weight  of  -wood-spirit,  in  a  flask  connected  "with  an  inverted  con- 
denser and  a  -wash-bottle  containing  -water.  The  hydrochloric  acid  is  then  completely 
absorbed,  and  the  whole  of  the  methyl  alcohol  is  converted  into  chloride,  while  the 
impurities  which  accompany  it  in  the  wood-spirit  are  converted  into  a  black  tarry 
mass  (Groves,  Chcm.  Soc.  J.  [2],  xii.  641). 

Iodide,  CH^I. — Methyl  iodide,  in  the  dry  state,  is  very  slowly  decomposed  by  a 
copper-zinc  couple  ;  but  if  the  couple  bo  wot  with  water,  decomposition  takes  place, 
even  at  ordinary  temperatures,  the  products  being  chiefly  methane  and  zinc  iodhy- 
drats : — 

CH'I  +  WO  +  Zn  =  CH^  +  Znjjjj. 

With  a  mixture  of  methyl  alcohol  and  ethyl  alcohol  the  products  are  methane  and 
eiuc  iodetliylute,  ZnI(OC-H=)  (Gladstone  a.  Tribo,  Chem.  Soc.  J.  [2],  xi.  682). 

IfflSTK^g-aABiIIOTS,  CE^ISr.  Formation.— When  crude  methyl  alcohol,  after  being 
scpariitod  Ijy  distillation  from  p3Toligneous  acid,  is  further  purified  by  distillation  over 
lime,  the  first  portion  of  the  distillate  has  a  strong  alkaline  reaction  and  an  ammoni- 
acal  odour,  and  contains  a  large  quantity  of  methylamine.  If  the  methyl  alcohol  be 
redistilled  for  a  longer  time,  the  quantity  of  methylamine  is  increased,  and  it  is  accom- 
panied by  di-  and  tri-methylamine.  The  crude  wood-spirit,  before  those  distillations, 
contains  onlj-  traces  of  methylamine,  but  abundance  of  ammonia.  The  ammonia  is, 
therefore,  an  agent  in  the  production  of  the  methylamine.  It  does  not,  however,  act 
directly  on  the  methyl  alcohol,  for  these  two  bodies  may  be  heated  together  for  several 
hoiurs  without  production  of  methylamine.  The  reaction  tiikes  place  between  ammo- 
nia and  acetone,  which  is  always  present  in  crude  wood-spirit,  as  represented  by  the 
following  equations  : — 

C^H^O  +  NH'  =  C^H^O  +  NH^CIP 

Aldehyde  Methylamine 

C^H^O  +  NH2(CH-^)    =  C=H*0  +  mi{CWf 

Dlmethylamine 

C^H^O  +  NE{Cmy    =  C=H'0  -I-  N(CH')' 

Trimethylamino 

The  aldehyde  found  in  methyl  alcohol  is  derived  from  the  same  reaction  (C.  W. 
Vincent,  BtcU.  Soc.  Chim.  [2],  xix.  14 ;  Compt.  rend.  Ixxvii.  898). 

According  to  Bertlielot,  methyl  alcohol  and  ammonium  chloride,  heated  together  to 
320°,  yield  a  small  quantity  of  methylamine.  Dusart  a.  Bardy  {Co7npt.  rend.  Ixxiv. 
188),  by  heating  2  parts  ammonium  chloride,  3  parts  methyl  alcohol,  and  1  part  hydro- 
chloric acid  to  207°  for  30  hours,  obtain  oxide  and  chloride  of  methyl,  together  with 
methylamine  liydrochloride  amounting  to  one-third  of  the  ammonium  chloride  used. 
From  the  lower  temperature  required  in  this  reaction  they  consider  that  methyl 
chloride  is  essential  to  it,  and  that  the  formation  of  methylamine  in  Berthelot's  process 
must  have  been  due  to  decomposition  of  the  sal-ammoniac  into  ammonia  and  hydro- 
chloric acid. 
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MSTHYIi-AWISiIWE.    See  Aniline  (p.  73). 

Bf£BTHYI.-BUTYI.  CAKBmOZ.,  CHOH  |^!g9-  See  Hexyl  Alcohols 
{Ut  Sti^riJl.  6,  98). 

XHSTH  YSj-BSIOMACETOIi,  CH^— CBr-— CH'.  Syn.  with  d  i  b  r  0  m  o  pr  op  a  u  e. 

Seo  Pkoi'anes. 

METHYSj-CAPKOOKTB,  or  METHYIi-AKEYX.   ILETOITE,  CO  y^^n 

See  C.MUiOONE  (p.  251). 

METHlirs.-CHa.OBACETOI.,CH'— CC1-— CIP.  Syn.  with  dichloropropaiie. 
See  Pkopanes. 

METHlfE.=CH3E.OROPHSSrETOX.,  C'lPCI.O.C'-H^  This  compound,  the  cthylic 
etlior  of  chlorinated  methyl-pheuol  or  chlorocresol,  is  obtained  by  heating  the  sulphate 
of  diazochlorotoluene  with  absolute  alcohol : 

C'H«C1N=.HS0'  +  C=H"0  -  C'H«C1.0.C2H'  +        +  W-SO\ 

a.  Mcthyl-chloroplienetol  prepared  from  the  o-diazotoluene  salt  (obtained  by  the  action 
of  nitrous  acid  on  liquid  clilorotoluidinc),  is  an  aromatic  liquid  insoluble  in  water, 
easily  soluble  in  alcohol;  boils  at  210°-220^  ;  has  a  specific  gravity  of  1-127  at  19'5°. 

;8.  Meihi/l-chlorophcndol,  derived  in  like  manner  from  solid  ;8-chlorotoluidine,  has 
the  same  odour  as  the  o-compound,  boils  at  210°-220°,  and  has  a  specific  gravity  of 
I'l.'U  at  18^.  The  a-compound  is  produced  in  larger  proportion  than  the  0-compound 
(WroLlevsky,  Zcitschr.f.  Chcm.  [2],  vi.  16i). 

mETH-SrSsSI'JE  iLCET©C23IS.OaE3>E,  C^H^CIO-  (L.  Henry,  Deut.  Che.m.  Gcs. 
Bit.  vi.  739).  When  clilorino  is  passed  into  cooled  methyl  acetate  until  hydrochloric 
acid  is  evolved  in  considerable  quantity,  and  the  product  is  distilled,  a  portion  passes 
over  between  100°  and  120°;  and  thi.s,  when  dried  and  .submitted  to  fractionation, 
yields  methylene  acetochloride  as  a  colourless  liquid,  h.iviug  a  penetrating  and  suffij- 
c.itiiig  odour,  and  a  burning  taste.  It  has  a  specific  gravity  of  1'1953,  and  a  vapour- 
density  of  3'70,  is  insoluble  in  water,  soluble  in  alcohol  or  ether,  and  Ijoils  at  11.5°- 
116°.  It  is  decomposed  by  water,  or  alkalis,  with  formation  of  hydi-nclilni-ic  arid, 
acetic  acid,  and  probably  formic  aldehyde.  Sulphuric  acid  decomposes  il,  liMb''>rliliiric 
acid  being  evolved,  and  a  sulpho-acid  of  methylene  [probably  CH-(  IISO')-|  In  ing 
formed.  AVhen  this  acid  is  distilled  with  water,  it  appears  to  yield  formic  aldehyde 
or  a  polymoride  of  that  substance.  When  methylene  acetochloride  is  warmed  with 
alcoholic  pot.nssium  acetate,  it  yields  methylene  diaectate;  and  when  it  is  treated  with 
potassium  sulphocyanate,  a  violent  reaction  takes  place,  a  substance  which  has  the 
.CNS 

composition  CH-c^  being  probably  formed.    Ammonia  and  aniline  react  on 

methylene  acetochloride,  apparently  forming  methylene  bases. 

CI 

Methylene  for  mo  chloride,  CK-'  ,  appears  to  be  formed  in  liko  man- 

nor  Iiy  the  action  of  chlorine  on  methyl  formate ;  the  product  boils  at  about  100°. 

IfflETK-3ri.SWB  lOBEQE,  CH-I-.  From  experiments  by  J.  Bljuducho  {Zcitschr. 
f.  Chcm.  [2],  vii.  91)  it  appears  that  the  greatest  yield  of  this  compound  is  obtained 
when  a  mixture  of  chloroform  and  hydriodic  acid  in  the  proportions  required  by  the 
following  equation  is  heated  to  130°  for  2i  hours: 

CilCP  +  4HI  =  3HC1  +  I-  +  CIPI-. 
METH-S-IiEME  SUiFHIBE.    Sco  Thioformic  Aldehyde. 
IVSS'rHiri.EUH-PR©TCSCATECKUIC    ACXX>.     Syn.    with  Pipeeo.xylic 

.-Void  (//.y.) 

mETHYZi-GUA^JIBSlffE.    See  GuANiDiNE  (p.  682). 

IVIETHYI.-ISST2SIOariC  AGXD.    See  IsETHlONlC  AciD  (p.  705). 

EdETHYS.  SSETOSISS,  Mcihyl-i^ropyl  Ketone,  Cff.CO.C^H",  is  produced 
by  oxidation  of  the  secondary  aniyl  alcohol  obtained  from  normal  pentanc  (p.  63).  It 
boils  at  102°-105°,  unites  with  alkaline  bisulphites,  and  yields  by  oxidation,  acetic 
and  propionic  acids,  with  a  small  cpantity  of  carbonic  acid  (Schorlcmmer,  Chem.  Soc.  J. 
[2],  X.  1085), 
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Methyl -hutyl  Ketone,  CH^.CO.C'H',  is  formed  by  oxidation  of  the  secondary 
iioxyl  alcohol  obtained  from  normal  hexane  (p.  645),  and  converted  by  further  oxida- 
tion into  acetic  and  normal  butyric  acids  (Schorlemmer,  Ann.  Ch.  Pharm.  clxi.  263). 

Methyl-pentyl  Ketone,  CH^CO.C^H",  is  formed  by  oxidation  of  the  secondary 
alcohol  obtained  from  normal  heptane  (p.  643).  It  is  a  fragrant  liquid  which  boils 
between  150°  and  162°  unites  with  alkaline  bisulphites,  and  yields  by  oxidation  acetic 
and  normal  valeric  acids  (Schorlemmer,  loc.  cit.) 

Methyl-nonyl  Ketone,  C"H"0  =  CH'.CO.C'H",  is  produced  by  distilling  a 
mixture  of  tho  calcium  salts  of  acetic  and  capric  acids : 

CH'CO^'^*  +  C»H"CO=^^  =  CaCQs  +  CH^CO.CH'" 

The  crude  distillate  separates  by  fractional  distillation  into  thi-ee  portions,  the  first 
boiling  at  200°,  the  second  at  210°-215°,  the  third  above  300°.  Tho  second  fraction 
mixed  "with  alcohol  and  ammonia,  and  saturated  with  sulphurous  acid,  yields  a  crys- 
talline ketone-bisulphite  which,  when  purified  by  crystiiUisation  from  alcohol,  has  the 
composition  C"H"0.(NH*)H.SO'  +  H=0  ;  and  the  ketone  separated  from  this  salt  by 
sodium  carbonate,  dried  with  potash,  and  rectified,  has  exactly  the  composition 
C'>H"0. 

Methyl-nonyl  ketone  thus  prepared  is  a  colourless,  strongly  refracting  oil  ha^nng  an 
odour  slightly  resembling  that  of  rue  oil,  a  specific  gra%'ity  =  0-8295  at  175°,  and 
boiling  at  223°-224°.  At  5°-6°  it  solidifies  to  a  crystalline  mass,  which  does  not 
resume  the  liquid  form  till  heated  to  15°-16°.  It  is  insoluble  in  water,  but  dissolves 
easily  in  alcohol  (Gorup-Besanez  a.  Grimm.  Beut.  Chm.  Gcs.  Ber.  iii.  528). 

Methyl-nonyl  ketone  forms  the  chief  constituent  of  the  volatile  oil  of  garden 
rue  (v.  133).  Gorup-Besanez  a.  Grimm,  by  treating  the  rectified  oil  with  ammonium 
bisulphite,  obtained  a  crystalline  compound,  from  which  sodium  carbonate  separated  a 
liquid  having  a  sp.  gr.  of  0-8281  at  187°,  boiling  at  224°-225°,  and  agreeing  in  melt- 
ing and  solidifying  point  with  the  synthetically  prepared  ketone.  Giesecke  {Zeitschr. 
f.  Chem.  vi.  429),  by  subjecting  500  grams  of  a  sample  of  01.  Rutce,  nearly  free  from 
hydrocarbons,  to  fractional  distillation,  obtained  300  grams  of  a  colourless  oil  having 
exactly  tho  composition  C"H--0.  It  had  a  violet  fluorescence,  an  odour  like  that  of 
oranges,  a  sp.  gr.  =  0-8268  at  20-5,  boiled  at  225°-226°,and  solidified  at  C°  to  a  mass 
which  melted  at  15°.  By  oxidation  with  chromic  acid  mixture,  it  was  converted  into 
pelargonic  and  acetic  acids,  agreeing  therein  with  PopofF's  law  of  the  oxidation  of 
ketones,  according  to  which  the  lower  alcohol-radicle  of  the  ketone  remains  with  the 
carbonyl,  while  the  higher  radicle  is  oxidised  (p.  711). 

CH'.CO.CH'"      0'  =  CH'.CO.OH  +  C°H"0^ 

Methyl-nonyl  ketone,  treated  with  pliosphorus  pentachloride,  is  converted  into  a 
chloride  C"H-"-Cl-,  which  is  resolved  by  distillation  into  hydrogen  chloride  and  a 
chloride  C"H-'C1,  boiling  at  221°-223°.  Both  these  chlo-rides,  when  heated  to 
130°  witli  alcoholic  potash,  yield  a  hydrocarbon  of  tho  acetylene  series,  boiling  at 
198°-202°  (Giesecke). 

Methyl-nonyl  ketone  is  converted  by  nascent  hydrogen  into  secondary  hendeca- 
tyl  alcohol,  CHICHOH.C'H"'.  The  ketone  is  placed  in  a  glass  cylinder  together 
with  a  quantity  of  dilute  alcohol  not  sufficient  to  dissolve  it,  and  sodium  in  thin  slices 
is  gradually  added.  On  fractionating  the  crude  product,  the  greater  part  distils  at 
228°-233°,  lea-ving  a  body  of  very  high  boiling  point,  probably  belonging  to  the 
pinacone  group ;  and  by  shaking  up  the  portion  boiling  between  228°  and  233°  with 
solution  of  sodium  bisulphite,  exhausting  the  mixture  with  ether,  again  treating  the 
residue  with  sodium  bisulphite,  and  repeating  these  operatiions  several  times,  the  hen- 
decatyl  alcohol  is  finally  obtained  free  from  the  ketone. 

Secondary  hendecatyl  alcohol  is  a  liquid  having  nearly  the  thickness  of  glycerin,  a 
sp.  gr.  of  0-826  at  19°,  boiling  at  228°-229=,  insoluble  in  water.  The  bromide  formed 
from  it  by  the  action  of  bromine  and  phosphorus  is  resolved,  on  distillation,  into 
hydrogen  bromide  and  hendecatone,  C"H--,  boiling  at  192°-193°  (Giesecke). 

Methyl-phenyl  ketone,  CHICO.CH'.    See  Phenyl-Ketones. 

BMSTKYli-PHOSPHUrES.    See  Phosphout7s-Bases. 

METHYIiPHOSPHOPlATIWIC  ETHE-S.  Sec  Phosphoplatixto  Com- 
pounds, 


IMCETK-SrX.-PROPARCirX.XC  JETSBS.    See  pHOPAEGTi.ic  EniEES. 
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»IETHYX..SAi:.ZCVX.IC  AXCOHOIi.  An  isomcrido  of  Anisic  Alcohol, 
CTI>"0--  (p.  7'J). 

IWCETH-sn.-S'E'K.VCHWlWE.    See  Steychnine. 

JVXICA.  Thu  two  following-  aualyses  of  mica  are  included  amongst  the  residts  of 
the  investigation  of  the  mineral  constituents  of  Scotch  granites  by  S,  Haughton  {Phil. 
Mag.  [4],  xl.  59) :  a.  From  Eubislaw,  Aberdeen  ;  large  white  tables,  with  angles  of 
GU°  and  120°  ;  angle  of  the  optic  axes  =72°  30'.  Contains  no  lithia.  h.  Black  mica, 
rarely  found  in  large  crystals,  but  occurring  in  nearly  all  granites  in  the  form  of  small 
laminae.  Contains  no  fluorine.  The  specimen  analysed  is  from  Aberdeen : — 
SiO=      SiF'      APO'     Fe=0'     FeO   MnO   CaO     MgO   Na'O     K=0  H=0 

a.  44-40    0-16    37-36     2-04    —    0-24  0-78    0-57  0-03    9-87    1-84  =  98-19 

b.  3G-30     —     16-50    18-49  6  76  1-80  Ml    I'U  0-92    8-77    1-60  =  99-89 
In  a  mica  imbedded  in  selagito,  a  dark-coloured  volcanic  rock  of  Monte  Catini, 

E.  Eechi  found  : — 

SiO=         APO^       Fe=0^       MgO       CaO       K=0         P  n=0 
40-8       22-1       21-0       0-5       5-6       5-9       0  8       3-5  =  100-2 
Uardness  =2-5.    Sp.  gr.  =3-15  {Jahresb.  f.  Chcm.  1870,  1298). 
On  thu  mica  of  Adaniellogranite,  see  p.  27  of  this  volume. 

MIGBTOWBTTE.  The  root  of  this  plant  has  a  pungent  taste,  and  emits,  -wlicn 
cut  up,  an  uumistakeable  odour  of  horse-radish.  When  macerated  with  hot  water  and 
distilled,  it  yields  an  oily  distillate  Vi'hich  is  converted  into  sinapolino  by  boiling  with 
baryta-water,  and  into  tliiosinnamine  by  treatment  with  ammonia.  These  reactions 
show  that  the  root  contains  allyl  sulphocyanate  (A.  Vollrath,  Arch.  Pharm.  [2], 
cxlviii.  150). 

MliAlTITE.  This  name  is  given  Ly  E.  Tietzc  {Jahrhuch  geol.  Bcichanst.  xx. 
688)  to  a  hydrated  aluminium  silicate  from  Maidanpek,  in  Servia,  hitherto  regarded 
.■IS  agalmatolite.  It  feels  lilce  soap-stone,  has  a  conchoi'dal  fracture,  crumbles  easily, 
becomes  transiently  dark-coloured  when  heated,  and  dissolves  in  hydrochloric  acid 
with  sep.aration  of  silica.  It  is  most  nearly  related  to  halloysite.  The  following 
analysis  by  Patera — ■ 

SiO'  APO=  Fc'O'  H=0 

44-96  25-20  trace  29-50  =  99-06 

agrees  nearly  with  the  formula  4(AP0^2SiO-)  +  27H=0. 

ItSlEiARITE.  This  mineral  was  named  by  Kenngott  (JaJirhuch  f.  Mincralogic, 
1870,  80)  after  tlio  V.al  Milar,  near  Ruaras,  in  the  canton  of  Graubiinden,  Switzerland, 
whri-e  it  was  su])posed  to  occur  ;  but,  according  to  a  notice  by  Knschel-Kohler,  cited 
by  I'rcnzel  {ibid.  1873,  785),  it  is  found,  not  in  the  Val  Milar,  but  in  the  Val  Giuf, 
north-west  of  Euaras. 

Milarite  occurs,  together  with  smoky  quartz,  orthoclase,  apatite,  chabasite,  titanite, 
and  chlorite,  implanted  on  granite,  and  forms  hexagonal  crystals  sometimes  10  mm. 
long,  oxliibiting  the  combination  coP2.P,  frequently  also  with  OP,  more  rarely  with 
coP.  The  terminal  dihedral  angle  of  the  pjTamid  was  foimd  by  direct  measurement 
=  144°  46'  5',  by  indirect  measurement  =  144°  41'  50'.  Cleavage  indistinct,  parallel 
to  OP.  The  mineral  is  transparent  and  ue.irly  colourless,  -with  a  faint  tinge  of  green, 
transp.arent  or  translucent,  and  has  .-i  \\  \  i-rmis  liisl  i-o.  Hardness  =5-5  to  6.  It  swells 
up  and  forms  a  white  glass  when  hr.ili  <1,  i!l^>olvcs  but  slightly  in  liydrochloric  acid  ; 
its  powder,  both  in  the  natural  state  and  aitcr  ignition,  has  a  faint  alkaline  reaction 
(Kenngott). 

Erom  a  quantitative  analysis  of  the  mineral,  Kenngott  inferred  th.at  it  was  a  zeolite, 
consisting  of  a  hydrated  silicate  of  ahnninium,  calcium,  and  sodium.  Erenzel,  how- 
ever, by  a  quantitative  analysis  of  pure  selected  materials,  finds  its  composition  to 
bo : — 

SiO=  Al'O'  C.iO  Na-O  H=0 

7M2  8-45  11-27  7-61  1-55  =  100 

The  mineral  does  not  sustain  any  loss  of  weight  at  100°,  the  water  not  being  given 
off  till  the  powder  is  heated  to  a  very  higli  temperature,  at  wliich  it  begins  to  luelt. 
It  is  but  little  attacked  by  acids. 

If  the  water  be  regarded  as  basic,  the  analytical  results  may  bo  represented  by  the 
formula : 

3E-O.CaO.APOM8SiO=,  or  perhaps  Al-O^.OSiO-  +  3(Ca0.2SiO=  +  E-0.2SiO=). 
According  to  this,  milarite  is  not  a  zeolite,  but  a  mineral  related  to  petalite  (Erenzel). 

MXXiX,  Injhiciire  of  Food  on  the  production  of  Milk  in  the  Cow.—G.  Kiihn  and  M. 
Eleischcr  {Landw.  Vcrsuchstationen,xu,  197,  351,  405)  have  made  experiments  on  two 


810 


MILK- 


milch-cows,  fed  daily  on  a  normal  diet  of  20  lbs.  meadow-hay  and  0  06  lb.  salt,  to  -which 
■were  added,  in  different  experiments,  known  weights  of  raps-flom-,  starch,  oil,  or  bruised 
beans.  The  results  showed  that  an  increase  in  the  production  of  milk  took  place  after 
addition  of  oil  or  bruised  beans,  but  not  after  addition  of  starch  or  rape-flour.  These 
variations  in  the  feeding  affected,  however,  only  the  total  quantity  of  milk  secreted, 
its  composition  remaining  nearly  the  same  in  all  cases.  The  progress  of  the  lactation 
was  accompanied  by  a  continuous  alteration  in  the  composition  of  the  milk  of  both 
animals,  the  total  amount  of  the  nitrogenous  constituents  increasing  regularly  in  pro- 
portion to  that  of  the  non-nitrogenous  constituents,  the  proportion  of  milk-sugar  and 
butter  steadily  decreasing,  while  the  amount  of  casein  increased,  and  that  of  albumin 
diminished,  but  in  smaller  proportion.  The  experiments  did  not  show  decidedly 
whether  the  formation  of  butter  is  due  to  the  carbohydrates  or  to  the  albuminous  con- 
stituents of  the  food. 

These  results  have  been  confirmed  by  a  further  series  of  experiments  made  by  Kiihn 
(Chcm.  Centr.  1871,  102;  Chcm.  Soc.  J.  [2],  ix.  414)  on  four  cows  fed  on  a  diet  of 
moderate  amount,  not  sufficient  for  the  highest  yield  of  milk.  The  food  consisted  of 
hay,  barley-straw,  and  turnips,  the  albuminous  elements  of  the  food  being  increased 
at  a  certain  stage  of  the  experiments  by  the  addition  of  bruised  beans. 

The  general  result  of  these  experiments  is  to  show  that  an  increase  in  the  .albumin 
and  fatty  elements  of  a  moderate  diet  produces  an  increase  in  the  milk-yield,  which 
gradiially  rises  (simultaneou.sly  with  bodily  condition)  to  a  certain  maximum,  corre- 
sponding in  each  case  with  the  maximum  increase  of  the  above  elements.  Sooner  or 
later,  however,  the  natural  diminution  depending  on  the  period  of  lactation  occurs, 
and  no  further  increase  can  be  produced  by  increasing  the  food.  Diminution  of  tho 
above  elements  of  the  food  produces  a  diminution  in  the  milk-yiold.  The  addition  of 
fat  increases  the  ingredients  of  milk  generally,  but  has  no  special  influence  on  the 
amount  of  fat  in  the  milk.  The  percentage  of  sugar  in  the  milk  does  not  appear  to  bo 
affected  by  the  diet,  and  the  variations  in  the  amount  of  albumin  are  too  small  to  bo 
quantitatively  determined.  No  variation  in  the  amount  of  casein  could  be  traced  to 
the  food ;  indeed,  the  variations  in  the  percentage  of  casein  and  fat  appear  to  be  duo 
to  irregularities  in  the  action  of  the  gland. 

It  appears  from  these  results  that  it  is  not  possible  by  variations  in  tho  food,  to 
produce  a  '  butter-cow '  or  a  '  cheese-cow.'  Differences  in  this  respect  are  differences 
of  stock  and  individuals. 

For  tables  of  the  numerical  results  of  these  experiments,  see  the  references  above 
cited. 

On  the  influence  of  Food  on  tho  production  of  Milk,  sec  further,  Fleischer  {Arch.  f, 
pathol.  Anatomic,  W.'M  ;  Jahrcsh.  f.  Chcm.  1870,912);  Stohmann  (^czVsc/j?*. /.  5w%!ff, 
vi.  204;  Jahvsh.  1870,  911). 

Wei,ske-Proskau  {Ann.  d.  Landw,  Wochetihlatt,  Sept.  G,  1S71).  by  experiments  on 
two  cows  supplied  during  twelve  days  with  precipitated  calcium  phosphate  in  addition 
to  their  ordinary  food,  found  that  no  increase  was  thereby  produced  in  the  percentage 
of  ash,  of  lime,  or  of  phosphoric  acid  contained  in  the  milk  ;  neither  was  there  any  in- 
crease in  the  absolute  quantity  of  these  substances  yielded  as  milk. 

According  to  Stohmann  {Ghem.  Centr.  1872,  722)  the  proportion  of  phosphoric  acid 
to  nitrogen  in  goat's  milk  is  the  same  as  in  the  grain  of  cereals,  viz.  P'O*  ;  W. 

Beactions  of  Milk  :  (1)  With  Litmus. — The  most  contradictory  statements  have  been 
made  as  to  the  reaction  of  normal  fresh  cows'  milk  with  litmus,  numerous  observers 
having  found  the  reaction  of  milk  to  be  acid,  while  an  equal  number  describe  it  as 
alkaline. 

Soxhlet  (J.  pr.  Chem.  [2],  vi.  1 ;  Chem.  Soc.  J.  [2],  xi.  187)  considers  that  milk 
possesses  what  he  calls  an  amphoteric  or  amphigciiic  reaction,  i.e.  that  it  has  the  re- 
markable property  of  turning  simultaneously  red  litmus  blue  and  blue  litmus  red ; 
and  this  arises  from  the  fact  that  milk  contains  both  acid  and  neutral  phosphates  of 
the  alkali-metals.  Heintz  maintains  that  a  fluid  containing  both  acid  and  ordinnry 
alkaline  phosphates,  simply  imparts  a  violet  coloiu-  to  red  and  to  blue  litmus-paper. 

A.  Vogel  (j.  pr.  Chem.  [2],  viii.  137)  has  examined  this  question  further,  using, 
instead  of  litmus-paper,  a  carefully  prepared  neutral  tincture  of  litmus,  and,  as  tho 
result  of  his  experiments,  states  that  he  has  never  yet  found  freshly  drawn  cows'  milk 
to  exhibit  a  decided  alkaline  reaction. 

If  litmus-tincture  which  has  been  reddened  by  milk  is  left  exposed  to  tlie  air  in  ft 
watch-glass,  it  gradually  loses  the  red  colour  and  passes  into  blue,  while,  if  it  be  closely 
corked  up,  it  retains  the  red  colour,  though  in  some  cases  it  seemed  to  become  slightly 
blue  in  the  course  of  an  hour  or  two.  In  either  case  it  acquires,  after  three  or  four 
days,  a  deep  red  colour,  owing  to  formation  of  lactic  acid.  Hence  it  follows  that  in 
normal  fresh  cows'  milk  tliere  is  no  free  lactic  acid.  Litmus-tincture  reddened  by 
milk  also  becomes  blue  if  shaken  up  and  poured  backwards  and  forwards  from  one 
vessel  to  another,  and  moro  especially  on  heating. 
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Vogel  thinks  that  tlio  restoration  of  the  blue  colour  in  these  cases  is  duo  to  the 
escape  of  the  carbonic  acid  which  fresh  milk  contains.  Soxhlet  also  found  that  milk, 
when  subjected  to  the  action  of  the  air-pump,  gave  up  carbonic  acid  and  became 
decidedly  alkaline.  Other  tests  for  alkalinity  in  liquids  were  also  applied  by  Vogol 
to  milk,  with  negative  results. 

Out  of  the  milk  of  30  cows,  which  was  examined  by  Bischoff  at  Schleishcim,  only 
two  specimens  showed  the  double  reaction  with  certainty.  In  the  greater  number  of 
cases  the  reaction  was  either  neutral  or  transientlj'  acid.  Somo  specimens,  however, 
gave,  at  first,  a  weak  alkaline  reaction,  quickly  passing  into  acid  reaction.  This  effect 
was  probably  due  to  the  absorption  of  ammonia  by  the  milk,  since  tlie  experiments 
were  made  in  the  stalls. 

(2.)  Wiih  Boric  .^cW.— According  to  A.  Hirschberg  {C/inn.  C'cnfr.  1872,  496)  tho 
addition  of  a  small  quantity  of  boric  acid  to  milk  retards  tho  separation  of  cream,  and 
preserves  the  milk  from  turning  sour  for  several  days. 

(3.)  With  il/Mstercf-OtI— According  to  Schwalbe  {Deuf.  Chcm.  Gcs.  Bcr.  v.  286)  the 
addition  of  mustard-oil  to  cows'  milk  (1  drop  to  20  grams)  prevents  coagulation.  Tho 
mixture  may  bo  kept  in  summer  for  weeks  in  half-filled  bottles  ■without  coagulating. 
After  6-7  weeks  the  casein  was  found  to  be  converted  into  albumin,  and  the  liquid 
was  strongly  acid. 

(4.)  On  the  relative  quantities  of  ammonia  eliminated  from  milk  liy  the  action  of 
potash  and  of  potassium  permanganate,  see  Ammonia  (p.  61). 

Condensed  Milk. — Trommor  [Dinr/l.pol.J.  cxoviii.  168)  prepares  condensed  milk 
as  follows  :  1  part  of  fresh  milk  is  mixed  with  1  part  of  tho  cream  which  rises  to  the 
surface  when  the  milk  is  mixed  with  sodium  bicarbonate  in  the  proportion  of  i  lo  ^  oz. 
of  the  latter  to  10  quarts.  Tho  mixture  is  heated  nearly  to  boiling,  then  slr,;iiM  d,  ,iiid 
after  addition  of  pure  sug.ar  (in  the  form  of  a  boiled  and  clarified  soluti'in  r.Hilr^l  to 
75°  C.)in  the  proportion  of  3  to  SJ-  oz.  to  a  quart,  it  is  evaporated  over  the  v.-.ilcr-b:illi 
till  the  residue  falls  from  the  stirrer  in  thick  masses.  The  temperature  during  the 
evaporation  should  not  exceed  87'0°.    The  condensed  milk  is  preserved  in  tins. 

L.  Kofler  {Bingl.  fol.  J.  cxcvi.  161)  has  examined  the  following  kinds  of  condensed 
milk:  (1.)  Prom  the  Anglo-Swiss  Condensed  Milk  Company  in  Cham  (Canton  Zug)  ; 
(2.)  From  the  factory  in  Sassin.  (3.)  From  the  Swiss-German  Extract  Company  at 
Vivis  in  Switzerland,  and  Kempten  in  Bavaria;  preserved  in  glasses.  (4.)  The  same 
in  tins.  (5.)  From  tho  Emsereuthe.  The  various  samples  contained  from  25  to 
36  p. c.  sugar  and  14  to  18  p.c.  milk-sugar.  These  being  dedvictcd,  the  composition  of 
tho  several  sorts  is  as  follofl's  : — 

1  2  3  4  5 

Water  ....  22-180  18-824  22-421  18-810  20  770 
Fat  (butter)  .  .  .  12-200  12-625  12-030  13-650  12-830 
Casein  and  albumin  .  .  28-100  21-2!0  25-060  24-000  20-000 
Ash  (salts)       .       .       .      2-180       2-482       2-673       2-430  2-865 

All  the  samples,  when  mixed  -with  4  or  5  times  their  volume  of  water,  yielded  a 
good  sweet  milk,  and  all,  when  mixed  with  6  or  6  vol.  water,  could  be  converted  iuto 
butter,  differing  from  one  another  only  by  the  greater  or  lesser  facility  with  which  tho 
individual  fat-globules  ran  together. 

According  to  the  British  Medical  Journal,  Ncwnham's  condensed  milk  contains  1 9  p.c. 
■water,  10  casein,  2  ash,  69  fat  milk-sugar  and  cane-sugar.  Hence  it  appears  that  a 
pound  of  the  condensed  milk  contains  the  constituents  of  3  to  4  pounds  of  fresh  milk 
\Pharm.  J.  Trans.  [3],  1,  606). 

Analysis  of  Milk.  E.  H.  v.  Baumhauer  {Zeiischr.  anal.  Chem.  ix.  422)  discusses 
the  several  methods  hitherto  adopted  for  tlie  analysis  of  milk.  He  rejects  as  worth- 
less all  Diodes  of  testing  depending  on  tho  use  of  hydrometers,  inasmuch  as  tho  milk, 
which  is  a  solution  of  substances  specifically  heavier  than  water,  contains  in  suspension 
a  much  lighter  body,  namely,  the  cream,  and  consequently  exhibits  a  mean  specific 
gravity  which,  after  the  removal  of  part  of  the  cream,  may  be  again  imparted  to  the 
liquid  by  addition  of  ■«-ater.  A  further  objection  to  tho  use  of  hydrometers  for  the 
tpurposc  is  that  the  expansion-coefficient  of  milk  is  unknown,  and  moreover  uncertain, 
on  account  of  tho  varying  proportions  of  the  dissolved  constituents.  To  obtain  com- 
parable results,  it  would  therel'ore  be  necessary  to  work  always  at  the  same  tempera- 
ture. Moreover,  the  quantity  of  milk  which  becomes  attachccl  to  the  unimmersed  part 
of  the  instrument  may  give  rise  to  an  error  equivalent  to  5  p.c.  of  water.  In  skimmed 
milk  the  specific  gravity  exhibits  no  constant  relation  to  the  sum  of  the  dissolved  con 
stitucnts,  since  tho  relative  quantities  of  these  are  variable.  Experiments  showed, 
also,  that  very  little  accordance  exists  between  the  indications  of  the  cremometor  (a 
graduated  glass  cylinder  in  which  tho  volume  of  cream  which  rises  to  tho  surface  on 
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Btanding  is  directly  read  off)  and  the  amount  of  fat  which  can  be  extracted  from  the 
milk  by  ether.  When  one  eremometer  -was  filled  with  milk  which  had  not  been  shaken, 
a  second  with  milk  which  had  been  shaken  for  a  minute,  and  a  third  with  milk  which 
had  been  shaken  for  two  minutes,  the  indications  of  these  instruments  varied  from  6 
to  10  p.c.  This  diversity  is  due  to  the  influence  of  agitation  on  the  mode  of  separa- 
tion of  the  fat-globules. 

Heeren  (Dingl.  pol.  J.  cxciii.  396)  likewise  objects  to  the  use  of  the  eremometer,  be- 
cause only  a  part  of  the  fat  contained  in  the  milk  rises  as  cream  to  the  surface,  so 
that  not  unfrequently  an  error  of  40  p.c.  may  occur  in  the  estimation.  He  further 
points  out  that  the  opacity  of  milk  depends  upon  the  size  of  the  fat-globules,  and 
therefore  that  all  the  optical  methods  depending  on  comparison  of  the  opacity  of  a 
given  sample  witli  that  of  normal  milk,  must  yield  different  values  for  the  same 
actual  amount  of  fat  present,  according  as  the  milk  has  been  skimmed  (freed 
from  the  larger  fat-globules)  or  not.  A  difference  between  the  residts  of  the  optical 
and  chemical  testing  indicates  previous  skimming,  inasmuch  as  perfectly  normal  milk 
would  exhibit  a  nearly  equal  amount  of  fat  by  both  methods. 

The  following  method  of  analysis  is  described  by  Pribram  {Binc/l.  polyt.  J. 
cxcvii,  448) :  60  grams  of  the  milk  are  mixed  in  a  tared  beaker  glass  with  15  grams 
of  purified  and  pulverised  common  salt,  and  the  mixture,  after  being  stirred  with  a 
tared  glass  rod,  is  heated  to  gentle  ebullition.  After  cooling,  a  quantity  of  water  is 
added  sufBcient  to  raise  the  liquid  contents  to  100  grams,  care  being  taken  to  ensure 
complete  solution  and  uniform  mixture.  A  large  portion  of  the  liquid  is  then  passed 
through  a  filter  not  previously  wetted,  a  portion  of  the  filtrate  is  exactly  weighed 
out,  and  the  quantity  of  milk-sugar  in  it  is  determined  by  means  of  Pehling's  solution 
(10  c.c.  =  0-06875  grams  of  milk-sugar),  or  better  by  means  of  circular  polarisation. 
In  another  weighed  portion  of  the  filtrate,  the  amount  of  chlorine — and  thence  the 
amount  of  common  salt — is  determined  by  means  of  a  decinormal  silver  solution. 
From  this  the  weight  of  the  liquid  contents  of  the  beaker,  that  is  to  say,  the  total 
weight  X  of  the  liquid,  is  easily  determined  by  means  of  the  proportion — 
a  :b  =  X  :  \o 

where  a  is  the  weight  of  the  filtrate,  b  that  of  the  quantity  of  sodium  chloride  found 
therein.  The  quantity  of  milk-sugar  determined  as  above  is  calculated  to  this  quan- 
tity of  solution,  and  thence  the  quantity  of  milk-sugar  in  60  grams  is  determined. 

The  remaining  contents  of  the  beaker,  together  with  the  unused  filtrate  and  any 
solid  portions  that  may  have  been  collected  on  the  filter,  are  evaporated  to  dryness, 
and  the  residue  is  exhausted  with  ether.  This  is  effected  by  placing  the  residue  in  a 
glass  cylinder  connected  at  one  end  with  a  flask  containing  ether  and  at  the  other  with 
an  inverted  Liebig's  condenser,  so  that  the  residue  is  completely  exhausted  by  the  con- 
densed ether  which  runs  down  upon  it.  The  residue  obtained  by  evaporating  the 
ethereal  solution  gives  tiie  amount  of  fat. 

The  residue  thus  exhausted  with  ether  is  dried  at  100°  and  weighed.  It  consists 
of  casein  +  milk-sugar  +  sodium  chloride,  less  the  portions  of  the  two  latter  which 
have  passed  into  the  filtrate;  and  as  these  have  been  previously  determined,  the 
amount  of  casein  is  easily  found  by  subtraction. 

The  following  method  is  given  by  Schukoffsky  {Deut.  Chem.  Ges.  Ber.  v.  75)  as 
especially  adapted  to  the  analysis  of  woman's. milk :  20  c.c.  of  ether  are  added  to 
20  c.c.  of  the  milk ;  the  mixture  is  stirred,  and  to  it  30  c.c.  of  strong  alcohol  are 
added.  This  mixture  is  allowed  to  stand  for  about  24  hours,  in  which  time  the  milk- 
sugar  separates  in  crystals  on  the  sides  of  the  vessel.  The  sugar  and  casein  are 
filtered  off  and  washed  with  anhydrous  ether  and  strong  alcohol ;  the  filtrate  and 
washings  are  evaporated  on  a  water-bath  till  free  from  alcohol ;  and  the  residue  is 
again  treated  with  ether,  then  allowed  to  evaporate  spontaneously,  and  finally  dried  at 
100°  and  weighed. 

J.  A.  AVanklyn  {Plmrm  J.  Trans,  [3],  i.  605)  directs  attention  to  a  hitherto  unsus- 
pected source  of  inaccuracy  in  the  ordinary  methods  of  examining  milk,  He  find.s 
that  the  exact  molecular  condition  of  the  casein  infiuences  the  specific  gravity  of  the 
milk ;  in  other  words,  that  samples  of  milk  of  the  same  strength  vary  in  specific 
gravity  according  to  the  molecular  condition  of  the  casein.  The  following  examples 
are  given  to  show  how  this  may  cause  a  want  of  correspondence  between  the  specific 
gravity  of  milk  and  the  amount  of  its  solid  contents.  The  specimens  of  milk  had  been 
kept  in  corked  bottles  for  four  days. 

'Per  cent,  of 
Sp.  sr.  solids  dried         Per  cent, 

at  m°  F.  at  212"  F.  of  ash 

Sample  A       .       .    1-0004  11-34  0-04 

„      B        .       .    0'9960  10-48  0-73 

„      C        .       .    1-0184  8-92  0-66 
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To  bo  of  any  value  at  all,  the  specific  gravity  must  bo  taken  while  tlie  milk  is  very 
fresh,  fur  when  milk  is  kept  for  two  or  three  days,  even  in  a  closed  vessel,  the  density 
falls  in  a  very  remarkable  manner.  Wanklyn  therefore  proposes,  in  judging  of  the 
strength  of  milk,  to  adhere  to  the  method  of  evaporating  to  dryness  m  the  water-bath, 
and  weighing  the  residue,  as  described  in  the  1st  StippL  (p.  830). 

Estimation  of  thi^Cascin  in  Milk  by  the  Ammonia  Process. — Casein  when  distilled 
with  alkaline  permanganate  yields  6-5  p.c.  of  ammonia.  Now  normal  milk  contains 
4-0  p.c.  casein :  consequently  100  parts  of  milk  should  give  0'26  p.c.  albuminoid  am- 
monia, i.e.  ammonia  derived  immediately  from  the  decomposition  of  an  albuminous 
body  ;  and  this  result  is  confirmed  by  experiment. 

To  examine  milk  by  the  ammonia  process,  tho  following  method  of  procedure  may 
bo  adopted.  Five  c.c.  of  milk  are  diluted  with  pure  distilled  water  to  half  a  litre,  and 
5  c.c.  of  the  dilute  milk  taken  for  analysis.  250  c.c.  of  water  perfectly  free  from 
ammonia  are  placed  in  a  retort,  together  with  50  c.c.  of  alkaline  permanganate  solu- 
tion, and  tho  5  c.c.  of  diluted  milk  added.  Distillation  is  thenprocoodod  with  as  long 
as  ammonia  comes  over,  the  ammonia  in  the  distillate  being  estimated  from  time  to 
time  by  tho  Nessler  test  in  the  usual  manner. 

Tho  following  are  some  examples  of  milk  analysis  by  the  ammonia  process  :— 

Milk  yielding  12-92  p.c.  of  Solids,  and  8  p.c.  of  Cream. 

Quantity  of  milk  taken  NH=  obtained 

I.       .       .    100  milligrams  0-27  milligram 

II.       .       .      50       „  013 

Slightly  Watered  Milk.    Solids,  10-20  p.c. 

Quantity  taken  Nil'  obtained 

I.       .       .    100  milligrams  0'22  milligram 

II.       .       .60       „  0'095  „ 

Highly  Watered  Milk.    Solids,  6' 18  p.c. 

Quantity  taken  NH'  obtained 

I.       .       .50  milligrams  0-075  milligram 

II,       .       .      50       „  ^0  070  „ 

j  Solids,  8-10  p.c. 

In  order  to  translate  these  results  into  percentages  of  casein,  all  that  is  required  is 
to  multiply  the  percentage  of  ammonia  by  100,  and  divide  the  result  by  6-5.  The 
figures  so  obtained  represent  the  percentage  of  casein  in  the  milk  (Wanklyn,  Ckem. 
News,  xxvi.  28). 

A.  E.  Davies  {Chem.  News,  xxii.  61)  tests  milk  for  adulteration  with  water  by  de- 
termining the  specific  gravity  of  the  serum  obtained  by  filtering  after  the  casein  and 
fat  have  been  coagulated.  In  unadulterated  milk  this  liquid  exhibits  a  tolerably  con- 
stant density  ranging  between  1-026  and  1-028. 

MIIiIi-SXI'G-AR.    See  Sugar. 

MXXiIiERITS.    See  Nickel  Sulphides. 

lUIXiOSCKXXr.  An  analysis  of  a  specimen  of  this  mineral  which  had  been 
microscopically  examined  by  Kenngott,  and  shown  to  be  a  mixture  of  an  amorphous 
substance  with  numerous  crystalline  particles,  was  found  by  Marco  Lccco,  of  Belgrade, 
to  contain,  when  dried  at  100°,  38-71  p.c.  SiO^,  43-45  Al-0^  0-17  Cr■0^  and  8-47 
water,  agi-eeing  approximately  with  the  formula  3Si0^2Al-0' +  4H-0.  The  analyti- 
cal numbers  differ  considerably  from  those  formerly  obtained  by  Kersten  (iii.  1024), 
viz.,  27-50  p.c.  SiO'-,  45-01  AVO\  3-61  Cr'-'O',  and  23-30  water,  the  difference  doubt- 
less arising  from  the  mixed  constitution  of  tho  mineral,  as  shown  by  the  microscopical 
examination.  It  is  better,  tlierefore,  not  to  regard  tho  mineral  as  a  simple  aluminium 
silicate,  represented  by  the  formula  3SiO-.2Ar-0''  +  411^0,  but  rather  to  conclude, 
from  tho  resemblance  of  the  crystalline  particles  to  many  specimens  of  kaolin  when 
examined  by  tho  microscope,  that  it  consists  of  kaolin  (H'-'O.Al-O^  +  H-0.2SiO-)  im- 
bedded in  an  amorphous  substance  having  the  composition  H-O.Al'-O^  +  H-O.SiO'^. 
This  view  represents  the  mineral  as  allied  to  the  species  called  carolathin  (Kenn- 
gott, Jahrbuch.f.  Mineralogie,  1872,  951). 

BCIXiXiST.  Under  the  general  name  of  millet  are  included  various  species  of 
Panicum,  Sctaria,  and  Sorghwm;  only  those  growing  in  temperate  climates  have  been 
examined  by  tho  chemist. 

The  seeds  of  Panicum  miliacctm  (Fr,  millet,  Ger.  Hirse)  serve  as  human  food. 


814 


MILLET. 


Setaria  italica  (Fr.  Millet  des  oiseaux,  Ger.  Moliar)  is  used  in  the  green  state  as  fodder 
for  horses  in  Hungary  ;  the  seeds  form  the  ordinary  hird-millet.  Sorghum  vuJgare 
(Fr.  millet  grand,  Ger.  Mohrhirse),  the  Durra  of  Egypt  and  India,  also  known  as 
Guinea-corn,  has  the  largest  grain  of  any  of  the  millets,  and  in  hot  countries  is  ex- 
tensively grown  as  human  food.  Borghiim  saccharatum  (Fr.  millet  noir,  Ger.  Zucker- 
mohrhirse)  is  also  largely  grown  in  China  and  in  other  -warm  countries ;  the  seed  is 
employed  as  human  food,  while  from  the  ripe  stalks  sugar  may  be  extracted. 

In  the  following  table  is  given  the  mean  of  the  analyses  made.  The  composition 
given  for  Sorghum  is  the  average  adopted  by  WollF. 


Extract- 
ive 
matter 


Coin-position  of  Millet-grain. 


Panicum  'miliaceum,  with\ 
husk       ...  J 

Panicum  miliaceum,  without) 
husk      ...  J 


13-15 

10-91 

3-67 

56-89 

13-06 

3 

1303 

10-39 

5-05 

62-08 

2-71 

2-32 
1 


Composition  of  Millet-Jiay. 
.      4       12-75    10-28  2-31 


Composition  of  Green  Sorghum. 


Sorghum  vulgare 
Sorghum  saccharatum  . 


77-3 

2-9 

6-7 

1-1 

7-10 

2-5 

1-4   1  13-9 

-9 

The  grain  of  P.  miliaceum,  when  deprived  of  the  husk,  contains,  according  to  the 
complete  analysis  of  Pillitz  :  AVater,  12-9;  starch,  60-22;  dextrin,  1-12;  sugar,  -45; 
cellulose,  3-73;  soluble  albuminoid,  ri8;  insoluble  albuminoid,  14'11  ;  soluble  ash, 
1-03  ;  insoluble  ash,  -56.  Guinea-corn,  from  the  West  Indies,  contains,  according  to 
analyses  by  Dr.  Sheir  and  Johnston,  7-43  p.c.  of  albuminoids.  A  specimen  of  Durra 
gave  Johnston  ll'lO  p.c.  of  albuminoids  ;  it  contained  legumin. 

The  sap  of  S.  saccharatum,  according  to  C.  T.  Jackson  {Jahrcsb.  Agri.  Chem.  1858,  79), 
contains  glucose  till  ripening  commences,  when  cane-sugar  is  developed.  J.  Moser 
{Jahresb.  Agri.  Chem.  1866, '316)  found  in  the  sap  pressed  from  the  stalks  at  the  end 
of  October,  12'45  p.c.  of  cane-sugar,  and  2-32  p.c.  of  fruit-sugar.  Voelcker  (Joiir. 
Boy.  Agri.  Soc.  xx.  378)  found  no  sugar  in  sorghum  grown  in  England  at  the  middle 
of  August ;  a  month  afterwards  it  amounted  to  5-85  p.c.  of  the  plant. 

l/Latzdioi-i  {Jahresb.  Agri.  Chem.  1860,  136)  made  a  complete  examination  of  German 
millet  (Seteri'a  italica)  in  five  stages  of  growth ;  the  results  are  an  excellent  illustration 
of  the  change  in  composition  which  a  plant  undergoes  as  it  develops. 

Percentage  composition  of  Setaria  italica,  whole  plant,  dried  at  100°. 


July  11, 
height 
3-4  inches 

July  26, 

height 
8-10  inches 

August  10, 
height 
15-16 
inches 

August  24, 
in  bloom, 
18-24 
inches 

Septem- 
ber 7 

Albuminoids  .... 

25-72 

26-01 

19-44 

17-01 

15-57 

Extractive  matter  and  fat  . 

37-29 

37.75 

41-45 

43-38 

46-75 

Fibre   

23-93 

25-67 

31-30 

32-96 

31-22 

Ash  

13-06 

11-57 

7-81 

6-65 

6-46 

AVater  in  fresh  state  . 

80-95 

78-65 

69-91 

65-56 

62-89 

MILLET— l^IOLECULE.  815 


Percentage  Composition  of  the  Ash. 


July  11, 
heiglit 
3-i  inches 

July  2G, 
height 
8-10  mches. 

August  10, 
height 

inches 

August  54, 
in  bloom, 
18--21 
inches 

Septem- 
ber 7 

Potash  

57-90 

54-69 

38-75 

36-01 

27-49 

•61 

nono 

none 

none 

4'84 

5-56 

9-67 

1191 

7-42 

0-22 

9-80 

6-14 

11-83 

Oxide  of  iron  .... 

•73 

1-20 

•73 

•70 

•64 

Phosphoric  acid 

4-76 

5-40 

5^47 

5^84 

Sulphuric  acid  .... 

3 -.58 

3-65 

3-54 

3^43 

7-61 

8-04 

7-44 

5-43 

4^34 

15-06 

17-52 

26-23 

32-03 

39-99 

In  the  above  table  the  increase  of  fibre,  and  the  diminution  of  albuminoids  and  a.sh 
as  the  plant  matures,  are  plainly  seen.  In  the  composition  of  the  ash  the  diminution 
of  potash  and  chlorine,  and  the  increase  in  silica,  lime,  and  magnesia,  are  equally 
evident.  The  carbonic  acid  of  the  ash  has  evidently  been  deducted,  and  the  ash  re- 
calculated to  100  parts. 

The  following  are  the  mean  ash  analyses  of  millet-grain  :— 


Number  of 
aniilyses 

Ash  in  di-y 

K=0 

N.i=0 

MgO 

CaO 

P=0= 

SO' 

SiO= 

Fan/cum     miliaceum,  } 
with  husk  .       .  [ 

4-49 

11-9 

1-0 

8^4 

ro 

23-4 

52-3 

Panicum      miliaceum,  \ 

22-2 

50'5 

without  husk     .  / 

1^38 

19-3 

4-0 

none 

none 

Sorghum  vulgarc  . 

1 

1-86 

20-3 

3-3 

14-8 

1-3 

50-9 

7-5 

R.  AV. 


IttOSiECtJSiS.  According  to  Avogadro's  law,  which,  as  already  shown  (p.  546),  is 
a  necessary  consequence  of  the  physical  constitution  of  gases,  all  perfect  gases  at  equal 
pressure  and  temperature  contain  equal  numbers  of  molecules  in  equal  volumes. 
Hence  it  follows  that  the  weights  of  the  individual  molecules  of  any  two  gases  are 
proportional  to  the  weights  of  equal  volumes  of  these  gases  at  equal  pressure  and  tem- 
perature— that  is  to  saj^  to  their  specific  gravities. 

If  now  we  express  the  specific  gravities  of  gases  on  tlie  liydrogen  scale,  in  other 
words,  if  we  assume  as  the  umt  of  volume,  that  volume  of  hydrogen  which  weighs  the 
unit  of  weight  (say  1  gram),  the  specific  gravities,  or  weights  of  equal  volumes,  of  some 
of  the  more  important  gaseous  elements  and  compounds  will  be  represented  by  the 
folioM  iiig  numbers — 

■Weight  of  Weight  of 
1  Tolimie  2  volnuies 

Hydrogen  1      .       .  2 

Chlorine  35-5    .  .71 

Oxygen  16      .  .32 

Nitrogen  14.  .28 

Hydrochloric  acid  19-25  .       .  3G-5 

Water-vapour  9      .  .18 

Ammonia  8'5    .  .17 

Marsh-gas  8      .  .16 

Now  hydrochloric  acid  gas  is  formed  by  the  combination  of  equal  ^•olumesof  hydro- 
gen and  chlorine  united  without  condensation,  or  2  volumes  of  hydrochloric  acid  gas 
are  made  up  of  1  vol.  hydrogen  and  1  vol.  chlorine,  the  weights  of  which  are  as  1  to 
35-5.  Hence  it  is  assumed  that  a  molecuie  of  hydrochloric  acid  contains  1  atom  of 
hydrogen  and  1  atom  of  chlorine ;  and,  taking  tlie  weight  of  the  atom  of  hydrogen  as  1, 
the  weight  of  the  atom  of  chlorine  -will  be  35-5,  and  that  of  the  molecule  of  hydro- 
chloric acid  36-5. 

Secondly,  the  specific  gravity  of  water-vapour  on  the  hydrogen  scale  being  9,  the 
■sveights  of  equal  volumes  of  hydrochloric  acid  gas  and  water-vapour  are  as  the 
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numbors  36-5  and  18.  This  last  number  represents  therefore  the  molecular  weiglit  of 
water- vapour ;  and  since  18  parts  of  water  contiiin  2  parts  hydrogen  and  16  of  oxygon, 
it  follows  that  the  molecule  of  water  contains  2  atoms  of  hydrogen. 

In  like  manner  it  is  found  that  the  molecular  weight  of  ammonia  gas  is  17,  and  that 
it  contains  3  parts  by  weight,  or  3  atoms,  of  hydrogen  united  with  14  parts  by  weight 
of  nitrogen;  also  that  the  molecule  of  marsh-gas  weighs  16,  and  contains  4  parts  by 
weight,  or  4  atoms,  of  hydrogen. 

These  conclusions  respecting  the  numbers  of  hydrogen-atoms  contained  respectively 
in  the  molecules  of  hydrochloric  acid,  water,  ammonia,  and  marsh-gas,  are  confirmed 
by  the  well-known  differences  in  the  behaviour  of  these  compounds  with  regard  to 
their  power  of  taking  up  other  elements  in  exchange  for  hydrogen,  the  hydrogen  in 
marsh -gas  being  replaceable  hy  fourths,  that  of  ammonia  by  thirds,  that  of  water  by 
halves,  while  that  of  hydrochloric  acid  can  be  replaced  only  as  a  whole,  the  quantity  of 
hydrogen  in  the  molecule  of  hydrochloric  acid  being  indivisible,  or,  in  other  words,  an 
atom. 

The  structure  of  the  molecules  of  the  four  compounds  may  therefore,  so  far  as  the 
preceding  considerations  are  concerned,  be  represented  by  the  formulae— 

HCl"'    ffO^    H'Ny  H^C^. 

The  reasons  for  regarding  the  indices  w,  x,  y,  z,  as  all  equal  to  unity,  or  for  repre- 
senting the  compounds  in  question  by  the  formulse — • 

HCl     H^O     ffN  ffC 

are  fully  developed  in  the  article  Atomic  Weights  (i.  456-463)  and  need  not  be  here 
repeated. 

The  weights  of  equal  volumes  of  hydrochloric  acid,  hydrogen,  chlorine,  oxygen,  and 
nitrogen  being  as  the  numbers 

36-5  2  71  32  28, 
and  the  first  of  these  numbers  representing  the  weiglit  of  a  molecule  of  hydrochloric 
acid,  it  follows  that  the  molecules  of  hydi-ogen,  chlorine,  oxygen,  and  nitrogen  weigh 
respectively  2,  71,  32,  and  28,  inasmuch  as  any  given  volume  of  either  of  these  gases 
contains  the  same  number  of  molecules  as  an  equal  volume  of  hydrochloric  acid ;  and 
as  these  numbers  are  the  doubles  of  the  respective  atomic  weights,  it  follows  that  a 
molecule  of  each  of  these  elementary  gases  is  made  up  of  two  atoms,  so  that  these  gases 
in  the  free  state  may  be  represented  by  the  formulae — 

HE       ClCl       00  NN. 
The  same  considerations  are  of  course  applicable  to  the  vapours  of  bromine,  iodine, 
sulphur,  and  selenium. 

With  regard  to  these  gases  then  the  law  holds  good  that :  Equal  volumes  of  Elemen- 
tary Gases  contain  equal  numbers  of  Atoms.  The  exceptions  presented  to  this  law  by 
the  vapours  of  phosphorus,  arsenic,  mercury,  and  cadmium  have  been  discussed  in 
the  article  relating  to  the  Combining  Volumes  of  Gases  (ii.  810). 

It  is  unnecessary  to  pursue  the  subject  further  in  tiiis  place,  as  the  determination  of 
atomic  weights  and  the  vokime-relations  of  gases  have  already  been  fully  considered 
from  different  points  of  view  in  previous  articles  (Atomic  Weights,  i.  465-466,  and 
GrA.sES,  Combination  of,  by  Volume,  ii.  809-812). 

The  object  of  tlie  preceding  considerations  is  to  show  how  the  determination  of  the 
atomic  and  molecular  weights  of  gaseous  elements  and  compounds  may  be  established 
on  the  basis  of  Avogadro's  law. 

See  further  Gmelin-Kraut's  Handbuch  der  Chemie,  Erster  Band,  Erste  Abtheilung, 
pp.  29-34 ;  .also  Cannizzaro,  Considerations  on  some  Points  in  the  Theoretic  Teaching 
of  Chemistry  (Chom.  Soc.  J.  [2],  x.  941-967). 

MOI.YBDEWU1W.  Atomic  Weight.— JjoWia.^  Meyer  {Ann.  Ch.  Pharm.  clxix.  360) 
from  the  analysis  of  the  chlorides,  and  the  conversion  of  the  trichloride  into  trisul- 
phate  (making  use  of  the  atomic  weights  of  silver,  chlorine,  and  sulphur,  determined 
by  Stas),  estimates  the  atomic  weight  of  molybdenum  at  95"8. 

Cblorldes.  These  compounds  have  recently  been  examined  by  Liechti  a.  Kompe 
{Ann.  Ch.  Pharm.  clxix.  344),  who  have  confirmed  the  result  obtained  by  Debray  {\st 
Suppl.  831)  that  the  highest  chloride,  obtained  by  heating  metallic  molybdenum  in 
chlorine  gas,  is  a  pentachloride,  MoCP.  To  prepare  this  compound,  metallic  mo- 
lybdenum'is  heated  in  a  stream  of  dry  hydrogen  chloride  as  long  as  any  woolly  subli- 
mate is  formed  ;  this  sublimate  is  driven  out  of  the  tube  by  heat ;  the  tube  filled  with 
the  hydrochloric  acid  gas  is  left  to  cool ;  dry  chlorine  gas  is  then  passed  through  it 
for  an  hour  to  expel  all  remaining  atmospheric  air  from  the  apparatus ;  and  the  metal 
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IS  heated  till  it  begins  to  glo-w  and  brown-red  vapours  begin  to  appear.  By  careful 
heating  the  whole  of  the  metal  may  be  converted  in  a  short  time  into  the  black  penta- 
chloride. 

The  pentachloride  heated  to  about  250°  in  a  stream  of  liydrogen  is  reduced  to  the 
red,  difficultly  volatile  trichloride,  MoCP  or  Mo'-'CP  ;  and  this  compound,  heated 
to  redness  in  an  atmosphere  of  carbon  dioxide  free  from  oxygen,  is  resolved,  accord- 
ing to  the  equation  Mo-Cl''  =  MoCl"  +  MoCP,  into  the  yellow  dichlorido  which 
remains  in  the  tube,  and  the  brown  tetrachloride  which  sublimes  or  is  carried 
forward  by  the  stream  of  gas. 

Of  these  four  chlorides  the  pentacliloride  is  the  only  one  which  crystallises  distinctly, 
and  melts  and  volatilises  without  decomposition.  The  pure  pentaclilni-idr  isM;irk; 
the  green  shimmer  ascribed  to  it  by  Debray  indicates  admixture  of  oxvrlilnri.ir.  lis 
vapour  has  a  dark  brown-red  colour.  The  sulphur-yellow  dichlorido  ami  tlie  red  tri- 
chloride, which  is  deceptively  like  amorphous  phosphorus,  have  been  obtained  only  in 
the  amorphous  state  ;  the  tetrachloride  is  an  indistinctly  crystalline  brown  sublimate. 
In  an  atmosphere  of  carbon  dioxide  the  dichloride  bears  a  bright  red  heat  without 
melting  or  volatilising ;  the  trichloride  under  the  same  circumstances  is  resolved  into 
di-  and  tetrachloride,  which  when  again  heated  splits  up  into  pentachloride  which  sub- 
limes, and  trichloride  which  remains  behind. 

The  di-  and  trichloride  are  quite  permanent  in  the  air  at  ordinary  temperatures,  and 
insoluble  in  water  ;  the  tetra-  and  pentachloride  on  the  other  hand  are  extremely  sus- 
ceptible of  the  action  of  oxygen,  and  more  particularly  of  moisture,  so  that  their 
manipulation  is  attended  with  great  difficulty. 

The  dichloride  is  insoluble  in  7iiiric  acid,  which,  however,  dissolves  all  the  other 
chlorides.  Tlie  dichloride  dissolves  easily  in  hot  hydrochloric  acid,  with  aid  of  heat, 
and  crystallises  therefrom  on  cooling,  in  long,  shining,  yellow  needles,  having  the 
composition  Mo-Cl''.3H-0.  The  crystals  when  heated  to  100°  give  off  two-thirds  of 
tlieir  water  without  disintegrating,  losing,  however,  little  hydrochloric  acid  at  the 
same  time.  At  a  somewhat  higlier  temperature  the  loss  of  hydrochloric  acid  is  more 
considerable,  the  greater  part  of  the  salt  being,  however,  converted  into  the  anhydrous 
dichloride,  which  retains  the  form  of  the  crystals,  and  may  be  rccrystallisod  from 
water. 

Trioxide,  MoO'.  Sccover?/  from  the  residues  of  Phosphoric  Acid  determinations. — - 
F.  Muck  (Zcilschr.  annl.  Chem.  viii.  377)  treats  the  filtrate  from  phosphoric  acid  pre- 
cipitations with  solution  of  sodium  phosphate  (1  jiart  to  30  parts  MoO-'  of 
the  quantity  of  the  latter  is  previously  kuown).  The  yellow  precipitate  of  ammo- 
nium phosphomolybdate  is  collected  on  a  filter,  washed  with  water,  dried  and 
weighed,  and  to  100  parts  of  it  are  added  360  parts  of  ammonia,  1,350  iiitricacid,  and 
2  to  3  parts  pure  magnesia,  the  magnesia  being  dissolved  in  thr  roriTiisitc  quantity  of 
nitric  acid,  the  yellow  precipitate  in  the  smallest  possible  quanl  ily  nf  .iniiiionia,  the 
two  solutions  united,  and  the  liquid  after,  standing  for  some  timr  liltc  ivd  from  the 
arnmonio-magnesian  phosphate.  This  latter  precipitate  is  washed  with  the  remainder 
of  the  weighed  quantity  of  ammonia,  the  filtr.ile  is  ji-aive.!  into  the  Inilk  of  the  nitric 
acid,  and  the  yellow  precipitate  which  sepavales  aftri-  ,i  m  hile  is  removed  by  filtration. 
The  filtrate,  which  contains  about  5  p.c.  molybdenmn  trioxide,  is  now  again  ready  for 
use. 

Fresenius  {ihid.  x.  204)  evaporates  the  filtrate  from  phosphoric  acid  precipitations 
to  dryness,  and  ignites  the  residue  till  the  ammonium  nitrate  has  for  the  most  part 
been  destroyed  ;  the  residue  is  then  digested  witli  ammonia,  which  dissolves  out  the 
molybdic  acid.  The  filtered  solution  is  treated  with  sufficient  magnesia  mixture  to 
precipitate  any  phosphoric  acid  that  may  be  present.  The  precipitate,  if  any,  is 
allowed  to  subside  well  before  filtering,  and  to  the  filtrate  is  added  just  sufficient 
nitric  acid  to  render  the  liquid  slightly  acid.  Molybdic  acid  is  thus  precipitated,  and 
may  be  obtained  pure  by  syphoning  off  the  supernatant  liquid,  and  washing  with  a 
little  water.  The  filtrate  contains  but  little  molybdic  acid,  and  can  be  worked  up' 
again  with  fresh  residues. 

Fresenius  prefers  this  method  to  that  of  Muck  above  described.  Muck  on  the  other 
hand  {ihid.  x.  307)  objects  to  Fresenius's  method  that  it  involves  the  evaporation  of 
large  quantities  of  liquid,  the  addition  of  ammonium  salts,  and  the  treatment  of  the  re- 
sidue after  evaporation  with  ammonia,  which  last  operation  is  often  very  troublesome, 
in  consequence  of  the  presence  of  iron  and  calcium  salts. 

Estimation. — Chatard  {Beut.  Chem.  Ges.  Bcr.  iv.  280)  adds  to  the  boiling  solution 
of  a  molybdate  a  slight  excess  of  load  acetate,  and  boils  the  resulting  precipitate  for 
about  two  minutes,  whereupon  it  becomes  granular  and  quickly  settles  down.  It  is 
then  washed,  first  with  pure  water,  afterwards  with  a  very  dilute  solution  of  ammo-' 
nium  nitrate,  dried  at  100°,  separated  from  the  filter,  and  ignited  in  a  porcelain  cru- 
cible. 
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Beactioii  with  Phosphorus  Trichloride.    See  Phosphoetjs  Chloeibes. 

nsoWAZXTX:.  Native  Ccroiis  Phosphate. — G-.  vom  Eatli  {Jahrhvchf.  Mlmralogic, 
1871,  172)  observed  in  a  cavity  of  a  sanadino  bomb  from  Lake  Laacli  a  crystal  of 
orthite,  on  whicli  lay  another  crystal,  1  mm.  in  length,  olive-green  in  colour,  and  witli 
a  brilliant  lustre ;  the  latter  he  believes  to  be  monazite,  a  mineral  hitherto  unknown 
not  only  at  Laach,  but  in  any  volcanic  rocks  whatever ;  from  its  minute  size  he  "was 
unable  to  analyse  it,  but  its  immediate  association  with  the  orthite  renders  it  highly 
probable  that  it  also  is  a  cerium  compound.  The  crystal  is  tabular  and  exhibits  the 
form,  +  P,  +  Pco,(Pqo),  oo  P,  (oo  Poo  )  and  coPco  .  Katio  of  clinadiagonal  :  ortho- 
diagonal  :  principal  axis  =  0-06588-6  :  1  :  0-92169  ;  angle  of  inclined  axes  103°  28'. 
The  directions  of  cleavage  of  the  Laach  crystal  also  accord  with  those  of  monazite. 
A  strong  lustre  arising  from  internal  fissures  is  seen  along  the  edges  of  the  positive 
and  negative  hemidomes,  and  indicates  a  distinct  direction  of  cleavage  parallel  to  the 
Ijase  which  does  not  form  a  face  of  the  cryst^al.  There  is  a  second  cleavage  parallel 
to  the  orthopinacoid.  Monazite  has  hitherto  been  found  only  in  the  old  plutonic 
rocks  or  in  alluvium  derived  from  them  ;  its  mode  of  occurrence  in  Lake  Laach  there- 
fore is  peculiar.  It  furnishes  a  second  instance  of  the  occurrence  of  a  cerium 
mineral  in  volcanic  masses,  vom  Katli  having  previously  found  orthite  (cerium 
silicate)  at  Lake  Laach  and  on  Monte  Somma. 

MOZfTEBBASXTB.    See  Phosphates  of  AxuMixirii. 

MOXTZONZTS.  This  mineral,  from  the  Monte  Monzoni  in  the  Fassa  Valley, 
near  the  small  lake  of  La  Selle,  is  compact  and  occurs  in  fragments.  Hardness  =  6; 
sp.  gr.  =  3.  Fracture,  splintery  to  imperfectly  conchoi'dal.  Colour,  light  green,  like 
tliat  of  many  green  hornstones.  Slightly  translucent  on  the  edges.  Melts  easily 
before  the  blowpipe  to  a  shining  greyish-green  glass.  Gives  off  a  little  water  when 
heated  in  a  tube.  Insoluble  in  hydrochloric  and  sulphuric  acid,  but  dissolves  in  strong 
aqueous  phosphoric  acid.    Analysis  gave — 

SiO=  APO'         FeO  CaO        Mg:0        Na'O        K=0  H=0 

62-60       17-10       9-00       9-65       2-10       6-60       1-90       1-60  =  100-4,t 

loading  to  tho  formula  12_(E"O.Si02)  +  4Ar''0^9SiO-.  The  mineral,  when  examined  in 
a  thin  slice  under  tho  microscope,  shows  no  signs  of  mixed  constitution,  and  may 
therefore  bo  regarded  as  a  distinct  species  (F.  v.li.ohA\,Jahrbiwhf.  Mina-alogic,  1871, 
640). 

IWORPKXM'E,  C'^R^^WO^.— Detection.  According  to  Fliickiger  {Arch.  Pharm.  [3], 
i.  117),  morphine  may  be  detected  in  a  solution  containing  1  part  in  100  by  tho  addi- 
tion of  chlorine-water  and  ammonia.  A  red  colour  is  thereby  produced,  which  soon 
changes  to  brown.  The  iodic  acid  reaction,  however  (iii.  1052),  by  which  a  brown 
colour  is  produced  and  the  odour  of  iodine  developed,  is  capable  of  detecting  about 
1  part  in  10,000. 

Detection  in  Quinine. — Morphine  may  be  detected  in  quinine  by  adding  a  little  of 
the  salt  to  a  solution  of  potassium  ferrocyanide  mixed  -with  ferric  chloride  and  a 
small  quantity  of  hydrochloric  acid.  If  morphine  (or  any  other  deoxidising  substance) 
is  present,  the  solution  speedily  becomes  blue  (H.  Hagcr,  Chem.  Centr.  1872,  727). 

Separation  of  Morphine  and  Strychnine. — Otto,  in  his  'Anleitung  zur  Ermittelung 
der  Grifte,'  states  that  these  two  alkaloids  may  be  separated  by  agitating  the  solution, 
previously  rendered  alkaline,  -with  ether,  the  strychnine  then  dissolving  in  the  ether, 
while  the  morphine  remains  in  the  aqueous  liquid.  Neubauer,  liowever,  finds  that 
the  separation  is  not  complete,  the  earlier  ethereal  extracts  containing  a  mixture  of 
strychnine  and  morphine,  while  the  later  ones  jiAA  crystallisations  in  which  only 
morphine  can  be  detected.  From  the  residiies  exhausted  by  ether,  an  additional 
quantity  of  morphine  can  always  be  extracted  by  amyl  alcohol  (Zcitsch:  anal  Chem. 
ix.  134). 

For  the  detection  of  morphine  Neubauer  recommends  the  test  proposed  by  Frohde 
(Zeitschr.  anal.  Chem.  v.  214),  which  consists  in  adding  to  the  s'ospected  liquid  a 
recently  prepared  solution  of  molybdic  acid  in  strong  sulphuric  acid,  whereupon  the 
liquid  assumes  a  violet  colour,  changing  to  blue  and  dirty-green. 

Estimation  of  Morphine  in  Opium. — Methods  of  estimation  founded  on  the  liberation 
of  iodine  from  iodic  acid  by  morphine  are  given  by  W.  Stein  {Arch.  Pharm.  [2],  cxlviii. 
160;  Chem.  Soc.  J.  [2],  s.  180),  and  by  J.  T.  Miller  {Pharm.  J.  Trans.  [3],  ii.  465, 
Chem.  Boc.  J.  [2],  x.  181). 

A  modification  of  Guillermond's  method  of  estimation  (iii.  1053)  is  described  by 
Revell  {Monit.  Scicnt.  xiii.  312;  Jahresb.f.  Chem.  1871,  824). 

Morphine  Salts.    Acetate.--^!,  M.  Marsch  {Pharm.  J.  Trans.  [3].  i.  664),  observes 
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that  aqueous  solutions  of  ofi&ciual  alkaloid  salts,  especially  of  morphine  acetate,  are 
apt  to  deposit  quantities  of  flocculent  substance.  Id  a  solution  of  morphine  acetate  in 
which  tins  had  taken  place,  nearly  all  the  acetic  acid  had  disappeared,  and  the  mor- 
phine had  separated  in  crystals. 

Hydrocyanide. — A  solution  of  pure  ammonium  cyanide  added  to  a  neutral  morphine 
solution  (even  diluted  to  yi^)  throws  down  a  crystalline  precipitate  of  morphine  hy- 
drocyanide, very  slightly  soluble  in  water  (Marsch,  ibid.  1005). 

Derivatives  and  Volymcridcs  of  Morphine. 
irUrosyl^derivatlves.  AVhen  morphine  suspended  in  water  is  subjected  to  a 
very  rapid  stream  of  nitrous  acid  vapour  (obtained  from  nitric  acid  and  arsenious 
acid)  a  y«llow  to  reddish-yellow  crystalline  powder  (A)  is  obtained,  having  the  com- 
position C^'H™(NO)'''N'^0''  +  2H^0.  It  produces  a  black  colour  with  feme  chloride, 
and  gives  off  its  water  at  125°.  By  gradually  dissolving  this  substance  in  considerable 
quantities  of  alcohol  and  distilling  off  the  alcohol,  a  compound,  C"ff''(NO)-N^O''  + 
4H-0,  (B)  is  produced,  which,  when  boiled  with  water,  gives  off  an  inodorous  gas,  and 
yields  a  filtrate  which  deposits  a  finely  divided  precipitate  (C).  The  residue  (D)  left 
after  repeated  boiling  has,  after  solution  in  large  quantities  of  alcohol  and  distillation 
of  the  alcohol,  the  composition  C^'H^"N-0^.  When  the  body  A  is  treated  in  the  cold 
with  a  mixture  of  i  strong  sulphuric  acid  and  §  part  water,  a  violent  evolution  of 
vapours  takes  place,  which  turns  red  in  contact  with  the  air,  and  a  substance  (E)  is 
formed,  insoluble  in  the  resulting  liquid.  The  same  substance  is  formed,  with  evolu- 
tion of  an  inodorous  gas,  by  similar  treatment  of  D.  This  substance  does  not  exhibit 
any  particular  reaction  with  ferric  chloride.  Strong  sulphuric  acid  colours  it  yellow 
with  a  tinge  of  red.  Its  analysis  gave  numbers  which  may  be  represented  by  the  for- 
mula C'Ws]sf206.2lI=O.H-SO<.  The  base  of  tliis  salt  is  precipitated  by  ammonia  in 
a  state  of  very  fine  division  ;  it  gives  a  black  colour  with  ferric  chloride,  but  has  not  been 
further  investigated.  The  body  A  has  the  composition  of  morphine  nitrite,  but  does  not 
appear  to  be  identical  therewith ;  neither  does  tlie  body  D  appear  to  be  identical  with 
Schiitzenbcrger's  oxymorphino  {\st  Siippl.  849). — (E.  L.  Mayer,  Bent.  Chcm.  Ges.  Ikr. 
iv.  121). 

Cbloiinated  Berlyative  produced  by  the  action  of  Hypocblorous 
acid.  AVhen  a  solution  of  morphine  in  excess  of  hydrochloric  acid  is  treated  -ndtli 
chloride  of  lime,  greenish  flocks  are  obtained,  which,  after  solution  in  alcohol,  precipi- 
tation ■with  water,  solution  in  ether,  and  distillation  of  the  latter  (whereby  the  flocks 
are  converted  into  an  oil  which  solidifies  to  a  crystalline  mass)  have  the  composition 
CMH^-Cra-'O-o  (Mayer,  he.  cit.) 

Acetyl  Derivatives  :( Wright,  Chem.  Soc.  J.  [2],  xii.  1033).  Three  of  these 
bodies  have  been  obtained,  viz.  — 

Monoacetyl-morphine  C^<H"(C2H'0)N=0", 
Diacetyl-morphine  C^^ff''(C^IP0)-N20^, 
Tetracetyl-morphino  C3'H''(C=H^0VN-0«. 
They  are  produced  by  the  action  of  acetic  acid  and  acetic  anhydride  on  morphine. 
Tetracetyl-morphine  is  formed  by  treating  morphine  with  .icetic  anhydride  in  excess. 
Diacetyl-morphine  is  known  in  two  modifications,  one  of  which  (a)  is  produced  by 
heating  morphine  with  glacial  acetic  acid,  the  other  (;8),  by  the  action  of  acetic  an- 
hydride, in  quantity  less  than  sufficient  to  form  tetracetyl-morphine.  Monoacetyl- 
morphine  is  produced  by  heating  morphine  to  100*^  fur  an  hour,  with  a  quantity  of 
acetic  anhydride  considerably  less  than  that  which  is  required  to  produce  ^  diacetyl- 
morphine. 

Monaceiyl-morpkinc  precipitated  from  the  solution  of  its  acetate,  which  is  the 
direct  product  of  the  reaction  above  mentioned,  by  sodium  carbonate,  exhibits  properties 
very  much  like  those  of  13  diacetyl-morphine  (ii'fra).  It  is  solul)le  in  ether,  a  pro- 
perty which  shows  that  it  is  not  a  mere  mixture  of  morphine  and  diacotyl-morpliine, 
since  morphine  itself  is  nearly  insoluble  in  ether.  Its  liy.li-ndili.riilr.  ( '"11"(C-H^0) 
N20''.2HC1,  obtained  by  treating  the  base  with  a  qu-mlil  v  <<(  \ni\r«r]\]in-ir  acid  less 
than  sufficient  to  dissolve  tlio  whole,  dries  up  to  a  varnish  uxt-y  sulphiirir  .irid,  whereas 
a  mixture  of  the  hydroolilori.lcs  i>(  morphine  anddiacelyl-iMnr|.]unc  in  ( I  (| n:i nl  il  ies 
dissolved  in  a  little  wntei-  .-i  I  most  the  whole  of  I  lie  Im-nier  to  crvsi  ,i  II  is.'  mn  ,  ;itiil 

dries  ujj  to  a  crystalline  muss  welled  by  a  syrup  which  tiimlly  di-ies  up  to  ;i  irlize  over 
the  cryst.als.  The  platinochloridc  prepared  with  the  neutral  liquid  olitainod  by  shak- 
ing up  the  ethereal  solution  of  the  base  with  liydrochloric  acid,  has  the  composition 
C^'IP'(C-^H^0)N^'0''.2HCl.PtCl'. 

The  existence  of  tliis  monoacetyl  derivative  shows  that  the  ordinary  formida  of 
morphine,  C"II'''NO^  must  be  doubled. 
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a.  Diaceti/l-morphine  is  obtained,  together  with  the  $  modification,  by  boiling 
morphine  for  several  hours  with  twice  its  weight  of  glacial  acetic  acid  in  a  vessel  with 
inverted  condenser.  On  dissolving  the  product  in  water,  adding  ammonia,  and  shaking 
np  with  ether,  an  ethereal  solution  is  obtained  whicli  when  shaken  with  hydrocMorio 
acid  yields  a  copious  crystalline  hydrochloride ;  and  from  this  salt  the  base  may  be 
separated  by  ammonia  as  a  flocculent  non-crystalline  precipitate,  easily  soluble  in  am- 
monia, sodium  carbonate,  caustic  potash,  ether,  alcohol,  and  benzene ;  from  the  last 
three  solutions  it  separates  by  spontaneous  evaporation  as  a  gummy  mass.  It  has 
also  been  obtained  by  a  process  the  description  of  which  is  not  vet  published,  in 
crystals  containing,  C-"ff=(C2IPO)'-NW  +  2H-0.  The  hydrochloride,  C^'ffsCC^H'O)- 
!N^0'''.'2HC1  +  6H^0,  is  but  sparingly  soluble  in  cold  water,  but  may  be  recrystallised 
without  change  from  hot  water.  The  ■platinochloride,  C^'H^'^(C'-H^O)2N-0«.2HCl.PtClS 
is  amorphous. 

AVlien  pure  neither  the  free  base  nor  its  salts  give  any  coloration  with  ferric  chlo- 
ride ;  this  property  distinguishes  the  a  from  the  -^8  modification,  which  gives  a  blue 
colour. 

/3.  Biacetyl-morphiiic  is  the  chief  product  obtained  by  heating  morphine  to  100° 
for  an  hour  with  the  quantity  of  acetic  anhycbide  required  by  the  equation 

.C34H38N206  +  2(C2ffO)^0  =  C'<H=''(C^H^O)2N'0''-i-2(C'ffO.OH). 

The  free  base  separated  from  the  acetate  by  sodium  carbonate  is  readily  soluble  in 
ether,  ammonia,  sodium  carbonate,  and  caustic  potash,  and  is  precipitated  from  its 
salts  in  amorphous  flakes  by  alkalis.  It  is  much  less  stable  than  a-diacetyl-morphine, 
ordinary  morphine  soon  crystallising  out  from  its  ammoniacal  solution  while  ammo- 
nium acetate  remains  dissolved — 

C"ff«(C-H30)=N20«  +  2NH'  +  2H20  =  C^^ff«N-Os  +  2(NmO.C2ffO). 

The  hydrochloride,  G^^W\C''W0)m''0''.-2'RC\,  obtained  by  treating  the  base  with  a 
quantity  of  hj'drochloric  acid  not  sufficient  to  dissolve  the  whole,  dries  up  over  sul- 
phuric acid  to  a  gummy  mass,  which  if  perfectly  dry  may  be  heated  to  100°  without 
decomposition,  but  is  decomposed  by  heating  if  moist,  giving  off  acetic  acid.  By  boil- 
ing with  water,  or  by  contact  with  excess  of  hydrochloric  acid,  it  is  decomposed  like 
the  free  base,  morphine  hydrochloride  crystallising  out,  and  acetic  acid  being  set  free. 
It  is  extremely  hygroscopic  and  strikes  a  blue  colour  with  ferric  chloride. 

Tetr acetyl -morphine,  C'''H^^(C^H'0)'N-0^,  is  produced  by  treating  morphine 
with  excess  of  acetic  anhydride,  according  to  the  equation — 

C^'H''NW4-4(C=ffO)=0  =  C^^ffXC=ffO)'N=0'!  +  4(C-H30.OII). 

The  same  result  is  brought  about  whether  the  materials  are  allowed  to  remain  in  con- 
tact at  the  ordinary  temperature  for  several  days,  or  heated  to  100°  or  to  140°  foi" 
some  hours  ;  on  adding  sodium  carbonate  to  the  product  dissolved  in  water,  a  precipi- 
tate is  obtained,  flocculent  at  flrst,  but  soon  becoming  crystalline  ;  this  dissolves  readily 
in  ether  and  is  obtained  in  fine  anhydrous  crystals  by  evaporation  ;  it  can  also  be  re- 
crystallised  without  change  from  hot  alcohol  or  benzene,  and  from  chloroform  ;  long- 
continued  boiling  with  alcohol  partially  decomposes  it,  whilst  boiling  with  water 
quickly  alters  it. 

Tetracetyl-morphine  gives  no  colour-reaction  with  ferric  chloride ;  like  morphine,  it 
is  but  very  sparingly  soluble  in  ammonia  and  sodium  carbonate,  but  dissolves  readily 
in  caustic  potash.  When  exactly  neutralised  with  dilute  hydrochloric  acid,  it  yields  a 
solution  which  on  standing  over  sulphuric  acid  deposits  crystals  of  the  hydrochloride, 
C'-H"N-0''.2HC1 ;  these  are  extremely  soluble  in  water,  so  that  they  form  only  just 
before  the  whole  mass  has  evaporated  to  dryness  ;  if  any  excess  of  hydrochloric  acid  be 
present,  partial  decomposition  takes  place  during  the  evaporation,  acetic  acid  being 
evolved. 

The  platinochloridc,  C«H"N-0'=.2HCl.PtClS  is  amorphous. 

Tetracetyl-morphine  when  boiled  with  water  gradually  dissolves ;  and  if  the  pro- 
cess be  interrupted  just  as  the  last  portions  are  on  the  point  of  solution  (at  the  end  of 
an  hour  or  two)  the  liquid  consists  almost  wholly  of  acetate  of  a-diacetyl-morphine, 
formed  thus : — 

C34]3;.ii(C2H^O)'N=0«  +  2H=0  =  C^'W^CB^OJ-^^O^  -h  2(C-ffO.On). 
If  the  action  be  prolonged,  morphine  acetate  and  free  acetic  acid  are  produced 
C"H"(C=H=0)'N=0''  +  4H20  =  C3<H»^N-0»,2(C^H'O.OH)  +  2C-H^0.0H. 
The  syrupy  mother-liquors  from  which  tetracotyl-movphine  l;as  crystallised  mostly 
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(.'ontun  moi'o  or  less  a-diaeotyl-morpliiiie,  probnljly  formed  by  tho  action  of  the  traeo 
of  water  tnken  up  by  the  ether  usod  in  the  preparation  of  the  tetracetyl-iiiorphiue. 

Appendix  to  the  Aoeti/l-derivatives  of  MorpJdne. 

Biacetyl-codeine,  C^ff '^N-O'^  =  Cs«H^"(C8H'0)2N=0».  This  base  is  produced 
by  boiling  codeine  dried  at  140°  with  twice  its  weight  of  glacial  acetic  acid  for  eight 
hours  in  a  vessel  with  inverted  condenser  : 

C^oH'-N^O^  +  2(C=ffO.OH)  =  2W0  +  C^m^^Gm^OfWOK 

Ou  evaporating  tJio  resulting  liquid  to  dryness  on  the  water-bath,  dissolving  tho  residue 
in  water,  and  adding  sodium  carl)onate,  a  white  precipitate  is  thrown  down,  flocculent 
at  first,  but  soon  becoming  crystalline  on  standing  ;  by  rapid  filtration  this  is  separated 
from  unaltered  codeine,  which  is  not  immediately  precipitated  in  this  manner,  save  in 
very  concentrated  solutions.  By  dissolving  the  precipitate  in  dilute  hydrochloric  acid, 
and  repeating  the  precipitation  by  sodium  carbonate  three  or  four  times,  a  product  is 
obti'.ined  quite  free  from  codeine ;  tho  last  precipitate  is  dissolved  in  ether  or  hot  dilute 
•alcohol,  from  either  of  which  solvents  tho  diacetyl-codeine  crystallises  in  bold,  well- 
defined  anhydrous  crystals ;  it  can  also  be  recrystallised  from  benzene,  chloroform,  and 
boiling  water  without  change,  being  readily  soluble  in  all  these  solvents  except  water, 
in  which  it  is  only  sparingly  soluble  even  when  boiling. 

Diacetyl-iodeine  salts  give  no  coloration  with  ferric  chloride ;  the  precipitated  base 
is  but  slightly  soluble  in  ammonia  or  in  sodium  carbonate,  but  dissolves  more  readily 
in  caustic  potasli. 

Tho  lii/di-ocklorkh;  C'»H"N20«.2HC1  +  4IP0,  crystallises  well,  and  dissolves  in 
water  more  freely  than  the  hycboehloride  of  codeine.  The  platinochloride,  C"H"N'0°. 
2HCl.PtCl',  is  a  yellow  non-crystalline  precipitate. 

No  other  acctyl-derivatives  of  codeine  have  yet  been  obtained  CWright). 

Pol  yineridea  of  Morphine  and  their  Derivat  i  vcs. 

1.  Polymerisation  by  tlx©  action  of  Sulphuric  acid.  The  investigations  of 
Arppo  and  of  Laurent  a.  Gerhardt  led  to  the  conclusion  that  the  final  product  of  tho 
action  of  dilute  sulphuric  acid  upon  morphine  was  a  kind  of  amide  called  sitlpho- 
rnorphide,  having  the  composition  of  morphine  sulphate  minus  water  (iii.  1055). 
Mntthicsscn  a.  Wright,  however  {Proc,  lioy.  Sac.  xvii.  455).  in  repeating  Arppe's  ex- 
periments, obtained  a  small  quantity  of  a  base  exhibiting  the  quantitative  reactions 
of  apormorphine ;  and  Wright  {Chem.  Soc.  J.  [2],  xi.  220)  has  shown  that  the  main 
result  of  tho  action  of  dilute  sulphuric  acid  on  morphine,  first  at  100°  and  afterwards 
at  140°,  \s  polpnerisation  without  dehydration,  the  products  successively  formed  being 
trimorpliine,  C'°'^H"'N''0'^  homologous  with  tricodeine,  and  tetramorphine, 
C'^H'^N'O-^,  homologous  with  tetracodeine  (p.  372).  No  dimorphiue  is  produced, 
although  dicodeine  is  easily  formed  under  similar  circumstances.  These  results  show 
th.-it  the  so-called  sulphomorphide  is  reallj'  the  sulphate  of  tetracodeine. 

When  trimorphine  hydrochloride  is  dissolved  in  strong  hydrochloric  acid,  and  the 
^rhoio  kept  at  100°  for  eight  hours,  a  change  is  produced  indicated  by  tho  reaction — 

C'^^H'^N^O'^GHCl  +  2HC1  =  2W0  +  C>°=H"=CPN«0"=.6HC1. 
The  acid  liquid,  when  diluted  with  water,  neutralised  with  caustic  soda,  and  precipi- 
tated with  sodium  carbonate,  yields  a  white  precipitate,  for  the  most  part  soluble  in 
ether  ;  and  tho  ethereal  solution,  agitated  with  a  few  drops  of  hydrochloric  acid,  gives 
a  viscid  liquid  which  wholly  refuses  to  crystallise,  and  accordingly  does  not  appear  to 
contain  any  apprecinbL'  qiiaiilily  of  apomorphine.  On  leaving  it  over  sulphuric  acid, 
a  brittle  gum  was  oblaintd  ulnrli.  alter  heating  to  100°,  exhibited  the  composition 
C'«=Hi"CPN'-0"'.6HCl,  Mliieli  is  liiat  of  tho  hydrochloride  of  a  base  formed  from  tri- 
morphine by  substitution  of  CI-  for  (HO)-. 

The  occurrence  of  this  reaction  in  the  substance  which  evidently  corresponds  in  the 
morpliine  series  with  the  polymeride  provisionally  viewed  as  tricodeine  in  the  codeine 
series  (p.  372),  corroborates  the  view  that  these  substances  are  actually  the  threefold 
polymerides  of  morphine  and  codeine  respectively.  The  action  of  hydrochloric  acid 
o.n  tricodeine  is  a  simple  dehydration  (see  above), 

C'°«H'2°N«Oi8.6HCl  =  GH^O  +  C'^^E'i^N^O'^CHCl, 

whereas  that  on  trimorphine  is  of  an  entirely  different  character,  the  elements  of  IICl 
being  added  on,  as  well  as  those  of  U'-O  subtracted  (see  above). 
Tetramorphine,  heated  with  hydrochloric  acid,  does  not  undergo  any  transformation, 
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but  tiimply  forms  the  hydrochloride  C''''II'*-N*0-^.8HCI.  In  this  respect  it  resembles 
tetnieodeine,  but  differs  from  diapotetramorphiue,  which  undergoes  a  transformatiou 
similar  to  that  of  trimorphine : 

C'^="Hn«N'^0-'.8HCl  +  2IIC1  =  2H-0  +  C"«H'"^CI-N«0-=.8HC1. 

2.  Polymerisation  toy  the  action  of  P&ospboric  acid  (Wright,  Chem. 
Soc.  J.  [2].  X.  652).  Phosphoric  acid  acts  on  morphine  in  the  same  manner  as  on 
codeine  (p.  372),  excepting  that  the  resulting  polynierides  of  morphine  are  converted 
by  abstraction  of  water  into  apo-derivatives* 

Wien  1  part  of  morphine  is  treated  with  phosphoric  acid  solution  (3  glacial  acid  to 
5  water),  and  the  liquid  gently  boiled  until  the  boiling-point  rises  to  180°-190°,  a 
brown  liquid  is  obtained  which,  when  diluted  with  water,  gives  an  immediate  amor- 
phous precipitate  with  excess  of  sodium  carbonate ;  the  filtrate  from  this,  if  quickly 
separated,  contains  unchanged  morphine,  which  gradually  crystallises  out  on  standing. 
This  precipitate  is  purified  by  solution  in  hydrochloric  acid,  repreeipitation  by  sodium 
carbonate,  and  rapid  filtration ;  ether  extracts  a  very  small  quantity  (less  than  0-6  p.c.) 
of  a  base  soluble  in  that  liquid;  on  agitation  with  hydrochloric  acid,  anhydrous 
crystals  are  obtained  which  present  all  the  appearances  and  reactions  of  the  hydro- ♦ 
chloride  of  apomorphine,  C'"ff»N'0s.2HCl. 

The  formula  hero  given  to  apomorphine,  which  is  double  of  that  originally  assigned 
to  it  {1st  Suppl.  839),  appears  to  be  justified  by  a  comparison  of  the  results  of  the 
action  of  phosphoric  and  sulphiu-ic  acids  on  morphine  and  codeine,  the  apomorphine 
being  in  all  probability  derived  by  dehydration  from  the  previously  formed  dimorphine, 
by  the  reaction : 

2C3iH^sN206  _  4H^0  =  C'sff^N'Os. 
Comparison  of  the  physical  properties  of  apomorphine  and  its  salts  with  those  of  the 
different  polymerides  of  codeine,  likewise  indicates  a  greater  analogy  to  dicodeine  than 
to  codeine  itself,  or  to  tetracodeine.    The  systematic  name  of  apomorphine  is  accord- 
ingly tetrapo-dimorphine. 

The  portion  of  the  precipitate  produced  by  sodium  carbonate,  which  is  insoluble  in 
ether,  oxidises  by  exposure  to  air  with  great  rapidity ;  dissolved  in  hydrochloric  acid, 
and  fractionally  precipitated  by  sodium  carbonate,  it  finally  yields  a  light  fawn- 
coloured  precipitate,  which  rapidly  darkens  and  absorbs  oxygen  while  drying.  Washed 
and  dried  as  rapidly  as  possible,  it  gave  numbers  agreeing  with  the  formula 
QissjjusjifsoJi).  Wright,  however,  supposes  that  of  the  40  atoms  of  oxygen,  18  were 
derived  from  atmospheric  oxidation,  and  that  the  true  formula  of  the  recently  formed 
base  is  C'^H'^'^N^O-^.  According  to  this  view  it  is  diapo-tetramorphine,  formed 
by  the  reaction : 

iC^'H^^N^O"  -  2H=0  =  Cl^«H'^«N^O=^ 
This  base  exerts  upon  dogs  an  emetic  action  quite  as  powerful  as  that  of  apomorphine, 
but  does  not  appear  to  produce  so  much  after-depression. 

Action  of  Hydrochloric  acid  on  Biapo-ietramorphine. — 'Wlien  freshly  prepared  diapo- 
tetramorphine  (unoxidised)  is  dissolved  in  a  large  excess  of  strong  warm  hydrochloric 
acid,  the  solution  boiled  down  gently,  almost  to  dryness,  and  finally  evaporated  to 
dryness  on  the  water-bath,  a  tarry  residue  is  obtained,  readily  soluble  in  water ;  addi- 
tion of  strong  hydrochloric  acid  to  this  aqueous  solution  throws  down  flakes  of  the 
hydrochloride  of  a  new  base  which  is  obtained  in  greatest  purity  by  fractional  pre- 
cipitation with  strong  hydrochloric  acid  ;  and  the  last  precipitate  being  washed  with 
weak  acid,  and  dried  at  100°,  yields  a  brownish,  tarry,  brittle  mass,  much  resembling 
the  hydrochloride  of  ehlorotetramorphine  (p.  370),  and  having  the  composition 
Ci36jji.i6Qi2]^802o_8HCl.    It  appcars  to  be  formed  by  the  reaction  : 

Ci36HnsN80=2.8HCl  +  2HC1  =  2IF0  -i-  C>"H>«C1-N»0=».8HC1. 

In  physical  and  chemical  properties  this  substance  much  resembles  ehlorotetra- 
morphine, from  which  it  difiers  in  composition  by  —  H^O*;  sodium  carbonate  throws 
down  from  its  aqueous  solution  fawn-coloured  flakes,  almost  wholly  insoluble  in  ether, 
and  darkening  by  exposure  to  air ;  like  all  the  other  '  tetra '  bases  it  yields  a  blood- 
rod  colour  on  warming  with  an  acid  solution  of  silver  nitrate. 

Action  of  Hydriodic  acid  and  Plwsphorus  on  Liafo-tetramorpldm. — When  freshly 
prepared  unoxidised  diapo-tetramorphine  is  dissolved  in  dilute  hydriodic  acid  by  the 
aid  of  heat,  and  the  solution  gently  boiled  down  with  the  addition  of  excess  of  hydrio- 
dic acid  and  a  piece  of  phosphorus,  till  the  boiling-point  rises  to  125°,  a  viscid  liquid 
is  obtained,  from  which,  on  filtration  through  asbestos  and  precipitation  by  water,  a 

*  The  prefix  apo  may  be  conveniently  used  to  designate  generally  the  remov.il  of  the  elements  of 
n=0  ;  cUapo,  for  the  removal  of  2H'0  ;  tetrapo,  for  iWO,  and  so  on. 
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suLstance  may  be  obtained  undistinguishable  in  appearance  troni  tlio  similar  boily 
resulting  from  analogous  treatment  of  tetraeodeine  (p.  373),  and  havinc;  the  composi- 
tion C"'*H'^6I«N»0=».8HI.    It  is  produced  by  the  reaction  : 

Ci36H'^«N«02-'.8HI  +  2HI  =  C"^H»"I-N«0-^''.8HI  +  2H-0 

Avliich  is  perfectly  parallel  with  the  reaction  with  hydrochloric  acid  (infra)  and  with 
the  action  of  liydriodic  acid  and  pliosphorus  on  tetraeodeine  (methyl  being  eliminated 
in  the  latter  case) : 

Ci36H'J^(CH')»Ns02».8HI  +  lOHI  =  8CIPI  +  2H-0  +  G'^^H'^TN^O^.SHI. 

When  heated  it  leaves  a  very  difficult!}'  comLustiblo  charcoal.  AVith  nitric  acid  and 
silver  nitrate  it  strikes  a  blood-red  colour. 

3.  Polymerisation  by  tlie  action  of  Zinc  Chloride  (Mayer  a.  Wright,  C'/icrn. 
Soc.  J.  [2],  xi.  211).  When  morphine  hydrochloride  is  heated  "for  a  short  time  with 
a  concentrated  solution  of  zinc  chloride,  a  crystalline  compound  of  the  two  is  obtained, 
from  which,  by  repeated  solution  in  water  and  crystallisation,  the  zinc  chloride  may  be 
removed,  the  morphine  hydrochloride  romainiug  undissolved.  But  if  the  heating  bo 
continued,  there  are  formed,  according  to  the  temperature  and  duration  of  the  action, 
the  hydrochlorides  of  the  follo'sviug  bases : 

A.  Tetrapodimorphinc  (apomorphiue)    .       .       .  C''*H"-N'0''.4HC1 

B.  A  chlorinated  base,  soluble  in  ether,  and  yielding (•  Qfi4j£37Qij^:Q5  oHCl 

an  uncrystallisable  hydrochloride  ...  $ 

C.  Octa'potetramorphine,  polymeric  with  apomor-"! 

phine,  insoluble  in  ether,  and  yielding  an  un-  I  C"''H"''N''0"'.8HC1 
crystallisable  hydrochloride  .       .       .  .J 

D.  A  chlorinated  base,  insoluble  in  ether,  and  yield- >  piscj/ h5Qij^402o  8HC1 

ing  an  uncrystallisable  hydrochloride     .       .)  ' 

E.  A  biase  probably  isomeric  with  apomorphine,  or 

perhaps  impure  apomorphine. 


The  apomorphine  is  formed  when  the  mass  is  kept  at  a  temperature  of  120°-125° 
for  more  than  twenty  minutes,  the  yield  being  larger  the  lower  the  temperature  be- 
tween these  limits,  and  the  more  concentrated  the  solution  of  zinc  chloride.  The  base 
E,  isomeric  with  apomorphine,  but  differing  from  it  by  forming  an  unstable  platino- 
chlorido,  and  the  chlorinated  base  B,  were  formed  after  treatment  for  an  hour  at  170°. 
Oetapotctraviorvhine  (C)  was  produced  when  nearly  equal  volumes  of  solid  zinc  chlo- 
ride, strong  hj'drochloric  acid,  and  morphine,  were  heated  together  in  sealed  tubes  to 
180°-220°  for  24  hours.  Its  hydrochloride  is  much  like  those  of  chlorotetramorphino 
and  bromotetramorphine,  but  has  a  darker  colour ;  it  is  insoluble  in  absolute  but 
soluble  in  dilute  alcohol ;  with  nitric  acid  ii  gives  a  dirt}'- red  colour,  and  with  sodium 
carbonate  an  amorphous  precipitate  almost  insoluble  in  ether.  This  base  differs 
Btrikingly  from  apomorphine  in  being  destitute  of  emetic  properties. 

The  chlorinated  base,  D,  is  formed  by  prolonged  exposure  of  the  mixture  to  a  lower 
temperature  (36-48  hours  at  100°).  Its  hydrochloride  yielded,  with  sodium  carbonate, 
a  precipitate  insoluble  in  ether  and  only  sparingly  soluble  in  chloroform.  If  it  is  a 
single  substance,  it  may  be  regarded  as  formed  from  the  chlorinated  base,  B,  by  poly- 
merisation and  subtraction  of  the  elements  of  hydrogen  chloride — 

4(C^'H"C1N=05.2HC1)  =  3HC1  -i-  C'^H'^CIN^O-^SHCI. 

4.  Polymerisation  by  the  action  of  Hydrocbloric  Acid.  The  experiments 
of  iMatthiosseii  n.  Wright  have  shown  that  when  hydrochloric  acid  acts  on  morphine  in 
se;',li'(l  tulies  at  M0°-1 50°,  apomorphine  is  produced  {\st  Sitppl.  839).  Other  products 
•are,  however,  formed  at  the  same  time,  vary'ing  in  composition  according  to  the  tem- 
]it'raturo,  the  proportions  of  the  materials  xised,  and  the  duration  of  the  action.  The 
following  have  been  obtained: — (A)  By  heating  morphine  in  a  flask  on  the  water-bath 
ior  six  hours  with  5-G  times  its  weight  of  strong  hydrochloric  acid,  then  diluting  with 
water,  nearly  neutralising  with  caustic  soda,  precipitating  with  sodium  carbonate,  dis- 
solving the  precipitate  in  other,  and  agitating  the  ethereal  solution  with  a  few  drops 
of  hydrochloric  acid.  (B)  By  heating  morphine  as  in  A  for  five  hours,  and  evaporating 
on  the  water-bath  in  an  open  basin  for  four  hours  more.  (C)  By  gently  boiling  mor- 
phine with  about  6  parts  of  hydrochloric  acid  for  four  hours,  the  product  being  treated 
as  in  A. 
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The  analyses  of  these  pi-oaiicts  leads  to  the  following  formulse— 

(A)  SC»*H=«N-0«  +  2oHCl  -  4H=0 

(B)  4C^^H-''»N-'0«  +  13HC1  -  2H=0 

(C)  4C3'H^«N'^0^  +  13HC1  -  4H=0, 

wliicli  arc  those  required  for  mixtures  of  bases  denoted  by  the  formulse —  > 

(A)  =  6P  +  2Q  +  R 

(B)  =  3P  +  E 

(C)  =    P  +  2Q  +  K 

whore — 

P  =  C^'ff''ClN-0».2HCl  =  Morphine  +  3HC1 

Q  =  C''H"C1N-0\2HC1  =  Morphine  +  3HC1  -  H^O 

11  =  C^'H™0ra-0.2HCl  =  Morphine  +  4HC1  -  2H-0 

whence  it  is  considered  probable  that  the  fono\ving  reactions  take  place — 
Morpliine  i  Base  P 

C"ff»N^0«.2HCl      +  HCl  =  C^^IP'C1N-0<'.2HC1 

Base  P  Ease  Q 

C«'H^»C1N20'^.2HCI  =  n-O  +  C^'H»'C1N20^2HC1 

Base  R 
C^WC1=N=0'.2HC1 

i.e.,  that  the  elements  of  HCl  become  added  on  to  morphine  previously  to  the  abstrac- 
tion of  the  elements  of  H'-'O,  a  reaction  similar  to  that  which  takes  place  in  the  case  of 
several  codeine  derivatives  (p.  371). 

The  last-formed  base,  R,  is  homologous  with  chlorocodide  (p.  369),  the  reactions 
which  express  the  formation  of  the  two"  baseS  from  morphine  and  codeine  respectively 
being  precisely  similar — 

C'°ff=N=0^2HCl  +  2HC1  =  2H=0  +  C'«H"CPN=0*.2HC1 
Codeine  Chlorocodide 

C31H3SN20S.2HC1  +  2HG1  =  2K^0  +  C^<ff'^Cl=N-0^2HCl. 

Morphine  Base  B 

Now  as  chlorocodide  reproduces  ordinary  codeine  by  the  action  of  water  (1 5;!  Suppl. 
481),  it  is  evident  that  no  polymerisation  has  taken  place  during  its  formation  ;  and 
as  its  formation  appears  to  be  preceded  by  the  formation  of  a  base  homologous  with 
base  P,  it  follows  that  the  formula  of  codeine  must  be  written  C^^H^-N-O",  instead  of 
the  half  of  this,  as  formerly,  while  by  analogy  morphine  must  be  written  C^H^^N-O", 
a  result  in  accordance  with  the  composition  of  mono-acetyl-morphine  (p.  819). 

Base  Q,  is  no  doubt  identical  with  the  body  of  the  same  composition  obtained  by  the 
action  of  zinc  chloride  on  morphine. 

When  the  action  of  hydrochloric  acid  or  morphine  is  continued  beyond  the  point 
reached  in  C,  apomorphine  hydrochloride  is  produced,  together  with  the  hydrochloride 
of  a  chlorinated  tetrabase,  C'^'^H'^'Cl^N'O^'.  These  bases  are  probably  formed  by 
polymerisation  of  the  bases  P  and  E,  and  subsequent  elimination  of  tlie  elements  of 
hydrogen  chloride:  thus — 

2(C^<ff«Cr-N=0<.2HCl)  =  4HC1  +  C««H''«N^08.4HC1 

Base  R  Tetrapodo- 
morphine 

4(C"ff»ClN20«.2HCl)  =  2HC1  +  C'^«H'=<CPN«0=^8HC1. 
Ease  P  New  clilorinated 

tetrabase 

This  view  is  corroborated  by  the  fact  that  when  the  mixture  of  P  and  R  obtained  in 
experiment  B  was  gently  boiled  with  hydrochloric  acid  for  two  hours,  apomorphine  and 
the  chlorinated  base  were  produced  in  considerable  quantity. 

r>.  Polymerisation  by  the  action  of  Hydriodic  Acid  in  presence  ofPIios- 
phorus  (Wright,  Chein.  Cent.  1872,  313).  When  morphine  is  heated  with  about 
four  times  its  weight  of  aqueous  hydriodic  acid  (containing  54-55  p.c.  HI),  the  liquid 
becomes  brown  from  separation  of  iodine ;  but  if  phosphorus  be  then  added,  the 
colour  disappears,  and  a  syrupy  liquid  is  obtained,  which,  when  treated  in  the  same 
manner  as  in  the  corresponding  codeine  reaction-(p.  371),  yields  a  product  having  the 
composition  — 

C"«H'«'rN'0'».4HI  or  4X  +  2H1  -  4H^0, 
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where  X  denotes  the  hypothetical  base,  ;  and  the  reaction  takes  place  ac- 

cording to  tlie  equation — 

-iC^^ff'N^O'^  +  28fll  =  4H-0  +  81-  +  C''f'H'«^I*N*'0=".8HI. 

This  product  closely  resembles  that  which  is  obtained  in  llko  manner  from  codeine. 
Heated  for  about  5  hours  ivith  about  300  times  its  weight  of  water,  it  yields,  by  elimi- 
nation of  2HI,  the  compound  C'^''H'"I2N*0'-''.8HI.  If  this  product  be  further  treated 
with  water,  one  half  of  the  basic  iodine  is  again  eliminated  as  HI,  yielding 

Ci36Hi6iiNio-«.8IiI. 

All  these  iodised  derivatives  of  morphine  resemble  the  corresponding  codeine  deriva- 
tives in  chemical  properties  and  in  phj'siological  action. 

The  table  on  p.  82G  exhibits  the  relations  to  morphine  and  its  polymerides  of  the 
derivatives  above  described,  such  derivatives  being  actually  derived  from  moiyhinc  as 
starting  point ;  several  bodies  derived  fi-nin  ci.  h  im  as  ^;:lrli!lL,'  point,  and  also  belong- 
ing to  one  or  other  of  these  series,  are  tnj.ul.iti d  jni'lrr  ( '..ih  ini-;  (p.  375).  In  this,  as 
in  the  preceding  tal)le,  the  symbols  M,  M:\  M',  aru  a^ijilied  respectively  to  mor- 
phine, dimorphine  (hypothetical),  trimorphiae,  and  tctramorphine.  Each  of  these 
bases  forms  a  hydrochloride  (,and  probal.ily  other  analogous  salts)  in  which  the  number 
of  molecules  of  HCl  associated  in  the  salt  witli  the  base  is  equal  to  the  number  of 
nitrogen -atoms  in  the  molecule  of  the  base,  i.e.,  two  for  derivatives  from  morphine, 
four  for  those  from  dimorphine,  six  from  t^in^orphino,  and  eight  from  tetramor- 
phine. 

Another  class  of  bases  included  in  the  table,  and  designated  as  the  tctrahydro-scries, 
is  formed  by  the  derivatives  obtained  by  the  joint  action  of  hydriodic  acid  and  phos- 
phorus on  morphine  ;  these  may  be  all  viewed  as  derived  from  a  hypothetical  base  re- 
lated to  tetramorphino,  and  containing  H'"  more  in  its  molecule  than  that  substance  ; 
or,  what  amounts  to  the  same  thing,  from  the  tetra-polymeride  of  a  base  containing 
IV  more  than  morphine,  i.e.  having  the  formula  (C''H"N-0^)*  =  (M  +  H*)^ 

Oxidation  of  morpbine  Derivatives.  When  apomorphine  hydrochloride  is 
heal  I'll  witli  exerss  <>(  |iolas]i-lry.  the  liase.  which  is  at  first  precipitated,  redissolves, 
and  till!  siilutinn  (|uickly  turns  iinjun  in  eonseqiiencc  of  absorption  of  oxj'gen  from  the 
air.  By  agitation  witli  ether,  after  neutralisation  with  hydrochloric  acid,  a  jieruli  ,r 
colouring  matter  is  extracted,  which  imparts  to  the  ether  a  fine  pui-]il(  -violri  lint, 
alfording  a  good  test  for  the  presence  of  apomorphine.  On  agitating  tin-  i  Ihrn  al  m.- 
lution  with  an  alkali,  a  grass-green  watery  layer  separates,  from  which  hydrooliloric 
acid  precipitates  indigo-blue  flakes  insoluble  in  water  and  in  acids,  but  soluble  in 
alkalis  with  green  colour,  in  water  containing  ammoniacal  salts  with  light  blue 
colour,  and  in  alcohol,  benzene,  carbon  sulphide,  ether  and  chloroform  with  various 
shades  of  purple  and  violet.  Especially  remarkable  are  the  variations  in  the  depth  of 
colour  produced  by  equal  quantities  of  this  substance  in  equal  volumes  of  different 
solvents.  The  analysis  of  the  purified  blue  precipitate  led  to  the  empirical  formula, 
Q4oj£34jq^20'.  No  means  have,  however,  been  yet  discovered  of  fixing  its  molecular 
weight ;  it  does  not  unite  either  with  acids  or  witli  bases  ;  its  neutral  ammoniacal  solu- 
tion, prepared  by  dissolving  it  in  aqueous  ammonia,  and  leaving  the  solution  for  some 
days  over  sulphuric  ueii  i,  p:ivi's  no  precipitates  with  silver  nitrate,  lead  acetate,  barium 
nitrate,  &c. ;  witli  inrn-urir  clilnrido,  however,  it  forms  a  dark-brown  precipitate  con- 
taining chlorine  and  a  lai-iiv  (|uaiitity  of  mercury,  and  proljably  consisting  of  a  mixture 
of  calomel  with  the  nu  i-eiiry  salt  of  some  oxidation-product  of  the  blue  compound. 

Diapodimorphino  and  deoxymorphino  treated  in  like  manner  lilcewiso  yield  the  blue 
compound,  but  it  is  not  produced  from  the  monomorphino  derivatives,  or  from  any  de- 
rivative of  the  tetra-series  (Mayer  a.  Wright.  Chcm.  Soc.  J.  [2],  xi.  1082). 

Action  of  Heat  on  nxorpliine  Derivatives.  The  hydrochlorides  of  the  mono- 
morphine  derivatives  are  decomposed  by  gradual  heating  to  ISO^-ISO",  and  the  pro- 
<luets  mixed  with  caustic  potash  and  distilled  yield  ]iyridine,  lonether  with  small 
quantities  of  methylamine,  the  latter  ]irijlaMy  ari>i;ii_,'  fnun  ilirnnipusil  ion  of  a 
polymerised  base  formed  during  the  reaction.  'I'lir  1 1  tra -i li  rival  iv  s  1  i-catcd  in  like 
manner  yield  methylamine  but  no  pyridine,  and  tlie  di-ilerivntives  yield  no  volatile 
bases  whatever.  These  results  indicate  a  different  relation  of  the  nitrogen  to  the 
other  elements  in  the  several  polymeric  groups  (Mayer  a.  Wright,  CJicm.  Soc.  J.  [2], 
xi.  1085). 
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MOSCHATIW.  A  nitrogenous  substance  contained  in  tho  Iva  plant  {Achillea 
m^m-Iiafii ;  see  Achillea,  p.  21). 

MUCXC  ACID,  C«H>»0«  (Limpi-icht,  Ann.  Ch.  PMrm.  clxv.  253).  NorTnal  ethyl 
miu-ate,  Q'''W{G-W)-0^ ,  is  not  formed  by  the  action  of  hydrochloric  acid  or  sulphuric 
acid  ou  a  mixture  of  mucic  acid  and  alcohol,  and  can  only  be  obtained  by  Malaguti's 
method  ;  i.e.,  by  heating  mucic  acid  -with  sulphuric  acid  until  the  mass  blackens,  and 
adding  alcohol  to  it  after  12  hours'  standing.  The  crystalline  product  is  again  allowed 
to  stand  for  24  hours,  then  -washed  with  cold  alcohol,  and  recrystallised  from  hot 
alcohol ;  it  melts  at  1.58°.  By  boiling  with  water  it  is  decomposed,  mucic  acid  sepa- 
rating out.  Hot  alcohol  also  decomposes  it  partially,  with  formation  of  the 
acid  ether,  C''H'0''(C-H'),  which  remains  in  the  mother-liquor.  It  crystallises  in 
wliite  silky  needles  containing  3  mol.  of  water,  and  is  readily  soluble  in  alcohol  and 
^^■ate^  ;  at  100°  the  water  escapes,  and  the  ether  melts  to  a  glassy  hygroscopic  mass. 
When  t]ie  normal  ether  is  carefully  heated  in  a  retort,  alcohol  distils  over,  and  an 
amber-coloured  mass  is  left  behind,  which  is  readily  soluble  in  water,  the  solution 
containing  mucic _acid_.  On  heating  it  gradually  to  240°,  the  distillate  contains  water, 
alcohol,  pyromucio  acid,  and  a  volatile  crystalline  substance,  which  is  insoluble  in  hot 
water.    The  residue  forms  a  black  humus-like  mass  dissolving  in  alkalis. 

Chloromuconic  Ada,  CH^Cl-O^.  This  acid,  which  was  discovered  by  Lies- 
]jodart  (iii.  1058),  and  afterwards  investigated  by  Bode  and  Wichelhaus  (v.  1093),  is 
(Obtained  liy  heating  mucic  acid  with  phosphorus  pentachloride  and  decomposing  the 
product  with  water.*  It  forms  long  white  needles,  dissolving  readily  in  alcohol  and 
ether,  and  in  19  parts  of  boiling  water,  but  only  very  sparingly  in  cold  water  ;  it  is  a 
bibasic  acid.  When  it  is  heated,  a  small  quantity  sublimes,  but  the  greater  part 
undergoes  decomposition.  Bromine  does  not  act  on  it  in  presence  of  water  at  a  gentle 
heat,  but  by  heating  the  substances  in  closed  tubes,  a  great  quantity  of  carbon  dioxide 
is  formed,  together  with  a  crystalline  compound  and  an  oily  liquid  smelling  like 
pepper.  Alcoholic  potash  acts  but  slowly  on  the  acid  ;  below  190°  a  large  quantity 
remains  unaltered,  whilst  above  200°  a  most  violent  explosion  takes  place.  By  keeping 
the  temperature  between  these  limits,  the  acid  is  resolved  into  hydrochloric  acid, 
acetic  acid,  and  oxalic  acid  : — 

C»H^CFO<  +  4H=0  =  2HC1  -t-  2C-H'0-  +  C-II-O '. 

Hydromuconic  Acid,  C^H'O*.  This  compound,  which  has  been  already  de- 
scriljed  by  Bode  and  Wichelhaus,  and  by  Schmelz  a.  Beilstein  (iv.  764),  under  the 
name  of  muconic  acid,  is  produced  by  the  action  of  sodium-amalgam  and  water  on 
cliloromuconic  acid.  It  is  a  bibasic  acid,  forming  long  white  needles,  melting  at  195° 
and  dissolving  readily  in  alcohol  and  hot  water,  but  only  sparingly  in  cold  water. 

Bromhydrorimeonic  Acid,  C^H'BrO'  +  H^O,  is  formed  by  dissolving  1  mol.  of  hydro- 
muconic acid  in  hot  water  and  adding  1  mol.  of  bromine.  It  forms  white,  shining, 
hard  prisms,  melting  at  183'^;  it  is  easily  decomposed  by  heat,  and  dissolves  readily 
in  hot,  but  sparingly  in  cold  water  ;  on  evaporating  the  aqueous  solution  on  a  water- 
bath,  hydrobromic  acid  is  given  off. 

Oxyhydromucoiiio  Acid,  C^ffO^,  is  produced  by  adding  freshly  precipitated  silver 
oxide  to  an  aqueous  solution  of  bromhydromuconic  acid.  It  is  readily  soluble  in 
water,  alcohol,  and  ether,  and  crystallises  with  difficulty.  It  volatilizes  without  do- 
composition.  Tho  barium  salt,  CffBaO*  +  2H-0,  is  precipitated  from  a  concentrated 
aqueous  solution  by  absolute  alcohol,  as  a  crystalline  powder  which  gives  off  part  of 
its  water  at  105°,  being  converted  into  2C''H''BaO^  +  H-0. 

The  mother-liquors  of  bromhydromuconic  acid  contain  dibromadipic  acid,  CH'^Br-O', 
which  by  the  action  of  moist  silver  oxide  is  converted  into  dioxyadipic  acid,  CH'^O" ; 
and  by  heating  liydromuconio  acid  with  bromine  and  water  in  different  proportions, 
tribromadipie  acid,  CH'Br'O'',  and  tetrabromadipie  acid,  C^H'^Br^O*,  are  produced, 
the  former  of  which  is  converted  by  moist  silver  oxide  into  trioxyadipic  acid,  CH'^O' 
(see  Adipic  Acid,  p.  28). 

IVZuconic  Acid,  C^H^O'.  is  obtained  by  adding  silver  oxide  to  a  hot  solution  of 
isodibromadipic  acid  (formed  by  adding  bromine  to  a  warm  solution  of  hydromuconic 
acid  in  glacial  acetic  acid)  and  decomposing  the  resulting  silver  salt  -svith  hydrochloric 
or  sulphydric  acid.  It  forms  large,  apparently  monoclinic,  crystals,  melting  above 
100°.  and  dissolving  freely  in  water,  alcohol,  and  ether.  The  barium  salt,  (C''H^O^)'''Ba 
+  4H-0,  forms  warty  crystals  and  is  freely  soluble  in  water,  but  not  in  alcohol. 
The  sodium  scdt  forms  a  syrup ;  the  ammonium  salt  gives  a  white  precipitate  with 

»  A.cc  fl-din!?  to  Ador  {Deul.  Cliem.  Ges.  Ber.  iv.  627)  tho  product  is  considerably  increased  by  addi- 
tion of  phospliorus  oxychloride  to  tho  pentachloride. 
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silrer  nitrate,  and  its  aqueous  solution  becomes  acid  on  evaporation.  When  muconic 
iieid  is  heated  for  some  time  to  100°,  or  a  little  higher,  carbon  dioxide  is  evolved  and 
the  residue  assumes  a  dark  colour.  By  boiling  the  acid  with  baryta-water  it  yields 
carbon  dioxide,  acetic  acid,  succinic  acid,  and  another  acid  which  could  not  be  obtained 
in  the  pure  state. 

Sfucobromic  Acid,  C'H^Br^O".  This  acid,  discovered  by  Schmelz  a.  Beilstein 
(iv.  763),  is  obtained  by  adding  bromine  ia  excess  to  pyromucic  acid  in  presence  of 
water— 

C^H'03  +  2H-0  +  Br'  =  C'ffBr^O' +  COH  CHBr. 

It  crystallises  in  shining  white  plates,  melting  at  120°-130°,  and  dissolves  readily 
in  ether,  alcohol,  and  hot  water,  but  only  sparingly  in  cold  water. 

One  mol.  mucobromic  acid  heated  with  3  mol.  bromine  and  water  in  closed  tubes  to 
120°-130°,  yields  tribroniethylene  dibromide  and  hexbromethano,  together  with  com- 
pounds isomeric  or  identical  with  dibromofumaric  acid  and  tetrabromobutyric  acid. 

Bibromofmnaric  Acid,  C''H-Br^O\  forms  warty  crystals  melting  at  1()8°-120° ;  on 
heating  it  in  a  current  of  carbon  dioxide  to  100°-105°,  the  anhydride,  C'Br-0^  sub- 
limes in  needles,  melting  at  95°-120°,  and  volatilising  readily  at  70°,  and  at  the 
common  temperature  in  mem.  On  dissolving  tlie  anhydride  in  cold  baryta-water, 
and  evaporating  the  sohitiou  over  sulphuric  acid,  the  salt,  C*Br'^0'B:!  +  2H-0,  crystal- 
lises in  fine  plates.  The  mother-liquor  gives  with  alcohol  a  crystalline  precipitate, 
C^Br-O^Ba  +  H-0.  The  aqueous  solution  of  the  barium  salt  gives  with  silver  nitrate 
a  white  explosive  precipitate. 

Tetrabromobutyric  Acid,  C^H^BrK)-,  crystallises  from  a  hot  aqueous  solution  in 
transparent  oblique  plates,  melting  at  116°,  and  dissolving  but  sparingly  in  cold 
Ti-ater. 

Tribromethi/lene  dibromide,  C-HBr*,  crystallises  from  alcohol  in  long,  brittle  needles, 
melting  at  S0'°-52°  ;  on  heating  it  with  alcoholic  potash,  it  is  converted  into  tcira- 
bromeihylene,  C'-Br',  crystallising  in  thin  plates  melting  at  60°.  Hexbromethanc, 
C-Br«,  forms  thick  colourless  prisms  which  are  insoluble  in  alcohol,  and  decompose  at 
170°  (Limpreeht). 

arUCIBT.  IMucin  from  the  submaxillary  gland  has  been  examined  by  J.  Cbolensky 
{Med.-Chem.  UnterBuchungcn,  1871,  590).  It  was  prepared  as  follows.  The  salivary 
glands  of  the  ox  were  cleaned  as  much  as  possilile,  and  finely  rubbed  down  witli 
pounded  glass.  The  mass  was  placed  in  water  and  allowed  to  stand  over-night,  then 
filtered,  the  residue  being  again  treated  in  the  same  manner.  The  filtrate  was  precipi- 
tated by  excess  of  acetic  acid,  and  the  precipitate  was  well  washed  with  water  and  a  little 
acetic  acid,  afterwards  with  warm  alcohol,  and  then  dried.  This  substance,  insoluble 
in  acetic  acid,  is  obtained  only  from  the  submaxillary  gland,  the  parotid  yielding  only 
albuminoids  (globulin).  The  glands  contain  none  of  the  substance  described  by 
Mieseher  as  nuclein. 

Dry  mticin  gives  2'44  p.c.  of  pure  asli,  of  which  r64  parts  are  soluble  in  water,  tlie 
rest  in  liydrocb.loric  acid.  Mucin  contains  no  sulphur.  The  amount  of  phosphoric 
acid  (1  06-1 -07  p.c.)  agrees  with  the  quantity  of  ash.  Mucin  free  from  ash  has  a 
composition  (the  mean  of  two -analyses)  62-2  C,  7-18  H.,  11-87  N.,  28-75  0.  This 
agrees  very  nearly  with  Scherer's  analysis  of  mucin  from  a  cystin  fluid,  viz.,  62  C, 
7-0  H.,  12-6  N.,  28-2  0.  It  differs  from  Eichwald's  analysis  (-iS-Q  C,  6-8  II.,  8-6  N., 
35-8  0.)  chiefly  in  the  amount  of  nitrogen. 

Freshly  precipitated  and  moist  mucin  swells  readily  in  water,  is  easily  soluble  in 
lime-  and  baryta-water,  not  precipitated  by  tannic  acid,  ferric  chloride,  or  mercuric 
chloride.  It  is  soluble  in  concentrated  hydrochloric  and  nitric  acid,  also  in  sodium 
carbonate.  "When  mucin  is  treated  with  hot  alcohol  and  dried  on  the  water-bath,  it 
scarcely  swells  in  water,  and  is  very  slowly  soluble  in  lime-  or  baryta-water,  or  soda 
solution.  The  solutions  behave  like  the  former  in  regard  to  tlie  above-mentioned 
reagents. 

Dried  and  pulverised  mucin,  heated  for  25  minutes  with  dilute  sulphuric  acid,  is 
partly  dissolved,  and  gives,  with  excess  of  caustic  soda  and  copper  sulphate,  a  rich 
precipitate  of  cuprous  oxide.  If  it  be  heated  for  a  longer  time,  the  quantity  of  reducing 
agent  diminishes,  and  ultimately  disappears.  This  fact,  and  the  insolubility  of  the 
reducing  agent  in  absolute  alcohol,  show  that  it  is  not  identical  either  witli  grape- 
sugar  or  milk-sugar. 

l«UI,3ERK-sr-I.EAVES.    E.  Eeichenbach  {Ann.  Ch.  Pharm.  cxliii.  83)  has 

examined  the  composition  of  mulberry-leaves  from  different  countries  with  reference 
to  the  view,  suggested  by  Liebig,  tliat  the  silkworm  disease  which  prevails  in  Europe, 
but  not  in  China  or  Japan,  has  its  origin  in  deficient  or  unsuitable  nourishment.  The 
following  table  gives  the  results  of  his  analyses  for  1,000  parts  of  the  dry  leaves. 


MULBERRY  LEAVES— MUSCARINE.  829 


Mulberry-leaves 
from 

Nitrogen 

Protein 
substance 

Ash  free 
from 
carbon 

CaO 

ilgO 

SiO= 

1 

aCl 

Japan 

32-3 

201 



12.5-9 



30-02 

37-93 



7-35 



7-99 

41-11 

- 

1^ 

41 

Cliiiia 

33-6 

210 

13j-8 

32-74 

40-11 

7-61 

7-31 

45-13 

k- 

06 

31-3 

196 

135-8 

32-01 

37-42 

10-25 

6-57 

47  23 

6 

.37 

Piedmont  . 

23-i 

146 

141-7 

34-14 

51-04 

5-61 

23-t 

146 

144-5 

23-84 

51-90 

514 

Alais  (France)  . 

2-i-9 

155 

146-7 

24-04 

62-84 

4-4.) 

.)]■; ; 

;j8 

23-8 

148 

119-6 

33-17 

48-37 

5-25 

6-25 

96 

Brescia 

33-6 

210 

113-4 

26-90 

34-98 

6-88 

8-77 

29-32 

r 

From  these  numbers  Liebig  and  Eeichenbach  conclude  that  Froncli  and  Italian 
mulberry-leaves,  on  account  of  their  comparative  poorness  in  nitrogenous  constituents, 
do  not  afford  sufficient  nourishment  for  the  silk-\vorms  imported  from  China  and  Japan, 
■which  are  accustomed  to  a  more  nutritive  fodder. 

In  mulberry-leaves  from  Turkestan,  where  also  the  silkworms  are  free  from  disease, 
Eeichenbach  found  from  3-38  to  4-05  (average  3-73)  p.c.  nitrogen,  which  is  equivalent 
to  211-253  lbs.  of  protein  substance  in  1,000  lbs.  of  leaves  {Ann.  C/i.Pharm.  clviii.  92; 
Ckem.  tioc.  J.  [2],  ix.  435). 

On  the  other  hand,  Sestini  {Landwirth.  Versuclis.-Stationm,  xv,  286)  finds  that  the 
leaves  of  mulberry-trees  grown  at  Friaul  in  Italy  contain  a  larger  proportion  of  nitro- 
gen than  those  from  China,  Japan,  or  Turkestan.  The  trees  had  all  been  manured 
with  dung,  and  were  usually  stripped  of  leaves  every  second  year.  The  following  table 
shows  the  percentage  of  water  in  the  fresh  leaves,  .-md  of  organic  matter,  ash,  antl 
nitrogen  in  the  dry  leaves;  also  the  composition  of  the  ash  at  various  stiiges  of 
growth : — 


Mulberries 

Mo 

■us  alba  sihatica 

Moi 

its  alba  domesUca 

Chinese 
nnilberries 

Improved 
native 

April 

May 

May 

May 

Aiiril 

May 

May 

May 

August 

8 

17 

1^' 

■24 

^  -Ji 

A¥ater 

756 

71-3 

66-7 

62-2 

78-1 

73-6 

70-1 

69-4 

72-4 

6G-9 

Organic  matter 

91-8 

92-3 

93-1 

91-5 

91-7 

92-8 

92-9 

92-8 

91-7 

71-6 

Ash 

8-2 

7-7 

6-9 

8-5 

8-3 

7-2 

7-1 

7-2 

8-3 

28-4 

Nitrogen  . 

6-1 

5-3 

4-6 

3-8 

6-1 

4-6 

11 

6-6 

4-1 

51 

.Silica 

9-4 

10-6 

10-7 

9-6 

10-4 

10  8 

15-2 

80 

15-9 

Lime 

21-1 

24-6 

26-0 

28-3 

24-3 

26-3 

27-6 

28-9 

31-7 

33-3 

Magnesia 

7-6 

9-7 

9-0 

8-8 

7-5 

8-2 

8-0 

7-9 

11-2 

10-7 

Alkalis  . 

15-6 

17-1 

16-9 

19-0 

lG-6 

17-9 

18-2 

19-2 

24-1 

IG  9 

Sulphuric  acid  . 

1-8 

1-6 

1-8 

2-1 

2  0 

2-6 

2-9 

2-9 

1-3 

1-3 

Phosphoric  acid 

24  8 

21-7 

20-0 

16-9 

20-1 

196 

18-1 

13-5 

18-1 

12-1 

Chlorine  . 

2-1 

1-7 

1-2 

1-1 

1-6 

1-3 

1-3 

1-1 

0  9 

Undetermined, 
loss  . 

and'; 
\ 

17-6 

13-0 

14-4 

12-2 

18-3 

13-8 

13  1 

11-3 

4-9 

0-8 

BUrsCARIXTE  (Sclimiedberg  a.  Poppe,  Dciif.  Chem.  Gcs.  JBcr.  iii.  281 ;  Eiickort, 
N.  L'q}.  I'harm.  xxi.  193).  An  alkaloid  of  unknown  compo.sition  contained  in  tlic  fly- 
agaric {Agaricus  muscarms).  To  prepare  it,  tlio  alcoliolic  extract  of  the  cv.-ipor.-ited 
jidce  is  dissolved  in  water;  the  solution  precipitated  with  basic  lend  acetate  and  am- 
monia ;  the  filtered  liquid  is  evaporated  to  dryness  ;  the  residue  again  disf-olvcd,  and 
the  solution  treated  with  basic  lead  acetate  and  ammonia;  the  filtrate,  after  concen- 
tration to  a  syrup,  is  mixed  with  excess  of  lead  hydrate  and  evaporated  down  to  expel 
the  ammonia ;  the  residue  exhausted  with  absolute  alcohol,  the  filtrate  evaporated, 
and  the  residue  dissolved  in  water  ;  the  bases  are  converted  into  sulphates,  which  are 
shaken  with  ether  to  remove  acetic  acid;  the  ether  evaporated;  barium  hydrate  added 
in  sufficient  quantity  to  leave  the  solution  slightly  acid ;  and  the  muscarine  precipi- 
tated cither  with  potassium-mercury  iodide  or  with  potassium-bi.'muth  iodide.    If  tlic 
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former  reagent  is  employed,  the  precipitate  is  washed  on  a  filter  with  water  containing 
sulphuric  acid,  then  suspended  in  water  ;  an  equal  volume  of  moist  barium  hydrate 
is  added ;  and-  the  liquid  is  treated  with  hydrogen  sulphide,  and  the  filtrate  with  silver 
sulphate.  After  another  filtration  the  liquid  contains  nothing  but  muscarine,  together 
with  the  silver  salt,  which  is  easily  removed.  When  potassium-bismuth  iodide  is 
used,  the  product  is  larger  but  less  pure  (Schmiedberg  a.  Poppe).  Euckert  finds  that 
when  potassium-mercury  iodide  is  employed,  a  kilogram  of  thick  extract  yields  from 
7  to  8  decigrams  of  muscarine  sulphate. 

Muscarine  forms  a  colourless  or  yellowish  syrupy  substance,  without  taste  or  smell, 
soluble  in  all  proportions  of  water  and  alcohol,  insoluble  in  ether,  and  only  sparingly 
soluble  in  cliloroform  ;  it  becomes  crystalline  over  sulphuric  acid,  but  is  very  delique- 
scent. It  has  a  strong  alkaline  reaction,  and  precipitates  iron  and  copper  salts ;  boil- 
ing for  5-10  minutes  with  potash-ley  or  diluted  sulphuric  acid  has  no  apparent  action 
on  it ;  heated  with  moist  solid  potash,  it  evolves  ammoniacal  vapours  having  a  fishy 
odour,  no  Ijrowning  taking  place  until  the  heat  has  been  continued  for  some  time. 
Manganese  dioxide  and  sulphuric  acid,  chlorine-water,  permanganate  of  potassium, 
and  a  mixture  of  potassium  chromate  and  sulphuric  acid,  produce  no  coloration,  the 
oxidising  agents  being,  however,  reduced.  Excess  of  bromine-water  gives  a  yellow  pre- 
cipitate, soon  redissolving,  and  forming  a  yellow  solution  which  soon  becomes  colourless. 

Mercury-potasssium  iodide  and  bismuth-potassium  iodide  give  amorphous  precipi- 
tates, becoming  crystalline  on  standing;  gold  chloride  yields  a  non-crystalline  precipi- 
tate, while  mercury  chloride  yields  crystals  on  long  standing ;  platinic  chloride, 
potassium  ferrocyanide,  potassium  platinocyanide  and  tannin  do  not  precipitate  the 
sulphate.  This  salt  is  deliquescent,  and  crystallises  by  evaporation  over  sulphuric 
acid. 

Muscarine  is  a  strong  narcotic  poison,  and  is  antagonistic  in  its  action  to  atropine. 

TISSUE.  (Fick  a.  Wislicenus,  PJdl.  Mag.  xxxi.  485  ;  Parkes, 
Proc.  Roy.  Sue.  xv.  339,  xvi.  4i  ;  Pettenkofer  a.  Voit,  Zeitschr.  f.  Bwlogie,  ii.  566 ; 
Chcm.  Ccntr.  1867,  790;  Sit;:,  d.  k.  Bat/cr.  Akad.d.  Wtss.  1867,'i.  364;  M'Donnell, 
Obs.  on  the  Functions  of  the  Liver,  Dublin,  1865  ;  0.  Nasse,  Beitrdge  z.  Phys.  d.  con- 
iractilcn  Suhstanz.  Arch.f.  d.  Ges.  Phys.  ii.  97  ;  L.  Hermann,  Unters.  uher  die  Stoffwcch. 
d.  Mvskeln,  Berlin,  1867).  The  nature  of  the  chemical  changes  which  give  rise  to 
muscular  energy  can  hardly  be  yet  considered  as  fully  elucidated,  though  wo  are  in  a 
position  to  make  some  pretty  positive  statements  on  the  subject.  It  would  appear  that 
the  older  idea,  that  the  combustion  of  some  nitrogenous  substance  was  the  source  of 
muscular  work  must  be  definitely  abandoned,  or  at  least  must  be  understood  in  a  very 
different  sense  from  that  in  which  it  was  formerly  accepted.  Fick  a.  Wislicenus, 
Parkes,  and  others,  have  proved  that  the  nitrogen  excreted  from  the  body  dm-iug  mus- 
cular work  and  some  hours  after  it.  is,  even  when  its  energy  of  combustion  is  calculated 
as  high  as  possible,  quite  insufficient  to  account  for  the  work  done  (see  Suppl. 
Nutrition,  p.  874) ;  and  Naurocki  {Beitrage  z.  Stoffwech.  im  Muskel ;  Central,  f.  d. 
Med.  Wiss.  385),  Voit,  &c.,  have  shown  that  tlie  products  of  nitrogenous  waste  (creatine, 
creatinine,  &c.)  are  not  increased  in  tetanised  muscles.  We  are  thus  reduced  for  a 
starting-point  to  the  old  observation  that  the  venous  blood  which  leaves  a  contracting 
muscle  contains  more  carbonic  anhydride  and  less  oxygen  than  that  leaving  a  resting 
muscle,  and  are  led  to  suspect  that  whatever  changes  may  occur  in  the  proteid  matters 
of  a  contracting  muscle,  the  substances  which  the  muscle  loses  by  its  contraction  con- 
tain no  nitrogen.  M'Donnell  has  shown  that  muscular  tissue  contains  glycogen,  and 
tliat  this,  during  contraction,  is  converted  into  glucose ;  and  Nasse,  who  confirms  tliis, 
also  finds  that  the  total  quantity  of  glycogen  and  dextrose  in  a  muscle  in  a  state  of 
rigor  mortis  is  less  than  that  in  muscle  killed  without  stiffening  ;  and  this  gains  im- 
portance from  the  fact  that,  as  we  shall  hereafter  see,  rigor  mortis  and  muscular  con- 
traction are  probably  fundamentally  of  the  same  nature  ;  however,  the  quantity  of 
carbon  which  disappears  in  the  form  of  the  above  compounds  is  not  suflBcient  to 
account  for  that  in  the  sarco-lactic  acid  which  is  formed  at  the  same  time,  so  that 
the  observation  does  not,  by  itself,  go  for  much. 

Hermann,  by  a  series  of  most  careful  analyses  and  estimations  of  the  gases  evolved 
by  frogs'  muscles  under  different  conditions,  has  thrown  much  light  on  the  chemical 
processes  which  occur  during  muscular  contraction  and  also  on  the  nature  of  rigoi 
mortis,  and,  as  the  result  of  his  experiments,  has  put  forward  a  theory  which  seems  to 
unite  previous  observations  in  a  consistent  manner.  He  shows  first  that  the  evolution 
of  carbonic  anhydride  and  the  taldng  np  of  oxj'gen,  though  they  go  on  side  by  side  in 
a  contracting  muscle  in  the  body,  are  yet  quite  independent  processes ;  a  living  muscle, 
deprived  of  blood,  gives  off  in  a  vacuum  a  certain  amount  of  carbonic  anhydride  and 
some  nitrogen,  but  no  oxygen  whatever ;  but  although  it  is  thus  shown  to  contain  no 
free  oxygen,  yet,  if  it  be  made  to  contract  or  be  thrown  into  a  state  of  rigor  mortis,  it 
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will  give  off  a  large  additional  quantity  of  carbonic  anhydride,  while  at  the  same  time 
sarco-lactic  acid  forms  in  it.  Moreover,  if  a  muscle  be  tetanised  as  long  as  it  will  contract, 
the  total  quantity  of  carbonic  anhydride  given  off  by  it  is  less  than  that  which  would, 
liave  been  given  off  by  throwing  the  miiscle  directly  into  rigor  mortis  ;  but  if  this  latter 
condition  be  induced  after  the  tetanisation,  exactly  the  missing  quantity  of  carbonic 
iinhydride  is  evolved.  We  must  therefore  conclude  that  a  living  muscle  contains  a  de- 
finite store  of  some  unknown  substance  which  yields  carbonic  anhydride  and  sarco-lactic 
acid,  and  that  the  breaking  up  of  this  substance  lies  at  the  base  of  both  muscular 
contraction  and  riffor  mortis  ;  and,  further,  that  tlie  process  can  go  on  quite  indepen- 
dently of  any  simultaneous  taking  up  of  oxygen.  When  the  experiments  were  repeated 
in  a  gaseous  mixture  containing  oxygen,  Hermann  found  that  he  could  establish  no 
physiological  absorption  of  that  gas  ;  a  small  amoimt  of  it  disappeared,  and  there  was 
a  small  increase  in  the  quantity  of  carbonic  anhydride  evolved,  but  both  these  pheuo- 
:nena  were  dependent  on  decomposition  going  on  at  the  surface  of  the  muscle,  and  were 
proportional  to  its  area  and  not  to  the  work  done  ;  the  irritability  of  the  muscle,  how- 
ever, was  somewhat  longer  preserved  in  gaseous  mixtures  containing  oxygen  than  in 
others  ;  and  this  may  be  attributed  either  to  a  very  small  and  otherwise  unrecognisable 
physiological  assumption  of  oxygen,  or  perhaps  to  some  specific  action  of  the  oxygen, 
promoting  the  excretion  of  the  carbonic  anhydride  formed  in  the  muscle. 

If  we  now  consider  the  relationship  of  contraction  and  rigor  mortis,  we  find  that,  so 
far  as  the  carbonic  anhydride  and  lactic  acid  are  concerned,  the  chemistry  of  the  two  pro- 
cesses is  identical,  and  that  they  are  also  quantitatively  related  ;  for,  as  above  stated,  if 
a  muscle  be  thrown  into  a  state  of  rigor  after  having  been  made  to  contract,  the  quantity 
of  carbonic  anhydride  which  it  evolves  is  less  than  that  which  an  unworkod  muscle 
would  have  evolved,  by  exactly  the  amount  which  was  evolved  during  its  contraction  ; 
we  have  apparently,  however,  a  difference  between  the  two  processes  in  the  stiffening 
of  rigor  mortis,  fiu  Bois  Eeymond  and  Kuhne  maintain  that  the  acidity  of  tetanised 
muscle  differs  from  that  of  stiffened  muscle  in  tlie  fact  that  the  former  can  be  removed 
by  restoring  the  circulation  throughlhe  muscle,.and  the  latter  not.  Hermann,  however, 
shows  that  this  difference  is  really  only  one  of  degree,  for  if  a  muscle  be  rendered  acid 
by  commencing  rigor  (induced  by  heat),  while  the  blood  curi-ent  is  not  interrupted  in 
it,  this  acidity  can  be  removed  by  the  blood  flow ;  in  other  words,  if  the  rigor  mortis 
is  not  allowed  to  go  too  far,  the  state  of  the  muscle  as  regards  the  acidity  is  the  s;iniu 
both  in  tetanus  and  in  death-stiffening.  Du  Bois  Eeymond  also  points  out  that  if  a 
muscle  be  tetanised  till  it  will  no  longer  contract,  and  be  then  left  to  itself  for  a  time, 
it  will  again  become  contractile  ;  and  ho  maintains  that  such  restoration  never  occur.s 
after  rigor  mortis;  this  statement,  however,  is  also  true  only  of  advanced,  not  of  in- 
cipient rigor.  Fresh  muscle-plasma  sets,  soon  after  extraction,  into  a  clear  semi-solid 
jelly  (myosin),  which  after  a  time  separates  into  a  completely  fluid  portion  and  a 
dense  clot  (coagulated  myosin),  the  latter  at  the  same  time  becoming  opaque.  It 
is  evidently  this  second  stage  of  the  myosin  coagulation  which  correspontls  with  the 
condition  of  things  in  a  completely  stiffened  and  opaque  muscle  ;  but  it  must  be  pre- 
ceded by  the  former,  in  which  the  setting  of  the  myosin  is  not  sufficiently  firm  to  make 
any  rigidity  recognisable,  and  when  ;is  yet  no  opacity  has  been  developed.  This 
early  stage  of  rigor  mortis,  which  can  only  bo  recognised  by  the  development  of  an 
acid  reaction  in  the  muscle,  and  the  concomitant  evolution  of  carbonic  anhydride,  is 
evidently  the  stage  which  should  be  compared  with  the  state  of  a  muscle  exliausted  by 
tetanus.  The  non-coagulated  jelly-like  mj-osin  of  this  early  stage  of  rigor  can  be 
restored  to  its  original  state  by  the  blood,  tho  muscle  at  the  same  time  losing  its 
acidity  and  a-eturning  in  eveiy  respect  to  its  normal  state.  If,  however,  the  myosin 
has  coagulated  and  become  opaque,  the  blood  is  unable  alone  to  restore  the  muscle  ; 
but,  as  Preyer  {Centr.  f.  d.  Med.  Wiss.  1864,  s.  769-773)  has  shown,  if  tho 
coagulated  myosin  be  dissolved  by  soaking  the  muscle  in  a  10  p.c.  solution  of  sodium 
chloride,  then  restitution  by  the  blood  is  possible.  Coagulated  myosin  must  then 
present  an  obstacle  to  the  restoration  of  the  muscle,  ■which  myosin  before  it  has 
coagulated  does  not  present. 

The  conclusion  which  Hermann  arrives  at  is  therefore  as  follows :  That  muscidnr 
work,  though  in  the  long  run  dependent  on  oxidation,  is  not  immediately  so  ;  but  that 
n  living  muscle  contains  a  store  of  some  substance  (inogcn)  whicli.  whrn  the  muscle 
contracts,  breaks  up  in  proportion  to  the  work  done  (and  indciii'Ti.lcnl ly  df  :\uy  taking 
up  of  oxygen)  into  carbonic  anhydride,  lactic  acid,  myosin,  ami  jm^sil  ly  mhhc  other 
bodies.  In  these  jDroducts  of  decomposition  stronger  aflSnities  arc  satlbliid  than  in  the 
original  compound,  and  thus  energy  is  set  free  and  manifests  itself  as  muscular  work. 
Tile  substances  which  the  muscle  loses  during  contraction  (and  wliicli  are  normally 
carried  off  by  the  blood)  contain  no  nitrogen :  for  the  myosin  rcmiiins  in  the  muscle 
in  its  jelly-like  form,  and  is  used  again,  being  built  up,  by  the  aid  of  oxygen  and  non- 
azatised  compounds  conveyed  to  it  by  the  blood,  into  the  original  unstable  muscle  com- 
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pound,  which  is  again  stored  away  ready  for  use.  If,  however,  the  muscle  be  removed 
from  the  Hood-current,  or  be  heated  to  60°  C.,thejelly-like  myosin  first  separated  soon 
passes  into  its  firmly  coagulated  stage,  and  is  then  unfit  for  further  use  in  the  muscle ; 
possibly  a  small  amount  of  this  may  be  formed  in  an  overworked  muscle,  and  be  after- 
wards broken  up  and  carried  away  in  the  form  of  simpler  compounds ;  but  if  any  great 
amount  of  it  4s  formed,  then  the  blood  cannot  restore  the  muscle,  which  remains  (until 
decomposition  sets  in)  in  a  state  of  rigor  mortis.  The  energy  set  free  during  the  form- 
ation of  the  carbonic  anhydride,  &c.,  and  showing  itself  normally  as  a  muscular  con- 
traction, must  of  course,  in  a  muscle  passing  into  the  state  of  death-stilFening,  take 
some  other  form,  and  probably  appears  as  heat.  Whether  the  lactic  acid  formed  in 
a  contracting  muscle  is  carried  away,  or  is  used  again  like  the  myosin,  is  uncertain. 

H.  N.  M. 

MWSTARID.  AVhite  mustard  seed  contains  a  glucoside,  sin  a  lb  in,  which  is 
soluble  in  alcohol,  and,  like  potassium  myronate,  decomposes  in  contact  with  aqueous 
extract  of  mustard  : — 

C^°H"N^S=0'«  =  C«H'NSO  -}-  C^H'^NSO'  +  C^H'^O"* 

Siualbin  Acrinyl  Sinapisine  Sugar 

Eulphocyanate  sulphate 

an  albuminous  substance  being  likewise  formed.  Acrinyl  sulphoeyanate  resembles 
oil  of  mustard,  is  soluble  in  ether,  very  pungent,  insoluble  in  water,  but  not  volatile  ; 
after  warming  with  an  alkali  and  neutralisation  with  an  acid,  it  gives  a  red  colour 
with  ferric  chloride.    Sinapisine  sulphate  is  insoluble  in  ether. 

Sinalbin  gives  a  white  precipitate  witli  silver  nitrate,  from  wliich  sulphydric  acid 
removes  the  silver,  leaving  acrinyl  cyanate,  C'H'NO,  fusible  at  69°,  easily  soluble  in 
water,  alcohol,  and  ether.  When  boiled  with  potash  it  gives  ammonia  and  the  potas- 
sium salt  of  an  acid,  CH^O',  fusible  at  136°,  but  apparently  dilferent  from  the  known 
acid  of  this  composition  (Will,  Zeitschr.f.  Chem.  [2],  vii..89). 

The  relations  of  these  compounds  to  the  other  constituents  of  mustard  do  not  appear 
to  have  been  made  out. 

On  Volatile  Oil  of  Mustard,  see  Suuhocyanates. 

m-2-COME!E,SC  ACSD,  C^II^N'O".  This  compound,  which  Liebig  a.  AVohler 
obtained  by  the  action  of  ammonia  on  alloxan  (iii.  1068),  is  likewise  produced  by  the 
action  of  boiling  water  on  azulmic  acid  or  hydrazulmoxin  (p.  416). 

nSVSl&XTir.  The  lithomarge  from  Eoclilitz  in  Saxony,  known  as  myelin,  has  been 
variously  represented  by  the  formulae  Al'-'O^.SiO-  (Kersten)  and  2APO^.SiO-  +  IPO 
(Breithaupt).  To  ascertain  its  true  composition,  Frenzel  {J.  jpr.  Chem.  [2],  v.  401) 
analysed  a  pure  snow-white  kidney-shaped  specimen  carefully  freed  from  adhering 
ferric  oxide.  This  mineral  gave,  in  two  analyses,  the  following  results  : — 
SiO^  APO'  CaO  H=0 

«.      .       .       .    43-94  39-40  0-42  17-11  =  100-87 

h.      .       .       .    44-19  39-58  0-47  16-o7  ^  100-81 

The  pulverised  mineral  heated  to  100=  gives  off  2-56  and  2-30  p.c.  hygroscopic 
water.    On  deducting  this  water  aud  the  lime,  the  preceding  analyses  gave  : — 
SiO=  A1=0=  H=0 

a.  .       .       .    45-27  40-59  14-55 

b.  .       .       .    45-44  40-69  14-27 

leading  to  the  formula  Al-0'.2SiO-  +  2H-'0,  which  agrees  with  that  of  nacrite,  kaolin, 
carnat,  and  the  lithomarge  of  Schenckenstein  near  Auerbacli,  Cainsdorf  near  Zwickau, 
and  a  few  other  localities.  All  these  minerals  give  up  more  or  less  hygroscopic  water 
at  100°,  namely  :  carnat  from  Eochlitz,  1-8  ;  lithomarge  from  Auerbacli,  1-2  ;  nacrite 
from  Freiberg,  0-8  ;  and  kaolin  from  Seilitz,  0'15  p.c. 

Myelin  appears  homogeneous  under  the  microscope,  and  does  not  polarise  light,  in 
wliich  respect  it  resembles  carnat.  Nacrite,  on  the  other  hand,  crystallises  in  hexagonal 
plates  ;  kaolin  and  lithomarge  from  the  above-mentioned  localities  are  likewise  crystal- 
line. The  crystalline  characters  of  nacrite,  kaolin,  and  crystalline  lithomarge,  are  not 
sufficiently  well  madd  out  to  enable  us  to  decide  whether  those  minerals  belong  to  one 
and  the  same  species.  Kenngott  proposed  to  unite  nacrite  with  kaolin ;  crystalline 
lithomarge  is  regarded  as  a  hardened  kaolin.  On  the  other  hand,  the  amorphous 
varieties  of  lithomarge,  namely  myelin  and  carnat,  are  identical,  and  it  would  there- 
fore ho  advisal)Io  to  discard  the  name  carnat  altogether. 

IMyi'lin  of  the  same  composition  as  that  found  by  Kersten  is  said  to  occur  at  Zidovar 
near  Tfiucsviir  in  Hungary. 

ns-H-KISTECESTB,  C'"!!'".    Tlie  terpene  obtained  from  nutmeg. 

*  There  is  an  error  iu  this  criuation  :  cither  sinalbin  must  contain  H",  or  sinapisine  mnst  coQ- 
taiii  n'-\ 
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IVKTRXSTXCOXi.  An  oxidised  oil  forming  the  chief  constituent  of  the  volatile  oil 
of  nutmeg,  from  ivliieh  it  may  lie  separated  by  fractional  distillation.  It  was  first 
ohtained  bj  Gladstone  {Chem.  Soc.  J.  [2],  x.  11),  and  has  been  further  examined  by 
Wright  {ibid.  xi.  549,  686).  It  has  the  characteristic  smell  of  nutmeg;  boils  at  about 
220°  (Gladstone)  or  between  212°  and  218°  (Wright) ;  has  a  high  refractive  power 
(p.  739).  Gladstone  obtained  Tiy  its  analysis  numbers  agi-eeing  approximately  with 
the  formula  C'°H'^0.  Wright,  on  the  other  hand,  regards  it  as  isomeric  with  ordinary 
camphor,  CoH^O,  his  analysis  giving  78-8  and  78-3  p.c.  carbon  and  10-3  hycbogen, 
and  the  formula  C'"H'«0  requiring  78-94  C.  and  10  o3  H.,  whereas  C'EL'^O  requires 
80  00  C.  and  9  33  H. 

Myristicol,  treated  with  phosphorus  pentaehloride,  is  decomposed  in  the  manner  of 
alcohols,  according  to  the  equation  : 

CioppsQ  +  PGP  =  HCl  +  POCP  +  C'H'^Cl. 

The  chlorinated  compound  thus  obtained  is  crystalline,  and  pelts  at  100°.  When 
heated  for  some  time,  or  repeatedly  distilled  at  a  very  slow  rate,  it  splits  up  in  the 
manner  of  secondary  alcohols,  yielding  liydrogeu  chloride  and  a  hydrocarbon  contain- 
ing the  elements  of  water  loss  than  myristicol : 

CH'^Cl  =  HCl  +  C'«H". 
The  hydrocarbon  thus  obtained  is  ordinary  cymone  (p.  419). 

MYRTEXrS,  C'»H'^    The  terpene  from  volatile  oil  of  myrtle. 
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ITASOItXTE.  This  name  is  given  by  Flajolot  {Compt.  rend.  Ixxi.  237))  to  a 
lead-ere  from  a  vein  of  galena  near  the  hot  spring  of  Hamman-Nbail-Nador,  in  the 
province  of  Coiist:intine,  Algeria,  to  which  he  originally  assigned  the  formula 
Sb-O'.PbO,  deduced  from  an  analysis  which  gave  44  p.c.  Sb-'O',  and  56  PbO.  Pisani. 
on  the  other  hand  (ibid.  319),  finds  that  the  mineral  contains  chlorine  as  an  essential 
constituent,  and  gives  by  analysis  numbers  agreeing  with  the  formula  Sb^OlPbCP — 
Sb=0'        PhO  Pb  CI 

Analysis        3740       27  60       26-27       9  00    =  100-27 
Calculation    36-82       28-12       26-11       8-95    =  100 
Flajolot  (ibid.  406),  on  repeating  his  analysis,  found  51-60  p.c.  Pb,  32-25  Sb,  8-00  O, 
and  8-85  CI,  whence  he  deduces  the  formula  SbOCl.PbO,  agreeing  in  percentage  com- 
position with  that  of  Pisani. 

In  an  oxidation-product  of  nadorite  Flajolot  found — 

Sb'O'  Sb^O»  C0=  PbO  H=0 
4-80        35-50       4-20      ol'oO  400 

and  supposing  the  antimouious  oxide  to  be  an  incompletely  oxidised  residue  of  the 
original  substance,  he  regards  the  mineral  as  a  definite  compound,  represented  by  the 
formula  PbO.Sb'O^  +  PbO.CO-  +  2H'0.  Pisani,  on  the  contrary,  regards  it  as  a 
mixture  of  bleiniorite  (i.  326)  and  cerussite,  crystals  of  the  latter  of  which  are  indeed 
implanted  on  it. 

Lastly,  Flajolot  regards  an  amorphous  argillaceous  mass  from  the  same  locality,  con- 
taining 63-50"  p.c.  Sb■^0^  31-40  Fe-0^  and  5-10  H-0,  likewise  as  a  distinct  mineral 
species,  represented  bj-  the  formula  2(Fe^O'.Sb-0^).3H-0. 

STAPEXiIiXM'E.    iSee  Aconite  Alkaloids  (p.  23). 

WAPHTHAliEWB,  C'll".  Synthesis. — This  hydrocarbon  is  formed  bypassing  the 
vapour  of  phenylbutylcne  bromide,  C'"H'''^Br-,  over  quicklime  heated  to  dull  red- 

C"'H'^Br=  =  C'"1P  +  H-^  +  2HBr. 

The  phenylbutyleno  (q.  v.)  is  obtained  by  treating  an  ethereal  solution  of  benzyl  bro- 
mide and  allyl  iodide  with  sodium,  distilling,  and  collecting  the  portion  which  passes 
over  between  176°  and  178°.  The  decomposition  of  its  bromide  yields  nearly  the 
theoretical  quantity  of  naphthalene  (Ai-onhoim,  Bcut.  Chem.  Gcs.  Ber,  vi.  67). 

Properties. — According  to  Ballo,  perfectly  pure  naphthalene  has  merely  a  faint  awl 
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by  no  moans  unpleasant  odour,  the  pungent  odour  of  (so-called)  pure  commercial 
naphthalene  being  due  to  admixed  leucoline  oil,  whicli  may  be  separated  from  it  by 
boiling  with  strong  sulphuric  acid,  and  precipitating  the  resulting  brown  solutions  with 
ammonia  (p.  737). 

Reactions. — Naphthalene  exposed  to  the  yapour  of  nitromuriatic  acid  at  ordinary 
temperatures,  is  converted  into  naphthalene  tetrachloride,  C'lIsCl*,  and  chloronaphtha- 
lene  tetrachloride,  C'oH'Cl.Cl^  (Bunge,  Bcut.  Chcnu  Ges.  Ber.  iv.  289).  It  is  not  acted 
upon  by  phosgene  (Berthelot,  Bull.  Soc.  Chim.  [2],  xiii.  301).  For  its  reaction  with 
sulphuryl  hydroxychloride,  SO^HCl,  see  Naphthaxene-sthphonic  Acid  (p.  835). 

Compounds  and  Derivatives  of  Naphthalene. 

Acenaptittaene,  C'-H".  This  hydrocarbon,  which  occurs  in  heavy  coal-tar  oil, 
and  is  formed  synthetically  by  passing  a  mixture  of  naphthalene-vapour  and  ethylene 
t-iirough  a  red-hot  tube  {\st  'Sicppl.  p.  3),  may  also  be  produced  from  ethyl-naphtha- 
lene (ihid.  849)  by  passing  the  vapour  of  that  compound  through  a  porcelain  tube  at  a 
bright  red  heat,  whereby  naphthalene  and  accnaphthene  are  produced,  and  may  be  sepa- 
rated by  fractional  distillation.  The  change  may  be  also  effected  in  the  wet  way  by 
heating  ethylene-naphthalene  to  180°  with  two  equivalents  of  bromine,  treating  the 
crude  liquid  (which  cannot  be  purified  by  distillation)  with  alcoholic  potash  at  100°, 
and  at  the  end  of  twelve  hours  pouring  the  mother-liquor  into  water.  The  heavy  oily 
layer  which  separates  is  distilled,  and  the  portion  passing  over  at  300°  is  treated  with 
alcoholic  picric  acid.  The  red  precipitate,  decomposed  by  ammonia,  gives  a  liquid 
w^hich  deposits  crystals  of  acenaphthene  (Berthelot  a.  Bardy,  Gompt.  rend.  Ixxiv.) 
According  to  Graebe  {Bcut.  Chem.  Ges.  Ber.  v.  15),  acenaphthene  melts  at  99°-100°, 
and  has  a  vapour-density  of  5'35  (calc.  5"33).  According  to  Bohr  and  van  Dorp  {ihid, 
\\.  60)  it  melts  at  0-l°-96°,  distils  at  267°-269°  (uncorrected),  and  is  oxidised  by  boil- 
ing with  chromic  acid  mixture  to  naphthophthalic  acid,  C'"^  (CO-H)^. 

On  Naphthalene  Tetrachloride  and  the  Chloronaphthalenes,  see  1st  Suppl.  845- 
847. 

According  to  Grimaux  {Bull.  Soe.  Chim.  [2],  xviii.  205)  the  tetrachloride  heated 
with  30  parts  of  water  to  180°-190°  for  some  hours,  or  boiled  with  water,  is  converted 
into  dichlorouaphthydreneglycol,  C'»rPCP(OH)^ 

Xritronaplithalenes  (A.  deAguiar,  I)et(t.  Chem.  Ges.  Ber.  v.  370).  Compare  iv.  14 
and  1st  Suppl.  p.  848.  At  least  seven  distinct  nitro-compounds  are  producible  by  tlie 
action  of  nitric  acid  on  naphthalene,  and  may  be  separated  with  more  or  less  difficulty 
by  fractional  crystallisation,  glacial  acetic  acid  serving  better  as  a  solvent  than  etlylic 
or  methylic  alcohol,  benzene,  or  chloroform. 

Mononitronapkihalenc  is  best  prepared  by  treating  naphthalene  dissolved  in  boiling 
glacial  acid,  with  ordinary  nitric  acid,  and  boiling  for  half  an  hour.  No  red  vapours 
are  evolved,  and  on  cooling,  tho  whole  becomes  a  mass  of  crystals,  which  are  perfectly 
pure  after  one  crystallisation  from  alcohol.  According  to  Do  Aguiar,  the  pure  com- 
pound melts  at  61°,  which  is  some  degrees  higher  than  the  melting  point  found  by 
Laurent,  viz.  43°. 

Binitronaphthalene. — Fuming  nitric  acid  and  naphthalene,  boiled  together  for  some 
hours,  yield  this  compound  in  two  modifications,  a  and  )3,  in  nearly  equal  quantities. 
On  cooling,  a  crystalline  mass  separates,  usually  containing  only  traces  of  trinitronaph- 
thalene.  This  mass  is  washed  and  dried,  and  then  boiled  with  glacial  acetic  acid  (about 
2J  times  its  weight).  Pure  a-dinitronaphthalene  remains  undissolved,  and  may  be  crys- 
tallised from  a  large  quantity  of  fresh  acid.  The  ^  modification  is  much  more  soluble 
than  tlie  a,  and  is  readily  obtained  pure  by  a  few  fractional  crystallisations  of  the  pro- 
duct obtained  from  tho  dissolved  part.  Tho  two  bodies  differ  in  their  crystalline  forms 
and  melting  points,  the  o  modification  melting  at  216°  and  the  jS  at  170°.  A  small  quan- 
tity of  what  appears  to  bo  a  third  modification  is  also  obtained,  but  cannot  readily  be 
purified,  as  its  solubility  is  nearly  tho  same  as  that  of  /3-dinitronaphthaleno. 

Trinitronaphthalcne. — Two  modifications  of  this  derivative  exist,  and  may  be  ob- 
tained I  y  the  action  of  nitric  acid  on  naphthalene;  their  separation  and  purification  are 
however  difficult.  Much  better  results  are  obtained  hj  nitrating  a-  and  fl-dinitro- 
naphthaleno  in  sealed  tiibes  at  120°-130°,  or  in  a  retort  with  inverted  condenser, 
a-dinitronaphthalene,  thus  treated,  gives  a  product  which  after  precipitation  by  water 
and  crystallisation  from  alcohol,  benzene,  glacial  acetic  acid,  or  chloroform  (the  last 
being  "the  best),  yields  fine  crj'stals  of  B-trinitronaphthalene,  melting  at  122°,  and 
solidifying  at  90°.  /3-dinitronaplithalene  yields  in  like  manner  /3-trinitronaphthaleno 
melting  at  218°;  the  latter  is  much  less  soluble  in  alcohol  and  chloroform  than  the 
former,  but  may  bo  crystallised  from  these  solvents. 
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Beilsteiu  a.  Kuhlberg  {Deut.  CJicm.  Gcs.  Ber.  v.  480),  by  treating  dinitronaphthalene 
(m.p.  212°)  with  a  mixture  of  nitric  and  sulphuric  acids,  have  likewise  obfciined  two 
triiiitronaphthalenes,  one  probably  identical  with  Laurent's,  melting  at  208°,  the  other 
at  147°. 

Tetranitronaphthalene.  —  If  the  action  of  the  nitric  acid  in  preparing  trinitro- 
naphthalene  be  carried  on  for  two  days,  totranitrated  bodies  are  formed,  a-tetranitro- 
naphthaleno  obtained  from  o-dinitronaphthalene  is  almost  insoluble  in  alcoliol,  cannot 
bo  crystallised  from  acetic  acid,  but  crystallises  readily  from  chloroform,  the  crystals 
melting  at  259°  and  solidifying  at  225°.  yS-tetranitronaphthaleue  melts  at  200°  (Do 
Aguiar). 

M-APBTHAX.ENE  COXiOURS  (Ballo,  Dingl.  fol.  J.  excv.  82).  A  mixture  of 
fuchsino  and  monoliromonaphtlialene  forms  when  heated  a  riolet  colouring  matter 
similar  in  every  respect  to  Hofmann's  violet.  The  saturated  alcoholic  solution  of  this 
dye-stuff  has  a  deep  violet  colour  almost  black ;  in  the  solid  state  the  substance  re- 
sembles fuchsino.  On  adding  a  small  quantity  of  hydrochloric  acid,  the  colour  of  the 
alcoholic  solution  changes  to  blue  and  on  further  addition  to  green.  The  addition  of 
an  alkali,  or  even  of  alcohol,  brings  about  the  same  changes  of  colour  in  the  reverse 
order. 

N'APKTKAI.EII'E-CARBOXYI.ZC  ACID.    Syn.  with  Naphthoic  Aciu. 

IVAPKTHAI.XIN'E-POTASSZUM,  C'E^K^.  The  substance  formed  by  fusing 
naphtlialcnc  wlh  potassium  {\st  Siipp!.  844)  is  converted  by  heating  with  ethyl  bro- 
mide into  a  liydrocai-bon,  C'-"!!'-  (?  dinaphthvl)  (Abeljanz,  Bcut.  Chen.  Gcs.  Bcr.  v. 
102J. 

NAPKTHAXEN'E-SVX.PHOirZC  ACID.  According  to  Merz  a.  Weith  {Dcut. 
Chcm.  Gcs.  Bcr.  iii.  195),  the  action  of  sulphuric  acid  upon  naphthalene  at  compara- 
tively high  temperatures  (160°-170°)  yields  chiefly  the  )3  modification  of  nap  lit  ha- 
lene-monosulphonic  acid,  C'"H'.SO'H,  whereas  at  lower  temperatures  (80°- 
100°)  the  product  consists  chiefly  of  the  a  modification  {\st  Suppl.  860).  In  mixtiu-es 
containing  a  considerable  proportion  of  the  a-acid,  the  separation  of  the  two  is  best 
effected  Ijy  converting  them  into  calcium  salts,  the  a-salt  being  the  more  soluble  of  the 
two.  The  a-sulphonie  acid  is  partially  converted  into  the  )3  modification  wlien  its 
lead  salt  is  heated  to  100°  with  moderately  concentrated  sulphuric  acid. 

By  treating  naphthalene  with  sidphuryl  hydroxychloride,  SO'-'.OH.Cl,  both  modifica- 
tions of  the  monosulphonic  acid  appear  to  be  produced.  With  2  mol.  of  the  hydroxy- 
chloride to  1  mol.  naphthalene,  the  disulphonic  aci  d,  C'"n"(SO^II)-,  is  obtained 
(Armstrong,  Chem.  Sot:  J.  [2],  ix.  173). 

WAPHTHAQtrmowSS,  C"'H'*0=.  This  compound,  which  Hermann  obtained  iu 
small  quantity  liy  tin-  dry  distillation  of  potassium  chloronaplithasulphoquiuonate  (Ist 
Suppl.  y.V2),  has  lati'ly  buen  obtained  more  abundantly  and  in  greater  purity  by  C.  E. 
Groves  {Chem.  Soc.  J.  [2],  xi.  209)  by  the  application  of  Graebe  a.  Liebermann's 
method  of  preparing  quinones — namely,  by  oxidising  naphthalene  with  a  solution  of 
chromic  anhydride  in  glacial  acetic  acid.  For  this  purpose  a  solution  of  naphthalene 
in  warm  glacial  acetic  acid  was  treated  with  an  almost  saturated  solution  of  chromic 
anhydride  in  the  same  solvent,  whereby  great  heat  was  evolved,  the  solution  turning 
green  and  depositing  a  green  chromium  salt  on  the  sides  of  the  vessel.  As  soon  as  the 
reaction  was  complete,  the  product  was  diluted  with  water,  wliich  dissolved  the  chro- 
mium salt,  and  at  the  same  time  produced  an  orange-coloured  precipitate  containing 
the  impure  naphthaquinone.  This,  when  collected,  washed,  and  dried,  was  of  a  deep- 
yellow  colour,  and  had  a  strong  odour,  arising  from  the  naphthalene  which  had 
escaped  the  action  of  the  chromic  anhydride.  As  the  naphthaquinone  in  this  precipitate 
was  accompanied  by  a  certain  amount  of  black  tarry  matter,  very  diflScult  to  separate 
by  crystallisation,  it  was  found  advantageous  to  purify  it  partially  by  distillation 
in  the  vapour  of  water,  in  which  it  volatilises  easily,  although  not  so  readily  as  naph- 
thalene. The  long,  bright-yellow  crystals  which  adhered  to  the  sides  of  the  condens- 
ing tube,  consisting  almost  entirely  of  naphthaquinone  and  naphthalene,  were  either 
at  once  purified  from  the  latter  by  alternate  crystallisation  from  light  petroleum  oil, 
carbon  bisulphide,  and  alcohol ;  or  the  gi-eater  part  of  the  naphthalene  was  previously 
removed  by  allowing  the  mixture  to  remain  freely  exposed  to  the  air  for  some  timo 
in  a  warm  place. 

Naphthaquinone  identical  with  the  above  is  produced  by  oxidising  the  hydrochloride 
of  amidacetonaphthalide,  C'"!!"!  ^j^^^^^^"^  \  with  a  1  p.c,  solution  of  chrowic  acid 
(Liebcrmann  a.  Dittler,  Dctit.  Chcm.  Gcs.  Bcr.  vi.  945). 
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Naphtliaqumone,  prepared  by  eitlier  of  these  processes,  is  a  brlglat-yello-w  crystalline 
substance,  which  melts  at  about  125°,  and  begins  to  sublime  below  100°.  Although 
but  slightly  soluble  in  cold  water,  it  is  readily  volatile  in  vapour  of  water  at  100°, 
communicating  to  it  a  pungent  odour,  like  that  which  is  so  characteristic  of  ordinary 
quinone.  It  is  but  slightly  soluble  in  light  petroleum  oil,  readily  in  benzene,  carbon 
bisulphide,  chloroform,  and  ether,  especially  when  hot,  and  crystallises  by  spontaneous 
evaporation  from  its  solution  in  the  latter  in  well-formed  rhomboidal  plates.  It  is 
very  soluble  in  boiling  alcohol,  but  crystallises  out  in  great  part  on  cooling.  It  dis- 
solves in  concentrated  sulphuric  acid,  and  in  glacial  acetic  acid,  being  again  precipi- 
tated on  the  addition  of  water;  also  in  alkalis,  forming  a  reddish-brown  solution,  in 
which  acids  cause  a  precipitate  of  a  bright-red  coloxir,  the  nature  of  which  has  not  yet 
been  examined.  When  the  quinone  is  boiled  with  concentrated  hydrochloric  acid,  it 
is  apparently  converted  into  hydromonochloronaphthaquinone  in  a  manner  similar  to 
that  in  which  hydrochloroquinone  is  formed  from  ordinary  quinone  (Groves).  When 
boiled  with  pure  nitric  acid,  it  is  oxidised  to  phthalic  acid  (Liebermann  a.  Dittler). 

Hydronaphthaquinonc,  C'H'O  =  C"'IP(OH)-. — A  cold  aqueous  solution  of  sid- 
phurous  anliydride  is  almost  without  action  on  naphthaquinone,  but  when  the  latter  is 
boiled  with  strong  hydriodic  acid  and  amorphous  phosphorus,  it  dissolves,  forming  a 
colourless  solution  which  deposits  long  needles  of  the  hydronaphthaquinone  on  cooling. 
This  compound  crystallises  in  colourless  needles  which  melt  at  about  176°  and  dissolve 
with  com^jarative  readiness  in  boiling  water,  crystallising  out  again,  in  great  part,  on 
cooling.  It  is  readily  soluble  in  alcohol  and  ether,  even  in  the  cold,  also  in  glacial 
acetic  acid,  slightly  soluble  in  hot  benzene,  cry.stallising  out  again  on  cooling  in  tufts  of 
colourless  needles,  and  almost  insoluble  in  carbon  bisulphide  and  light  petroleum  oil. 
When  treated  with  oxidising  agents,  such  as  chromic  acid,  &c.,  it  is  reconverted  into 
the  quinone. 

On  boiling  an  aqueous  solution  containing  a  molecular  weight  of  hydronaphthaqui- 
none with  a  molecular  weight  of  naphthaquinone,  the  latter  dissolved,  yielding  a  pale- 
brown  solution  which,  as  it  cooled,  deposited  the  dark-purple  crystalline  naphtha- 
quinhydrone,  C-°H'^0^,  analogous  to  the  quinhj'drone  or  green  hydroquinone  of  the 
benzene  series.  The  same  purple  quinhydrone  was  obtained  when  naphthaquinone 
was  boiled  with  amorphous  phosphorus  and  a  weak  solution  of  hydriodic  acid.  It  is 
readily  converted,  by  treatment  with  strong  hydriodic  acid,  into  coloiirless  hydronaph- 
thaquinone on  the  one  hand,  and  by  oxidising  agents  into  naphthaquinone  on  the 
other  (Groves). 

Oxynaptithaqulnones.    Monoxynaphthaquinone  or  Na^phtlialio  acid, 

fOv. 

C'"I1°0'  =  C'»HXOH)  -j  is  most  easily  formed  by  heating  the  hydrochloride  of 

di-imidonaphtliol  (p.  841)  to  120°  with  dilute  hydrochloric  or  sulphuric  acid : 


fNH^ 

O^'HYOH)-^        ^  +  JPO  =  Nn^  +  C'»H''(OII) 


lo- 


It  dissolves  sparingly  in  water,  easily  in  alcohol  and  in  ether.  Eeducing  agents  con- 
vert it  into  dioxynaphthol ;  zinc-dust,  with  the  aid  of  heat,  into  naphthalene.  It  ex- 
hibits the  characters  of  a  strong  acid.  Its  ammonium  salt  is  a  red,  crystalline,  easily 
soluble  mass.  The  silver  salt  crystallises  in  cinnabar-red  needles.  The  ammonium 
salt  forms  with  ferric  chloride  a  red-brown  precipitate,  with  cupric  sulphate  a  brownish 
red,  with  mercury  salts  an  orange-coloured,  and  with  barium  chloride  a  red  precipitate 
(Graebe  a.  Ludwig,  Ann.  Ch,  P/iarm.  cliv.  303). 

Dioxynajjhthaqtiinonc  or  Is  aphthazarin,  C'»H»0'  =  C'»H\OH)=  > 

This  substance  was  first  obtained  by  Eoussin  (iv.  16)  by  the  action  of  strong  sulphuric 
acid  and  zinc  on  dinitronaphthalene.  It  sublimes  in  small  red-brown  crystals,  or  in 
long  needles  having  a  bright  green  metallic  lustre.  With  baryta-  and  lime-water  it 
gives  fine  violet-blue  precipitates  ;  with  magnesia,  a  crimson  ;  with  basic  lead  acetate, 
a  blue  ;  and  with  ferric  salts  a  black  precipitate.  Ammonia  dissolves  napthazarin  with 
a  sky-blue  colour,  which  by  long  standing  changes  to  a  Teddish-violet ;  concentrated 
sulphuric  acid  gives  in  the  cold  a  beautiful  magenta-coloured  solution  from  which 
water  precipitates  red  flocks.  It  dissolves  slowly  in  boiling  water,  more  easily  in 
alcohol,  and  crystallises  therefrom.  By  heating  with  zinc-dust  it  is  reduced  to  naph- 
thalene (Liebermann,  Bcut.  CJiem.  Ges.  Ber.  iii.  705). 

De  Aguiar  a.  Baeyer  {ibid.  iv.  251,  438)  find  that  naphthazarin  is  formed  from  the 
a.  modification  of  dinitronaphthane  (melting  at  214°).  To  prepare  it,  the  dinitronaptha- 
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lene  was  addeil  to  sulphuric  neid  lieated  to  200',  and  then  zinc  in  small  portions  ;  the 
t<3mperature  -vvas  kept  constant  for  about  twenty  minutes,  and  then  the  mixture  was 
allowed  to  cool  ;  when  cold  it  was  treated  with  boiling  water  and  left  at  rest  for 
48  hours.  The  precipitate  was  then  filtered  off,  slightly  washed  -nith  cold  water,  and 
treated  wtih  strong  aqueous  potash,  any  traces  of  tmaltered  dinitronaphthalene  being 
removed  by  filtration.  The  beautifully  coloured  blue  liquid  was  now  supersaturated 
■with  dilute  sulphuric  acid,  whereby  the  crude  naphthazarin  was  slowly  precipitated  ; 
it  was  then  filtered  off  and  dried  at  100°.  As  thus  prepared  it  contains  a  black  sub- 
stance, which  cannot  be  separated  by  sublimation,  as  a  large  portion  of  the  naphtha- 
zarin becomes  carbonised  at  the  same  time.  The  purification  may,  however,  be 
effected  by  dissolving  the  crude  naphthazarin  in  warm  glacial  acetic  acid,  filtering 
from  the  undissolved  black  substance,  and  distilling  at  a  temperature  a  little  above 
1,30'.  The  naphthazarin  is  thereby  obtained  as  a  crystalljue  substance  having  a 
metallic  lustre. 

The  same  result  is  obtained  by  heating  a-dinitronaphthalene  with  sulphuric  acid 
without  the  aid  of  zinc.  In  this  case  it  is  not  necessary,  as  stated  by  Persoz  {Conipi. 
rend.  Hi.  1178),  to  raise  the  temperature  above  200°,  but  the  heating  must  be  con- 
tinued tliree  times  as  long  as  when  zinc  is  employed.  When  4  grams  of  dinitronaph- 
thalene were  heated  with  sulphuric  acid  to  200°  till  the  whole  was  converted  into 
naphthazarin,  460  e.c.  of  gas  were  obtained,  containing  in  100  volumes  86'15  vol.  SO-, 
7  01  N.,  and  6-.54  OO'-'. 

In  the  blue  liquid  above  mentioned,  from  which  naphthazarin  separates  on  boiling, 
the  formation  of  that  substance  likewise  goes  on  in  the  cold,  inasmuch  as  the  blue 
colour  gradually  changes  to  red.  Nevertheless,  the  blue  solution  does  not  contain 
naphthazarin  ready  formed,  and  it  contains  only  a  small  portion  of  ammonia,  the 
quantity  of  which  is,  however,  considerably  increased  by  boiling.  If  the  sulphuric  acid 
be  removed  by  barium  ciirbonate,  a  bluish-violet  liquid  is  obtained,  which,  after  removal 
of  the  carbonate,  still  contains  barium.  It  turns  blue  when  acidulated,  and  red  wdien 
heated,  ammonia  being  then  formed  and  naphthazarin  becoming  recognisable.  From 
the  acidulated  liquid  containing  b.arium,  and  likewise  from  the  original  blue-violet 
liquid,  there  is  deposited,  on  standing,  a  second  compound  distinguished  from  naph- 
thazarin both  by  the  violet  colour  of  its  solutions  and  by  its  different  chemical  be- 
haviour. This  body  likewise  yields  naphthazarin,  with  separation  of  ammonia,  but 
the  transformation  is  somewhat  slower  than  that  which  takes  place  in  the  solution. 
This  last-mentioned  compound  is  usually  present  in  naphthazarin  prepared  by  Roussin's 
process.    The  greater  part  of  it  carbonises  when  heated  (Do  Aguiar  a.  Bayer). 


chief  constituent  of  the  black  substance  above  mentioned.  To  prepare  it  the  cooled 
product  of  the  action  of  sulphuric  acid  on  dinitronaphthalene  is  mixed  with  water,  and 
the  black  precipitate  filtered  off  from  the  blue- violet  solution  is  repeatedly  boiled  with 
water  acidul;iti d  with  sulphuric  acid;  much  ammonia  then  passes  into  solution.  The 
product  is  <li>snlvi'd  ii.  soda-solution,  again  precipitated  by  sulphuric  acid,  the  pre- 
cipitate Wi  ll  waslied  with  hot  water,  and  then  dried  at  100°.  The  product  thus  puri- 
fied has  the  composition  of  trioxynaphthaquinone.  The  same  body  is  obtained  by  the 
action  of  sulphuric  acid  on  pure  naphthazarin,  its  formation,  in  this  case,  being  possi- 
bly in  accordance  with  the  equation : 

C>»ff(H0)-02  -t-  iS0^H2  =  C>''H3(HO)^02  -i-  S0=  +  H-0. 

Thus  prepared  it  is  amorphous  with  a  reddish  metallic  gloss,  cannot  be  sublimed, 
dissolves  in  alkalis  with  a  dirty  blue-violet  colour,  and  tinges  hot  water  pale-red.  On 
reduction  with  zine-dust  it  yields  naphthalene. 

In  an  operation  in  which  the  heating  had  been  carried  too  far,  a  body  was  obtained 
which,  after  pm-ification  in  the  same  manner,  gave  on  analysis  less  C  and  H  than  the 
aliove,  and  appeared  to  consist  of  a  mixture  of  tri-  and  tetra-oxynaphthaquinone  (Do 
Aguiar  a.  Bayer). 

IffAPHTHOlC  ACISJ,  CH^O-  =  C'H'.COOH.    Respecting  the  formation, 

]a'ii|icrtii  s.  reactions,  and  salts  of  this  acid,  see  \st  Suppl.  p.  861. 

a-Naphthoic  aciil.  oxidised  with  potassium  permanganate,  is  converted  into  an  acid 
wliicli.  after  purification,  crystallises  in  slender  needles,  yields  an  easily  soluble  potas- 
sium salt,  and  floeculent,  nearly  insoluble  lead  and  barium  salts  (Carstanjen  a. 
Schurte),  J.  2}r.  Clicm.  [2],  iv.  49). 

NitroiiaphtJioic  acids. — a-Mononitronaphthoi^acid.  C"H'(NO-)0-,  is  prepared 
by  adding  a  mixture  of  a-naphtholc  acid  and  potassium  nitrate  to  sulphuric  acid,  and 
heating  over  the  water-bath.    When  purified  by  sublimation  it  forms  shining  radiate 


This    is  the 


838 


NAPHTHOIC  ALDEHYDE. 


tufts  of  slender  needles,  having  a  faint  yellowisli  colour;  melts  at  194°,  $-Mtro- 
naphthoic  acid  is  prepared  in  like  manner  from  /3-naplithoic  acid,  the  mixture  being-, 
however,  finally  heated  over  the  open  fire  to  complete  the  action.  It  resembles  the 
a-acid,  but  melts  at  288°.  Both  tliese  nitro-acids  dissolve  sparingly  in  water,  more 
freely  in  alcohol.  Their  alkali-salts  have  a  yellow  to  orange-yellow  colour;  the 
barium  and  silver  salts  are  faintly  yellowish  flocculent  precipitates,  slightly  soluble 
in  cold,  more  soluble  in  hot  water.  The  lead  and  copper  salts  are  precipitates  only 
sparingly  soluble  even  in  hot  water  (0.  Kiichenmeister,  Beict.  Chem.  Ges.  Ber.  iii.  739). 

When  /3-nitronaphthoic  acid  is  treated  with  tin  and  hydrochloric  acid,  a  violent 
action  takes  place,  and  on  boiling  the  product  with  ammonium  carbonate  and  filtering, 
the  liquid,  on  cooling,  deposits  a  substance  which,  when  recrystallised  from  weak 
alcohol,  has  the  coniposition  C'H'NO  or  C-^II'^N-O-,  and  probably  the  constitutional 
formula : 

XO  CO. 

The  same  compound  is  obtained  by  tlie  action  of  iron  and  acetic  acid  on  ;8-nitronaph- 
thoic  acid. 

This  substance  does  not  combine  either  with  acids  or  with  bases,  and  is  not 
precipitated  from  its  solution  in  hot  water  by  the  addition  of  metallic  salts.  It  is 
scarcely  soluble  in  cold  water,  but  more  soluble  in  that  liquid  when  hot,  and  is 
deposited,  on  cooling,  in  microscopic  flexible  needles.  Ether  and  alcohol  dissolve  it 
readily,  and  the  latter  deposits  it  in  tolerably  long  prisms.  It  melts  at  174°,  solidifies 
at  165°,  and  begins  to  sublime  in  small  needles  at  125°.  Concentrated  sulphuric  acid 
dissolves  it,  and  it  is  precipitated  from  the  solution  on  the  addition  of  water.  When 
potassium  bichromate  is  added  to  its  solution  in  sulphuric  acid,  the  liquid  becomes 
dark  blue,  and  the  addition  of  water  causes  the  separation  of  violet  flocks. 

jS-Nitronaphthoic  acid,  treated  with  ammonium  sulphide,  yields,  not  amidonaphthoic 
acid,  but  a  small  quantity  of  azonaphthoic  acid,  CO^H — C'H'' — N=:N — C'^H" — 
CO^H  (P.  V.  Eakowski,  Beut.  Chem.  Ges.  Ber.  v.  1020). 

Oxynaphthoic  Acids,  CHsQ'  =  C'»ff(OH.COOH).— These  acids  are  produced 
by  fusing  the  potassium  salts  of  the  corresponding  sulphonaphthoates  with  potassium 
hydrate.  The  a-acid  dissolves  freely  in  alcohol  and  with  moderate  facility  in  boiling 
water,  and  crystallises  from  a  hot  aqueous  solution  in  long  interlaced  needles,  melting 
at  234°-237°,  and  subliming,  when  carefully  heated,  in  feathery  crystals.  On  boiling 
down  the  aqueous  solutions  of  its  salts,  the  liquid  darkens  and  a  dark  amorphous  mass 
separates  out. 

The  ^-acid  crystallises  from  boiling  water  in  long  needles,  melting  at  212°-213°. 
Its  salts  are  as  unstable  as  the  a-oxynaphthoates  (J.  P.  Battershall,  Ann.  Ch.  Fharm. 
elxviii.  114). 

Bulfhonafhthoio  Acids,  C"ffSO^  =  C'H^jgQjQ^    (Battershall.  loo.  cit.; 

also  Zeitschr.f.  Chem,  [2],  vii.  673). — Fuming  sulphmic  acid  converts  naphthoic  acid 
into  a  mixture  of  at  least  two  sulpho-acids,  both  of  which  yield  crystallisable  barium 
salts,  C'"H.''(S0=')(C02)Ba.  On  neutralising  the  mixture  of  the  sulpho-acids  with 
barium  carbonate,  the  a-salt  crystallises  out  first,  and  this  when  decomposed  by  sul- 
phuric acid  yields  a-sulphonaphthoic  acid.  This  acid  dissolves  readily  in  water  and 
crystallises  therefrom  in  colourless  needles,  melting  with  slight  decomposition  at  230°- 
240°. 

Its  barium  salt,  C"'H''(S0^)(C02)Ba  -t-  4H-0,  forms  well-defined,  glistening,  trans- 
parent, and  compact  monoclinic  crystals.  The  calcium  scdt,  C"'II''(SO^)CO^Ca  +  3H'^0, 
is  moderately  soluble  in  water,  and  crystallises  in  thin  plates.  The  potassium  salt, 
Ci°B['(S02K)(C0-K)  +  forms  thin  tables  and  is  freely  soluble  in  water.  The 

eupric  salt,  C'-II''(S0')(C0^)Cu,  is  a  bluish-green  precipitate,  sparingly  soluble  in  boil- 
ing water. 

^-Sidphonaphthoic  acid  is  produced  by  dissolving  ^-naphthoic  acid  in  fuming  sul- 
phuric acid.  It  forms  a  very  characteristic  acid  barium  salt,  (C"H'S0^)^Ba  -i-  IWO, 
which  is  almost  insoluble  in  cold  water,  and  crystallises  from  a  boiling  solution  in 
brilliant  large  plates.  The  neutrcd  salt,  CH^SO^Ba  +  WO,  is  readily  soluble  in  water, 
and  forms  oblique  crystals. 

xrAPHTKOXC  AXiDEHYDE,  C'ffO  (Battershall,  Zdtschr.  f.  Chem.  [2],  vii. 
292,  673).  ^-Naphthoic  aldehyM  is  produced  by  distilling  an  intimate  mixture  of  cal- 
cium naphthoate  and  calcium  formate  at  a  high  temperature.  The  distillate  contains 
naphthalene  together  with  the  aldehyde,  which  may  be  purified  by  shaking  it  with 
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sodium  bisiilpliite,  vasliing  the  resulting  ci\ystalline  mass  -with  ether  till  it  becomes 
coloiirless,  and  distilling  the  crystals  with  dilute  solution  of  sodium  carbonate.  The 
aldeliyde  then  passes  over  with  the  vapour  ot  water,  and  solidifies  in  the  condensing 
tube  m  dazzling  white  crystals.  It  is  ver}'  nearly  insoluble  in  cold  water,  somewhat 
solulile  in  boiling  water,  very  soluble  in  alcohol  and  ether.  It  crystallises  from  boil- 
ing w:itcr  in  very  bulky,  thin,  shining  laminae,  and  is  obtained  in  the  same  form  by 
siioutaneous  evaporation  of  its  alcoholic  solution.  It  melts  at  50  o°.  Potassium  per- 
manganate oxidises  it  readily  when  heated  with  it,  forming  potassium  /3-naphthoate, 
with  separation  of  hydrated  manganic  oxide.  Strong  nitric  acid  dissolves  it  at  a  gentle 
heat,  foriiiing  a  crystalline  non-acid  compound  which  separates  on  the  STirface  of  the 
liiiuid.  Nascent  hydrogen  converts  it  into  uncrystallisablo  compounds  difficult  to 
purify.  It  dissolves  easily  in  alcoholic  ammonia,  and  is  thereby  converted  into  /3-hy- 
ilronaphthamide. 

a-Kapht/ioic  (ddehj/dc. — A  mixture  of  calcium  formate  and  pure  calcium  a-naph- 
tliorito  yields  by  distillation  scarcely  anything  but  naphthalene,  only  the  merest  traces 
of  the  aldehyde  being  formed,  if  any.  Tho  cause  of  this  negative  result  is  doubtless 
that  calcium  a-uaphthoate  is  resolved  into  naphthalene  and  calcium  carbonate  at  a 
temperature  lower  than  that  which  is  required  to  bring  about  its  reaction  with  the 
formate.  When,  however,  a  mixture  a-naphthoate  containing  /3-naphthoate  is  used,  a 
distillate  is  obtained  which,  when  purified  as  above  with  sodium  bisulphite,  yields 
liquid  a-naphthoic  acid  containing  a  certain  portion  of  the  /3  compound,  which  after  a 
while  separates  in  crystals. 

a-Naplithoic  aldehyde  is  a  somewhat  thick  liquid  having  a  peculiar  faint  smell,  and 
becoming  coloured  on  exposure  to  the  air.  It  is  heavier  than  water,  boils  at  about 
280°,  but  cannot  be  distilled  without  forming  a  small  quantity  of  condensation-pro- 
ducts of  higher  boiling  point;  with  steam,  however,  it  volatilises  readily  and  without 
alteration. 

If  APHTHOXiS,  C'»H«0  =  C"'H''(OH).  Bccictions  of  a-Naphthols  with  Poly- 
lafic  ticids,  ilivir  Anlnjdrides  and  Chlorides  (J.  Grabowski.  Bcut.  Cheni.  Ges.  Bcr.  iv. 
6tll,  ;  vi.  1065). — a-Naphthol,  liko  other  phenolic  bodies,  unites  with  many  poly- 
basic  acids  (or  their  anhydrides),  with  elimination  of  water,  when  the  two  bodies  are 
heated  together  in  presence  of  glycerin  or  sulphuric  acid.  The  resulting  compounds, 
which  belong  to  the  class  of  Baeyer's  phenolic  colouring  matters,  are  not  true 
ethers,  but  either  compounds  which  retain  the  phenolic  character  of  the  naphthol,  and 
dissolve  in  potash  with  a  deep  colour  which  disappears  on  reduction,  or  indifferent  sub- 
stances which  may  be  regarded  as  the  anhydrides  of  the  former.  The  coloured  com- 
pounds are  designated,  according  to  Baeyer's  nomenclature,  by  names  ending  in  c'in,  tho 
reduced  compounds  by  names  ending  in  in. 

All  these  compounds  are  formed  in  such  a  manner  that  the  OH-group  of  tho  acid 
unites  with  an  atom  of  hydrogen  from  the  naphthalene  nucleus,  forming  water,  which 
is  eliminated,  and  the  two  residues  unite  together  forming  a  ketonic  compound.  Thus 
carbonic  acid  forms  with  naphthol  a  compound  having  the  formula,  C'-'Il'-'O- : 


rhthalie  acid  yields  two  compounds,  viz.— 

C-'»H'«0^  =  CHXCOOH)"  +  2C'»H'0H  -  2R^0  ; 
C2Bj£i603  =  C'=HXC00H)2  +  2C«'H'0Ii  -  3H=0. 

Beaction  with  Phthalic  Anhydride. —  When  a-naphthol  is  boiled  with  phtlialic 
anhydride,  the  liquid  acquires  a  dark  green  colour,  and  on  exhausting  the  cooled  mass 
with  alcohol,  there  remains  a  white  substance,  C-'H^O',  which  is  the  anhydride  of 
naphthol-ijhthakin  (1) : 


Tliis  compound  separates  from  hot  benzene  in  faintly  yellowish  crystals  having  a 
splendid  vitreous  lustre.  It  is  insoluble  in  aqueous  potash,  and  is  converted  by  alco- 
holic potash  into  a  green  substance.  Heated  -with  sulphuric  acid,  it  yields  a  red  sub- 
stance, which  appears  to  have  the  composition  CH'^O". 

With  Phihalic  Chloride. — On  heating  a  mixture  of  these  two  bodies  on  the  water- 
bath,  abundance  of  hydrogen  chloride  is  evolved,  and  a  green  mass  remains,  partially 
soluble  in  cold  dilute  potash.  The  dissolved  substance  is  purified  by  repeated  frac- 
tional precipitation  with  hydrochloric  acid  and  recrystallisation  from  benzene.  The 


CsH'O'  +  2C'«H'0  =  2H=0  +  C"H"=0'. 
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small  brown  crystals  so  obtained  dissolve  in  potash,  with  production  of  a  fine  blue 
colour;  their  composition,  when  dried  at  100°-110°,  is  C-^H'^O'  +  -JAq  (2).  Leaving 
the  half-molecule  of  water  out  of  consideration,  the  formation  of  this  body,  called  phtha- 
Icin-a.-dma'phthol,  may  be  represented  by  the  equation  : 

Csipo-Cr-  +  2C>'>H^0  =  C'^^H'^O'  +  2HC1 
Willi  O.cd'w  Acid. — On  henting  a  mixture  of  oxalic  acid,  naphthol  and  sulpluiric 
acid  fur  two  hoiu-s  at  100°-llo°,  a  dark  mass  is  obtained  only  partially  soluble  in 
alkali ;  the  portion  insoluble  is  dissolved  by  hot  benzene,  and  crystallises  on  cooling 
in  colourless,  warty  groups.  These  are  a  mixture  of  various  substances,  but  after  oft- 
repeated  recrystallisation  they  are  converted  into  beautiful,  colourless,  glistening  crys- 
tals oi  carhonein-a.-naphthoIcmhydride,  C-'H'-O-  (3).  This  body  bears  exactly  the  same 
relation  to  carbonic  anhydride  as  the  previously  described  phthalic  compound  does  to 
phthalic  anhydride : 

C«H^O^  +  2Ci«H«0  =  C^8H"=0'  +  2H-0  ; 
C02  +  2C"'H»0  =  C='H''^0=  +  2H=0. 

The  behaviour  of  the  two  substances  is  also  identical  (Grabowski,  loc.  cit.) 

With  Tyromdlitic  Acid. — The  reaction  between  this  acid  and  o-naphthol  is  very  com- 
plex, giving  rise  to  a  large  number  of  compounds,  the  most  important  of  which,  from 
its  analogy  to  the  phthalic  and  carbonic  acid  compounds,  is  'pyromcUitein-ictra- a-naph- 
tholanhjdridc  (4): 

CsoH-'^O"  =  C«H=(COOH)«  +  4C"'H'0H  -  6H-'0. 

This  compound  is  formed  when  one  molecule  of  pyromellitic  acid  is  heated  with  four 
molecules  of  o-naphthol  in  an  oil-bath  to  300°.  The  product  after  being  exhausted 
with  boiling  acetone  and  purified  by  fractional  crystallisation  from  phenol,  yields 
microscopic  crystals,  which  have  the  composition  C'H-'O'^.Cff  OH,  and  lose  their 
phenol  when  heated  to  260°.  From  the  mother-liquors  the  compounds  are  obtained, 
the  first,  2C^''H-'0',C^H^0H,  in  thin  plates,  the  second  in  very  slender  needles ;  they  lose 
their  phenol  when  dried  at  260°,  and  are  reduced  to  a-  and  fi-pyromdlifein-tetra-a- 
naphtholliemianhydride,  C^'H-^O'.  In  the  acetone  solution  the  compound  y-pyro- 
mellitein-tetra-a.-naphtholhemianhydride  is  found.  It  melts  at  265°,  and  when  dried  at 
150°  has  the  composition  C^^H-^O'.  On  heating  one  molecule  of  pyromellitic  acid  with 
three  of  a-naplithol  to  250°  as  long  as  water  escapes,  and  removing  the  excess  of  naph- 
thol by  distillation  in  a  current  of  aqueous  vapour,  a  brownish-black  mass  is  left.  This, 
when  purified  by  repeated  solution  in  potash,  precipitation  by  acid,  and  solution  in 
ether,  forms  a  brown  powder,  tri-a-naphtholpyromelliteic  acid  (6),  which  has  the  com- 
position C'H^^O',  and  is  readily  soluble  in  alcohol,  ether,  and  acetone.  It  dissolves 
in  alkalis  with  a  deep  green  colour. 

Tri-a-naphtholhemianhydropyromeUitcic  acid,  C"II--0'  (7),  is  produeed,  together 
with  the  last-mentioned  compound,  when  a  mixture  of  one  molecule  of  pyromellitic 
acid  and  three  of  o-naphthol  is  heated  to  280°-300°.  It  is  a  yellowish-brown  powder, 
soluble  with  difficulty  in  cold  alcohol  or  ether.  It  yields  a  fine  blue  solution  with 
alkalis. 

Pyromellitic  anhydride  and  o-naphthol  fused  together  form  a  black  resinous  mass, 
which,  when  purified  by  solution  in  potash  and  fractional  precipitation,  yields  di-a- 
naphtholpyromelliteic  add  (8),  C^^H'^O^ 

The  formation  of  these  several  compounds  is  represented  by  the  following  equa- 
tions : — 

(1)  .  Phthalein-di-o-naphtholanhydride : 

C«H«0*  +  2C'»H«0  -  3H-0  =  r-'H'-'O'. 

(2)  .  Phthalein-di-o-naphthol : 

CH^O*  +  2C"'H80  -  2W0  =  C^^iH'sQ^ 

(3)  .  Carbonein-o-naphtholanhydride : 

C0(0H)=  +  2C"'H''0  -  3H^0  =  C='H'^0=. 

(4)  .  Pyromellitein-tetra-o-naphtholanhydride  : 

CioH^Os  -I-  4C"'H80  -  6H^0  =  C'oW^O\ 

(5)  .  a-,  /3  ,  and  7-  Pyromellitoin-tctra-o-nnphtholhemianhydride : 

Ci-H^Qs  +  4C"'H»0  -  5H'0  =  C^'H^^O'. 

(6)  .  Tri-H-naplitholpyromelliteic  acid  : 

C>»H°0«  +  SO'oH'O  -  SH^O  =  C'^H^O'. 
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(7)  .  Tri-a-naplitholliemianhydridcpyromolliteie  acid : 

C'-ffO"  +  3C'"H»0  -  4IP0  =  C'"lV-0'- 

(8)  .  Di-a-naphtholpyromelliteic  acid  : 

c^mny  +  2C'»H«o  -  2W-o  =  c^=°H'«o^ 

TSitronaplitlioIs.  Binitro-a-ncqikthol,  C'»H5(N0-)=0H,  is  formed  by  treating 
Diisart's  nitroxynaphtholic  acid  (iv.  117)  with  dihitc  nitric  acid,  whence  it  may  bo  in- 
ferred that  Dusart's  compound,  to  which  he  assigned  tln'  t'oi'iiiula  C'"H''N20^  is  really 
mononitro-a-naphthol,  C'H'NO'  =  C'"H«(NO-)(  'I  hr  latter  melts  at  lol°-152°, 
not  at  100^,  as  stated  by  Dusart  (Darmstiidter  a.  Nalhaii,  iJciiL  C'kcm.  Ges.  Ber.  943). 

Dinitro-^-naplithol. — A  solution  of  ^-naphthol  in  a  large  quantity  of  alcohol  is 
heated  -with  dilute  nitric  acid,  and  tlie  product,  separated  by  water  after  the  greater 
part  of  the  alcohol  has  been  removed  by  distillation,  is  purified  by  solution  in  dilute 
sodium  carbonate,  separation  by  hydrochloric  acid,  solution  in  alcohol,  boiling  with 
animal  charcoal,  reprecipitation  by  water,  and  finally  by  repeated  crystallisation  from 
chloroform. 

Dinitro-/3-naphthol,  C'°ff(NO-)'-OH,  thus  produced,  crystallises  in  highly  lustrous 
light  yellow  needles,  which  appear  under  the  mieroscoiso  as  truncated  prisms,  and  melt 
with  brown  coloration  at  195°.  It  is  very  sparingly  soluble  in  water,  more  soluble  in 
alcohol,  very  soluble  in  ether  and  in  chloroform.  Tliose  solutions,  as  well  as  the  salts, 
dye  deep  yellow.  The  ammonium  salt  crystall'ses  in  -shining  red  needles,  wliich  de- 
e(jmpose  partially  in  contact  with  the  air.  The  silver  salt  is  a  scarlet  floceulent  pre- 
cipitate ;  the  barium  salt  forms  ycHow  needles  which  turn  red  at  100°.  All  these 
salts  are  very  slightly  soluble  in  water  (Wallach  a.  Wichelhaus,  ibid.  846). 

Amido-  and  Imido-napUtliols.  These  compounds,  which  were  first  obtained 
from  dinitronaphthol  by  Martins  a.  Gricss  {\st  Siippl.  857),  have  boon  further  studied, 
together  with  some  of  their  derivatives,  by  Graebe  a.  Ludwig  {Ann.  Ch.  Pharm.  cliv. 
303),  who  infer  from  their  results  that  these  bodies  have  a  quinonic  constitution  as 
indicated  by  the  following  formulae  : — 

Diamidonnplitliol  Di-imidonaphthol 
(  MW-  ( 

C>»ff(OH)  ^ft:  C'»H'^(OH) 

Oxyamidonaphthol  Oximidonaphfchol 


Nil. 


C'°ff(OH)  C'»H=(On) 


Oxyuaphtliaquiuone 
(Naphthalic  acid) 

C'HXOH)  jfJJJ  C'»ff(OH)  I 

1.  Biamidonaphthol.  C'"H"'N-0. — The  free  base  has  not  been  prepared.  Tlie 
stannocMoride,  C'"II"'N^0.2HCl.SnCr-  +  2H-0,  is  obtained  by  heating  1  part  of  dinitro- 
naphthol with  2  parts  of  tin  and  7'5  parts  of  hydrochloric  acid,  and  crystallises  from  its 
aqueous  solution  by  spontaneous  evaporation  in  bii-ge  monoelinic  prisms.  Another 
stannochloride,  having  the  formula  2(C'"II"'N-(  ».211(  "l).Sii( 'I-  +  4H-0,  is  converted 
into  tlie  former  by  heating  with  stannous  chloriil^.  'I  hr  ^-iiljduitc,  C"'H'_''N-O.H-SO'  -i- 
H=0,  is  formed  when  the  solution  of  the  base  in  liydnx'hlovic  acid  is  mixed  with  sul- 
pluiric  acid.  It  dissolves  easily  in  alcohol  and  in  hot  water,  less  easily  in  cold  water. 
By  the  action  of  the  air  or  of  ferric  chloi'ide  it  becomes  deep  red,  from  formation  of 
di-imidonaphthol. 

2.  Di-imidonaphthol,  C'H'N^O. — This  base  is  best  prepared  by  precipitating 
the  solution  of  its  hydrochloride  with  ammonia.  It  forms  small  needles,  insoluble  in 
cold  water,  easily  soluble  in  alcohol.  Heated  with  alcohol  or  water  it  gives  off" 
ammonia,  and  is  converted  into  oxiraidonaphthol ;  reducing  agents  reconvert  it  into 
diamidonaphthol.  It  unites  with  acids,  and  is  converted,  by  boiling  with  alkalis  or  by 
heating  to  120°  with  dilute  hydrochloric  or  sulphuric  acid,  into  oxynaishthaquinone. 
The  hydrochloride,  C'^H^N-O,  is  prepared  from  the  stannochloridc  of  diamidonaphthol 
by  precipitating  the  tin  with  zinc,  adding  ferric  chloride,  washing  the  hydrochloride 
of  di-iinidonaphthol  thereby  precipitated  with  dilute  hydrochloric  acid,  and  recrystal- 
lising  it  from  water. 

This  salt  is  nearly  insoluble  in  strong  hydrochloric  acid,  but  dissolves  easily  in 
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water  and  in  alcohol,  and  separates  from  the  aqueous  solution  by  spontaneous  evapo- 
ration in  monoclinic  prisms,  -whicli  are  dark  red  by  transmitted  light,  and  exhibit  a 
green  metallic  lustre  by  reflected  light.  The  platinochloy-idc  has  the  composition 
2(Ciojj8]sf20.HCl).PtCO^  The  sulphate,  C'»H«jSf^O.SO^H=,  forms  red  prisms  having  a 
metallic  lustre. 

3.  Oximidonaj)hthol,  C'H'KO^j  is  obtained  by  boiling  a  hydi-ochloric  solution 
of  di-imidonaphthol,  made  alkaline  -with  ammonia,  as  long  as  ammonia  resulting  from 
the  decomposition  of  the  di-imidonaphthol  continues  to  escape.  It  forms  yellowish-red 
needles  quite  insoluble  in  ether,  nearly  insoluble  in  cold  water,  slightlj-  soluble  in  hot 
■water,  easily  in  alcohol.  By  boiling  hydrochloric  acid,  boiling  alkalis,  or  strong  sul- 
pliuric  acid,  it  is  converted  into  naphthalic  acid  (oxynaphthaquinone)  ;  by  reducing 
agents  into  oxyamidonaphthol. 

4.  Oxamidonaphthol.—Taa  hjdrocMoride,  C"'II='N0=.HC1,  is  formed  by  treating 
oximidonaphthol  with  tin  and  hydrochloric  acid,  and  crystallises  from  the  stanniferous 
solution  in  well-defined,  very  soluble  tables;  the  solution  alters  quickly  in  contact  with 
the  air. 

5.  Oxynaphthaquinone  ov  Naphthalic  aeicZ,  C"'H''0',  is  formed  by  heating 
di-imidonaphthol  hydrochloride  to  120°,  with  dilute  hydrochloric  or  sulphuric  acid  (see 
Naphthaquinone,  p.  836). 

6.  Bioxynaphthol  or  Trioxy naphthalene,  C'°H*0',  is  formed  by  reducing 
oxynaphthaquinone  witli  tin  and  hydrochloric  acid,  and  may  be  extracted  from  the 
liquid  by  ether  after  separation  of  the  tin.  It  crystallises  in  yellow  needles,  is  ex- 
truniely  oxiilalilo,  reduces  silver  and  mercury  salts,  and  alkaline  cupric  solution. 

Binaphthols,  C-'^H'^O"  =  (C'°H')'02  (Dianin,  Bent.  Chcm.  Gcs.  Bcr.  vi. 
1252;  vii.  12,"),  487).  These  compounds  are  produced  by  the  action  of  ferric  chloride  on 
the  aqueous  solution  of  o-  or  ^-naphthol,  ferrous  chloride  being  formed  at  the  same 
time,  the  solution  assuming  a  rose-colour,  and  the  dinaphthol  separating  in  the  solid 
state— 

2C'»H80  -1-  Fe^Ol"  =  2FeCP  +  2HC1  +  C=»H''0-. 

a-Binaphthol  forms  small  silvery  rhombic  plates  melting  at  300°.  It  strikes  a  red 
colour  with  ferric  chloride  and  forms  a  violet  precipitate  with  nitric  acid.  Treated 
with  benzoyl  chloride  it  yields  dibenzoyl-dinaphthol,  C-''H'^(C'ff 0)^=0=,  which  is 
insoluble  in  water  and  in  alcohol,  dissolves  with  difficulty  in  benzene,  and  crystallises 
out  in  warty  masses  made  up  of  small  rhombs.  An  alcoholic  solution  of  caustic  soda 
decomposes  it  completely  into,  benzoic  acid  and  a-dinaphthol. 

^-Dinaphthol  crystallises  from  alcohol  in  broad  four-sided,  pointed  prisms,  melting 
at  218°.  It  gives  with  ferric  chloride  a  greenish  colour,  which  on  heating  becomes  red 
and  brown  ■  nitric  acid  colours  it  dark-green.  On  passing  its  vapour,  mixed  with  air, 
through  hot  tubes,  a  yellow  body,  probably  a  naphthaquinone,  is  formed.  With  benzoyl 
chloride  it  forms  the  two  compounds,  C-»II'^(C'H^O)0'-'  and  C2'>H'■-'(C'H^0)•0^  the  first 
crystallising  in  rhombic  laminae  melting  at  204°,  the  second  in  four-sided  prisms  which 
melt  at  160°.  Both  are  resolved  by  alcoholic  potash  into  benzoic  acid  and  ,S-dinaph- 
thol.  The  formation  of  these  two  benzoic  derivatives  shows  that  the  ^  compound  from 
which  they  are  derived,  and  therefore  also  the  corresponding  «  compound,  is  really  a 
dinaphthol,  C=»H"02. 

The  two  dinaphthols  are  insoluble  in  water,  sparingly  soluble  in  benzene  andchloro- 
form,  freely  in  alcohol  and  ether.  They  also  dissolve  in  alkalis,  forming  unstable 
salts.  They  are  not  changed  by  the  action  of  tin  and  hydrochloric  acid,  but  are  recon- 
verted into  the  mononaphthols  when  distilled. 

MAPHTHOPKTHii.I-IC  ilCZS,  C'=H"0'  --^  C'°H«(0O=H)=.  NapMhalma 
dicarboxylic  acid. — This  acid,  which  Darmstiidter  a.  "VVichelhaus  obtained  by  boiling 
dicyanonaphtbalene  with  potash  {1st  Sicppl.  862),  is  likewise  produced  by  boiling 
acenaphtheuo  with  chromic  acid  mixture.  It  sublimes  in  broad,  serrated  plates,  melt- 
ing at  266°,  and  is  precipitated  by  acids  from  its  alkaline  solution  in  slender  needles, 
melting  at  the  same  temperature.  Its  potassium  salt,  C'^ffK^O'  +  2AH^0,  is  precipi- 
tated by  alcohol  in  small  pearly  plates.  The  barium  salt,  C'-H^Bab'-l-ffO  (2H-0, 
according  to  D.  and  W.),  is  a  precipitate  consisting  of  small  compact  shining  plates. 
The  -i.diJ^  heated  to  140°-15()°,  is  converted  without  melting  into  the  anhydride, 
C'-ir*0''.  The  calcium  salt  distilled  with  slaked  lime  yields  naphthalene  (Belir  a. 
v.hi  Dorp,  Beut.  Cheni.  Gcs.  Bcr.  vi.  60). 

SffAPHTKlTEi,  O-"!!'''  =  C'°H'.0"'II'.  Of  this  radicle  in  the  free  state  two  modi- 
fications are  known,  distinguished  as  dinaphthyl  and  isodinaphthyl.  The 
former,  discovered  I13'  F.  Lessen,  is  produced  by  oxidising  naphthalene  with  a  mixture 
of  manganese  dioxide  and  dilute  sulphuric  acid  {\st  Suppl.  855).  The  latter,  discovered 
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ly  Watsou  Smith  {Chcm.  8oc.  J.  [2],  ix,  1184),  is  obtained,  togetliei-  with  hydrogen, 
by  passing  the  vapour  of  naphthalene  tliroiigh  fin  iron  tube  lieated  to  bright  red- 
ness : 

2C"'U>'  =  (C'»H-)=  +  H-. 

The  naphthalene  eoUocted  in  tlie  receiver  has  a  darlv-browu  colour,  and,  when  re- 
distilled, from  a  retort,  always  leaves  a  minute  quantity  of  liquid  boiling  at  a  tempera- 
ture above  350°  ;  and  by  repeating  the  distillation  a  certain  number  of  times,  a 
quantity  of  this  substance — which  consists  of  impure  isodinnphthyl — may  be  obtained 
Buffieient  for  further  treatment.  It  is  purified  by  first  distilling  off  the  small  quantity 
of  naphthalene  which  it  contains,  and  then  distilling  over  the  body  itself,  the  tempera- 
ture rapidly  rising  from  220°,  below  which  the  naphthalene  comes  over,  to  above  360°. 
A  minute  quantity  of  pitch  is  left  in  the  retort.  The  solid,  liard,  yellowish  substance 
is  now  crushed  in  a  mortar  wth  shale-spirit,  and  made  into  a  thin  homogeneous  paste, 
then  washed  repeatedly  on  a  filter  with  the  spirit,  drained,  pressed  in  blotting-paper, 
and  dried  at  a  temperature  fully  sufficient  to  volatilise  the  spirit.  By  this  washing  it 
is  freed  from  a  small  quantity  of  a  resinous  body,  and  from  a  lemon  yellow  substance. 
These  wash-liquors  all  exhibit  blue  fluorescence.  The  dried  substance  is  finally  sub- 
blimed  at  as  low  a  temperature  as  possible,  and  is  then  obtained  as  a  faintly  yellowisli- 
white  inodorous  powder.  This  sublimate,  by  very  careful  and  slow  sublimation,  may 
also  be  obtained  in  small,  delicate  plates.  When  possessing  the  faintest  yellow  tint, 
it  imparts  a  beautiful  and  delicate-blue  fluorescence  to  any  liquid  in  which  it  is  dis- 
solved. When  a  very  high  temperature  has  been  applied  (a  white  heat),  the  substance 
obtained  is  always  more  largely  contaminated  witli  the  resinous  and  lemon-yellow 
bodies,  and  on  careful  sublimation  tlio  first  portions  subliming  are  almost  colourless, 
but  the  further  the  sublimation  is  carried  on,  the  deeper  is  the  yellow  tint  of  the  pro- 
duct. A  small  quantity  of  the  latter  portions  of  a  sublimation-product  of  a  sulphur- 
yellow  colour,  when  warmed  (vitli  concentrated  sulphuric  acid,  yield  a  very  fine  purple 
solution,  passing  on  further  heating  into  an  indigo  and  then  to  a  dull  green  tint. 
This  reaction  is  mentioned  by  Liebermann  as  characteristic  of  cliryscnc ;  probably, 
therefore,  this  yellow  substance  contains  chrysene. 

With  a  quantity  of  the  pure  re-sublimed  substance  tlio  following  results  were  ob- 
tained : — 

No  red  or  brown  compound  is  formed  with  a  benzol-solution  of  picric  acid.  The 
more  thoroughly  the  substance  is  purified,  the  less  is  the  fluorescence  imparted  to 
solvents. 

Isodinaphthyl  sublimes  at  a  temperature  considerably  below  its  boiling  point. 
Treated  with  two  parts  of  potassium  dichromate  and  sulphuric  acid,  it  is  oxidised  at 
once  with  extreme  energy.  From  the  oxidation-product  obtained,  no  colour,  nor  any 
substance  bearing  any  resemblance  to  alizarin,  could  be  obtained. 

Sulphuric  acid  does  not  act  on  isodinaphthyl  in  the  cold,  Iiut  dissolves  it  when 
heated,  forming,  if  the  isodinaphthyl  be  quite  pure,  a  very  faint  purplish-tinted  solution  ; 
if,  however,  it  contains  a  trace  of  tlie  yellow  body  before  mentioned,  a  violet  or  pm'plo 
solution  is  formed,  becoming  green  and  then  reddish-brown  on  further  heating.  Tlie 
product  is  a  sulpho-acid  which  forms  a  soluble  barium  salt.  The  sodium  salt  formed 
from  it  by  double  decomposition  is  very  soluble  in  water,  yielding  a  fluorescent  solu- 
tion. 

Hot  nitric  acid  oxidises  isodinaphthyl  with  liberation  of  nitrous  fumes,  and  forming  in 
the  hot  liquid  heavy  oily  drops ;  these  on  further  heating  dissolve  in  tlie  acid,  and  a  clear 
solution  is  obtained.  On  pouring  this  liquid  into  water,  tlie  nitro-compound  is  precipi- 
tated abundantly  in  a  light  yellow  floccubir  form.  Chlorine  has  no  action  upon  it,  wlien 
passed  over  it  in  a  glass  tube,  and  oven  on  warming.  When  it  is  treated  with  bromino 
in  the  cold,  a  broniinated  compound  is  formed  witli  very  energetic  action. 

Chlorine  passed  over  isodinaplithyl  contained  in  a  glass  tube  does  not  act  upon  it, 
even  on  application  of  heat ;  but  wlien  dry  chlorine  is  passed  through  a  solution  of  the 
substance  in  carbon  sulphide,  it  is  absorbed,  with  evolution  of  hydrochloric  acid,  and 
if,  when  the  absorption  is  complete,  the  liquid  bo  agitated  with  caustic  soda  solution,  a 
gummy  liquid  is  obtained  which  solidifies  to  a  resinous  mass  soluble  in  ether  and 
alcohol,  and  is  precipitated  from  its  alcoholic  solution  by  water.  The  white  precipitate 
washed  and  dried  at  100°  has  the  conniosition  of  totrachlorisodinaphthyl. 

Bromine  acts  violently  on  isodinaphthyl,  with  evolution  of  liydrobromic  acid  ;  and 
tlie  product  dissolved  in  carbon  sulphide  and  purified  as  above  exhibits  tlio  composi- 
tion of  heptabromisodinaphthyl,  C^'H'Br' (Watson  Smith  a.  Poynting,  Chcm. 
Sue.  J.  [2],  xii.  855). 

The  chief  differences  between  dinaphthyl  and  isodinaphthyl  are  exhibited  in  the 
following  table. 
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Comjjarative  behaviour  of  BinapJithtjl  and  Isodinaplithijl  with  Sohcnts,  ^'C. 


Proof  spirit 


Ether 

Absolute  alcohol 


Metliylatcd  spirit 
Wood  spirit 


Light  petroleum 
spirit,  sp.  gr. 
=  710 

Light  shale  spirit, 
sp.  gr.  =  737 

Carbou  tetrachlo- 
ride 
Benzol 


Carbon  disul- 

pliide 
Oil  of  turpentine 


Chlorine 
Bromine 


Melting  point 
Boiling  point 


Lossen'sDinaplithy 


More  soluble  than 
in  alcohol 

Less  soluble  than 
in  ether ;  sepa- 
rates in  moss- 
lilce  clusters 


From  ether-alcohol 
mixture;  crystal- 
lises in  octohe- 
drons 


About  the  same  as 
in  alcohol 


Easily  soluble 


Forms  C™H«CI« 
„  C2»H'=Br= 
and  C-"H'*Br'' 


151° 
above  360^ 


Isodinaphthyl 


Scarcely  at  all  so- 
luble, even  on 
boilitig  with  ex- 
cess 

Very  slightly ;  less 
than  in  alcohol 

Slightly  in  the  cold; 
soluble  on  boil- 


Eather 
luble 


Still  more  soluble 
than  in  the  above 

Bather  more  so- 
luble than  in 
petroleum  spirit 

Not  quite  so  so- 
luble as  in  benzene 

Sparingly  in  the 
cold,  freely  in  the 
hot  fluid 


Easily  soluble,  even 

in  the  cold 
Very  easily  soluble 


Forms  C2«H>»(;i* 
„  C-''H'Br' 


204° 
above  360° 


Crystalline  form,  kc. 


On  cooling,  a  few 
plates  separate 
out 

In  plates 

Beautiful  rhom- 
boYdal  plates, 
which,  on  dry- 
ing, overlap,  and 
present  a  beau- 
tiful silky  ap- 
pearance. They 
have  a  very 
faint  delicate 
greenish  colour 


■  Ehomboidal  plates 


Fine  largo  fluores- 
cent plates  hav- 
ing when  dry  a 
silky  laminated 
appearance 

In  plates 

Delicate  whits 
lanoe  -  shaped 
crystals 


UAPHTHYli  AIiCOHOIiS.    See  Naphthols  (p.  839). 

NAPHTHYXi  CVAXTATE,  CONC'"!!',  formerly  obtained  in  small  quantity  by 
heating  dinaphtliylcarbamide  with  phosphoric  anhj'dride  (iv.  19),  is  more  easily  pro- 
duced by  similar  treatment  of  naphthyl-urethane,  CO  |  qcqI^'^  ^  ^-  It  is  a  colourless 
liquid,  having  a  faint  odour  and  boiling  at  269°-270°.  It  reacts  energetically  with 
water,  alcoliols,  and  amines,  and  solidifies  instantly  with  triethylphosphiiie  (Hofmaun, 
I'roc.  Boy.  Soc.  xix.  108). 

IffAPKTKYXi  StriiPHlBES  (H.  E.  Armstrong,  Bout.  Chem.  Gcs.  Ber.  vii.  407). 
a-naphthyl  sulphide,  (C'»H')-S,  is  obtained  on  distilling  a  dry  mixture  of  potassium 
sulphocyanate  and  a-naphthalene-sulphonate.  It  crystallises  in  long  white  needles, 
difficultly  soluble  in  alcohol,  but  very  soluble  in  carbon  sulphide  and  glacial  acetic 
acid.  It  melts  at  about  100°.  The  corresponding  /3-naphthyl  sulphide  appears  to  be 
formed  when  ;3-naphthalene  is  distilled  with  potassium  sulphocyanate.  It  has  a  higher 
melting  point  and  is  less  soluble  than  a-naphthyl  sulphide. 
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WAPHTHir2.ii.CETAI«II>E  or  ACETOKrAPHTHiriiii.nEIBE,  C'H'.NH 
(C'H^O)  (Eother,  Ikut.  Clwm.  (Vc.s.  Bcr.  iv.  850  ;  Tommasi,  Compt.  rnid  Ixxvi.  12(i7). 
This  compound  is  produced  by  treating  naphthylamine  with  acetyl  ilil.niilr,  ;ML(ic 
iuihydrido,  or  glacial  acetic  acid,  most  conveniently  with  the  last  (Tommasi)  ;  l.y  in  at- 
ing  naphthylamine  with  glacial  acetic  acid  for  several  days  (Eother).  It  cryhlallises 
in  white  silky  needles  nifelting  at  152°  and  subliming  at  160°  (Tommasi) ;  melts  at 
150°  (Kother).  It  is  only  slightly  soluble  in  boiling  water,  but  dissolves  easily  in 
alcohol  and  in  dilute  acids  (Tommasi). 

Naplithylchloracetamide,  C"'H'.NH(C-H'-C10),  prepared  by  the  action  of  chloracetyl 
chloride  on  naphthylamine,  crystallises  in  colourless  silky  needles  melting  at  121°, 
soluble  in  alcohol  and  in  acetic  acid  (Tommasi). 

Bromonaphthjlacctamidc,  C'°H°Br.NH(C-H'0),  formed  by  passing  brcmiuo  tlirongli 
naphthylacetamide  suspended  in  carbon  sulphide,  is  a  heavy  amorphous  substance 
melting  at  94°.  By  boiiing  with  strong  potash-ley  it  is  converted  into  monobromo- 
uaphthylamine,  C'"H'*Br.NH- ;  and  on  converting  the  latter  into  the  corresponding 
diazo-compound,  and  heating  this  diazo-compound  with  alcohol,  a  mouobromonaphtlia- 
lene  is  obtained  which,  from  its  boiling-point  (277°),  melting  point,  and  the  crystal- 
line forms  of  its  dcriyatives,  appears  to  be  identical  with  the  bromonaphtlialene  obtained 
l)y  the  direct  action  of  bromine  upon  naphthalene  (Eother). 

Dinitronaphth/Jacetamide,  C"ff  (]S[0-)^.NH(C'^H'0),  is  precipitated  as  a  yellow  mass 
from  a  solution  of  naphthylacetamide  in  cold  fuming  nitric  acid  (Eother). 

WAPHTHyiAmiWE,  C'^ffN  =  C'lCNH-.  For  the  preparation  of  this  base 
from  nitn.iiaplif  liaih-,  IJallo  {Beut.  Chem.  Gcs.  Bcr.  iii.  288,  673)  recommends  Bechamp's 
method  ul'  n  <lii.  i  ion  with  iron  and  acetic  acid  at  a  moderate  heat,  with  this  diflference. 
hoM-cvcr,  tliat  I  In  jiiiHhict,  after  reduction,  is  to  be  supersaturated  with  soda-ley  and 
distilled  with  steam,  with  the  aid  of  good  condensation. 

For  Bottgei'"s  mode  of  preparation  with  zinc  and  hydrochloric  acid,  see  1st  Siq^pl. 
861. 

Naphthylamine,  heated  to  boiling  Avith  dry  ctl/yl  oxalate,  yields  ethyl  naphtliyl- 
oxamate  ;  but  whea  heated  to  90°  with  the  same  ether  in  presence  of  alcohol,  it  is 
converted  into  naphthylammoniuni  naphthyloxamate.  Sec  NAPHTiiYr-oxAJiic  Aciu 
(p.  848). 

Naphthylamine  Bisidphitc.  C'n'N.II'^SO^,  is  prepared  by  passing  a  stream  of  sulphur 
dioxide  into  water  containing  naphthylamine  in  suspension,  assisting  the  action  by  a 
gentle  heat  and  frequent  agitation.  The  base  then  slowly  dissolves,  and  the  solution, 
on  cooling,  leaves  the  bisulphite  in  white  rosettes  having  a  nacreous  lustre.  This  salt 
does  not  become  coloured  on  exposure  to  light  so  readily  as  other  salts  of  naphtliyla- 
mine  ;  neither  does  it  decompose  if  kept  in  the  solution  saturated  with  sulphurous  acid, 
but  if  taken  out  apd  quickly  dried,  it  gives  up  its  sulphurous  acid  and  leaves  pure 
naphthylamine.  This  decomposition  may  perhaps  alFord  an  easy  method  of  obtaining 
tlie  base  pure  and  white. 

Naphthylamine  bisulphite  unites  with  aldehydes,  forming  compounds  analogous  to 
those  of  the  aldehydes  with  the  bisulphites  of  amylamine,  phenylamine,  &c.  {Ist  Suppl. 
79,  920). 

Bcn::,>!ll-hisulph\le  of  NapMln/lnmine,  CffN.ff SO'.C'H^O,  is  formed  on  pouring 
benzoic  ald'liydr  Inloalhil  af|iir(.ns  solution  of  naphthylamine  bisulphite,  and  sepa- 
rates, on  '  i.niinL:.  in  raiiiilii  il  ;,n'(ni]«s  of  small  crystals  which,  if  dried  and  placed  in  a 
well-closi'd  vessel,  may  be  kept  for  a.  long  time  without  sensible  alteration.  It  dissolves 
in  alcohol,  but  not  in  ether  or  in  water.  This  compound,  when  gently  heated,  gives 
off  the  whole  of  its  sulphurous  acid,  leaving  a  resinous,  very  fusible  compound,  very 
soluble  in  ether,  moderately  soluble  in  absolute  alcohol,  insoluble  in  water.  The 
ethereal  solution,  mixed  witli  alcohol  of  ordinary  strength,  deposits  the  compound  as 
a  whitish-yellow  crystalline  powder  having  the  composition  C'''H'N.C'H''.  Its  form- 
ation may  be  represented  by  the  equation  : 

C'»H"N.H-SO^  -^  C'H''0  =  iWO  +  S0=  -f  C'»H'N.G'II8. 

It  does  not  unite  with  acids  or  with  platiuic  cliloride. 

Naphthylamine  bisulphite  unites  also  with  cumic,  cinnamic,  salicylic,  and  anisic 
aldehydes,  forming  crystalline  compounds  analogous  to  the  benzoic  compound  above 
described. 

With  the  aldehydes  of  the  fatty  series,  on  the  contrary,  similar  comi)ounJs  an'  not 
obtained.  Acetic  aldehyde  acts  very  strongly  on  naphthylamine  bisulpinlc  I'l-  Hlnriiii^r 
resin  of  aldehyde.  Butyric,  valeric,  and  cenanthylic  aldehydes  form  rcMiiou-,  i^anu  i- 
red  compounds,  liquid  at  first,  Init  afterwards  solidifying  to  very  frialjK-  crystalline 
masses,  very  soluble  in  ether  and  absolute  alcohol. 
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The  osnanthylic  compound  thus  obtained  gave  by  analysis  8279  and  83-2  p.c. 
carbon,  9-1  and  9-8  hycbogen,  agreeing  approximately  -with  the  formula  C"H-'N,  or 


with  a  small  quantity  of  a  sulphuretted  compound.  The  same  compound  is  formed 
-svith  separation  of  water,  -when  a  solution  of  naphthylamine  in  anhydrous  ether  is  mixed 
with  cenauthol : 


It  does  not  possess  basic  properties. 

Acetone  does  not  act  on  naphthylamine  bisulphite  (G.  Papasogli,  Qazsetta  chimica 
italiana,  iii.  304). 

Suhstitution-clcrivatives  of  Naphthylamine. 

Girard  a.  Vogt  {Bull.  Soc.  Chim.  [2],  xviii.  67)  have  obtained  several  secondary 
monamines  containing  naphthyl  by  heating  a  primary  monamine  -with  hydrochloride  of 
naphthylamine  to  280°-300°  in  a  closed  vessel  for  SO  hoiu-s. 

Phemjl-naphthylaminc,  (C«H'5)(C'<'H')NII,  is  thus  produced  from  aniline  :— 
C^H^Nff  +  C'H'Nff.HCl  =  ffN.HCl  +  (C«ff)(C"'H')NH. 
From  the  products  of  the  reaction,  the  phenyl-naphthylamine  is  isolated  by  treatment 
with  water,  which  leaves  the  base  as  an  oily  liquid  which  soon  solidifies ;  by  washing, 
pressure  between  bibulous  paper,  and  crystallisation  from  alcohol,  it  is  obtained  in 
small  crystals  fusible  at  60°,  and  soluble  in  alcohol,  benzene,  and  ether,  its  solutions 
exhibiting  dichroism;  it  distils  unchanged  at  about  315°  under  528  mm.  pressure. 

Its  hydrochloride  is  obtained  in  small  crystals  by  passing  hydrochloric  acid  gas  into 
a  solution  of  the  base  in  benzene ;  by  ebullition  of  the  benzene  liquid  it  is  mostly 
decomposed  ;  alcohol  also  partly  decomposes  it,  whilst  water  resolves  it  wholly  into 
hydrogen  chloride  and  the  free  base. 

Cresyl-naphthi/lamine,  (C'H')(C"'II')NH,  is  similarly  obtained  by  the  action  of 
toluidine  on  naphthylamine  hydrochloride  at  280°  for  36  hours  ;  it  melts  at  79°  and 
distils  at  290°  under  528  mm.  pressure,  and  at  236°  under  15  mm.  pressure.  Its  hy- 
drochloride is  obtained  by  the  same  means  as  those  used  for  phenyl-naphthylamine, 
and  is  also  decomposed  by  water. 

A  base  isomeric  with  cresyl-nayhthylamine  is  formed  by  treating  naphthylamine 
with  benzyl  chloride  in  presence  of  a  small  quantity  of  zinc-dust.  It  has  a  deep 
brown  colour,  and  is  uncrystallisable,  but  may  be  obtained  in  scales  like  those  of  potassio- 
ferric  tartrate.  With  fuming  nitric  acid  it  forms  a  yellow  nitro-derivative  (Frote  a. 
Tomniasi,  Compt.  rend.  Ixxvii.  57). 

Xylylnaphthylamine,      jj  |N,  has  not  been  obtained  solid,  but  in  the  form  of  a 

viscous  liquid,  rapidly  becoming  brown,  and  boiling  at  243°-245°  (15  mm.  bar.)  It 
is  no  doubt  a  mixture  of  isomeric  bodies,  arising  from  the  isomeric  xylenes  contained 
in  the  hydrocarbon  boiling  at  139°. 


Binaphthylamine,  C'II'IN,  prepared  by  heating  naphthylamine  hydrochloride  witli 


naphthylamine,  forms  crystals,  apparently  quadratic,  witli  truncated  edges.  It  melts 
at  113°,  and  boils  at  about  310°-315°  (15  mm.  bar.) 

N-APHTHYX,AMIWE  VXOXET.  A.  Kiolmayer  (Dingl.  polyt.  J.  cxcvi.  67) 
prepares  this  colouring  matter  for  calico-printing  by  boiling  together  456  grams  of 
stiirch,  I'l  litre  of  water,  and  118  grams  of  dry  naphthylamine  dissolved  in  Vb  litre 
of  water  and  79  grams  of  hydrochloric  acid  of  sp.  gr.  1-12,  and  adding  to  the  liquid, 
after  cooling,  13-5  grams  of  potassium  chlorate  dissolved  in  0-3  litre  of  water.  The 
printed  goods  are  hung  for  three  days  in  the  oxidising  room,  then  drawn  through  a 
soda-bath,  and  finally  through  a  soap-bath,  whereby  their  grey  colour  is  developed  into 
the  pure  violet  shade ;  this,  however,  is  much  influenced  by  the  temperature  of  the 
oxidation-room,  and  of  the  dry  rollers,  &c.  Naphthylamine  violet  does  not  appear  to 
be  tlie  final  product  of  a  chemical  process,  like  aniline-black,  but  merely  a  transition- 
stage. 

According  to  A.  Scheurer  {ibid,  cxcvii.  443),  the  dirty-grey  violet  with  which  the 
fabrics  issue  from  the  oxidising-room  is  changed  by  alkaBs  into  a  purer  violet,  par- 
tially decolorised  by  tin-salt,  and  tm-ned  grey  by  a  boiling  solution  of  tin-salt,  and  by 
sulphurous  acid.  Dilute  acetic  acid  does  not  affect  the  colour ;  potassium  chromate 
and  solution  of  chloride  of  lime  turn  it  brown.  The  oxidation  goes  on  most  regularly 
when  the  oxidising-chamber  is  kept  cold  and  contains  vapours  of  acetic  acid.  Scheurer 


which  requires  85"37  C.  and  879  N.    It  appeared  to  be  contaminated 


C'H'.HIN  +  C'H"0  =  H=0  -(-  N(C'»HO(C'H")". 
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likewise  regards  the  idolet  as  only  an  intermediate  stage  of  the  oxidation,  and  attri- 
butes the  beneficial  action  of  the  acetic  acid  to  retardation  of  the  oxidation  which  it 
effects. 

Blumer-Zweifel  (ibid,  cxcvi.  66)  produces  naphthylamine  violet  directly  on  the  fibre, 
by  printing  linen  or  cotton  stuffs  with  a  solution  containing,  in  a  litre  of  suitable 
thickening  material,  30  grams  of  naphthylamine  hydrochloride  and  15  grams  of  cuprie 
chloride  solution  of  15  B.  For  dyeing,  the  thickening  material  is  omitted,  and  the 
quantity  of  cuprio  chloride  reduced  by  a  fourth.  If  only  15  grams  of  naphthylamine 
salt  are  used  in  the  mixture,  light  shades  are  produced  ;  45  grams,  on  the  other  hand, 
produce  dark  shades.  The  printed  or  dyed  stuffs  are  left  for  two  or  three  days  in  tlie 
oxidising-ehamber  at  a  temperatiire  of  25  C,  and  the  colours  are  fixed  by  washing  with 
soap-watcr.  Alknline  baths  render  the  colour  reddish  ;  acid  baths  make  it  bluish. 

NAPHTH YS-EBIE - BIAK-IIUES,  Ci»H'»N2  =  C>»H«(NH2)2  (A.  de  Aguiar, 
Dciit.  Chan.  Gcs.  Btr.  iii.  27).  Those  bases,  a  and  0,  are  formed  by  the  action  ot 
phosphorus  iodide  on  thy  corresponding  dinitronaphthalenes.  The  dinitronaphthalone 
must  be  pulverised,  and  only  a  small  quantity  of  water  added  ;  the  reaction  then  goes 
on  quickly,  and  the  resulting  naphthylene-diamine,  which  is  almost  insoluble  in  the 
acid  liquid,  is  precipitated  in  the  form  of  small  crystals  : 

C>»H°(NO=)-  +  12HI  =  0'»H''(NH=)^  +  4ff'0  +  6P. 

The  di-hi/clriodide  of  ^-naphthylcne-diaminc,  C"'H''(NH')-.2HI,  is  not  a  very  stable 
compound.  AVhen  gently  heated  it  gives  off  hydriodic  acid,  and  is  converted  into  tlie 
mono-hydriodide.  According  to  Costa,  it  crystallises  in  the  rhombic  system,  exhibiting 
the  combination  OP.  ooPn.  coP.  coPco  .  The  crystals  are  small  prisms  with  rectangular 
base,  the  longer  sides  of  which  are  slightly  truncated  ;  they  are  transparent  with  a 
f  lint  fatty  lustre  and  white  colour  inclining  to  straw -yellow ;  cleavable  parallel  to  the 
faces  of  a  rhombic  prism.  When  well-deiined  and  neutral  thoy  dissolve  readily  in 
water,  but  the  solution  turns  red  when  lieated  and  decomposes  after  a  while.  Free 
hydriodic  acid  diminishes  the  solubility,  but  increases  the  stability  of  the  compound. 
The  salt  dissolves  freely  in  alcohol,  and  may  be  obtained,  by  evaporation  of  the  aqueous 
or  alcoholic  solution,  in  finely-developed  but  somewhat  coloured  crystals.  When  dry 
it  changes  colour  by  keeping,  or  imder  the  influence  of  light,  to  yellow  and  red,  .-11111 
finally  to  black,  but  may  for  the  most  part  bo  regenerated  by  treatment  with  hydriodic 
acid.  The  dry  salt  is  decomposed  by  heat,  giving  off  iodine  and  hydrogen  jodi<lo, 
while  a  sublimate  and  a  brown  oil  distil  over,  and  a  carbonaceous  residue  is  k-ft  be- 
hind. It  reduces  silver  and  platinum  salts.  Alkalis  form  with  it  a  whitish  precipitate 
which  becomes  coloured  in  contact  with  the  air  and  melts  to  globules  when  heated. 
Oxalic  acid  produces  no  reaction  in  cold  dilute  solutions,  but  on  evaporating  to  a  cer- 
tain degree  of  condensation,  a  red  precipitate  is  obtained  which  becomes  fiery-red  on 
exposure  to  the  air  (this  reaction  is  characteristic  of  the  j3  base).  Sulphate  of  fi-vaph- 
tkylcne-diaininc  separates,  when  a  strong  solution  of  the  preceding  salt  is  mixed  with 
sulphuric  acid,  in  small  white  crystals,  which  may  be  purified  by  washing  with  dilute 
sulphuric  acid,  then  with  alcohol  and  ether.  The  salt  is  soluble  in  watex",  and  is  pre- 
cipitated fro.m  its  solution  by  the  fixed  alkalis,  the  precipitate  redissolving  in  ammonia. 
It  is  precipitated  without  alteration  by  strong  nitric,  hydrochloric,  and  sulphuric  acid. 
Fuming  nitric  acid  blackens  the  liquid  a,nd  forms  a  black  precipitate.  Potassium  hy- 
pochlorite forms  a  blue  precipitate  turning  red  in  contact  with  the  air.  Potassium 
nitrite  forms  immediately  a  cinnabar-coloured  precipitate  insoluble  in  hot  water,  sol- 
tible  with  yellow-red  colour  in  alcohol  or  ether.  The  hydrochloride  of  fi-naphthylcne- 
diamine,  C"'H''(NH-)'^.2HC1,  may  be  prepared  by  decomposing  the  sulphate  with  barium 
chloride,  or  better  by  precipitating  the  hydriodidc  with  fuming  hydrochloric  acid,  and 
purified  by  crystallisation,  or  by  washing  with  dilute  hydrochloric  acid,  and  drying  on 
a  porous  tile.  It  is  more  stable  than  th.e  hydriodide  ;  when  heated  in  the  dry  state, 
it  gives  off  hydrogen  chloride,  and  yields  a  sublimate,  with  a  residue  of  difficultly 
combustible  charcoal.  In  other  respects  it  resembles  the  preceding  salts,  excepting 
that  potassium  hypochlorite  immediately  produces  with  it  a  black  precipitate,  and 
slight  reddening  of  the  liquid,  whereas  with  the  sulphate  this  reaction  takes  place  only 
after  acidulation  with  hydrochloric  acid. 

a-Najihthylenc-dicuuine  hydriodide  is  prepared  like  the  /8-salt,  but  crystallises  better 
from  water  lhan  from  alcohol.  In  most  of  its  properties  it  closely  resembles  the 
/3-salt.  According  to  Costa  the  crystals  are  monoclinic,  having  the  angle  of  the  inclined 
axes  equal  to  80°,  and  exhibiting  the  combination  OP  .  ooP  .  ooPcjo  .  ( c»Poo  ).  The 
crystiils  form  small  thin  tables,  appearing  under  the  microscope  as  oblique  prisms  with 
rhoiiiliic  or  rhomboi'dal  base,  the  plane  angles  of  which  differ  but  little  from  90°. 
Tliey  are  semi-transparent  and  brittle.  The  sulphafc,  prepared  like  the  B-salt,  crystal- 
lises in  tliin  white  needles.    In  its  aqueous  solution  potassium  hypochlorite  produces 
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a  fine  violet  coloration,  clianged  to  red  by  excess  of  the  reagent,  -while  red  flocks  are 
deposited.  On  addition  of  hydrochloric  acid  the  liqnid  resumes  its  former  colour ;  the 
precipitate  -which  is  then  formed  becomes  darker  on  exposure  to  the  air.  Fuming 
nitric  acid  produces  a  red  colour  ;  potassium  nitrite  produces  the  same  effect  in  dilute 
solutions,  but  in  concentrated  solutions  still  containing  crystals  it  produces  a  violet 
colour  and  a  violet  precipitate  -which  becomes  darker  on  exposure  to  the  air.  The 
hydrochloride  of  o-naphthylene-diamine  crystallises  in  prisms  and  exhibits  the  same 
reactions  as  the  sulphate,  excepting  that  it  gives  an  immediate  violet  precipitate  with 
potassium  hypochlorite  and  like-wise  -^vith  chloriue--water. 

WAPHTHVI.OXAI«XC   ACID,  0=0=  j^^*-''"^'    (Ballo,  Lent.  Chcm.  Gcs. 

Bcr.  vi.  2-17).  Ethers  of  this  acid  are  produced  by  the  action  of  ethyl  oxalate  on  uaph- 
thylamine,  the  action  being  different  according  as  it  takes  place  between  the  dry  sub- 
stances or  in  presence  of  alcohol. 

When  1  moL  of  ethyl  oxalate  is  heated  to  90°  with  1  mol.  (or  bettor  with  2  mol.) 
of  naphthylamine  and  a  little  90  jd.c.  alcohol  in  a  sealed  tube  for  two  or  three  hours, 
the  product  is  naphthylammonium  naphthyloxamate,  formed  according  to  the 
equation  : 

C^O^Ogff  ^  2c.»H'NH^  +  H^O  =  2C^W0R  +  C^O^  j  gHC'JH;^^,, . 

Naphthylammonium  naphthyloxamate  crystallises  from  alcohol,  and  bettor  from  hot 
-water,  in  dry,  fine,  white  needles,  which  melt  at  154°,  undergoing  rapid  decompositiou. 
It  is  soluble  in  chloroform,  carbon  sulphide,  and  ether.  Warm  dilute  hydrochloric 
acid  dissolves  and  decomposes  it,  setting  free  naphthyloxamic  acid.  The  aqueous 
solution  gives  with  calcium  chloride  a  precipitate  of  calcium  naphthyloxamate. 

When,  on  the  other  hand,  naphthylamine  is  heated  to  boiling  for  some  time  with 
excess  of  dry  ethyl  oxalate,  and  the  product,  after  cooling,  is  exhausted  with  boiling 
alcohol,  the  solution  thus  formeddepo-sitscrystals  of  ethyl  naphthyloxamate,  whilst 
the  undissolved  residue  consists  of  a  white  pulverulent  substance  nearly  insoluble  in 
ordinary  solvents,  melting  at  231°,  and  subliming  at  a  somewhat  higher  temperature 
in  delicate,  white,  often  iridescent,  crystals.  The  reaction  in  this  case  is  represented 
by  the  equation : 

Ethyl  naphthyloxamate  crystallises  from  alcohol  in  needles.  It  melts  at  106°.  It 
appears  to  be  insoluble  in  water,  but  dissolves  easily  in  chloroform  and  carbon  sulphide, 
sparingly  in  ether. 

Eree  naphthyloxamic  acid,  C-O"^  i.  ,  is  obtained  by  dissolving  tlie  foregoing 

naphthylammonium  salt  in  hot  weak  hydrochloric  acid,  from  which  solution  it  crystal- 
lises in  tufts  of  fine  white  needles.  It  dissolves  easily  in  alcohol,  less  freely  in  ether, 
and  with  difficulty  in  -water.  It  melts  at  180°,  undergoing  decomposition.  Its  salts 
decompose  when  heated,  evolving  vapours  which  smell  strongly  of  naphthylamine,  and 
leaving  a  residue  of  carbon.  The  2Ktassiitm  salt  is  obtained  by  dissolving  the  acid  in 
hot  solution  of  potassium  liydrate,  not  too  strong.  It  is  deposited,  on  cooling,  in 
beautiful  anhydrous  crystals.  The  haritim  salt,  obtained  by  saponifying  the  etlijl- 
compound  with  baryta-water,  is  a  white  crystalline  powder,  insoluble  in  water.  The 
calcium  salt  is  obtained  by  adding  calcium  chloride  to  a  solution  of  the  naphthyl- 
ammonium salt. 

AVlien  alcoholic  solutions  of  1  mol.  of  methyl  oxalate  and  2  mol.  of  naphthylamine 
are  mixed  at  ordinary  temperatures,  a  mass  of  crystals  is  formed  consisting,  not  of  a 
derivative  of  oxamic  acid,  but  of  naphthylamine  oxalate.  The  crystals  when 
heated  give  off  carbon  oxide  and  dioxide,  and  naphthylamine,  whilst  Zinin's  oxanapli- 
thalide  and  formamideare  produced.  The  reaction  between  methjd  oxalate  and  naph- 
thylamine is  rcpresontod  by  the  equation  : 

*^'°iocn^     sc'^ffN  +  2n'-o  =  (C'»h»n)^h=o^o^  +  2Cipoh. 

WAPHTHYIi-PHEWYIiAMINE.    See  Phenyl-Naphthylaminh  (p.  846). 
ia'APHTHYSi-PHEM"Sr3:i-GUAK'lDlWE.    See  GtJANlDINE  (p.  583). 
NAPHTHYIi-PHEIIYIi  KETONE.    See  Phenyl  Ketones. 
ITAPHTHYIi-PVRPirillC  ACID.    See  Purpuric  Acid. 
WAPHTKYL-UBETHAWB.    See  CAnnAMATES  (p.  293). 
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STARCEZXTE.    On  the  detection  of  this  alkaloid  in  chemico-legal  investigations, 
see  F.  Salomon  {Zeitschr.  anal.  Chern.  x.  454;  Chcm.  Soc.  J.  [2],  x.  331). 
3Jii.KCaTZKrE.    See  Opium  Alkaxoids. 
NATAXiOm.   The  alo'in  of  Natal  aloes  (p.  53). 

UEPHSITB.  Eecent  analyses  of  this  mineral  from  various  localities  lead  to  the 
conclusion  that  all  nephrites  consist  essentially  of  a  calcium-magnesium  silicate 
(granimatito  or  tremolito),  the  variations  in  the  analytical  results  being  due  to  the 
presence  of  small  quantities  of  other  minerals  (Follenberg,  Jahrbuch.f.  Mineralogie, 
1871,  173  ;  Kenngott,  ibid.  293;  Chcvi.  Soc.  J.  [2],  ix.  324,  673). 

SrXClCEIg.  Atomic  Weight.— Tl.  H.  Lee  (SiU.  Am.  J.  [3],  ii.  44)  has  determined 
the  atomic  weight  of  this  metal  by  the  analysis  of  its  crystalline  double  cyanides  -with 
strychnine  and  brucine.  These  compounds,  prepared  in  the  same  way  as  the  corre- 
sponding cobalt  salts  (p.  362),  have  the  formulce  Ni3Cy'=(C-''H-'=N-0^)H«  +  10H"O 
and  Ni3Cy'-(C2'H"N-0'-)H''  +  8H-0.  Six  analyses  of  the  brucine  salt  gave,  for  the 
atomic  weight  of  nickel,  numbers  between  57-79  and  58-20  ;  mean  57'98 ;  and  six 
analyses  of  the  strychnine  salt  gave  67'72-58-21  ;  mean  68-04.  The  moan  of  the  whole 
is  58-01.  or  very  nearly  58,  which  is  considerably  below  the  number  determined  by 
Eussell  {Ut  Swpi)l.  865),  viz.,  58-70. 

Occurrence. — Nickel-linnjeite,  or  Siegenite  (iv.  44),  containing  30  p.c.  nickel,  has 
been  found  in  the  mine  of  La  Motte  in  Missouri,  already  known  for  its  richness  in 
copper,  lead,  and  iron  ores. 

Beaction  of  Nickel  and  its  Oxides  with  the  Oxides  of  Carbon. — Nickel  monoxide 
heated  in  carbon  monoxide  is  reduced,  with  separation  of  carbon,  to  a  compound  whose 
proportion  of  oxygen  agrees  with  the  formula  Ni-0.  In  this  respect  nickel  acts  liko 
iron  (p.  259).  Nickel  sesquioxide  is  reduced  to  metallic  nickel,  with  separation 
of  a  large  quantity  of  carbon.  Metallic  nickel,  heated  in  carbon  monoxide,  sepa- 
rates only  a  small  quantity  of  carbon,  and  remains  for  the  most  part  unaltered.  Spongy 
metallic  nickel,  heated  for  40  minutes  to  low  redness  in  carbon  dioxide,  gave  oiF  40  c.c. 
gas,  90  p.c.  of  which  consisted  of  the  monoxide.  In  the  gases  evolved  by  the  decom- 
position of  oxalic  acid  this  kind  of  nickel  remained  unaltered  (L.  Bell,  Chcm.  News, 
sxiii.  258). 

Ecaction  ivith  Anwwnium  Sidphide. — Nickel  immersed  in  yellow  ammonium  sulphide 
combines  with  the  sulphur  and  colours  the  alkaliho  sulphide,  eventually  turning  it 
deep  black.  Cobalt,  on  the  other  hand,  is  but  very  slightly  acted  on,  even  after  several 
months'  immersion  (E.  Priwoznik,  Ann.  Ch.  Pharm.  clxiv.  46). 

Estimation  and  Separation. — On  the  estimation  of  nickel  by  electrolytic  precipita- 
tion, see  Merrick  {Chem.  News,  xxiv.  100  ;  Chem.  Soc.  J.  [2],  ix.  1091). 

The  several  methods  proposed  for  the  separation  of  nickel  from  zinc  have  been 
examined  by  Klaye  a.  Doms  {Zeitschr.  anal.  Chem.  1871,  190  ;  Chem.  Soc.  J.  [2],  ix. 
955).  They  give  the  preference  to  the  method  of  Smith  a.  Brunner  {Dingl.  pol.  J.  cl. 
369),  which  consists  in  passing  sulphuretted  hydrogen  through  a  very  dilute  solution 
of  the  two  metals  in  hydrochloric  or  nitric  acid  (1  gram  of  the  oxides  to  at  least  500 
grams  of  liquid),  nearly  saturated  with  sodium  carbonate  ;  and  when  a  largo  portion  of 
the  zinc  is  precipitated,  adding  a  few  drops  of  a  very  dilute  solution  of  sodium  acetate, 
which  precipitates  the  whole  of  the  zinc  sulphide;  filtoring  after  10-12  hours;  and 
finally  precipitating  the  nickel  with  potash  after  expelling  the  sulphuretted  hydrogen. 
Klaye  a.  Deus  observe  that  the  saturation  of  the  free  acid  in  the  solution  of  the  two 
metals  must  be  very  carefully  performed,  so  that  only  a  trace  of  free  acid  may  remain, 
as  otherwise  the  precipitation  of  the  zinc  will  not  be  complete;  care  must  also  be  taken 
to  add  only  a  very  small  quantity  of  sodium  acetate,  as  the  least  excess  of  this  salt 
gives  rise  to  precipitation  of  the  nickel  on  subsequently  passing  sulphuretted  hydrogen 
through  the  liquid. 

On  the  distinction  of  nickel  from  manganese,  zi nc  and  cobalt  by  means  of 
sodium  sulpliocyanate  and  potassium  ferrocyanide,  see  Cobalt,  p.  362. 

Elcctrolijtic  Beposition  of  Nickel. — To  precipitate  nickel  in  dense  layers  capable  of 
receiving  a  good  polish,  Isaak  Adams  {Covipt.  rend.  Ixx.  123,  137)  uses  a  bath  con- 
taining only  sulphate  or  chloride  of  nickel  and  ammonium,  and  free  from  every  trace 
of  fixed  alkalis,  as  the  presence  of  these  latter  gives  rise  to  the  formation  of  nickel 
peroxide.  According  to  E.  and  Ch.  Bocquerel,  on  the  other  hand  {ibid.  124, 137,  181), 
the  formation  of  peroxide  may  be  prevented  by  continual  addition  of  ammonia,  to  neu- 
tralise the  acid  as  fast  as  it  is  set  free  by  deposition  of  the  nickel,  in  which  case  the 
double  sulphate  of  nickel  and  potassium  will  also  give  a  dense  metallic  precipitate. 
E.  Gaiife,  on  the  contrary  {:ibid.  181),  defends  Adams's  view,  observing  that,  to  keep 
the  bath  in  a  proper  degree  of  concentration  by  means  of  an  anode  of  nickel,  it  is 
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necessary  that  only  ammonium  double  salts  be  present.  The  use  of  metallic  nickel 
as  anode  is  also  recommended  by  Jacobi  {ibid.  1386)  and  Eemington  {Dingl.  fohjt.  J. 
excv.  374). 

The  following  method  for  the  electrolytic  deposition  of  nickel  on  wrought  iron,  cast 
iron,  steel,  copper,  brass,  zinc,  and  lead  is  given  by  F.  Stolba  {Bingl.  pol.  J,  cei.  145). 
A  saturated  solution  of  zinc  chloride  is  mixed  in  any  convenient  vessel,  best  in  a  copper 
kettle,  with  about  twice  its  volume  of  water  ;  the  solution  is  heated  to  boiling,  and 
any  turbidity  that  may  arise  is  removed  hy  addition  of  hydrochloric  acid.  The  objects 
to  be  coated  with  nickel,  after  being  carefully  cleansed,  are  immersed  in  the  zinc 
solution,  and  on  adding  to  the  boiling  solution  a  little  pulverised  zinc,  they  become 
coated  with  a  thin  layer  of  zinc,  to  which  the  nickel  adheres  well.  Nickel  sul- 
phate or  potassium-nickel  sulphate  in  tlie  solid  state  or  in  solution  is  then  added  to  the 
boiling  liquid  till  it  exhibits  a  green  colour,  a  few  cuttings  of  zinc  are  added,  and  the 
boiling  is  continued.  If  care  be  taken  that  the  liquid  remains  clear,  a  closely  adher- 
ing yellow  deposit  of  nickel  is  obtained,  shining  or  dull  according  as  the  metal  surface 
on  which  it  is  deposited  is  polished  or  unpolished. 

Cobalt  may  be  precipitated  upon  metals  in  the  same  manner,  but  the  deposit  is  not 
so  beautiful  as  that  of  nickel,  and  is  more  easily  attacked  by  the  air. 

An  apparatus  for  coating  the  inside  of  metal  tubes  with  nickel  is  described  by  Towle 
{Engineering,  May  1871,  p.  369). 

Alloys.  The  following  alloys  of  nickel  have  been  analysed  by  A  Eossler  (C/<fi«. 
News,  xxi.  218). 


3. 

2 

3 

5 

6 

Copper 

.  88-00 

65'0 

43-8 

40'4 

55-0 

50-0 

Nickel  . 

.  8-75 

16-8 

15-6 

31-6 

20-0 

25-0 

Zinc 

130 

40-6 

25-4 

25-0 

2o-0 

Iron 

1-75 

3-1 

2-6 

No.  1  is  so-called  white  ccyppcr,  which  has  been  prepared  in  Suhl  for  about  100 
years.  No.  2  is  an  alloy  from  Paris  distinguished  by  its  capacity  for  polishing  and 
gilding.  Nos.  3  and  4  are  Chinese  packfongs.  No.  6  is  used  for  knife-handles,  and  6 
for  forks.  In  many  countries  alloys  cohtaining  nickel  are  used  for  small  coins.  Thus 
the  Swiss  pieces  of  20,  10,  and  5  centimes  contain  nickel  and  zinc  in  the  proportion  of 
1  :  1-25,  together  witli  copper  and  silver.  In  the  United  States  small  coins  are  used 
containing  88  p.c.  copper  to  12  p.c.  nickel. 

Small  crystals  lining  the  cavities  of  a  mass  which  had  collected  on  the  hearth  of  a 
nickel-smelting  furnace,  used  for  the  roasting  of  magnetic  pyrites  containing  2  p.c. 
nickel  and  cobalt,  were  found  by  J.  AVharton  {Sill.  Am.  J.  [2]  xlix.  365)  to  have  the 
composition  A ;  the  granular  ground-mass  had  the  composition  B. 

Cu  Ni  and  Co  Pe  S 

A.  1-85  25-22  64-10  8-00 

B.  1-74  28-20  62-50  7-60 

Some  of  the  crystals  were  cubes,  others  were  octohedi-ons  grouped  in  spikes  or  den- 
drites. 

Oxides  and  Hydrates.  According  to  H.  Teichmann  {Aim.  Ch.  Fharm.  clvi.  77) 
the  nickel  hydrate  precipitated  by  caustic  soda  from  tlie  chloride  or  sulphate,  obstin- 
ately retains  small  portions  of  acid  ;  to  obtain  the  hydrate  quite  pure  it  must  be  pre- 
cipitated from  the  nitrate  -with  caustic  soda  quite  free  from  carbonate,  and  washed  first 
with  cold  water  till  all  alkaline  reaction  has  disappeared,  then  with  ammoniacal  water, 
and  finally  with  boiling  water  to  remove  any  fixed  alkali  still  adhering  to  it. 

According  to  W.  Wernicke  {Pogg.  Ann.  cxli.  109)  nickel  peroxide  precipitated  by 
electrolysis  from  a  neutral  or  alkaline  solution,  is  a  hydrate  having  the  composition, 
Ni=0'.2H'0,  and  specific  gravity  =  2-744. 

On  the  Chromates  of  Nickel,  see  Ciieomium  (p.  335). 

Sulpbidcs  (K.  Liebe,  Jahrbuchf.  Mineralogie,  1871,  840). — Two  sulphides  of  nickel 
have  lately  been  obtained  from  a  mine  in  the  Westerwald,  viz.  millerite,  or  capillary 
pyrites,  NiS  (iv.  42),  and  beyrichite,  a  mineral  not  previously  known. 

Beyrichite  forms  radiate  groups  of  macled  crystals,  made  up  of  prisms  about  70  mm. 
long  and  8  mm.  thick,  some  of  which  have  a  helico'idal  curvature.  The  prismatic 
groups  have  mostly  a  single  end-face,  inclined  at  81°  to  the  vertical  axis.  A  second 
but  somewhat  rarely  occurring  end-face,  forms  with  the  first  a  dome-like  combination, 
■with  an  angle  of  144°,  corresponding  with  the  angle  of  the  terminal  edges  of  millerite. 
Cleavage  moderately  distinct,  parallel  to  the  first-mentioned  end-face. 

The  mineral  belongs  to  the  family  of  the  glances  rather  than  to  that  of  the  pyrites. 
It  is  very  tough,  but  moderately  impressionable  to  the  point  of  a  knife.  Hardness 
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aLout  3-2  to  3-3.  Sp.  gr.  4-'.  Coloiir,  red-grey,  with  faint  metallic  lustre,  stronger 
on  the  oleavage-faces.  When  heated  in  a  tube,  it  decrepitates,  and  at  a  dull  red  heat, 
gives  off  sulphur,  without  fusion,  and  is  thereby  converted  into  a  pyrites,  having  a 
dark  pinchbeck-brown  tarnish  on  the  surface,  speiss-yellow  to  brass-yellow  internally, 
harder  and  more  brittle  than  the  original  mineral.  On  charcoal,  beyrichite  melts 
easily  and  quietly,  with  evolution  of  sulphurous  acid,  to  a  strongly  magnetic  bead,  having 
a  brass-yellow  colour  internally.  It  gives  the  nickel  reaction  with  boras  and  phos- 
phorus salt,  and  dissolves  easily  in  hydrochloric  acid,  especially  on  addition  of  nitric 
acid,  forming  an  emerald-green  solution.  Pure  specimens  yield  by  analysis  42-86  p.c. 
sulphur,  2-70  iron,  and  54'23  nickel.  If  the  iron  be  supposed  to  replace  an  equivalent 
quantity  of  nickel,  these  numbers  lead  to  the  formula  Ni^S'  or  3NiS.2NiS-  (calc.  43-21 
S,  and  56-70  Ni).  The  presence  of  the  iron  may,  however,  be  due  to  the  admixture  of 
iron  pyrites,  and  in  that  case  the  composition  of  beyrichite  may  be  represented  by  the 
formula  2NiS.NiS2. 

The  crystals  of  beyrichite  are  coated  by  millerite  in  extremely  thin  yellow  laminae, 
or  more  rarely  in  dendritic  or  thin  crystalline  forms,  often  penetrating  them  in  the 
direction  of  the  cleavage-planes,  in  the  form  of  sharply  separated  lamellae,  sometimes 
to  the  complete  displacement  of  the  beyrichite.  The  millerite  has  a  sp.  gr.  of  5-7  to 
5-9,  hardness  between  3-6  and  3-8,  and  contains  35-27  p.c  S,  1-16  Fe,  and  63-41  Ni. 

Bejrichite,  as  appears  from  the  facility  with  which  it  gives  off  sulphur  when  heated, 
is  very  easily  converted  into  millerite,  a  circumstance  which  may  perhaps  account  for 
the  great  variations  in  the  statements  respecting  the  specific  gravity  aud  other  proper- 
ties of  the  latter  (i.  42).  Those  diversities  may  be  due  either  to  the  presence  of  beyri- 
chite enclosed  in  the  capillary  pyrites,  or  to  the  different  conditions  imder  which  the 
transformation  of  beyrichite  into  millerite  takes  place.  Beyrichite  is,  in  fact,  converted 
into  millerite  by  taking  up  nickel  from  the  vein-water,  and  the  more  compact  and  less 
porous  the  structure  of  the  beyrichite,  the  denser  and  heavier  wall  be  the  millerite 
formed  from  it. 

Nickd-gymnite  or  Gentkitc. — This  mineral  -was  originally  found  as  a  yellow-green 
incrustation  on  chrome-iron  ore  at  Texas,  Lancaster  Co.,  Pennsylvania,  and  was  ex- 
amined by  Gonth  {Kenngoti' s  Uehersicht,  1852,  45),  wlio  founcl  it  to  have  a  sp.  gT.  of 
2-409,  and  to  contain — 

SiO'  NiO  MgO         FcO  CaO  IPO 

35-36       30-64       14-60       0-24       0-26       19  09  =  100-19 

agreeing  approximately  with  the  formula — 

2(NiO.MgO).3Si02  +  6H=0. 

A  different  composition  has  been  deduced  by  P.  F.  Dunnington  {Chein.  News,  xxv. 
290)  from  the  analysis  of  a  specimen  from  the  neighbourhood  of  Webster  (sp.  gr.  2-48), 
which  gave — 

SiO^  NiO         MgO  FeO  IPO 

49-89       22-35       16  60       0  06       12-36  =  101-26 

numbers  which  are  most  nearly  represented  by  the  formula — 

(NiO.MgO).S102  -1- 

WICOTSStffE,  C^H'N.  Occurrence  in  Tobacco. — According  to  Vohl  a.  Eulenberg 
(Arch.  Pharm.  [2],  cxlvii.  130;  Chem.  Soc.  J.  [2],  ix.  1075),  snuff  contains  not  more 
than  0-0392  to  0  062  p.c.  nicotine.  The  strongest  tobacco  for  chewing  was  found  to 
contain  only  a  trace,  and  other  specimens  none  at  all,  so  that  nothing  like  nicotine- 
poisoning  can  result  from  the  use  of  such  tobacco.  Vohl  a.  Eulenberg  also  confirm 
the  observations  of  Zeiso,  made  in  1843,  that  nicotine  is  not  present  in  the  smoke  of 
tobacco  (see  Tobacco). 

Double  salts  of  nicotine  with  zinc  chloride  and  cadmium  chloride  liavo  been  pre- 
pared by  H.  Vohl  (J.  pr.  Chcm.  [2],  ii.331).  The  Hnc  salt,  (C^H'N.HCl)-.ZnOl-  + 
4H-'0,  is  obtained  by  mixing  a  neutral  alcoholic  solution  of  zinc  chloride  with  ,  an 
alcoholic  solution  of  nicotine,  and  dissolving  the  lorecipitato  in  hydrochloric  acid,  avoid- 
ing an  excess.  The  salt  is  then  deposited  in  shining  tables  or  prisms,  and  may  bo 
advantageously  recrysfcillised  from  boiling  alcohol  of  80  p.c.  It  is  permanent  in  the  air, 
easily  soluble  in  water,  almost  insoluble  in  absolute  alcohol  and  in  ether,  smells  faintly 
of  nicotine,  and  has  a  faint  acid  reaction.-  When  left  over  sulphuric  acid,  or  heated 
to  100°,  it  gives  oif  all  its  water  of  crystallisation;  in  the  latter  case  also  part  of  its 
nicotine.  The  cadmium  salt,  (CTI'N.HCl)2.CdCl-  +  2H-0,  prepared  like  the  zinc- 
salt,  crystallises  in  beautiful  concentric  groups  of  needles  and  prisms.  It  is  easily 
soluhle  in  water  and  in  alcohol  of  80  p.c,  insoluble  in  other ;  gradually  turns  brown 
when  exposed  to  the  air. 

3  I  2 
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NIGELLA— NITROGEN". 


»rXC£Z.Z.A.  SSSSS  or  5X.ACK  CUMIWIW.  The  seeds  of  Nigclla  saliva,  a 
raniinculaceous  plant  growing  on  the  Mediterranean  coasts,  and  in  Egypt,  Trans-Cau- 
casia, and  India,  were  found  by  Reinscli,  in  1841,  to  yield  35'8  p.c.  of  fat  oil,  0-8  p.e.  of 
volatilij  oil,  and  only  0-6  p.c.  of  ash.  He  gave  the  name  of  Nigetlin  to  a  bitter  extract 
resembling  turpentine,  yet  soluble  in  water  as  well  as  in  alcohol,  though  not  in  etlier. 

By  submitting  25  lbs.  of  fresh  seed  to  distillation,  Fliiekiger  (Pharm.  J.  Trans.  [2], 
ii.  161)  has  obtained  a  nearly  colourless  essential  oil  in  even  smaller  quantity  thau 
Keinsch.  It  has  a  slight  odour,  somewhat  resembling  that  of  parsley  oil,  with  a  mag- 
nificent bluish  fluorescence,  as  already  remarked  by  Reinsch.  In  a  column  60  mm. 
long  this  oil  deviates  the  ray  of  polarised  light  9  8'^  to  the  left.  Its  specific  gravity 
is  0-8909.  The  chief  part  of  it,  when  distilled  with  chloride  of  calcium  in  a  current 
of  dry  carbonic  acid,  comes  over  at  256°.  It  contains :  carbon  83-3,  and  hydrogen 
11 '8  p.c,  corresponding  with  the  formula  2C"'II'^.H"0. 

The  residual  portion,  which  was  almost  entirely  devoid  of  rotatoiy  power,  yielded 
carbon  87"89,  and  hydrogen  11*72  p.c,  after  having  been  rectified  by  means  of  sodium. 
This  part  of  the  oil  consequently  belongs  to  the  terebenes  C"'II'". 

The  fat  oil,  extracted  by  means  of  boiling  ether  from  seed  grown  in  Germany,  pre- 
viously finely  powdered  (necessarily  including  some  essential  oil  which  imparted  to 
the  other  its  fluorescence)  amounted  to  25'6  p.c.  It  is  a  fluid  fat  whicli  does  not  con- 
geal at  15°;  it  was  found  to  consist  chiefly  of  olein,  besides  which  it  yielded  a  consider- 
able amount  of  a  solid  fatty  acid,  the  crystals  of  which,  after  reiterated  puriflcation, 
melted  at  55°.  The  melting  point  did  not  rise  by  recrystallisation,  the  acid  being 
probably  a  mixture  of  palmitic  and  myristic  acids. 

Nigella  seeds,  powdered  and  dried  over  sulphiiric  acid,  yielded  3"3'195  p.c.  of  nitro- 
gen, answering  to  about  2H  p.c.  of  albuminous  matter. 

It  is  stated  in  the  Pharmacopceia  of  India  that  Nigella  seeds  are  carminative,  and 
they  were  formerly  so  regarded  in  Europe.  In  the  East  generally  they  are  used  as  a 
condiment  to  food,  and  in  Greece,  Turkey,  and  Egypt  they  are  frequently  strewed 
over  the  surface  of  bread  and  cakes  in  the  same  manner  as  anise  or  sesame.  The  fixed 
oil  of  the  seeds  is  also  expressed  for  use. 


ITXCrHTSHASB.  On  the  variations  in  the  quantity  of  atropine  in  the  leaves  and 
root  of  the  Deadly  Nightshade  in  different  seasons,  see  Ateopa  (p.  117). 

TSXIJT.  This  name  is  given  to  the  fatty  product  of  an  insect  found  in  Yucatan.  It 
is  a  yellowish-brown  fatty  mass,  which  has  a  neutral  reaction,  absorbs  oxygen  from 
the  .air,  melts  at  48"9°,  and  resolidifies  between  26"7°  and  24'9°  ;  dissolves  easily  in 
ether,  benzene,  chloroform,  and  oil  of  turpentine,  but  is  insoluble  in  alcohol;  saponifies 
with  difficulty,  yielding  a  pungent-smelling  acid  called  niic  acid,  and  a  volatile  oil, 
together  with  palmitic  and  stearic  acids.  Ammonia  colours  it  red.  Its  solution  in 
turpentine-oil  is  converted,  by  exposure  to  the  air,  into  a  resinous  syrup  (A,  Schott, 
Chem.  News,  xxii.  1 1 0). 

HZOBEVM.  Elaborate  investigations  of  the  composition  of  natural  niobates  and 
tantalates  have  been  published  by  Rammelsberg  (see  Tantalates). 

For  E.  Hermann's  investigations  on  the  compounds  of  niobium  and  the  supposed 
element  ilmcnium,  and  the  method  of  separating  the  two,  see  J.  fr.  Chem.  [2],  iii.  373, 
iv.  178  ;  Bull.  Soc.  Chim.  [2],  xvi.  256;  Jahresb.f.  Chem.  1871,  287-292. 

yjITROCAKBOL.    Syn.  with  Niteomethane. 

irXTRO-COMPOUITDS  OF  THE  FATTY  SSRXES.  See  Niteopaeaffins, 
under  Paeaffin. 

STXTKOCrEir.  On  the  quantivalence  of  this  element,  see  Sestini  (Cimento,  1871- 
72,  p.  274  ;  Chen..  Soc.  J.  [2],  x.  962). 

On  the  constitution  of  the  Pentatomic  Compounds  of  Nitrogen,  see  Blomstrand 
(J.  fr.  Chem.  [2],  iii.  186). 

Preparation. — Pure  nitrogen  may  be  obtained  from  atmospheric  air  by  introducing 
into  a  flask  of  10  to  14  litres  capacity  about  200  grams  of  copper-turnings  free  from 
other  metals,  and  partly  covering  them  with  aqueous  ammonia,  the  flask  being  then 
closed  by  a  cork  fitted  with  a  safety-tube  and  a  gas  delivery-tube  stopped  at  the  end 
with  a  caoutchouc-cap.  If  the  fiask  be  shaken  from  time  to  time,  the  whole  of  the 
oxygen,  even  that  which  may  enter  by  the  safety-tube  in  consequence  of  changes  of 
atmospheric  pressure,  will  be  completely  absorbed  in  a  day  or  two.  The  nitrogen  may 
then  be  transferred  to  another  vessel  by  pouring  in  water  previously  freed  from  oxygen 
by  means  of  copper  and  ammonia,  and  washed  with  strong  sulphui'ic  acid  (Berthelot, 


Bull.  Soc.  Chim.  [2],  xiii.  314). 

N-ITROCBlff  OXZSES.  IHonoxide,  N-0.  T.  Wills  {Chem.  Soc.  J.  [2],  xii. 
21)  has  succeeded  in  solidifying  this  compound  by  means  of  the  cold  arising  from  its 
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own  evaporation  wlicn  in  tlio  liquid  state,  tlio  evaporation  being  aided  by  a  strong 
current  of  air.  A  very  fine  steel  tube  is  directed  into  the  axis  of  a  thin  brass  cone, 
having  a  small  opening,  about  the  eighth  of  an  inch  at  its  apex.  On  causing  a  stream 
of  the  liquid  to  issue  from  the  jet,  it  is  retained  in  the  cone  for  a  moment,  and  then 
forcibly  blown  out  at  the  apex,  together  with  a  strong  stream  of  air.  The  solid  is  in 
this  way  formed  in  some  quantity,  and  may  be  collected  in  a  dish  lined  with  filter- 
paper,  or  other  suitable  vessel. 

The  appearance  of  the  solid  is  more  compact  than  that  of  the  well-known  carbonic 
snow,  probably  because  larger  particles  of  the  liquid  are  frozen,  this  freezing  taking 
place  with  carbonic  acid  immediately  the  jet  of  liquid  leaves  the  tube,  and  while  it  is 
j'et  in  the  state  of  fine  spray,  but  in  tlie  case  of  nitrogen  monoxide,  only  after  it  has 
to  some  extent  been  collected  into  larger  drops.  Unlike  solid  carbonic  acid,  nitrogen 
monoxide  will  melt  and  boil,  if  gently  warmed  before  assuming  the  gaseous  condition. 
Hence,  if  touched  witli  tlie  fingers,  or  placed  in  contact  with  the  skin,  it  melts,  produc- 
ing a  painful  blister.  The  temperature  of  its  freezing  or  melting  point  is  — 120°  F., 
or  —99°  C,  as  observed  -with  an  alcohol  thermometer.  The  boiling  point,  usually  said 
to  be  -88°  C,  seems  to  be  really  -109°  F.  or  -92°  C.  The  proximity  of  the  boil- 
ing and  freezing  points  renders  it  possible  to  freeze  the  liquid  by  simply  blowing  a 
stream  of  air  through  it. 

The  specific  gravity  of  liquid  nitrogen  monoxide  is  about  0'9004  ;  it  is  not  miscible 
with  water. 

Salts  nf  Nitrogen  Monoxide,  NOM  or  N-O.M-'O.  Hyponitrites  (Divers, 
Proc.  Boy.  Soc.  xix.  425). — When  a  solution  of  nitrate  of  sodium  or  other  alkali-metal 
is  mixed  with  a  quantity  of  sodium-amalgam,  more  than  sufficient  to  reduce  it  to 
nitrite,  red  vapours  are  produced  with  etfervescence.  If  the  liquid  be  then  cooled  and 
more  of  the  amalgam  added  very  gradually,  the  evolution  of  rod  vapours  recommences 
briskly  after  2  atoms  of  sodium  have  been  added,  and  ceases  after  the  addition  of  4  atoms 
of  sodium.  The  liquid  then  contains,  though  in  comparatively  small  quantity,  a  hypo- 
nitrite  of  sodium.  The  corresponding  silver  salt,  NOAg  or  Ag-O.N-0,  is  prepared  by 
neutralising  -with  acetic  acid,  precipitating  with  silver  nitrate,  washing  the  yellow  pre- 
cipitate, and  drying  at  100°.    If  tlic  pir.  i]iii,iti'  .should  bo  black,  as  sometimes  arises 

from  the  presence  of  a  body  fornii  j  I'l       ilir  sodium,  rock-oil,  and  silver  acetate,  it 

may  be  purified  by  dissolving  it,  after  w.ishiiig,  in  very  weak  nitric  acid,  filtering  care- 
fully, adding  ammonia  to  alkaline  reaction,  and  then  adding  acetic  acid. 

The  precipitate  is  stable  at  temperatures  a  little  above  100°  and  nearly  as  difficult 
of  solution  in  water  as  silver  chloride.  It  is  not  affected  by  light,  is  insoiuble  in  acetic 
acid,  but  soluble  in  ammonia  and  in  dilute  sulpliuric  and  nitric  acids,  and  may  bo 
separated  unaltered  from  these  solutions.  Strong  nitric  acid  oxidises  it  immediately 
with  evolution  of  red  vapours  ;  moderately  concentrated  acids  decompose  it,  with  for- 
mation of  nitrogen,  nitrous  acid,  and  nitric  acid.  It  is  also  decomposed  by  soluble 
chlorides  and  by  hydrogen  sulphide. 

The  original  solution  of  the  sodium  hj'ponitritc,  mixed  with  acetic  acid  till  silver 
nitrate  no  longer  forms  with  it  a  brown  precipitate,  gives  insoluble  precipitates  with 
most  metals.  With  potassium  iodide  it  gives  no  scnsil.ilo  reaction,  hut  a  solution  con- 
taining free  iodine  is  immediately  decolorised  by  it,  lioth  in  neutral  and  in  acid  solution. 
Heated  with  acetic  acid  it  gives  off  nitrogen  monoxide  : 

2N0H  =  ffO  +  N=0. 

Trioxide  or  ETitrous  Aniiydride,  'S-0'.  This  oxide  is  formed  by  the  direct 
combination  of  nitrogen  dioxide  and  oxygen  in  the  proportion  Ijy  volume  of  4  :  1 
(  =  N'-O-  :  0),  also  by  the  combination  of  the  dioxide  and  tetroxide  when  the  two 
gases  in  equal  volumes  (NO  :  NO^)  are  passed  through  a  red-hot  tube.  The  latter  is 
indeed  a  very  convenient  method  of  preparing  the  pure  trioxide,  which,  as  thus  ob- 
tained, is  a  liquid  having  at  ordinary  temperatures  a  dark  blue  colour,  changing  at 
—  10°  to  a  splendid  indigo-blue  ;  it  does  not  solidify  at  —30°  (Hasenbach,  J.  pr.  Chcm. 
[2],  iv.  1). 

Nitrogen  trioxide  may  also  be  prepared  by  decomposing  the  so-called  lead-chamber 
crystals  with  water.  To  prepare  a  concentrated  solution  of  these  crystals,  dry  sul- 
phurous anhydride  is  passed  into  well-cooled  fuming  nitric  acid,  till  the  liquid  becomes 
oily  and  evolves  much  gas  on  the  addition  of  water.  This  solution  is  placed  in  a  flask 
provided  with  a  double-bored  cork,  dropping  funnel,  &c.,  and  the  current  of  gas  is 
regulated  by  the  quantity  of  water  added  (H.  Streiff,  JJcut.  (jhem.  Gcs.  Bcr.  v.  286). 

Reactions. — 1.  The  reaction  of  nitrous  anhydride  with  wafer  varies  according  to  the 
proportion  in  which  the  two  are  mixed.  With  a  relatively  small  quantity  of  water, 
nitrous  anhydride,  or  the  compound  2S0^N-0^H-'0,  gives  nitric  acid  and  absolutely 
pure  nitrogen  dioxide.    In  a  large  excess  of  cold  water,  on  the  other  hand,  nitrou.'i 
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anhydride  dissolves  -witliout  decomposition.  The  solution  thus  formed  may  he  kept 
unaltered  for  several  days,  and  when  boiled  gives  off,  though  not  immediately,  tri- 
and  dioxide  of  nitrogen.  2.  When  indiiFerent  pulverulent  bodies,  such  as  sand, 
gypsum,  and  especially  charcoal,  are  introduced  into  the  solution  of  nitrous  acid,  it  is 
immediately  decomposed  into  nitric  acid  and  nitrogen  dioxide.  Nitrous  acid  is  a  strong 
reducing  agent,  and  acts  in  this  manner  on  auric  chloride  and  potassium  permanga- 
nate. 3.  Sulphicroics  acid  forms  with  nitrous  acid  at  ordinary  temperatures  several 
nitrosulphuric  acids ;  when  heated  it  yields  the  products  of  decomposition  of  these 
acids — viz.,  nitrogen  dioxide,  ammonia,  and  even  nitrogen  monoxide.  The  action  of 
sulphurous  acid  on  the  compound  of  nitrous  acid  and  sulphuric  acid  gives  rise  to  the 
evolution  of  a  large  quantity  of  nitrogen  dioxide.  When  the  mixed  solution  of  sul- 
phurous and  nitrous  acid  is  warmed,  nitrogen  monoxide  is  evolved,  wherein,  according 
to  Fremy,  may  perhaps  be  found  the  cause  of  the  groat  loss  of  nitric  acid  which  takes 
place  in  the  manufacture  of  sulphuric  acid ;  in  fact,  nitric  acid  when  heased  with  sul- 
phurous acid  likewise  gives  off  nitrogen  monoxide.  By  many  reducing  agents,  nitrous 
acid,  nitric  acid,  and  their  salts  are  reduced,  with  formation  of  ammonia  and  a  small 
quantity  of  hydroxylamine,  NH'O  (Fremy,  Compt.  rend.  Ixx.  61). 

Detection  and  Estimation  of  Nitrous  Acid. — The  following  modes  of  detection  are  given 
by  Chatard  {Cliem.  News,  xxiv.  225).  1.  The  liquid  to  be  tested  for  nitrous  acid  is 
mixed  with  potassium  ferrocyanide  and  acetic  acid  and  boiled,  then  left  to  cool  and 
treated  with  ammonium  sulphide ;  if  nitrous  acid  is  present  tlie  liquid  turns  blue. 
2.  The  liquid  to  be  tested  is  evaporated  nearly  to  dryness  and  the  residue  triturated 
with  two  drops  of  solution  of  aniline  sulphate,  whereupon,  if  nitrous  acid  is  present, 
a  distinct  odour  of  phenol  is  emitted.  This  reaction  is  regarded  by  Chatard  as 
the  most  delicate  of  all  tests  for  nitrous  acid  ;  moreover  it  affords  a  certain  distinctioii 
between  nitrous  and  nitric  acid,  which  latter  gives  with  aniline  only  a  yellow  colora- 
tion, but  no  odour  of  phenol. 

3.  For  the  detection  of  nitrous  acid  in  spring,  rain,  and  river  water,  P.  Griess  {Ann. 
C'kim.  Phi/s.  cliv.  333)  uses  a  solution  of  diamidobenzoic  sulphate  (iv.  294),  which,  with 
a  large  quantity  of  nitrous  acid,  produces  a  brown-red  amorphous  precipitate  ;  witli  a 
small  quantity,  a  more  or  less  strong  yellow  coloration.  This  reaction  is  capable  of  in- 
dicating the  presence  of  1  pt.  nitrous  acid  in  6,000,000  parts  of  water,  i.e.  of  i  milli- 
gram in  a  litre.  For  quantitative  estimation  an  aqueous  solution  of  nitrous  acid  of  known 
strength  is  added  to  a  solution  of  diamidobenzoic  acid  till  a  shade  of  colour  is  produced 
identical  with  that  which  is  developed  by  the  same  solution  in  the  liquid  under  exami- 
nation. For  this  estimation  the  following  liquids  are  required:  (1).  A  solution  of 
diamidobenzoic  sulphate  saturated  in  the  cold;  if  coloured  it  must,  before  use,  be 
treated  with  animal  charcoal.  (2).  A  normal  solution  of  silver  nitrite  prepared  by 
dissolving  0'328  gram  of  the  salt  in  a  litre  of  water;  each  cubic  centimeter  of  this 
solution  is  equivalent  to  i  milligram  nitrous  acid.  (3).  Colourless  sulphuric  acid 
free  from  nitric  iicid.    (4).  Perfectly  colourless  distilled  water. 

The  water  to  be  examined  must,  if  coloured,  be  decolorised  by  addition  of  a  few 
drops  of  aluminium  sulphate  solution,  and  subsequent  addition  of  sodium  carbonate  ; 
the  precipitate  thereby  formed  does  not  carry  nitrous  acid  down  with  it.  After  the 
water  thua  decolorised  has  been  passed  through  a  filter  previously  freed  from  adhering 
nitrous  acid  by  washing  with  water  containing  sulphuric  acid,  a  tall  glass  cylinder 
about  an  inch  in  diameter  is  filled  with  it  to  a  mark  of  100  c.c,  about  i  c.c.  solution 
of  diamidobenzoic  acid  solution  is  added,  together  with  a  few  drops  of  sulphuric  acid, 
and  the  liquid  is  left  at  rest  for  about  a  quarter  of  an  horn,  by  which  time  the  colour 
is  fully  developed.  A  second  cylinder  of  the  same  diameter  is  then  filled  to  the 
mark  of  100  c.c.  with  distilled  water,  diamidobenzoic  and  sulphuric  acid  added  as 
before,  and  then  a  quantity  of  the  normal  solution  of  silver  nitrite  sufficient  to  produce 
the  same  depth  of  colour  as  in  the  first  cylinder.  The  colours  of  the  two  liquids  must 
bo  compared  together  after  a  quarter  of  an  hour,  best  near  a  window.  The  quantity 
of  the  normal  solution  of  nitrous  acid  used  gives  directly  the  amount  of  nitrous  acid 
in  the  water  under  examination. 

Respecting  the  estimation  of  nitrous  acid  in  nitrous  sulphuric  acid,  see  G.  E.  Davies 
{Chem.  News,  xxiv.  267,  xxv.  26  ;  Chem.  Soc.  J.  [2],  x.  173),  and  W.  Crowder  {Chcm. 
News,  xxiv.  237  and  240 ;  Chem.  Soc.  J.  [2],  x.  174). 

XTitrites.  Ammonium  nitrite. — On  the  simultaneous  formation  of  ammonium 
nitrite,  hydrogen  dioxide,  and  ozone,  in  the  combustion  of  hydrogen  in  the  air,  see 
HVDEOGEN  (p.  660). 

Cobalt  nitrites  (S.  P.  Sadtler,  Sill.  Am.  J.  [2],  xlix.  189).— Erdmann  found  that 
when  cobalt  salts  are  precipitated  by  potassium  nitrite,  various  products  are  formed 
accordingly  as  the  cobalt  solution  is  acid  or  neutral,  and  that  the  '  neutral  salt,' 
3CoK-(NO^)*  H-  H-0,  is  likewise  formed  in  an  atmosphere  of  carbon  dioxide  (J.  pr. 
Chem.  xcvii.  385).    The  salt  examined  by  Sadtler  was  prepared  by  mixing  a  sohition 
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of  cobalt  cliloride,  strongly  acidulated  witli  acetic  acid,  witli  a  concentrated  solution 
of  potassium  nitrite.  This  salt,  after  washing  with  potassium  acetate  and  then  with 
alcohol,  has  the  composition  of  tripotassio-cobaltic  nitrite,  Co'-0'.3N''0'  + 
3(K20.N20^),  or  Co'^(NO-)«.6KNO^  According  to  the  concentration  of  the  solutions 
emploj'ed,  it  contains  4,  3,  2,  1  mol.  H'-O,  or  is  anhydrous,  the  colour  varying  at  the 
same  time  from  light  yellow  to  dark  greenish-yellow.  Hence  it  appears  that  mixtures 
of  salts  containing  different  amounts  of  crystallisation-water  are  very  apt  to  form,  so 
that  it  is  difRcult  to  give  a  definite  process  for  the  preparation  of  either  of  them. 

When  a  solution  of  cobalt  chloride,  kept  constantly  acid  with  acetic  acid,  is  mixed 
with  sodium  nitrite,  brown  disodi ocobalti c  nitrite,  CoXN02)°.4NaN02  +  H^O, 
is  precipitated,  and  on  further  addition  of  sodium  nitrite,  yellow  tri  sodiocobaltic 
nitrite,  Co=(NO=)^6NaNO-  -I-  H'-O.  The  solution  of  the  latter  salt  yields,  on  addi- 
tion of  luteo-cobaltic  chloride,  a  crystalline  yellow  salt,  in  whicli  the  sodium  is  replaced 
by  luteo-cobalt,  giving  the  formula  Go-(NO-y  +  Co-.12NH^(NO-)«  +  H=0.  In  like 
manner  are  obtained  the  corresponding  roseo-cobaltic  salt,  Co''(NO-)''  -f  Co'.lO(NH^). 
(NO-)"  +  H-0,  and  a  xantho-cobaltic  salt  not  yet  analysed.  The  ammonium  salts 
corresponding  with  thesodium  salts,  viz.  diammonio-cobaltic  nitrite,  Co-CNO-)". 
4(NH')NO-  +  2H-0,  andtriammonio-cobaltic  nitrite,  Co^(N02)8.6(NH^)NO'^  + 
2H^0,  have  also  been  prepared ;  but  the  conditions  of  their  formation  have  not  been 
determined  further  than  that  the  formation  of  the  triammonium  salt  is  favoured  by  the 
use  of  concentrated  solutions. 

The  addition  of  potassium  nitrite  to  a  warm  dilute  neutral  solution  of  cobaltoiis  chlo- 
ride produces  first  a  black  or  green  precipitate  of  potassio-dicobaltous  nitrite, 
2Co(NO=)2.2KN()'''  +  H=0,  and  afterwards  a  yellow  slightly  crystalline  or  amorphous 
precipitate  of  potassio-monocobaltous  nitrite,  Co(NO-f .2KN0-  +  H=0. 

Eespecting  the  Nitrites  of  Platinum-bases,  see  Platinum-bases,  Ammoniacal. 

Silver  nitrite,  AgNO=,  heated  m  an  open  crucible  ora  watch-glass,  is  decomposed 
according  to  the  equation- — 

3AgN0=  =  N=0^  +  Ag„  -1-  AgNO^ 
in  a  well-covered  crucible,  on  the  contrary,  tho  decomposition  tikes  place  in  the  man- 
ner represented  by  the  equation — ■ 

2AgN0^  =  NO  -1-  Ag  +  AgNOl 
And,  lastly,  when  the  salt  is  heated  for  a  long  time  to  98°-140°  in  dry  air,  or  in 
aqueous  vapour,  it  is  decomposed  almost  completely,  according  to  the  equation — 

AgNO^  =  Ag  +  N0= 
(Divers,  Chem.  Soc.  J.  [2],  ix.  8o). 

Tetroxide,  NO"  or  N^O^    This  oxido  is  produced  by  the  action  of  nitryl  chloride 

on  silver  nitrite  : 

NO^Cl  +  l^^O  =  AgCl  -1-  JJJ'j.O. 
Tliis  reaction  tends  to  the  conclusion  that  the  rational  formula  of  the  tetroxlde  is 
^q'I  0  (A.  Exner,  C'/icm.  Centr.  1872,  273). 

Nitrogen  tetroxido  is  also  formed  by  the  direct  combination  of  oxygen  with  the 
trioxide,  which  is  easily  effected  by  passing  a  stream  of  oxygen  or  air  into  the  mixture 
of  nitrogen  trioxide  and  tetroxide  evolved  by  the  action  of  fuming  nitric  acid  on 
arsenious  acid.  The  liquid  tetroxide  tlius  obtained  is  pure  enough  for  most  purposes 
after  one  rectification  (Hasenbacli,  J.  fr.  Clicm.  [2].  iv.  ]). 

Bcactions. — 1.  Nitrogen  tetroxide  unites  at  high  temperatures  with  the  dioxide, 
producing  the  trioxide:  NO''  -t-  NO  =  N-0^  (p.  853).  This  seems  to  show  that  the 
molecule  of  the  tetroxido  at  ordinary  temperatures  contains  N-0*,  and  that  it  is  split  up 
at  higli  temperatures  into  2  molecules  of  NO-.  At  comparatively  low  temperatures  the 
affinity  of  the  dioxide  for  the  group  NO-  does  not  appear  to  be  strong  enough  to  split 
up  the  molecule  N=0* ;  but  as  soon  as  this  separation  is  effected  by  the  action  of  heat, 
the  NO-  thus  set  free  unites  with  NO,  producing  N-0'. 

In  like  manner,  the  combination  of  NO^  with  01,  Br,  and  Cy,  maybe  effected  by  the 
action  of  chlorine,  &c.  on  the  heated  tetroxide.  Nitryl  chloride,  NO'Cl,  is  easily 
obtained  in  this  manner.  The  bromide  is  formed  in  like  manner,  but  is  partly  re- 
solved into  its  constituents  by  distillation  ;  the  iodide  is  not  formed  by  the  action  of 
iodine  on  the  heated  tetroxide.  By  passing  cyanogen  and  nitrogen  tetroxide  through  a 
red-hot  tube,  white  silky  needles  are  obtained,  which  explode  with  fearful  violence  with- 
out any  assignable  cause,  even  at  low  temperatures  ;  in  consequence  of  this,  their  com- 
position could  not  be  determined,  but  they  probably  consist  of  u  i  t  r  y  1  c  y  a  n  i  d  e,  NO'Cy. 
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Nitrogen  tetroxide  acts  on  siilphimc  anhydride,  forming  the  compound  N-O'SO'. 

With  sulphurous  anhydride,  nitrogen  tetroxide  unites  to  a  white  solid  mass,  probably 
having  th-e  composition  SO^(NO^)''.  Carbon  monoxide  is  partly  oxidised  by  nitrogen 
tetroxide  at  ordinary  temperatures,  and  partly  combines  with  it,  forming  a  very 
volatile  liquid,  -which  is  decomposed,  ■with  eifervescence,  by  water.  Benzene  is  acted 
upon  by  nitrogen  tetroxide,  yielding  nitrobenzene  and  oxalic  acid.  AVhen  sulphuric 
acid  is  added  to  a  mixture. of  benzene  and  nitrogen  tetroxide,  nitrobenzene  is  formed, 
probably  according  to  the  e(iuation — 

C«H«  +  2N0=  +  S0'{°^  =  C^ffNO'  +  SO^j^Q,  +  H=0. 

Fentoxide.  SJitric  Anliydride,  N-0\  Preparation. — E.  Weber  {Pogij.  Ann. 
cxlvii.  113)  prepares  this  compound  by  the  action  of  phosphoric  anhydride  on  nitric 
acid.  The  strongest  nitric  acid,  freed  as  completely  as  possible  from  nitrous  acid  and 
cooled  by  ice,  is  treated  with  phosphoric  anhydride  added  slowly  and  by  small 
quantities  at  a  time.  The  syrupy  liquid  is  distilled  as  long  as  anything  comes  over  at 
a  blood-heat,  and  condenses  in  oily  drops  in  the  neck  of  the  retort;  and  the  two  layers 
of  the  distillate  are  separated  by  decantation,  the  lower  consisting  mainly  of  nitric 
hemihj'drate,  2N-0^.H''0.  The  upper  layer,  which  consists  of  nitric  anhydride,  nitrous 
acid,  and  some  of  the  hydrate,  is  cooled  by  ice-water,  which  renders  it  turbid,  and 
causes  a  small  quantity  of  a  clear  coloured  liquid  to  separate.  This  liquid,  which 
consists  of  nitric  anhydride  and  nitrous  acid,  is  further  cooled  by  ice  or  a  freezing- 
mixture,  wlien  some  of  the  nitric  anhydride  crystallises  in  well-formed,  transparent, 
yellowish  prisms,  leaving  a  liquid  compound  of  nitric  anhydride  and  nitrous  acid, 
which  appears  to  be  richer  in  the  former  than  nitroso-nitrie  acid.  Lastly,  the  anhy- 
dride is  purified  by  cautiously  fusing  it,  again  crystallising  it  by  cold,  and  cbainingoif 
the  mother-liquor. 

Berthelot  {J.  Pharm.  [4],  xix.  182)  cools  the  nitric  acid  by  a  freezing-mixture,  so  as 
to  prevent  the  temperature  from  rising  above  zero,  and  after  all  the  phosphoric  anhy- 
dride has  been  added,  transfers  the  pasty  mass  quickly  to  a  tubulated  retort  capable  of 
■containing  five  or  six  times  the  quantity,  and  distils  very  slowly,  collecting  the  pro- 
duct in  stoppered  bottles  surrounded  with  ice. 

Nitric  anhydride  melts  at  about  30° ;  its  specific  gravity  in  the  solid  state  is  above 
1-64,  in  the  liquid  state  less  than  1-636. 

It  is  very  unstable,  particularly  in  the  fused  state,  but  can  be  preserved  for  several 
days  at  10°  in  a  dry  atmosphere.  It  is  volatile  at  ordinary  temperatures,  and  its 
vapour  condenses  in  beautiful  crystals  in  the  cooler  part  of  the  tube  containing  it.  In 
a  freezing  mixture  it  is  almost  colourless  (Weber). 

It  is  not  explosive  either  in  the  solid  or  in  the  gaseous  state,  but  as  it  gradually 
■decomposes  even  at  ordinary  temperatures  into  oxygen  and  the  tetroxide,  it  should 
be  preserved  in  stoppered  bottles,  not  in  sealed  tubes  (Berthelot). 

Nitric  anhydride  acts  with  great  violence  on  sulphur,  forming  a  compound  of 
sulphuric  anhydride  and  nitrous  acid.  It  also  acts  with  great  energy  on  phosphorus, 
potassium,  and  sodium,  setting  them  on  fire.  Upon  organic  substances  it  also  acts 
with  great  intensity.  It  does  not  act  upon  charcoal,  but  this  substance  when  pre- 
viously kindled  burns  with  great  brilliancy  in  its  vapour.  It  acts  on  zinc,  cadmium, 
mercury,  and  arsenic,  and  slightly  on  magnesium  and  thallium,  but  has  no  action  on 
most  other  metals  (AVeber). 

Nitric  Hemihydratc,  2N-0'.H-0.  This  hydrate  crystallises  out  on  cooling  the 
lower  layer  of  the  distillate  from  nitric  acid  and  phosphoric  anhydride  in  a  freezing, 
mixture.  It  can  also  be  prepared  by  adding  nitric  anhydride  to  nitric  acid.  The  an- 
hydride dissolves,  with  development  of  heat,  until  the  hemihydrate  is  produced,  but  any 
further  quantity  of  it  remains  insoluble.  The  pure  hemihydrate  is  obtained  by  crj's- 
.talHsing  it  out  in  a  freezing-mixture,  draining  it  from  the  mother-liquor,  allowing  it 
to  melt,  and  again  crystallising  it.  In  its  chemical  properties  the  hydrate  resembles 
the  anhydride.  It  is  liquid  at  ordinary  temperatures,  but  less  so  than  the  ordinary 
monohydrate,  and  more  or  less  yellow-coloured;  solid  at  about  —6°.  Its  specific 
gravity  at  18°  is  1-642.  It  decomposes  slowly  at  ordinary  temperatures.  When 
Iieated  it  partly  distils  unchanged,  but  nitric  anhydride  is  also  formed,  so  that 
the  distillate  consists  of  two  layers,  the  upper  being  the  anhydride.  In  this  decompo- 
sition it  resembles  fuming  sulphuric  acid  (Weber). 

Nitric  Monohydrate,  Nitric  Acid,  N^O^.H-O  or  NO'H.  Occurrence.— Go^- 
pelsroder  {Zeitschr.  anal.  Chem.  x.  259,  xi.  16)  has  determined  the  quantities  of  nitric 
acid  and  ammonium  nitrate  in  rain-water  and  snow  (at  Basel),  for  the  twelve  months 
from  October  1870  to  September  1871.  The  results  arc  given  in  the  following 
table ; — • 
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Minimum 

Maximum 

Months  1S70-71 

Total  amount 
of  raiu  and 
snow-  water 

Amoui 

t  contained  in  1,000,000  part 
collected  rain  or  sno-w-water 

3  o£  the 

NH'.NO' 

N'O'- 

October,  1870  . 

101-2  mm. 

- 

trace 



trace 

13-6 

20-1 

November  ,, 

123-9  „ 

■5 

1-2 

1-8 

December  ., 

01-2  „ 

•4 

[J, 

frS 

7-8 

January,  1871  . 

37--1  „ 

3-1 

4-6 

6-3 

7-8 

February 

38-0  „ 

2-2 

3-2 

4-4 

0-5 

March 

27-5  ,, 

2-6 

3-8 

12.3 

18-2 

April  „ 

107-4  „ 

2-2 

3-2 

4-6 

6-8 

May 

41-3  „ 

3-2 

10- 

14-8 

June  ,, 

114-5  „ 

2-3 

6-2 

0-1 

July  „ 

141-4"  ., 

6-41 

0  6 

1-1 

0-G3 

August  „ 

2fi-9  „ 

008 

Oil 

0-98 

1-4 

September  „ 

41-6  „ 

00 

0-87 

1-0 

1-46 

Former  observers,  among  -whom  are  Barral,  Bobierre,  Boussingault,  Binoau,  and  Knop, 
found  from  0-1  to  16  parts  of  nitric  acid  in  a  million  parts  of  atmospheric  deposit. 

According  to  Chabrier  {Compt.  rend.)  rain-water  Avhicli  falls  when  the  air  is  tran- 
quil contains  more  nitrous  than  nitric  acid,  but  in  storms  the  nitric  acid  predominates, 
especially  if  the  rain  is  collected  in  the  middle  of  the  storm. 

C.  Ekin  {Chan.  Soc.  J.  [2],  ix.  64)  found  in  the  spring-water  of  an  uncultivated  hill 
near  Bath,  not  exposed  to  any  contamination  with  organic  matters,  65  grains  of  nitric 
acid  in  a  gallon.  The  rocks  and  fossils  of  this  hill  -were  found  to  contain  the  follow- 
ing proportions  of  nitrogen  in  a  million  parts. 


Grey  chalk  marl  M 

Bath  oolite  1-3 

Fossils  from  the  green-sand      .       .       .       .  .2-23 

lias  3-6  to  4 

Fnller's-carth  3-0 

Inferior  oolite  6-9  to  7-6 


Formation. — When  hydrogen  is  burnt  in  oxygen  in  a  large  flask  to  -wliich  air  is  at 
the  same  time  admitted,  the  flask  becomes  filled  with  rod  vapours,  and  the  water  which 
condenses  contains  a  considerable  quantity  of  nitric  acid  (Hofmann,  Dcut.  Ckcm.  Gcs. 
Ber.  iii.  658). 

Decomposition  hj  Heat. — It  is  well  known  that  nitric  acid  is  decomposed  by  licat 
into  oxygen,  water,  and  nitrogen  tetroxidc,  the  decomposition  beginning  at  the  boiling 
point  of  the  acid  and  being  complete  at  a  red  heat.  To  ascertain  with  greater  accu- 
racy the  nature  of  the  products,  the  gradual  increase  of  the  decomposition  with  the 
temperature,  and  the  point  at  which  it  becomes  complete,  Carius  (Bcut.  Chcm.  Gcs.  Ber. 
iv.  828)  has  made  the  following  determinations  of  the  .specific  gra-^-ities  of  the  gas  pro- 
duced at  different  temperatures. 


Specific  gravity  of  the  Mi.ved  Gases 

Temperature  of  the 

decomposition 

Air  =  1 

Difference 

H  =  1 

86 

2-05 

29-6 

100 

202 

29-1 

130 

1-92 

0-10 

27-6 

160 

1-79 

0-13 

25-8 

190 

1-.59 

0-20 

230 

220 

1-42 

0-17 

20-4 

250 

1-29 

0-13 

18-6 

256 

17-9 

265 

1-24 

17-8 

312 

1-23 
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These  numbers  show  that  the  specific  gravity  of  the  gases  produced  by  the  decom- 
position of  nitric  acid  remains  constant  from  about  256°  to  312°,  -n-honce  also  it 
appears  that  from  256°  upwards  no  further  change  taltes  place  in  the  composition  of 
these  gases.  Moreover  their  specific  gravity,  which  is  nearly  18  (H  =  1),  is  of  31-5 
the  sp.  gr.  of  nitric  acid  vapour,  which  is  just  what  it  should  be  if  the  decomposition 
takes  place  as  shown  by  the  equation : 

2HN0'  =  2N0=  +  H^O  +  0. 

The  result  negatives  the  supposition — improbable  also  for  other  reasons— that  the 
vapours  contain  nitrous  acid. 

To  ascertain  approximately  the  quantities  of  oxygen  set  free  at  different  tempera- 
tures, nitric  acid  enclosed  together  "vvith  air  in  a  sealed  tube  was  heated,  and  the  in- 
crease of  volume  of  the  air  on  opening  the  tube  under  water  was  measured ;  this  gave 
the  volume  of  the  oxygen  set  free  by  the  decomposition.  The  results  are  given  in  the 
following  table : — 


1  gram  of  Kitric  acid  yields  of  Oxygen  gas : — 


lu  presence  of  air  : 

15  c.c. 

250  c.c. 

1200  c.c. 

Calculated 

o 

c.c. 

c.c. 

C.C. 

C.C. 

130 

13-08 

15-47 

16-89 

17-26 

180 

22-70 

33-30 

37-26 

200 

23-39 

60-80 

52-05 

The  quantity  of  oxygen  increases  up  to  a  certain  point  with  the  quantity  of  air  pro- 
sent  and  the  temperature  of  decomposition  ;  above  200°  there  were  found,  for  equal 
quantities  of  air  added,  nearly  equal  quantities  of  oxygen.  Lastly,  on  calculating  the 
quantities  of  oxygen  set  free,  from  the  specific  gravities  of  the  mixed  vapours,  these 
quantities  below  200°  are  found  to  be  nearly  equal  to  those  obtained  in  presence  of 
large  quantities  of  air. 

The  specific  gravities  of  the  mixed  vapours  afford  the  means  of  calculating  the 
amounts  per  cent,  of  nitric  acid  decomposed,  according  to  the  preceding  equation,  at 
different  temperatures  below  256°,  and  the  quantities  of  oxygen  thereby  formed.  The 
results  are  as  follows  : — 


Temperature 
of  decomposition 

Sp.  gr.  H  =  1 

Decomposition 
per  cent. 

Oxygen  from  1  gram 
NHO" 

C.c. 

86 

29-6 

9-53 

8-43 

100 

29-1 

11-77 

10-41 

130 

27-6 

18-78 

16-62 

160 

25-8 

28-96 

26-22 

190 

23-0 

49-34 

43-69 

220 

20-4 

72-07 

63-77 

250 

18-6 

93-03 

82-30 

266 

18-0 

100-00 

88-47 

On  the  Electrolysis  of  Nitric  Acid,  see  Bourgoin  {Compt.  rend.  Ixx.  811  ;  J.  Pharm. 
Chim.  [4],  xii.  110,  xiii.  266;  Chem.  Soc.  J.  [2],  ix.  885). 

Estimation. — For  the  estimation  of  nitric  acid  in  well-water,  Marx  in  1868  proposed 
a  volumetric  method  based  on  the  decoloration  of  indigo  by  nitric  acid.  The  water  is 
mixed  with  twice  its  volume  of  strong  sulphmic  acid,  whereby  its  temperature  is 
raised  to  about  120°,  and  a  standard  solution  of  indigo  (4  c.c.  =  1  mgrm.  nitric  acid) 
is  poured  into  it  till  a  distinct  green  colour  is  produced  {Zeitsclir.  anal.  Chem.  vii. 
412).  Several  modifications  of  this  method,  with  the  view  of  rendering  it  more  accu- 
rate, have  been  proposed  by  Goppelsroder  (ibid.  ix.  1),  Trommsdorff  (iWc/.  ix.  157), 
Bommelen  {ibid.  xi.  136  ;  Chem.  Soc.  J.  [2],  xi.  00),  and  F.  Fischer  {J.  pr.  Chem.  [2], 
vii.  67  ;  Chem.  Soc.  J.  [2],  xi.  1064). 

An  apparatus  for  the  performance  of  Schlosing's  method  of  estimating  nitric  acid 
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b.isoci  on  the  reducing  action  of  boiling  liydrocliloric  acid  and  ferrous  clilorido  on 
nitrates  (iv.  88),  together  "vrith  certain  modifications  in  the  mctliod,  is  described 
hj  E.  Keichardt  {Zeitschr.  anal.  Chem.  ix.  24  ;  Chem.  Soc.  J.  [2],  ix.  439).  Another 
niodiiication  of  the  method  is  described  by  E.  Fleischer  (  Zeitschr.  anal.  Chem.  xi.  309 ; 
Chem.  Soc.  J.  [2],  xi.  629). 

For  the  estimation  of  nitric  acid  in  saltpetre,  A.  Wagner  (Dingl.  fol.  J.  cc.  120, 
cci.  423;  Chetn.  Soc.  J.  [2],  ix.  753,  x.  323)  makes  use  of  the  oxidising  action  of  nitric 
acid  on  chromic  oxide  : 

Cr"-0^  +  N=0^  =  2CrO^  +  N^O^; 

0'3  to  0'4  gram  of  the  saltpetre  is  heated  with  3  grams  of  chromic  oxide  and  1  gram 
of  sodium  carbonate  in  a  tube  from  which  the  air  has  been  previously  expelled  by  a 
stream  of  carbon  dioxide,  which  is  also  slowly  kept  up  during  the  ignition  to  expel 
the  nitrogen  dioxide  evolved.  After  cooling,  the  contents  of  the  tube  are  dissolved  in 
water,  the  chromic  acid  precipitated  by  mcrcurous  nitrate,  the  precipitate  washed  with 
a  dilute  solution  of  the  same  salt,  then  ignited,  and  the  resulting  chromic  oxide 
weighed.    1  part  of  CrO'  is  equivalent  to  07068  N^O*- 

The  estimation  may  also  he.  made  by  collecting  the  evolved  nitrogen  dioxide  over 
mercury  in  a  tube  cnul .lininL'  nxyrj^cn  gas  and  a  standard  solution  of  caustic  soda, 
whereby  the  nitrogen  diuxidr  is  n inverted  into  nitric  acid,  which  combines  with  the 
soda.  When  no  more.  Dxy^f  i  is  .ibsurlie  1  on  shaking  the  tube,  au  aliquot  part  of  tho 
,soda-solution  is  titi'atod  back  willi  slmd  ird  sulphuric  acid. 

Tho  presence  of  organic  mrifin-  Mii.ilr,  the  results  of  this  method.  In  applying  it 
to  the  estimation  of  nitrates  in  jiui.ililc  wjtirs,  Wagner  first  evaporates  the  water  with 
sodium  carbonate  and  potassinm  ]M  rin  niu,iiiate. 

A  method  of  estimating  nitri.'  ;irl'i  in  jiotable  waters,  based  on  Schulze's  method  of 
reduction  with  aluminium,  and  titr,!i  lun  of  the  ammonia  thereby  produced,  is  given  by 
T.  P.  Blunt  {Chem.  Nnvs,  xxv.  205  ;  Chem.  Soo.  J.  [2],  x.  922). 

Itletallic  Iffitrates.    On  the  Heat  of  Formation  ,of  Nitrates,  see  Heat  (p.  62G). 

Aluminium  nitrate,  prepared  by  dissolving  recently  precipitated  alumina  in 
dilute  nitric  acid,  crystallises  in  rhombic  pyramids  truncated  by  horizontal  prisms, 
dissolves  easily  in  water  and  alcohol,  is  very  hygroscopic,  and  has  a  strong  acid  reaction 
(E.  Thorey,  Buss.  Zeitschr.  Pharm.  x.  321). 

Ammonium  nitrate. — This  salt  is  capable  of  condensing  considerable  quantities 
of  ammonia  gas,  forming  a  liquid  tho  properties  of  which  have  been  studied  by  E. 
Divers  {Proc.  Roy.  Soc.  xxi.  107). 

Am7iioniated  airwioniitm  nitrate  varies  in  composition  according  to  the  temperature 
and  pressure.  At  a  temperature  of  23°  and  tho  pressure  of  the  atmosphere,  it  consists 
of  about  4  parts  of  nitrate  to  one  of  ammonia  by  weight ;  but  under  greater  pressure 
or  at  lower  temperatures,  much  more  ammonia  can  be  condensed  by  the  nitrate.  At 
0°  and  the  pressure  of  the  atmosphere,  2  parts  of  nitrate  can  condense  1  part  of  ammo- 
nia. Like  an  aqueous  solution,  the  liquid  boils  when  heated,  and,  when  nearly  satu- 
rated with  the  nitrate,  deposits  crystals  of  it  when  cooled.  It  can  also,  like  an  aqueous 
solution,  be  heated  above  its  boiling  point  without  boiling,  and  become  supersaturated 
with  tho  salt  without  crystallising.  During  its  decomposition  cold  is  manifested,  and 
during  its  formation  heat  is  evolved,  but  not  to  a  great  extent,  because  the  heat  given 
out  l.)y  the  liquefaction  of  the  ammonia  is  nearly  all  used  up  in  the  liquefaction  of  tho 
nitrate. 

The  specific  gravity  of  the  liquid  varies  with  its  composition.  When  it  consists  of 
Wo  of  nitrate  to  one  of  ammonia,  it  has  a  specific  gravity  of  r0725 ;  when  it  consists 
of  four  of  nitrate  to  one  of  ammonia,  it  has  a  specific  gravity  of  nearly  1-200.  Its 
specific  gravity  can  be  calculated  from  its  composition  by  taking  1-5245  as  the  specific 
gravity  of  the  nitrate,  and  0-671  as  that  of  the  ammonia. 

In  its  rate  of  expansion  by  heat,  the  liquid  resembles  others  which  exist  as  such  at 
ordinary  temperatures,  rather  than  those  which,  like  ammonia  itself,  are  retained  as 
such  only  by  great  pressure.  Its  expansivity  increases  with  the  quantity  of  ammonia 
present. 

Its  action  upon  a  great  number  of  substances.  ]irinciiially  inorganic,  resembles  for 
the  most  part  the  actions  of  dry  ammonia  ami  iniunnnin  nitrate  conjoined.  The  nitrate 
appears  to  undergo  double  decomposition  witli  umsl  s:ills,  and  tho  ammonia  to  unite 
with  nearly  all,  including  the  salts  of  magnesium,  .ilnminium.  iron,  and  manganese. 
The  ammoniated  compounds  which  do  not  dissolve  in  the  liquid  are  very  Inilky. 
Nitrates,  chlorides,  iodides,  and  bromides,  are  either  soluble  or  are  decomposed  into 
soluble  chlorides,  &c..  of  ammonium,  and  insoluble  ammoniated  compounds  of  the 
metals.  Sulphates,  ox.'datos,  chromates,  and  arscnitos  are  insoluble,  and  phosphates 
are  nearly  so.    Phosphoric  and  chromic  anhydrides  do  not  act  upon  the  liquid  with 
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the  energy  that  might  be  expected,  hut  combine  with  the  ammonia.  Iodine  dissolves 
freely.  Bromine  generates  nitrogen.  Lead  salts,  including  sulphate,  chloride,  iodide, 
and  oxide,  are  freely  soluble  as  ammoniated  compounds.  Platinous  chloride  dissolves 
freely  as  tetrammonio-platinous  chloride.  Potassium 'salts  are  very  sparingly  soluble. 
Alkalis  and  their  carbonates  decompose  the  nitrate;  so  do  litharge,  lime,  and  baryta. 
Calomel  is  converted  into  metallic  mercury  and  a  soluble  ammoniated  merciiric  com- 
pound. Potassium,  sodium,  zinc,  and  cadmium  dissolve  without  liberating  gas,  by 
reducing  the  nitrate  to  nitrite,  potassium  taking  fire.  Magnesium  slowly  dissolves, 
liberating  a  little  hydrogen,  reducing  the  nitrate,  and  becoming  partly  converted  into 
Beetz's  black  suboxide  of  magnesium.  Methyl  iodide  is  decomposed ;  butyric  ether 
and  chloroform  dissolve  sparingly  without  decomposition.  Ether  is  insoluble,  but  by 
its  contact  causes  the  liquid  to  break  up  into  its  two  constituents. 

Ammoniated  ammonia  nitrate  is  a  good  electrolyte,  ammonia  and  hydrogen  appear- 
ing at  the  negative  electrode,  and  nitrogen  and  ammonia  nitrate  at  the  positive  electrode. 
Positive  electrodes  of  silver,  lead,  copper,  zinc,  and  magnesium,  are  dissolved  by  the 
liquid  as  (ammoniated)  nitrates.  A  positive  electrode  of  mercury  is  converted  into  a 
compound  almost  insoluble  in  the  liquid.  When  the  electrode  is  acted  upon,  the  gener- 
ation of  nitrogen  does  not  take  place. 

Cerium  nitrates  (p.  274). 

Manganous  nitrate. — According  to  Schnlz-Sellack,  the  solution  of  this  salt  in 
strong  nitric  acid  evaporates  to  a  thin  syrup,  which  deposits  crystals  consisting  of  the 
hydrate  MnN-C.SH'^O,  that  is  to  say,  with  half  the  quantity  of  water  of  the  ordinary 
salt  (iv.  06). 

Silver  nitrate,  AgNO^ — On  the  action  of  Hydrogen  on  this  salt,  see  Hydeogen 
(p.  660). 

The  compounds  of  silver  nitrate  with  silver  iodide  (iv.  105)  have  been  further 
examined  by  C.  Stiirenberg  {Arch.  Pharm.  [2],  cxliii.  12).  When  silver  iodide  is  dis- 
solved in  a  boiling  moderately  concentrated  solution  of  the  nitrate,  the  salt,  2AgN0^. 
Agl,  crystallises  out  on  cooling ;  but  on  saturating  the  solution  completely  with  silver 
iodide,  another  double  salt  is  obtained  to  which  Stiirenberg  assigns  the  formula 
2AgN0^2AgI.  When  this  latter  is  treated  with  a  concentrated  solution  of  silver 
nitrate,  it  dissolves  and  is  converted  into  2AgN0''.AgI.  This  salt  can  be  obtained  as 
a  finely  crystalline  precipitate  by  treating  its  solution  with  alcohol.  When  the  salt 
2AgNO'.2AgI  is  treated  with  water,  silver  iodide  separates  out,  but  redissolves  partly 
on  boiling,  the  salt  2AgN0^.AgI  being  thereby  produced. 

When  a  boiling  solution  of  silver  nitrate  is  incompletely  saturated  with  lead  iodide, 
the  hot-filtered  solution  deposits,  on  cooling,  the  salt  8AgNO'.4AgI.Pb(NO')-  in  well- 
defined  colourless  prisms  belonging  to  the  quadratic  system,  with  the  faces  coP  and  P. 
It  is  decomposed  by  water  into  silver  iodide  and  the  nitrates  of  silver  and  lead.  By 
prolonged  boiling  v/ith  leadiodideit  is  converted  into  the  salt  4AgNO'.4AgI.2Pb(NO')-, 
which,  however,  cannot  be  obtained  pure  in  this  manner.  It  may  be  prepared  in  the 
pure  state  by  mixing  the  solution  containing  the  two  salts  with  alcohol,  whereupon 
the  salt  containing  the  smaller  proportion  of  lead  is  precipitated,  while  that  which 
contains  the  larger  proportion  crystallises  from  the  liquid  in  beautiful  well-defined 
hexagonal  prisms  with  the  faces  ooP  and  P.  This  salt  is  decomposed  by  silver  nitrate 
with  formation  of  2AgN0'.AgI. 

Silver-lead  nitrate,  2AgN0'.Pb(N0')-,  is  obtained  by  evaporating  a  solution  of  the 
mixed  nitrates  to  the  crystallising  point.   The  crystals  belong  to  the  hexagonal  system. 

Similar  double  salts  of  silver  nitrate  with  mercuric  nitrate  appear  to  exist.  An 
experiment  similar  to  those  by  which  the  lead  salts  above  described  were  prepared 
led  to  the  formation  of  the  salt  32AgNOM6AgI.Hg(N03)-. 

Uranium  nitrate. — According  to  Schulz-Sollack  {Zeitschr.f.  Chem.  [2],  vi.  646) 
a  solution  of  uranic  nitrate,  evaporated  with  a  large  excess  of  nitric  acid,  deposits,  on 
cooling,  beautifully  fluorescent  needles  of  the  salt  (U02)(NO')-.3H^O  [U''  =  240], 
whereas,  according  to  Drenckmann  (JrtAresJ.  1861,  256),  the  ordinary  salt  (UO-)(NO^)^. 
6H-0  crystallises  from  acid  as  well  as  from  neutral  solutions.  Good  crystals  of  the 
hydrate  (U0-)(N0')^.3H^0  arc  obtained  by  evaporating  the  acid  solution  over  sulphuric 
acid  and  potash ;  they  do  not  efiloresee  in  a  vacuum,  but  deliquesce  in  the  air,  and  melt 
at  120°,  whereas  the  ordinary  hydrate  melts,  according  to  Ordway,  at  59°.  According 
to  Peligot  the  ordinary  hydrate  gives  off  half  its  water  in  a  vacimm  (v.  107),  leaving 
therefore  a  mass  having  the  composition  of  the  tri-hydrate. 

Yttrium  nitrate,  Y(NO^)= -t- 4H-0,  forms  large  colourless  crystals  easily  soluble 
in  water,  alcohol,  and  ether.  It  is  unalterable  in  the  air,  but  gives  off  2  mols.  of 
water  when  dried  at  100°  (P.  T.  Cleve,  Bidl.  Soc.  Chim.  [2],  xx.  103). 

Iffitric  Ethers.    According  to  P.  Champion  [Compt.  rend.  Ixxiii,  571,  573)  the 
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nitrates  of  ethyl,  amyl,  hexyl,  and  cctyl,  may  be  obtained  by  treating  tlio  corresponding 
aleoliols  with  a  mixture  of  nitric  and  sulphuric  acid. 

Cetyl  nitrate,  C'"H"NO^  prepared  by  adding  pulverised  eetyl  alcohol  to  the 
mixed  acids,  washing  the  separated  oil  with  water  (best  after  solution  in  ether),  and  dry- 
ing in  a  vacuum,  is  a  colourless  liquid  solidifying  between  12°  and  10°,  and  crystallising 
by  slow  cooling  in  long  flattened  needles.  It  is  slightly  soluble  in  cold  alcohol,  more 
soluble  in  warm  alcohol,  still  more  in  ether,  chloroform,  and  carbon  sulphide,  slightly 
soluble  in  amyl  alcohol  and  methyl  alcohol.  Sp.  gr.  =0-91.  It  is  decomposed  by  heat, 
with  separation  of  charcoal,  burns  with  difficulty,  assumes  the  spheroidal  condition 
when  poured  upon  a  hot  plate,  and  then  burns  with  a  smoky  flame.  It  is  decomposed 
by  strong  sulphuric  acid. 

WITROGIiirCEKIM".  On  the  heat  developed  in  the  formation  of  this  compound, 
see  IIkat  (p.  ()2G). 

On  the  Explosive  force  of  Nitroglycerin,  see  Explosion  (p.  498), 

M-ITROMAWWXTAIsr.    See  Mannitjs  (p.  775). 

UITROM3E5T3IAWE,  CIl'NO-.    See  Niteopaeaffins,  under  Paeaffiks. 

OT3TSlOIVrETH-Sri.SENZOPHEI3-ON-B,  C"H"(NO-)0  =  CH^NO-  -  CO  - 
C"H^  —  GK^.  A  body  lurmed  by  the  action  of  nitric  acid  of  sp.  gr.  1\  on  benzyl-toluene 
at  the  heat  of  the  water-bath.  It  crystallises  from  hot  dilute  alcohol  in  long  flat 
needles  or  silky  plates  melting  at  127°  and  subliming  without  decomposition  in  shin- 
ing plates.  When  treated  with  tin  and  hydrochloric  acid,  it  yields  an  amido-com- 
pound,  forming  amorphous  salts,  from  which  it  is  precipitated  by  soda-solution  as  a 
light  white  powder  (Zincke,  Deut.  Chem.  Ges.  Be>\  v.  683). 

JJITROPISOPASJrE,  C^H'NO'-.    See  Niteopaeaffins,  under  Paraffins. 


3JITROS03JIETHY3CAMmB,     C'lI'^N-'O  =  N  j  C-R\  NitrosodieihyUn, 


Nitroscthylin. — This  compound,  formed  by  the  action  of  potassium  nitrite  on  diethy- 
lamino  hydrochloride  (iv.  114),  is  somewhat  strongly  acted  upon  by  potash,  soda, 
and  other  alkaline  bases,  either  in  aqueous  or  in  alcoholic  .solution ;  when  it  is  heated 
therewith  in  sealed  tubes  to  155°  for  about  eight  hours,  the  chief  products  are  am- 
monia and  ethylamine.  With  sodium  amalgam,  in  presence  of  water,  it  yields  diethy- 
lamine  and  nitrogen  monoxide  : 


Dry  hydrogen  chloride  transforms  nitrosodiethylamine  into  a  mass  of  crystals  consist- 
ing of  diethylammonium  chloride,  uitrosyl  chloride  being  formed  at  the  same  time  : 

N(C=H^)^NO  +  2HC1  =  N(C=H^)=H-.C1  +  NOCl. 

(Geuther,  Jniai-ichc  ZdUrhrift.  vii.  118). 

WITSIYEj  CKZ.031XBE,  BSIOMXSE,  ZOBXBE,  and  CYAr^IBE,  N0=C1,  &c. 
On  the  formation  of  these  compounds  by  the  action  of  chlorine,  &e.,  on  nitrogen 
tetroxide,  see  p.  855. 

BTOCTSSIjiD'CIM.  This  n.amo  is  given  by  T.  L.  Phipson  {Chcm.  News,  xxvi.  130) 
to  the  pi'cuiiar  nriianic  substance  which  causes  the  production  of  light  in  phosphores- 
cent iish,  the  glow-worm,  and  probably  all  other  phosphorescent  animals;  it  appears 
also  to  be  formed,  under  a  variety  of  circumstances,  at  the  expense  of  dead  animals  and 
vegetable  tissue,  and  even  by  certain  living  plants  {Euphorbia,  Agariciis,  &c.) 

Animal  noctilucin  at  the  ordinary  summer  temperature  is  a  semi-fluid,  almost 
liquid  substance,  containing  nitrogen  ;  it  is  white,  conluiiis  a  ronsidcrablo  amount  of 
water,  and  has  a  slight  odour  resembling  that  of  ca|ii  vlir  .-u  id  ;  it  is  only  slightly 
soluble  in  water,  and  insoluble  in  alcohol  and  ether.  Siiljiliui  ir  and  nitric  acid  dissolve 
and  decompose  it;  potash  evolves  ammonia  from  it.  Wlieii  moist  it  absorbs 
oxygen  and  evolves  carbonic  acid,  and,  when  left  to  itself,  dries  up  to  thin,  shining, 
transparent  films,  devoid  of  structure,  and  resembling  the  mucin  of  the  garden  snail. 

When  recently  produced,  it  is  highly  phosphorescent,  and  the  production  of  light  is 
owing  to  oxidation.  It  is  secreted  in  pliosplioreseent  animals  by  a  special  organ', 
and  appears  to  bo  consumed  [?  by  oxidation]  in  producing  light  nearly  as  fast 
as  it  is  formed.    Its  light  is  nearly  monochromatic,  and  its  spectrum  principally  de- 
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veloped  between  the  lines  E  and  F.  In  an  impure  state  noctilucin  can  be  obtained 
from  the  surface  of  various  fish  when  highly  phosphorescent,  also  from  the  glow-worm, 
by  pressing  the  luminous  matter  collected  by  the  scalpel  through  porous  filtering- 
pnper.    It  is  secreted  in  a  pure  form  by  the  luminous  centipede  {Scolopendra  clectrica). 

XJ0I3I.3:TB.    This  mineral,  from  Nohl  near  Kongelf,  Sweden,  very  nearly  resembles 
the  samarskite  from  the  Ural,  but  is  distinguished  from  it  by  a  rather  considerable 
percentage  of  water.    It  is  compact,  of  a  black-brown  colour,  and  is  opaque  and  brittle. 
The  fracture  is  uneven  and  splintery,  and  the  lustre  highly  vitreous.    Hardness  4-5- 
5-0;  specific  gravity  5-04.    Before  the  blo^vpipe  it  slowly  melts  at  the  edges  to  a  dull 
glass,  and  feebly  decrepitates  through  loss  of  water. 
Analysis  gave  the  following  numbers  : — 
llb=0=     ZrO»      UO         YO       CeO     CaO    MgO.MnO   FeO     CuO  H'O 
60-43    2-96    14'43    14'36    0-25    4  67      0'28      8-09    O'll    4-62  =  100  20 
agreeing  approximately  with  the  formula  2(IlO.Nb-0^)  +  3H-0.    (A.  E.  Norden- 
skicild,  Jahrbuch  f.  Mincralogic,  1872,  552), 

TJOU AWE,  C»ff ».    See  Paraffins, 

IfOia-jrEilc  ACZI>,  CH'^O^.    See  Peiargonic  Acid. 

SfOrcSiEIEr.  A  substance  resembling  mucin  existing  in  pus-corpuscles  and  in 
the  nuclear  structures  of  the  yolk  of  the  hen's  egg.  See  P.  Miescher,  '  Ueber  die 
Chemische  Untorsuchuug  der  Eiterzellen'  {Mcd.-clicm.  Untcrs.  1871,  441).  'Die 
Kerngebilde  im  Dotter  des  Hiihnereies '  (ibid.  609).  Hoppe-Seyler,  'Ueber  die 
Chemische  Zusammensetzung  des  Eiters'  {ibid.  486) ;  also  Chc7n.  Soc.  J.  [2],  ix,  742- 
747.    Gmelin's  Handboolc,  English  Edition,  xviii.  467. 

SJUTMECSr  OSS.  (Wright,  Chem.  Soc.  J.  [2],  xi.  649).  The  purest  commercial  oil 
of  nutmeg  is  resolvable  by  fractional  distillation  into  the  following  bodies:  1.  A  soft 
brown  resin  (about  2  p.c.  of  the  oil)  not  volatile  at  300°,  and  having  the  composition 
Q4ujj;5605_  2.  Liquids  boiling  at  260°-280°  and  280°-290°,  whose  composition  may 
be  represented  by  the  formula  (C'^H'^O-)".  3.  An  oxidised  oil,  C'^H'^O,  boiling  at 
212°-218°.  4.  A  mixture  boiling  at  173°-179°  (about  15  p.c.  of  the  original  oil),  of 
a  terpene,  C'"II"^,  with  a  small  quantity  of  cymene.  5.  A  hydrocarbon  boiling  at 
163°-164,  consisting  of  a  terpene  v/ith  a  trace  of  cymene,  amounting  to  70  p.c.  of  the 
original  oil. 

Prom  these  results  it  may  be  inferred  that  the  hydrocarbon  boiling  at  167°,  called 
by  Gladstone  myristicono  {Chem.  Soc.  J.  [2],  x.  3),  is  a  mixture  of  two  or  more 
terpenes  with  perhaps  a  little  cymene. 

The  oxidised  body,  C'H'^O,  is  myristicol  (p.  833).  It  is  converted  by  heat 
into  an  isomeric  (or  polymeric)  modification  boiling  at  a  higher  temperature ,  and 
subsequently  into  a  resin  having  the  same  composition.  Myristicol  treated  with 
dehydrating  agents  yields  cymene,  and  when  treated  with  phosphorus  pentachloride 
it  is  converted  into  a  compound  C'H'^Cl,  which  is  resolved  by  prolonged  boiling  into 
hydrogen  chloride  and  cymene. 

The  cymene  contained  in  the  portion  of  the  nutmeg  hydrocarbon  which  boils  at 
163°-164°,  may  be  isolated  by  treating  the  mixture  with  sulphuric  acid  so  as  to  poly- 
merise the  terpene  present  (the  cymene  is  not  altered  by  the  treatment),  then  shaking 
with  water  and  distilling  in  a  current  of  steam.  The  cymene  thus  obtained  is  quite 
pure,  and  amounts  to  about  8  p.c.  of  the  hydrocarbon  boiling  at  163°-164°. 

The  terpene  of  nutmeg-oil  may  be  converted  into  cymene  by  combining  it  with 
bromine  and  distilling  the  resulting  dibromide  C"'H'°Br-,  whereby  it  is  resolved  into 
2HBr  and  C'»H'i. 

IsrirXHITIOEI'.  Por  the  most  important  contributions  to  the  chemistry  of  Animal 
Nutrition  since  the  publication  of  the  First  Supplement  of  this  Dictionary,  see  the 
articles  Gastric  Juice,  Glycogen,  Muscular  Tissue,  Eespihation,  and  Urine,  in 
the  present  volume. 
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OATS  (Fr.  Ai'oine,  Ger.  Hafcr).  Cultivated  oats  includo  Avcna  sativa,  the  common 
oat;  A.  oricntalis,  Tartar  oats,  also  largely  cultivated;  and  A.  brcvis,  and  other  species 
grown  for  hay  in  some  parts  of  the  continent.  The  varieties,  especially  of  the  first- 
named  species,  are  very  numerous,  and  differ  much  from  each  other  as  to  the  colour  of 
the  husk,  the  weight  per  bushel  of  the  grain,  the  length  and  character  of  the  straw,  &c. 
Oats  having  a  high  weight  per  bushel  (44-46  lbs.),  owe  this  quality  in  great  measure 
to  the  thinness  of  their  husk  and  skin  ;  they  yield  the  best  proportion  of  meal,  60  p.c. 
and  upwards.  Oats  with  a  low  weight  per  bushel  (some  varieties  35-38  lbs.)  have  a 
thicker  husk  and  skin,  yield  a  smaller  proportion  of  meal,  and  are  used  as  food  for 
horses.  From  this  difference  in  the  character  of  the  husk,  oats  present  a  wide  range 
in  chemical  composition.  The  following  table  shows  the  average  composition  and 
extent  of  variation  of  oat-grain  and  straw  of  good  quality.  The  composition  of  oat- 
husk  is  taken  from  old  analyses  by  Norton  ;  the  figures  for  oat-chaff  are  Wolff  s  average. 


Number  of 
analyses 

Water 

Album!. 
noMs 

Fat 

Carbo- 
hydrates 

Fibre 

Ash 

Oats  . 

...  { 

12-97 
10-5-14'8 

12-87 
8-6-18-5 

6-05 
4-2-7-1 

1  53-85  1 

10-76 
6-3-13-4 

3-50 
2-7-5-1 

Oat-husk 
Oat-chaff  . 

Oat-straw  • 

-  I 

11-09 
14-30 
14-68 
ll'3-19-o 

1-67 
4-00 
3-69 
1-1-7-0 

1-07 
1-50 
1-60 
1-1-2-7 

80 

28-2 
[  34-47  ) 

21 

34-00 
40-46 
31-8-48-9 

5-96 
18-00 
5-10 
3-6-6-3 

"When  the  liusk  is  removed  from  the  oat,  in  making  oatmeal,  the  proportion  of  fibre 
and  of  asli  is  greatly  reduced,  -while  the  amount  of  albuminoids  and  carbo-hydrates  rises. 
Thomson  gives  15-61  p.c.  as  the  average  of  albuminoids  in  oatmeal;  Voelcker,  15-68; 
some  chemists  place  it  as  high  as  17;  very  few  perfect  analyses  have  been  published. 
The  fat  in  oatmeal  is  about  7  p-c,  the  ash  1-5.  From  its  high  contents  in  albuminoids 
and  fat,  oatmeal  is  probably  the  most  concentrated  food  supplied  by  cereal  grains.  It 
is  interesting  to  observe  that,  while  the  removal  of  the  bran  from  wheat  reduces  the 
nitrogenous  and  fatty  contents  of  the  flour,  the  removal  of  the  husk  from  oats  has  pre- 
cisely the  opposite  effect,  so  that  thofiner  the  oatmeal  the  richer  it  is  intJiese  ingredients. 

The  embryo  of  the  oat,  as  probably  of  all  other  seeds,  is  especially  rich  in  nitrogen ; 
Lenz  (Jahresb.  Agri.  Chem.  1870-2,  4)  found  it  to  contain  nitrogen  equal  to  26-7  p.c. 
of  albuminoids. 

The  nature  of  the  albuminoids  in  oats  has  been  thoroughly  studied  by  Kreusler 
{J.'pr.  Chem.  cvii.  17).  The  principal  albuminoid  is  oat-legumin,  the  avonine  of 
Johnston ;  it  is  obtained  by  acting  on  oatmeal  with  very  weak  solution  of  potash  in 
the  cold,  precipitating  the  solution  with  acetic  acid,  and  purifying  the  precipitate  by 
resolution  and  precipitation,  treatment  with  ether,  and  finally  by  boiling  with  60  p.c. 
alcohol  to  remove  gliadin.  Thus  purified  it  contains,  ash  deducted,  C.  61-63,  H.  7-49, 
N.  17-16,  0.  22-93,  S.  -79.  It  agrees  in  most  respects  with  the  legumin  of  peas,  but  in 
its  high  percentage  of  sulphur,  and  some  of  its  properties,  more  resembles  the  gluten- 
casein  of  Eitthausen.  Oatmeal  also  yields  by  extraction  -with  alcohol  a  small  quantity 
of  oat-gliadin,  similar  in  properties  and  composition  to  the  gliadin  of  wheat,  but  con- 
taining more  hydrogen  and  sulphur  ;  it  is  indeed  the  richest  in  sulphur  of  the  vege- 
table albuminoids.  The  percentage  composition  of  purified  oat-gliadin,  ash  deducted, 
is  C.  52-59,  H.  7-65,  N.  17-71,  0.  20-39,  S.  1-66. 

For  the  composition  of  the  fat  of  oats  and  oat-straw,  see  the  article  Fat  in  this 
volume. 

Oat-straw  has,  on  an  average,  a  higher  nutritive  value  than  the  straw  of  wheat  or 
barley;  it  contains  less  woody  fibre  and  a  larger  amount  of  soluble  carbo-hydrates  and 
albuminoids.  The  albuminoids  vary  greatly,  being  high  when  the  straw  is  green,  and 
diminishing  rapidly  in  quantity  as  the  straw  ripens  ;  for  the  sake  of  the  improved 
quality  of  the  straw  oats  are  frequently  harvested  before  ripening  is  completed.  The 
straw  at  the  time  of  harvest  contains  30-40  p.c.  of  water  even  when  fully  ripe,  and 
much  more  if  cut  earlier  ;  the  analyses  quoted  above  refer  to  straw  which  has  become 
dry  in  the  stack. 

Way  found  in  six  specimens  of  oats  an  average  of  2-34  p.c.  of  sulphur,  and  in  four 
specimens  of  straw  an  average  of  1-68  p.c,  both  on  the  dry  substance. 
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The  average  composition  of  the  ash  of  oats,  oat-straw,  &c.,  is  as  follows  :  — 


^  i 

Perce: 
ash  ir 
dry 

K=0 

CaO 

MgO 

Fe=0=' 

P=0= 

SO' 

SiO' 

CI 

CO' 

Oats,  whole 
Oats.husked 
Avenanuda 
Oat-husk  , 
Oat-chaf£  . 
Oat.  straw) 
with  chaff ) 
Whole  plant 
when  ripe : 
Bret-  1 
Schneider  J 
Aiendt  . 

22 
3 
1 
4 

3 
1 

3-3  1 
2-1 

^ 

5'4 

15-7 
9-8-24-3 
2(;-4 

33-  4 
4-7 
7-7 

13-l-3'6 
21-2 

19-1 

34-  5 

2-5 
8-2--3 

4-2 
4'8 
5-7-4-0 
4-2 

5'3 
•7 

3-7 
8-4-1-3 

5-9 

3-G 

3-2 

7-6 
12-1-9 

7-0 

5-4 
ll'G 

7'2 
9-7-4-9 

9-9 
11-8 

1-1 

2'8 
5-4--4 

3-8 

5-0 
5'0 

•7 

2a--i 

•6 
•8 

1-3 
1-7 

2--4 

■4 

21-7 
32-3-9-7 
43-8 
46-9 
1'5 

4-  0 
G-3-1 

5-  1 

101 
11-2 

1-5 

4-0-1 
17-4-0 

6-0 
5-0 
9-e-2-5 
3-4 

3-  9 

4-  2 

45-7 
5G-5-32-3 
2-7 
2-4 
75-9 
64-6 
72-8-59-9 
49-G 

49-2 
28-« 

}  1-6-0 
•3 

■7 

1-  4 

3-3-1 

3-  9 

2-  0 

4-  G 

none 
4-1-0 

The  variations  in  the  ash  of  oats  are  seen  to  be  very  considerable ;  tlioy  are  mainly 
due  to  the  varying  proportion  of  husk.  Oats  with  thin  husk  give  an  ash  with  high 
potash  and  low  silica,  but  when  the  husk  is  tliick  the  silica  is  high  and  the  potash  low. 
This  is  made  evident  by  comparing  the  ash  analysis  of  the  husk  with  that  of  oats  de- 
prived of  husk.  The  ash  analyses  of  husked  oats  are  by  Norton  and  Johnston,  and 
the  ash  analyses  of  the  husk  by  Norton  and  Fromberg ;  the  methods  used  for  these 
analyses  were  very  imperfect,  but  the  general  cliaracter  of  the  ash  is  made  evident. 
The  ash  analysis  of  Avena  nuda,  in  which  the  husk  is  naturally  separated  from  the 
grain,  is  by  F.  Schulz.  Tlie  ash  analyses  of  oat-chafF  are  by  Way  and  Marchand,  with 
one  quoted  by  Anderson;  they  vary  greatly.  Norton  found  in  seven  specimens  of  oat-chafi 
a  mean  of  16-94  p.c.  of  ash  in  the  drj',  containing  60-80  p.c.  of  silica;  he  detected 
manganese  in  several  specimens  of  grain  and  husk.  The  analyses  of  oat-straw  with 
chaff  are  by  Way  and  Ogston.  Tlie  results  of  Bretschneider  and  Arendt  are  very 
different  as  regards  potash,  lime,  silica,  and  chlorine ;  the  explanation  lies  in  the  fact 
tliat  Bretschneider  operated  on  an  average  sample  of  an  oat-crop,  Arendt  on  selected 
vigorous  and  perfect  plants.  Arendt  showed  the  great  difference  which  the  luxuriance 
of  the  plant  makes  in  the  composition  of  the  ash  by  examining  separately  very  vigorous, 
strong,  and  weak  plants  at  different  stages  of  growth  ;  the  analysis  of  the  whole  plants 
at  the  tim.e  of  blossom  gave : — 


Alkalies 

Lime 

Mag- 
nesia 

Ferric 
Oxide 

Phos- 
phoric 
acid 

Sul- 
phuric 
acid 

Silica 

Chlorine 

Very  luxuriant  oat-plant  . 

4o-3 

6-1 

2-9 

•4 

8-2 

4-8 

27-0 

6-7 

Strong  oat-plant 

34-3 

0-4 

2-3 

-5 

8-5 

4-1 

39-9 

0-8 

Weak  oat-plant 

30-4 

5-2 

2-3 

1-0 

8-8 

6»6 

42-0 

4-7 

Luxuriant  plants  always  contain  a  greater  amount  of  soluble  ash  constituents  than 
they  actually  reqiu're. 

Arendt  found  that  in  the  stem  and  leaves  of  the  oat  all  the  sulphates  and  chlorides, 
and  nearly  all  the  phosphates,  existed  in  a  soluble  condition,  but  that  nearly  all  the 
silica,  save  in  the  lower  part  of  the  stem,  was  in  an  insoluble  state.  By  determining 
sulphates  in  the  green  plant,  he  ascertained  that  the  distribution  of  sulphates  and  of 
sulphur  was  very  different.  Thus,  immediately  after  blossom,  the  lower  part  of  the 
stem  contained  no  sulphates,  while  they  were  abundant  in  the  upper  leaves ;  both 
parts,  however,  contained  sulphur  in  considerable  quantity. 

The  composition  of  the  different  parts  of  the  oat  jslant  at  different  stages  df  its 
growth  has  been  thoroughly  studied  by  Norton  (Amer.  Jour.  Sci.  [2],  iii.  222,  318),  by 
Bretschneider  {J.  pr.  Ckcm.  Ixxvi.  103),  by  Arendt  (Wachsthum  der  Hafcrjpflanze, 
and  Jahresb.  Agri.  Chem.  1858-9,  124),  and  by  Fittbogen  {Jahrcsh.  Agri.  Chem.  1864, 
128).  From  this  abundance  of  material  we  select  Bretsohneider's  figures  dealing  with 
the  oat  crop  as  a  whole,  and  Arendt's  results  for  the  various  parts  of  the  plant. 

Bretschneider  analysed  the  stem,  leaves,  and  seed  of  an  oat-crop  in  five  stages  of 
growth — I.  June  19,  68  days  after  sowing ;  the  fourth  and  fifth  leaf  generally  developed. 
II.  June  29  ;  the  ear  had  left  its  sheath.  III.  July  8  ;  full  bloom.  IV.  Jidy  28  ;  com- 
mencement of  ripening.  V.  August  6  ;  fully  ripe.  The  results  for  the  second  period 
were  imperfect. 
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Composition  of  an  Oat  Crop  in  various  SUiges  of  Growth. 


Contents  iu  100  parts  of 

the  dry  crop 

Contents  in  k 

Ics.  per  hectare 

I. 

III. 

IV. 

V. 

I. 

III. 

IV. 

V. 

Organic  matter 

91-43 

91-04 

94-67 

94-60 

1087 

3817 

4758 

6032 

x\sh  .... 

8-57 

5-96 

5-33 

5-40 

102 

242 

208 

344 

Carbon 

46-22 

48-76 

47-91 

46-89 

550 

1979 

2408 

2990 

Hydrogen 

6-23 

6-53 

6-33 

5-88 

74 

265 

318 

375 

Oxygen  . 

35-39 

35-96 

37-65 

39-40 

421 

1460 

1892 

2512 

Nitrogen  . 

3-59 

2-79 

2-78 

2-43 

43 

113 

140 

155 

Water  in  fresh 

79-80 

73-47 

63-77 

35-17 

4698 

11211 

8846 

3459 

Composition  of  the  Ash. 


In  100  parts 

In  kilos,  per  hectare 

III. 

IV. 

V. 

I. 

HI. 

IV. 

V. 

Potash  . 

28-06 

25-60 

25-90 

19-14 

29-52 

61-93 

69-38 

65-91 

Soda 

6-40 

8-67 

4-16 

5-29 

6-54 

20-97 

11-17 

38-19 

Limo 

5-66 

6-46 

5-19 

5-43 

5-77 

15-62 

13-90 

18-69 

Magnesia  . 

5-34 

5-25 

4-98 

5-02 

5^44 

12-70 

13-34 

17-29 

Ferric  oxido 

1-22 

•39 

•31 

-39 

1-24 

1-04 

-83 

1-34 

Phosphoric  acid 

7-95 

9-17 

9-Gl 

1013 

8-10 

22-18 

25-74 

34-88 

Sulphuric  acid  . 

5-57 

2-46 

1-99 

3-89 

5-67 

5-95 

5-33 

13-39 

Silica 

36-28 

40-00 

45-57 

49-17 

36-97 

96-77 

122-07 

169-28 

Chlovino  . 

3-38 

2-58 

2-94 

2-00 

3-45 

6-25 

7-90 

0-88 

From  these  figures  it  appears  that  the  crop  attains  its  maximum  weight  at  the  timo 
of  blossoming,  after  which  the  amount  of  -svater  rapidly  diminishes,  wliile  the  organic 
matter  and  ash  continue  to  increase.  Assimihition  is  most  rapid  shortly  before 
blooming.  The  organic  matter  of  the  crop  increases  far  mora  quickly  than  the  ash, 
the  percentage  of  which  at  first  rapidly,  and  then  more  slowly,  diminishes.  The  in- 
dividual organic  elements  are  assimilated  in  different  proportions  at  the  various  stages 
of  growth,  which  will  be  most  clearly  seen  by  the  following  statement,  showing  the 
proportion  of  each  taken  up  for  100  of  carbon  assimilated. 


Period  I. 

„  in. 

„  IV. 
V. 


Carbon 
100 
100 
100 
100 


Nitrogen 
7.81 
4-92 
G-15 
2-61 


Hydrogen 
13^4 
13-3 
12-3 
10-6 


Oxygen 
73-6 
72-5 
100-8 
106-5 


It  is  evident  that  the  formation  of  albuminoids  takes  place  chiefly  in  the  earlier  part 
of  the  plant's  life,  while  carbo-hydrates  are  the  principal  formation  in  the  later  stages. 
The  low  proportion  of  hydrogen  assimilated  at  the  close  seems  to  point  to  the  forma- 
tion of  lignose. 

Among  the  ash  constituents  of  the  oat-crop  it  appears  that  but  little  potash  or  lime 
is  assimilated  after  the  time  of  blossom,  while  of  magnesia,  and  especially  of  phos- 
phoric acid  and  of  silica,  more  considerable  quantities  are  taken  up  during  the  later 
stages  of  growth. 

Arendt,  as  already  mentioned,  selected  vigorous  and  perfect  oat-plants,  and  deter- 
mined the  composition  of  various  parts  of  the  plant  in  five  stages  of  growth ;  his  results 
are  given  in  the  table,  p.  866.  AtPeriodl.  theplants  were  0-31  meter  high  ;  three  leaves 
were  unfolded.  At  Period  II.  the  height  -was  0-63  m. ;  the  car  was  half  protruded. 
At  Period  III.  the  height  was  0-84  m. ;  blossoming  had  just  finished.  At  Period  IV. 
the  height  was  unchanged ;  ripening  had  commenced.  At  Period  V.  perfect  ripeness 
■was  attained.  Arendt's  crop  was  sown  later  and  reaped  earlier  than  that  of  Bret- 
schneider,  and  the  plants  taken  for  analysis  were  clearly  far  more  luxuriant  than  those 
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operated  on  by  the  last-named  investigator.  Only  a  few  points  in  tlie  table  can  be  re- 
ferred to. 

The  amount  of  -ffoody  fibre  apparently  reaches  its  maximum  at  the  time  of  blos- 
soming, after  'which  other  carbo-hydrates  are  developed.  Fibre  reaches  its  highest 
percentage  in  the  dry  matter  of  the  stem,  especially  in  the  lower  part.  Fat  is  most 
abundant  in  the  leaf,  the  lower  leaves  after  blossoming  containing  9-10  p.c.  of  fat  and 
wax.  Albuminoids  in  the  young  plant  are  most  abundant  in  the  leaf,  in  the  ripe 
plant  in  the  ear  ;  a  transference  of  nitrogen  from  the  leaf  to  the  ear  is  evident  after 
blossoming.  The  leaf  is  the  part  richest  in  ash  ;  after  blooming  the  upper  leaves  con- 
tain much  more  asli  than  the  lower  ones.  Norton  even  found  that  the  upper  half  of 
an  oat-leaf  contained  more  ash  than  the  lower  half  The  ash  of  the  stem  is  exceed- 
ingly rich  in  potash,  that  of  the  leaf  contains  less  potash,  but  a  much  larger  quantity 
of  lime  (compare  Ulbricht's  results  .with  clover,  Fodder  Plants).  The  ash  of  the 
stem,  contrary  to  popular  notion,  is  poorest  in  silica  of  any  part  of  the  plant  ;  the 
maximum  of  silica  is  in  the  leaf.  Phosphoric  acid  and  magnesia  find  their  maximum 
in  the  ash  of  the  ear ;  a  transference  of  phosphoric  acid  from  the  leaf  and  stem  to  the 
ear  is  plainly  seen.  This  relation  of  the  ash  constituents  of  the  stem,  leaf,  and  ear  is 
abundantly  confirmed  by  Bretschneider.  In  Arendt's  '  ash '  carbonic  acid  is  deducted ; 
the  ash  of  the  ripe  stem  must  have  contained  a  large  quantity. 

Fittbogen  is  the  only  experimenter  on  the  oat-plant  who  has  included  the  roots  in 
his  investigation  ;  his  plants  were  grown  in  glass  pots  and  examined  at  three  periods. 
From  the  time  when  three  leaves  were  unfolded,  the  roots  •diminished  in  weight,  and 
especially  in  ash  constituents ;  the  transference  of  matter  from  the  root  took  place 
chiefly  just  before  the  time  of  blossoming.  Hellriegel  examined  the  plants  grown  by 
Fittbogen,  and  found  that  each  oat-plant  (growing  at  the  rate  of  32  in  a  cubic  foot  of 
soil)  possessed  an  average  of  150  feet  of  root  fibre. 

The  influence  of  different  cl.asses  of  manures  on  the  growth  of  oats,  and  their  effect 
on  the  composition  of  the  crop,  are  best  illustrated  by  the  results  of  Messrs.  Lawes 
and  Gilbert.  The  following  figures,  kindly  communicated  by  the  authors,  show  the 
average  produce  of  black  Tartarian  oats  grown  for  five  successive  years  on  the  same 
land. 

Produce  of  Tartar  Oats  with  various  Manures. 


Weight 

Manures  per  acre 

Dressed 
corn 

Straw  and 
chaff 

Total 
produce 

Corn  to 
100  straw 

per 
bushel  of 
dressed 

corn 

bushels 

cwts. 

lbs. 

lbs. 

No  manure  .... 

10| 

1988 

72 

333 

Mixed  cinereal  manure 

24-J 

13| 

2532 

70 

35 

Ammonium  salts,  400  lbs. 

47 

28* 

5186 

65 

35i 

Nitrate  of  sodium,  550  lbs. 

47^ 

27i 

5110 

69 

35i 

Ammonium  salts,  400  lbs.  with 
cinereals 

59 

411 

7160 

58 

37 

Nitrate  of  sodium,  550  lbs,  with 
cinereals 

57. V 

35 

6347 

67 

353 

The  mixed  cinereal  manure  consists  of  superphosphate,  with  potassium,  sodium,  and 
magnesium  salts.  The  ammonium  salts  are  mixed  chloride  and  sulphate ;  they  supply 
the  same  quantity  of  nitrogen  as  the  550  lbs.  of  nitrate  of  sodium. 

The  results  plainly  show  that  the  oat-plant,  like  other  graminaceous  crops,  is  unable 
to  supply  itself  from  the  natural  resources  of  the  soil  and  atmosphere  with  an  amount 
of  nitrogen  sufficient  to  produce  a  full  crop,  even  when  abundantly  supplied  witli 
ash  constituents.  The  best  result  in  the  experiments  is  obtained  wliere  nitrogenous  and 
cinereal  manures  are  applied  together. 

The  effect  of  the  above  manures  on  the  composition  of  the  crop  is  seen  in  tlie  follow- 
ing table,  which  shows  that  the  dry  matter  in  the  corn  is  practically  not  altered  by 
manuring,  while  in  the  straw  the  dry  matter  is  a  little  lower  in  the  more  luxuriant  crops. 
The  amount  of  dry  matter  is,  however,  considerably  affected  by  season,  the  variation 
being  greatest  in  the  straw.  The  percentage  of  ash  in  the  corn  exhibits  considerable 
variation  by  manuring,  but  tlie  variation  is  not  so  much  connected  with  the  supply  of 
ash  constituents  to  the  plant  as  with  the  weight  per  bushel  of  the  grain  ;  where  the 
grain  is  best  developed,  and  contains  the  largest  piroixirtion  of  kernel  to  husk,  there  the 
ash  is  at  a  minimum,  and  the  weight  per  busliel  at  a  maximum  ;  where  the  specific 


COMPOSITION  OF  1,000  ENTJBE  OAT-PLANTS  IN  GEAMS.  aye  sco. 


I  

reiiod  I.,  June  10 

Period  11.,  June  30 

Period  III.,  J*  10 

Period  IV.,  .July  21 

Period  V.,  July  31 

Stem 

Stem 

Stem 

Stem 

Stem, 

■Whole 

Whole 

mole 

Whole 

Plants 

3  lon  er 

3  lower 

2  upper 

Plants 

3  lower 
joints 

middle 
joiutj 

3  lower 

2  upper 

Ear 

Plants 

3  lower 

2  middle 

YoiDt' 

3  lower 

2  upper 

Ear 

Plants 

Slower 

2  middle 
joints 

3  lower 

2  upper 

Plants 

2  middle 

joUlt 

3  lower 

2  upper 

Ear 

Albuminoiids  . 

11-11 

42-57 

41-73 

95-4 

6-21 

16-94 

7-30 

62-48 

158-9 

7-81 

14-79 

18-32 

30  31 

49^57 

82-03 

202-8 

7-86 

19-04 

22-61 

21-56 

44-81 

202-05 

317-8 

7-39 

17-99 

21-77 

18^08 

40-40 

246-02 

351-7 

Fat  .... 

■92 

1003 

20-1 

3-96 

1^44 

1  r  09 

1  Ql  1 

8-17 

48-9 

-52 

5-21 

706 

19^97 

25-68 

82-9 

•43 

6-14 

7-23 

ino  of 

41-67 

97-6 

•44 

5-98 

6-23 

19^91 

17-45 

39-31 

89-3 

19-26 

44-16 

103-3 

52-81 

58-OG 

50-17 

109-22 

459-7 

60  05 

83-29 

79-40 

66-47 

142-57 

564-8 

61--'i3 

80-95 

86-20 

108-21 

143-54 

645  0 

69-88 

82-63 

88^16 

62-50 

108-56 

148-90 

550-6 

barbo-  yi  .  es 

45-47 

83-10 

71-8o 

2U0-4 

60-91 

91-80 

68-97 

10 

217-47 

624-6 

66-90 

124-95 

99-51 

82-36 

1 139-44 

424-02 

916-7 

74^00 

131-35 

93-95 

77-13 

169  87 

701-88 

1242-6 

73-84 

124-40 

89^69 

79-44 

16112 

811-48 

1339-9 

Organic  mutter 

76-76 

170-86 

162-58 

419-2 

120-16 

7085 

127-88 

199  23 

286  77 

387-34 

1292-2 

135-29 

228-24 

204-28 

198-11 

327-47 

674-02 

1767-2 

143-82 

237-48 

209-89 

188-70 

334-02 

1089-14 



2203-0 

141-55 

231-01 

205-84 

179-94 

327-53 

1245-71 

2331-6 

Pobish  . 

1-65 

8-49 

6-92 

17-05 

1-91 

3-25 

2-89 

8-82 

8  97 

5-27 

31-11 

3-60 

7-30 

7-52 

8-47 

8-52 

6-80 

40-20 

5-22 

8-56 

7-28 

7-75 

10-08 

6-46 

44-33 

5-50 

8-88 

7-92 

7-44 

9-55 

4-47 

43-76 

Soda 

■40 

43 

■03 

-14 

•15 

•21 

■49 

■20 

1-28 

-12 

-27 

•25 

■16 

■31 

1-47 

-09 

■25 

-36 

•03 

•29 

•15 

-19 

•20 

•01 

•87 

Lime 

■17 

2-96 

1-35 

4-48 

•20 

•42 

•31 

2-68 

3-49 

1-40 

8-50 

-21 

•56 

•71 

3^76 

4-11 

2-26 

11-60 

•24 

-66 

1-31 

3^66 

5-85 

2-77 

14-40 

-69 

1-23 

3-39 

6-62 

2-52 

14-71 

Magnesia 

■56 

-80 

1-53 

•13 

•25 

•27 

•47 

•40 

■71 

■  52 

■55 

1-23 

■75 

1-54 

Ferric  oxide 

■02 

■11 

■07 

•02 

•02 

•04 

•19 

-07 

-46 

•05 

•02 

•31 

-16 

-04 

•61 

•09 

•02 

■02 

■45 

-26 

trace 

-83 

•07 

:27 

-23 

trace 

-58 

Phosphoric  acid 

■47 

1^05 

1-75 

3-27 

•20 

•39 

■67 

•70 

1-67 

2-36 

5-99 

•21 

M4 

1-7Z 

■69 

;  M8 

6-36 

1032 

•20 

•46 

•32 

•51 

■74 

10-67 

12-90 

•19 

•19 

•39 

-35 

■59 

12-52 

14-23 

Sulphuric  acid  . 
Chlorine  . 

■14 

■43 

•49 

1-06 

■07 

•05 

trace 

1-05 

1  09 

-45 

2-71 

none 

•13 

1-12 

101 

1  1^43 

trace 

2^68 

•16 

•13 

•61 

2^46 

•48 

3  83 

none 

■17 

*  -17 

2-90 

1-45 

5-3+ 

■41 

■90 

-97 

2-28 

■35 

•5l 

•14 

•76 

1-10 

-75 

3-62 

•40 

roi 

1-87 

■68 

1-22 

1-23 

6^32 

•49 

1-34 

•99 

•42 

1-13 

1^59 

5-96 

•60 

1-63 

1-06 

-32 

■96 

1-32 

.5-78 

4-62 

1-56 

6-39 

•22 

•20 

•28 

6-31 

4-38 

4-43 

15-82 

•32 

•72 

1-04 

6^84 

7-18 

9-35 

26^45 

•31 

100 

2^25 

7^20 

14^14 

9-75 

34-66 

•29 

1-21 

2-89 

6-89 

16-11 

8-93 

36-32 

Ash. 

3  ■54 

19-34 

13-72       36  60 

316 

5^^25 

4-67 

2088 

21-73 

15  66 

71  49 

4-91 

11-46 

11-32 

2249 

24-53 

25-70 

100-41 

6-68 

2-^2 

12^41 

2131 

36^98 

31-86 

6-95 

1300 

14-16 

20-07 

38-47 

34-29 

126-93 

Dry  matter 

80^30 

199-20 

176-30 

455-8 

123-32  i  1 

76-10 

132-00 

220-11 

 ^ 

308-00 

403  00 

1363  6 

140-20 

239-70 

215^60 

220-30 

362-00 

700-00 

1867  6 

160^60 

250-00 

222-30 

210^01 

37000 

1121-00 

2323-8 

148-50 

244-01 

220-00 

200-01 

366-00 

1280-00 

2458-5 

COMPOSITION  OF 

1,000  PAHTS  OF  .DEY 

SUBSTANCE. 

Albuminoids  . 

138^31 

213-63 

236-68 

209-32 

50-39 

96-22 

55^32 

130-21 

116-53 

55-70 

61-72 

84-95 

137-67 

i  143-63 

117-29 

108-59 

62-50 

76-13 

101-27 

191-1(1 

180-24 

136-76 

49-75 

73-74 

98-94 

90-39 

110-39 

192-69 

143-06 

Fat  . 

11-50 

50-57 

51-86 

44-09 

1-96 

22-64 

18-39 

20-27 

35-86 

21-72 

32-76 

90-66 

69-54 

36-69 

44-39 

2-88 

24-64 

32-63 

37-17 

42  00 

24-96 

28-30 

99-54 

47-95, 

29  93 

36-32 

Woody  fibre 

239-80 

221-82 

226-08 

226-63 

428-29 

3 

29-73 

378-51 

320-55 

384-85 

271-02 

337-12 

428-34 

347-50 

■  368-23 

297-17 

323-84 

203-67 

302-41 

408-85 

388-19 

360-75 

oz8'50 

909-^7 
fni  .QQ 

128-06 

234-53 

403-24 

401-22 

377-02 

312-50 

296-73 

116-00 

223-96 

Carbo-hydrates 

566  08 

416-87 

407-56 

441-85 

493-73 

5 

21-75 

512-65 

360-62 

539-53 

458-13 

477-17 

521-25 

461-66 

372-39 

303-28 

605-65 

490-84 

491-67 

461-06 

449-62 

367  32 

626-17 

534-73 

407-22 

446-83 

431-39 

397-24 

439-81 

634-59 

546-03 

Organic  matter 

955-89 

902-89 

922-18 

921-89 

974-37 

9 

70-1  r 

964-77 

905  11 

929-58 

961-13 

947-64 

964-95 

952-19 

947-50 

897-89 

931-29 

963-30 

946-23 

955-60 

949-91 

944-17 

898^55 

902-76 

971-58 

948  02 

963-19 

946-74 

935-65 

899-67 

894-88 

973-21 

948-37 

Potash  . 

20-55 

42-61 

39-24 

37-41 

15-50 

18^44 

21-83 

40-07 

29  03 

13-08 

22-81 

26  66 

30-46 

30-23 

38-44 

24-17 

8-29 

21-62 

34-66 

34-22 

32-66 

36-89 

27-23 

2-87 

19-08 

37-02 

36-41 

36-00 

37-41 

26-09 

3-49 

17-80 

Soda 

4-92 

2-18 

-19 

1-88 

1-12 

•87 

•94 

1-60 

-84 

1-12 

1-15 

-66 

-89 

-66 

-79 

-61 

1-21 

-96 

-19 

-84 

-70 

-96 

-56 

-04 

-35 

Lime 

2-08 

14-84 

7-68 

9-85 

236 

256 

12^17 

11-28 

3-48 

6-23 

1-47 

2-33 

3-29 

17-06 

11-68 

3-22 

6-21 

1-58 

2-65 

4-06 

17-44 

15-81 

2-47 

6-2' 

1-75 

5-58 

16-95 

18-08 

1-97 

5-98 

Magnesia  . 

2-07 

4-53 

3-35 

1-04 

1^40 

2^07 

2-15 

2'24 

•75 

2-11 

2-03 

1-82 

2-01 

2-21 

1-04 

2-07 

2-63 

3-32 

2-06 

2-33 

1-02 

1-92 

2-52 

3-79 

4-20 

2-40 

2-62 

Ferric  oxide 

■27 

-41 

•43 

■16 

•09 

-09 

•87 

•38 

-1-8 

•34 

-09 

•15 

1-43 

■46 

-05 

•57 

-06 

-07 

2-16 

-71 

trace 

-36 

-49 

-01 

-13 

1-36 

■62 

trace 

•24 

Phosphoric  acid 

5^87 

5-20 

9-92 

7-17 

1^64 

2-23 

5-01 

317 

5-86 

1-62 

4-89 

7-95 

3-13 

i  3-35 

7-66 

6-53 

1-35 

1-84 

1-42 

9-52 

5-55 

1-30 

■76 

1-79 

1-77 

1-61 

9-78 

5-79 

Sulphuric  acid  . 

1-78 

2-16 

2-76 

2-32 

■58 

•27 

trace 

4-78 

3-52 

1-11 

none 

-63 

■64 

4^50 

4-07 

trace 

1-44 

none 

-60 

-69 

2-8? 

6-65 

-43 

2-08 

none 

-76 

3-30 

7-92 

1-33 

217 

Chlorine  . 

5-13 

4-53 

5-50 

5-00 

i-77 

2-92 

1-07 

3-47 

3-56 

r87 

2-65 

4-22 

304 

2-63 

3-47 

1-76 

2-85 

3-26 

6-37 

4-44 

1-98 

3-04 

1-42 

2-57 

4-03 

6-25 

4-82 

1-70 

2-62 

103 

2-35 

Silica 

2-60 

23  20 

14-02 

1^81 

1-92 

213 

28-65 

14-19 

11-00 

11-60 

2-26 

3-01 

4-81 

31  04 

20-39 

13-36 

13-63 

2-07 

401 

1012 

34-28 

38-22 

7-8O 

14-91 

1-92 

4-96 

13-14 

34-47 

44-02 

6-98 

14-77 

Ash. 

44-11 

97-12 

77-82 

78-11 

25-63 

94-89 

70-42 

35-05 

47-81 

62-50 

102-11 

69-71 

36-70 

53-76 

44-40 

00  a6 

101-45 

97-24 

98-99 

46-81 

53-26 

64-35 

101-33 

105-12 

26-79 

51-63 

PERCENTAGE 

COMPOSITION 

OF  THE  ASH. 

Potash  . 

46-59 

43-88 

50-42 

46-58 

57-55 

61-79 

61-95 

42-42 

41-22 

33-68 

43-67 

68-67 

63-71 

57-69 

38-61 

i  34-66 

22-56 

40-03 

78-03 

68-30 

58-49 

36-'37 

27-99 

17-14 

36-7 

81-20 

68-38 

55-94 

36-91 

24-81 

13-03 

34-47 

Soda 

11-15 

2-24 

•24 

2-34 

4-16 

2-92 

2-04 

2-27 

179 

2-40 

2-34 

2-19 

■64 

!  1-28 

1-50 

1-46 

1-37 

-96 

-95 

1-19 

-98 

-60 

-0 

-41 

1-68 

1-09 

-94 

■42 

-15 

11-59 

Lime 

4-72 

15-28 

987 

12-23 

6-05 

7-91 

7-24 

12-83 

16-02 

8-96 

11-90 

4-19 

4-87 

6-27 

16^69 

16-75 

8-76 

11-55 

3-56 

5-30 

7-27 

17-20 

16-25 

8-69 

120 

)  3-64 

5-31 

8-67 

16-74 

17-29 

7-36 

Magnesia  . 

4-69 

2-91 

5-82 

4-17 

3-86 

4-69 

6-87 

2-27 

3-18 

5-72 

3-78 

2-14 

4-41 

3-87 

1^88 

601 

3-69 

2-34 

4-14 

5-26 

2-59 

3-41 

7-25 

4-4 

)  2-18 

3-60 

3  92 

3-84 

3-99 

5-08 

Ferric  oxide 

-61 

■53 

•63 

•65 

•59 

-30 

-25 

-92 

3-34 

•64 

■46 

-64 

•14 

•19 

■28- 

138 

-66 

-14 

-61 

1-28 

•12 

-13 

2-09 

-73 

trace 

-6 

1-05 

-02 

-20 

2-75 

-59 

trace 

-46 
11-21 

Phosphoric  acid 

13-31 

5-41 

12^74 

6-09 

7-47 

14-21 

7-70 

18-20 

8-39 

4-48 

10-23 

14-14 

306 

4-79 

20-85 

10-28 

304 

2-64 

2-40 

2-06 

33-60 

10-6 

)  2-78 

1-43 

2-78 

1-75 

1-53 

36.50 

Sulphuric  acid  . 

4-03 

2-22 

3-53 

2-15 

•90 

trace 

5-04 

600 

2-90 

3-79 

none 

1-11 

ro3 

4^41 

5-84 

trace 

2-67 

none 

1-20 

1-06 

2-85 

6-84 

1-61 

3-1 

none 

1-30 

1-18 

3-26 

7-63 

4-96 

4-21 

Chlorine  . 
Silica 

11-63 

4-66 

7-07 

6-22 

10-28 

3-04 

3-66 

6-06 

4-82 

5-07 

8-22 

8-83 

5^79 

2^67 

•  4-98 

3-79 

6-29 

10-72 

7-96 

1-95 

6-00 

4-9 

8-61 

11-74 

7-49 

1-68 

2-49 

3-84 

4-55 

23-89 

11-35 

17-46 

6-72 

6-43 

6-04 

30-20 

18-72 

28-34 

22-16 

6-42 

6-30 

9^16 

29-24 

36-37 

25-34 

4  66 

8-00 

18-12 

33-80 

39-38 

27-49 

28-7 

)  4-10 

9-31 

2073 

34-02 

41-86 

26  05 

28-61 

I 


OATS— OCTANE. 

Percentage  ComjMsUion  of  Oat-corn  various!?/  manimd. 


867 


No  manuro 
Cincrcal  manure 
Aiiiinoniiim  salts 
Nitrate  of  sodium 
Ammonium     salts  / 

and  cineroals.  [ 
Nitrate  of  sodium  | 

and  cinereals.  \ 


gliest  Lowest  Mean 


86-1 
86-4 
867 

86-  5 

87-  0 


81-6 
81-7 


80-9 
82-7 


est  Lowest  Mean 


4-75 
4-51 

3-  69 

4-  01 

3-51 

3-81 


3-69 
3-22 
3-42 

3-09 
3-30 


Highest  Lowest  Mean 


Terccntagc  Composition  of  Oat-straw  variously/  manured. 


No  manuro 

82-4 

77-8 

80-3 

11-54 

8-03 

10-40 

- 

— 

Uinereal  manure 

831 

78-1 

80-5 

12-05 

7-68 

10-54 

•516 

-326 

•461 

Ammonium  salts 

82-3 

77-8 

79-6 

9-88 

7-69 

8-73 

Nitrate  of  sodium 

82-8 

7C-6 

79-0 

8-21 

6-57 

7-39 

Ammonium    salts  } 
and  cinereals.  J 

82'6 

75-3 

78-4 

10-75 

7-38 

8-64 

•574 

•344 

.481 

Nitrate  of  sodium  j 
and  cinereals.  J 

82-7 

75-0 

79'1 

8-44 

6-68 

7-57 

■674 

-356 

•504 

gravity  is  lowest,  and  the  proportion  of  husk  greatest,  the  ash  reaches  its  maximum. 
In  the  straw  the  percentage  of  ash  varies  even  more  than  in  the  corn.  The  supply  (ir 
non-supply  of  ash  constituents  lias  here  clearly  some  eifect  on  the  result,  especially  in 
seasons  of  defective  ripening,  as  seen  in  the  column  of  highest  percentages  ;  but  iu 
favourable  seasons  the  percentage  is  mainly  affected  by  the  bulk  of  the  crop,  the  heavier 
crops  containing  least  ash.  The  straw  manured  with  nitrate  of  sodium  contains  dis- 
tinctly less  ash  than  that  manured  with  sulphate  and  chloride  of  ammonium.  The 
percentage  of  nitrogen  both  in  grain  and  straw  is  but  little  affected  by  its  supply,  the 
effect  of  season  is  far  more  considerable  ;  nitrogen  is  lowest  in  both  grain  and  straw 
in  seasons  of  favourable  ripening,  and  high  when  rijjoning  is  incomplete. 

An  average  oat-crop  of  45  bushels  of  grain,  at  42  lbs.  per  bushel,  and  2835  lbs.  of 
straw  (3  of  straw  to  2  of  grain),  will  remove  from  tlio  land  in  lbs.  per  aero  about  the 
following  quantities : — 


Nitrogen 

K=0 

Na=0 

CaO 

MgO 

Fe=0» 

p=0^ 

SO^ 

CI 

SiO= 

Total 
ash 

Grain 
iStraw 

37-8 
14-2 

8-5 
29-6 

1-4 

5-9 

2'0 
9-8 

3-9 
5-3 

•4 
2-1 

11-8 
7-1 

-8 
4-8 

5-5 

24-8 
69-3 

54-3 
139-7 

Total 

52-0 

38-1 

7'3 

11-8 

9-2 

2-5 

18-9 

5-6 

5'5 

94-1 

194-0 

E.  W. 


OBOIfTTS.  Analyses  of  Oholiis  shells  from  the  lower  Silurian  sandstone  of  Estli- 
land  have  been  made  by  A.  Kuppfer  {Jahrcsb.  f.  CImm.  1870,  1337);  they  consist, 
mainly  of  a  fluorapatite,  ha\'ing  the  composition  CaF-.3CaP-0^. 

OCT.fi.TTS,  CH'".  Octyl  Hydride,  Normal  Octane,  or  dibutyl,  prepared  by  the 
action  of  sodium  on  normal  butyl  iodide,  obtained  by  Liebon  a.  Eossi's  process  from 
butyric  acid,  boils  at  123°-125°,  and  has  a  specific  gravity  of  0-7032  at  17°.  It  ap- 
pears, therefore,  to  be  identical  with  the  octane  obtained  from  methyl-hexyl  carbinol 
and  from  sebic  acid,  also  with  that  which  Zincko  obtained  from  primary  octyl  alcohol 
{\st  Supjd.  877). 

OCTAiaiSTlS    (or   TBTRAMIMTE)    CHROMSUM-COMPO'EJrJBS.  See 

Cheomicm  (p.  330). 
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©CTAPC-TETaiLMOSPHZUS.    See  Morphine  (p.  823). 

OCTSSSffES,  or  OCZ'-'rK.Eia-S-COESPOU'lffDS  The  oJdorTiydrin,  C*H"'(OH)Cl,is 

formed  by  treating  octene  with  aqueous  hj-poehlorous  acid  not  containing  more  than  0'7o 
p.c.  HCIO.  The  product  freed  from  unaltered  octylene  by  heating  it  to  125°,  and  passing 
a  rapid  stream  of  carbonic  anhydride  through  it,  is  a  mobile  slightly  yellowish  liquid, 
having  a  camphoroiis  odour  and  burning  taste,  insoluble  in  water,  but  soluble  in  ether 
and  in  alcohol,  decomposed  by  boiling.  >Sp.  gr.  =  1-003  at  0°,  and  0-987  at  31°. 
Heated  to  180°  in  a  digestion-tube  with  sticks  of  potash  and  a  little  water,  it  yields  a 
liquid  which  boils  at  146°,  has  a  specific  gravity  of  0-831  at  15°.  and  yields  by  analysis 
72-9  p.c.  carbon  and  11-7  hydrogen.  Now  octene  oxide,  C*H'°0,  requires  75-0  C.  and 
12-6  H.,  whereas  heptene  oxide,  requires  73-7  C.  and  12  3  H.  Probably, 

therefore,  the  product  consisted  mainly  of  heptene  oxide,  resulting  from  the  oxidising 
action  of  the  hypochlorous  acid  on  the  octene  chlorhydrin.  When  octene  was  treated 
■with  a  2  to  3  p.c.  solution  of  hypochlorous  acid,  no  octene  chlorhydrin  was  obtained, 
the  hypochlorous  acid  in  the  more  concentrated  state  exerting  an  oxidising  as  well  as 
a  substituting  action.  The  product  yielded,  by  fractional  distillation,  a  liquid  boiling 
at  206°-208°,  and  having  the  composition  of  heptene-chlorhydrin,  C'H"(0H)C1.  The 
portion  boiling  above  208°  contained  a  still  larger  proportion  of  chlorine  (P.  de  Cler- 
mont, Bull.  Soc.  Chim.  [2],  xiii.  404). 

Octene  glycol,  C^H"(HO)=,  boiled  for  ten  hours  with  nitric  acid  containing  rather 
more  than  dH^O  to  each  N'O^,  yields  a  solution  of  oxalic  acid  on  which  there  floats  an 
oil  containing,  besides  unattacked  octene  glycol,  an  acid  which  remains  liquid  at  —10°. 
A  barium  salt  prepared  from  it  contained  22-95  p.c.  metal,  and  could  not  therefore  be 
either  a  subcrate  or  a  caprylate.  In  another  oxidation  not  carried  quite  so  far,  a  solid 
crystalline  acid  was  formed,  the  barium  salt  of  which  contained  from  38-8  to  38 '7 
p.c.  metal  (P.  de  Clermont,  loc.  cit.) 

OCTBTHTSi-SSEjSCIC  ether.    See  Silicic  Ethees. 

OCTYIg  ia.2!COHOS.S,  CH'^O.  Primary  iso-octyl  alcohol  or  isoheptyl  carbinol, 
obtained  by  Zincke  from  the  volatile  oil  of  tlie  seeds  of  Heracleum  sphondyliwn  {\st 
Suppl.  878),  may  also  be  obtained  from  the  oil  of  Heracleum  giganieum,  which  contains 
the  corresponding  acetic  ether  (Franchimont  a.  Zincke,  Dcut.  Cham.  Ges.  Ber.  iv.  420). 

Secondary  Octyl  Alcohol  or  Mcthyl-liexyl  Carbinol,  Q^^aj  CHOH,  is  produced,  to- 
gether with  mothyl-hexyl  ketone,  by  distilling  sodium  ricinoleate  with  excess  of  alka- 
line hydrate;  and  Neison  has  lately  shown,  by  a  very  careful  investigation,  that  these 
are  the  sole  products  of  the  reaction  {Chem.  Soc.  J.  [2],  xii.  837-851).  The  alcohol, 
when  purified  from  the  ketone  as  completely  as  possible,  boils,  according  to  Schorlem- 
mer's  latest  determination,  at  177°-178°  {Chem.  Soc.  J.  [2],  xii.  1029).  Former  deter- 
minations gave  181°,  but  Scliorlemmer  regards  the  recent  determination  as  the  more 
trustworthy,  first  because  the  pure  alcohol  had  been  prepared  from  a  larger  quantity 
of  material,  and  secondly,  because  it  appears  to  be  a  general  law  that  a  normal  second- 
ary alcohol  containing  the  group  — CHOH — CH^  boils  .it  the  same  temperature  as 
the  normal  primary  alcohol  which  contains  1  atom  of  carbon  less.  This  may  be  seen 
from  the  following  table,  including  only  such  alcohols  as  have  been  most  minutely 
studied : — 

Boiling-point  Boiling-point 
C'H'.OH    .       .     97°-98°  C^H^GH.Cff    .       ,     96°-98° - 

C^H'>.OH  .       .    137°  C'H'»(OH).Cn^       .  136° 

C'Hi\OH  .      .    115-5°-177-5°       C'H"(0H).CH3      .  177°-178°. 

<ESJ AUTHOR,  or  JEWAXTTH-srSiEC  C'H"0.    Preparation. — 

Sehifi'  {Zcitschr.  f.  Chem.  vi.  74)  prepares  tliis  aldehyde  by  distilling  half  a  litre  of 
castor-oil  in  a  2-^-litre  vessel  over  a  gas  flame  till  the  mass  just  begins  to  froth  up.  The 
distillation-vessel  is  then  emptied,  again  charged  with  i-litre  of  the  previously  warmed 
oil,  and  this  operation  is  repeated  till  10  kilograms  of  material  have  been  treated. 
The  products  consist  of  1-27  kilograms  of  purified  cenanthol,  60  grams  of  less  puro 
cenanthol,  to  be  purified  by  combination  with  sodium  bisulphite,  &c.,  100  grams  of 
acrolein,  and  a  Cjuantity  of  oily  bye-products.  The  viscid,  spongy  residue  of  the  dis- 
tillation may  be  completely  liquefied  by  gentlg  heating,  and  ultimately  distilled  almost 
without  residue.  An  addition  of  the  oily  bye-products  above  mentioned  diminishes  the 
frothing. 

Eeaction  with  Hydrocliloric  acid. — Williamson,  by  piassing  hydi-ochloric  acid  gaa 
through  an  alcoholic  solution  of  cenanthol,  and  treating  the  product  with  water,  ob- 
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Uined  an  oily  liquid  which  lio  regarded  as  oeuauthylic  ether,  C-H\C'II'^0-  (iv.  178). 
SchifF,  on  the  other  hand  {Zcitschr.  f.  Chem.  vi.  74),  finds  that  tlie  chief  product  of 
this  reaction  is  hoptene-chloretliylin,  or  hoptene-methyl  chloride,  C'll" 
]  OG-W  ■^'^"^  compound  is  a  light  oil  insoluhle  in  -water,  easily  soluble  in  alcohol 
and  ether,  gradually  decomposed  by  contact  with  warm  water.  It  could  not  1)0  obtained 
pure,  as  it  is  completely  decomposed  by  distillation.  The  decomposition,  which  is  very 
complicated,  may,  according  to  SchifP,  be  approximately  represented  by  the  following 
equations  : — 

2C'H"(0C=IP)C1  =  C-H<  +  C=H'CP  +  2H^0  +  C"H'-«  ...  (1) 
C'Hi<(OC-ff)Cl  =  cm*  +  li-0       +  HCl     +  C'U'-    ...  (2) 
3,  4    .    .    «C-H'=  =  (C'll'^)',  (C'll'-)'  ....      (C'H'-)-     .    .  (3) 
(C'H'2)"  =  («-2)C'H'*  +  C"II-«-="   (4) 

If  the  first  distillation  be  interrupted  at  320°,  there  remains  a  brown  viscid  residue 
consisting  of  hydrocarbons,  C"H'""=",  and  othcrs,which  residue,  when  heated,  is  resolved, 
us  indicated  by  equation  (4),  into  bodies  of  relatively  lower  boiling  point.  Hence,  by 
continually  separating  from  the  resulting  distillates  the  portions  which  go  over  below 
320°,  and  again  distilling  the  residues,  the  relative  quantity  of  the  lower-boiling 
hydrocarbons  will  continually  increase  at  the  expense  of  those  of  higher-boiling  point. 
From  a  product  thus  obtained,  the  following  compounds  were  isolated  by  ro})eateil 
fractionation:  (1.)  Heptene,  C'H'*,  from  fractions  90°-l()0°;  (2.)  a  yellow  oil,  C'H-", 
from  fractions  246°-260°;  (3.)  a  very  viscid  oil,  C'^H-'-,  having  tlie  consistence  of 
turpentine  in  the  cold,  from  fractions  320°-330°  ;  (4.)  a  pitch,  CH'-'',  as  resiiluo  of 
the  distillation  when  carried  on  to  350°.  The  formulas  assigned  to  those  bodies  are 
supported  by  closely  agreeing  analyses.  The  four  bodies  just  mentioned  constitute, 
however,  only  the  smallest  portion  of  the  entire  product  of  the  decomposition,  the 
principal  portion  consisting  of  mixtures  which  could  not  be  separated  into  definite 
products. 

The  product  of  the  first  distillation  of  the  heptene-chlorethylin  containsan  aldchydic 
body  boiling  at  240'',  the  separation  of  which  succeeds  only  when  the  product  is  dis- 
tilled by  itself.  It  slightly  reduces  ammouiacal  silver  nitrate  on  boiling,  and  unites 
with  sodium  bisulphite  to  a  scarcely  crystalline  mass.  Its  analysis  gave  numbers 
which  agreed  with  the  formula : 

C'%"0  =  2CWC10  -  (C-IVCV  +  IPO); 

considering,  however,  the  imperfect  purity  of  the  substancG,  the  result  might  also  be 
represented  by  the  formula  : 

C'^1P»0  =  2C"n'^0  -  H-0 

which  requires  the  same  amount  of  I'.r/b  .n        I  ]i.e.  less  hydrogen  (Sehiff). 

CEnanthol,  treated  in  the  cold  \vi;li  i  I  i  inni  hydrate,  is  converted  into  two 
polymeric  modifications,  one  a  crysl;;!  i  ,       other  an  oily  liquid.    Both  yield, 

OR  distillation,  ccnanthol  and  condcn.'.il  mn  |'!  o  in^ts  formed  from  it  by  abstraction  of 
w,;ter  (Borodin,  Dcut.  Chan.  Gcs.  L'cr.  v.  48U). 

«Elsri5uM-THiri.XC  ACIB,  C'H"0-  =  C^H'ICO^H.  This  acid,  first  obtained  by 
Tillcy  in  1841  by  oxidising  castor-oil  with  nitric  acid,  is  also  produced  liy  oxidation 
of  oenantliol  with  nitric  acid  or  with  chromic  acid;  by  the  oxidising  action  of  nitric 
acid  on  oleic  acid  and  on  Chinese  w'ax  ;  by  that  of  chromic  acid  on  heptylic  alcohol 
from  heptane  ;  and  by  the  action  of  potash  on  ojnautliol  (iv.  177).  The  boiling-points 
of  the  acid  obtained  by  these  several  processes  have  been  variously  stated  at  212°- 
222°.  Tilley's  acid,  wdiich  boiled  at  148°,  was  doubtless  impure.  Franchimont  {Ann. 
Ch.  Pharm.  clxv.  23),  by  converting  hexyl  alcohol  from  heraclcum  oil  into  the  nitril, 
C'II"N,  and  decomposing  this  compound  -with  caustic  potash,  obtained  a  heptylic  or 
oenautliylic  acid,  which  boiled  at  223°-224°,  the  whole  column  of  mercury  being  in  tha 
vapour. 

To  obtain  more  precise  data  as  to  the  identity  or  diversity  of  the  acids  from  these 
several  sources,  a  further  examination  of  cenanthylic  acid  produced  by  oxidation  of 
fcnanthol  has  been  made  by  Grimslmv  a.  Sehorlemmer  (Chcm.  Soc.  J.  [2],  xi.  1073). 

To  prepare  the  acid,  300  grams  of  cenanthol  from  castor-oil,  boiling  at  150°-160°— 
not  qiiite  pure,  but  still  containing  some  acrolein  and  other  producis — was  gradually 
added  to  a  warm  solution  of  300  grams  of  potassiimi  dichromate,  400  sulphuric  acid, 
and  900  water.  After  the  action  was  over  the  flask  was  coiineftcil  witli  a  reversed 
condenser,  and  the  liquid  boiled  for  some  hours.    After  cooling,  the  two  layers  of 
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liquid  were  separatea,  tlie  lower  one,  containing  some  cenanthylic  acid  in  solution,  ■was 
distilled,  and  the  distillate  saturated  with  soda.  The  upper  layer  was  well  shaken 
with  caustic  soda,  to  remove  chromic  oxide,  and  the  solution  of  the  sodium  salt  evapo- 
rated. On  adding  sulphuric  acid  to  the  concentrated  liquid,  cenanthylic  acid  separated 
out  as  an  oily  layer,  which  was  washed  ■with  water  and  dried  over  phosphorus  pent- 
oxide. 

The  acid  thus  obtained  contains  some  acrylic  acid,  and  begins  therefore  to  boil  a 
little  above  140°  ;  the  boiling  point  soon  rises  to  200°,  and  then  more  slowly  to  230°; 
at  the  same  time  the  liquid  blackens,  and  a  dark  residue  is  left  in  the  flask.  On  rec- 
tifying the  higher-Loiling  portion,  it  again  leaves  a  dark  residue,  and  water  is  formed; 
the  distillate's  must  therefore  be  dried  over  phosphorus  pentoxide,  and  the  fractional 
distillation  continued,  imtil  the  acid  has  a  constant  boiling  point,  does  not  act  any 
longer  on  phosphorus  pentoxide,  and  .volatilises  without  leaving  a  residue. 

Properties. — Pure  cenanthylic  acid  is  a  limpid,  oily  liquid,  boiling  under  a  pressure 
of  763  mm.  *af  223°-224°.  The  cold  acid  has  a  faint  smell,  like  that  of  tallow, 
but  on  heating  it  becomes  unpleasantly  sour  and  pungent.  In  a  freezing  mixture  it 
soon  solidifies  to  plates,  or  large  broad  needles.  It  melts  ^nd  solidifies  at  — 10^5°. 
Franchimont's  heptylic  acid  melted  at  —8°,  but  he  adds  that,  from  repeated  experi- 
ments, the  melting  point  seemed  to  be  two  degrees  lower.  Schorlemmer's  heptylic  acid 
from  heptane  did  not  solidify  in  a  freezing  mixture  ;  but  as  the  heptane  from  ■«-liich  it 
was  prepared  had  to  be  separated  liy  fractional  distillation  from  an  isomeride  boiling 
at  7°  lower,  and  from  an  octane  boiling  about  17°  higher,  it  probably  still  retained 
some  of  these  hydrocarbons,  and  would  yield  an  heptylic  acid  contaminated  with  the 
corresponding  acids. 

The  specific  gravity  of  cenanthylic  acid,  compared  with  water  at  4°,  is  0'9359  at  0°, 
0-9288  at  9°,  and  0  9235  at  28° ;  that  of  heptylic  acid  at  24°  is  0^9212. 

Ethyl  (Enanthylate,  C'II"(C-H^)0^  jsrepared  by  mixing  equal  volumes  of  the  acid 
and  absolute  alcohol  with  half  a  volume  of  strong  sulplmric  acid,  and  purified  by 
washing  with  water  and  dilute  soda-solution,  drying  over  calcium  chloride  and  finally 
over  phosphorus  pentoxide,  and  fractional  distillation,  boils  at  187°-188°,  with  the 
whole  mercurial  column  immersed  in  the  vapour.  It  has  a  specific  gravity  of  0  8735, 
and  does  not  solidify  at  —20°.  Ethyl  heptylate  boils  at  about  the  same  temperature, 
has  a  specific  gravity  of  0^874,  and  does  not  solidify  at  —18°. 

Metallic  eEnanthylates.  The  j)o^rt.ssiM»i  salt  was  obtained  only  as  a  trans- 
parent jelly.  The  sodium  salt  crystallises  by  slow  cooling  in  slender  ramified  needles  ; 
from  a  strong  solution  quickly  cooled  it  separates  in  a  gelatinous  mass  in  which  distinct 
needles  may  be  recognised  by  the  microscope.  Sodium  heptylate  from  Franchimont's 
acid  possesses  similar  properties. 

Barium  (Enanthylate,  Ba(C'H'^O')-,  crystallises  in  thin  plates  or  flat  needles,  1-700 
grams  of  which  dissolve  in  100  c.c.  of  watei-.  The  barium  salt  of  the  acid  from  hep- 
tane has  very  similar  properties:  100  c.c.  of  water  dissolve  1-744  grams  of  it.  The 
barium  salt  of  Franchimont's  acid  also  crystallises  in  anhydrous  thin  plates  ;  its  solu- 
bility was  not  determined. 

Calcium  QSnanthylate,  Ca(C'H"0-)^  +  H-O,  forms  very  thin,  flat,  fascicular  needles 
which  dry  up  to  a  silky  mass.  100  c.c.  of  its  solution  saturated  at  8-5°  contain  0-17 
gram  CaO.  The  calcium  salts  of  the  acid  from  heptane  and  from  Franchimont's  acid 
exhibit  similar  properties  and  composition  ;  100  c.c.  of  the  solution  of  the  former  con- 
tain also  0-17  gram  CaO. 

Zinc  (Enanthylate,  Zn(C'H"0-)-,  obtained  by  adding  zinc  sulphate  to  the  sodium 
salt,  and  crystallising  the  dried  precipitate  from  absolute  alcohol,  separates  in  small 
needles  or  short  four-sided  prisms,  accordingly  as  the  solution  is  cooled  quickly  ot 
slowly. 

The  crystals,  which  contain  neither  alcohol  nor  water,  melt  at  130°  and  decompose 
at  higher  temperatures.  Franchimont's  zinc  heptylate  crystallises  also  in  short  prisms 
melting  at  131°-132°  ;  they  contain,  however,  2  molecules  of  alcohol. 

Lead  (Enanthylate,  Pb(C'H"'0-)-,  is  a  heavy  precipitate  not  very  freely  soluble  in 
boiling  water,  but  it  maybe  crystallised  therefrom,  and  is  thus  obtained  in  thin,  small, 
iridescent,  rhombic  prisms,  or  in  stellate  groups  of  fiat  needles.  The  precipitated  salt 
softens  at  79°-80°,  and  melts  to  a  transparent  liquid  at  90°.  The  crystallised  salt 
begins  to  soften  at  88°,  liquefies  completely  at  94°-96°,  and  resolidifies  at  76°-76°. 
Lead  heptylate  is  a  similar  salt,  melting,  according  to  Franchimout,  at  79°-80°. 

Copper  (Enanthylate,  Cu(C'H"0-)-',  falls  down  as  a  soft  mass,  on  adding  copper 
sulphate  to  a  solution  of  the  sodium  salt,  but  on  standing  the  precipitate  becomes 
granular.    It  is  quite  insoluble  in  boiling  water,  but  dissolves  readily  in  absolute 
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alcohol,  and  is  obtained  by  spontaneous  evaporation  in  green  silky  needles,  or  short 
prisms. 

The  copper  salt  of  the  acid  from  heptane,  and  Pranchimont's  copper  heptylate,  are 
similar  precipitates.  The  former  could  not,  however,  be  obtained  in  crystals,  but 
separated  from  the  alcoholic  solution  as  a  liquid,  drying  up  to  an  amorphous  mass. 
Franchimont's  copper  heptylate  also  is  first  obtained  in  droj^s,  -which  afterwards  solidify 
to  groups  of  short  prisms. 

Silver  CEnanthylatc,  AgC'H'^O',  is  a  -white  precipitate,  crystallising  from  boiling 
water,  in  which  it  is  but  sparingly  soluble,  in  small,  woolly  needles. 

From  the  facts  above  detailed  it  appears  most  probable  that  the  heptylic  acid  pre- 
pared from  heptane  is  identical  with  cenanthylic  acid  from  castor-oil,  the  barium  and 
calcium  salts  of  the  two  acids  having  tlio  same  properties,  composition,  and  solubility. 
Heptylic  acid  prepared  by  Franchimont's  method  also  bears  the  greatest  resemblance 
to  cenanthylic  acid,  only  the  copper  and  zinc  salts  exhibiting  slight  differences.  Whe- 
ther these  are  essential  or  not,  can  be  decided  only  by  preparing  the  salts  under 
exactly  the  same  conditions,  and  comparing  them  directly  with  each  other. 

ThiTo  c.in  lir  no  doubt  that  CEnanthylic  ai'id  and  lu'ptylic  acid  are  both  normal  com- 
pounds ;  llils.  li..\icvcr,  docs  nfit  ini]'ly  llial  llicy  ai-f  rcilly  identical.  It  is  not  only 
possililc,  I'lit  (  vi  11  vnry  probable,  tlmi  llic  In  xyl  aU  nlml  fruni  heracleum  oil,  as  well  as 
the  Iieplylic  acid  oljtained  from  it,  aru  optically  active,  while  cenanthylic  acid  probably 
does  not  possess  this  property. 

OlEiS.  On  the  Spectra  of  Fixed  Oils,  sec  J.  Midler  {Dinr/l.  imL  J.  cxcviii.  529  ; 
Jahresh.f.  Clum.  1870,  175). 

On  the  Testing  of  Fixed  Oils :  Fliicldger  (^lre/^.  Pharm.  [li],  cxliv.  120;  Jahrci<h. 

1870,  1049) ;    H.  Ludwig  {Arch.  Pharm.  [3],  i.  1-33). 

On  the  Fahiafion  of  Oil-seeds:  11.  Vohl  {Dingl.  pol.  J.  cc.  110,  236;  Jahresh. 

1871,  1097;  Chem.  Soc.  J.  [2],  ix.  761,  060). 

On.  the  Qiianiiti/  and  Composition  of  Fixed  Oils  in  Various  Seeds,  see  Fat  (p.  506 
of  this  volume). 

On  the  Specijic  Gravities  and  Expansion-Coefficients  of  Fixed  Oils:  Stillwell  {American 
Chemist  [2],  i.  407 ;  Jahresb.  1871,  100). 

On  the  Ecactions  of  Fixed  Oils  luith  Sidphuric  Acid:  G.  P.  Clarke  {Chem.  Ncivs, 
xxiii.  146). 

On  the  Properties  of  Drying  Oils :  S&cc  {Com.pt.  rend.  Ixxiii.  1274;  Chem.  Soc.  J. 
[2],  X.  183). 

On  thcBoilinq  of  Drying  Oils  for  the  preparation  of  Varnish:  C.  W.  Vincent  {Chem, 
Ncies,  xxiii.  107,  207). 

OIX.S  V02.ATI2.B  or  ESSSUTIAS..  Tlie  essential  oils  of  plants  consist 
for  the  most  part  of  mixtures  of  hydrocarbons  with  oxidised  constituents,  tlie  latter 
being  sometimes  products  of  tlie  direct  oxidation  of  the  hydrocarljon,  in  Avhich  case 
they  are  usually  viscid  resins,  while  in  other  cases  the  relation  between  the  two 
constituents  of  the  oil  is  not  apparent. 

Hyd rocarhons  (Gladstone,  Chem.  Soc.  J.  [2],  x.  i). — The  specific  gravities, 
l)oiling  points,  and  optical  properties  of  several  of  these  hydrocarbons,  were  deter- 
mined by  Ciladstono  in  180  t,  and  arc  given  in  the  table  on  p.  188,  vol.  iv.  of  this  Dic- 
tionary.   Gladstone  now  proposes  to  distinguish  them  by  the  following  names : 


ITydroearlion  fmni  r>aj-  .       ...       .       .       .  Laurylene. 

,,  ,,     Caiamus   Calamenc. 

„  „     Dill   Anetheno. 

,,  .,    Elder   Sambucene. 

,,  .,  Eucalyptus  amygdalina    .       .       .  Eucalyptcne. 

„  „     Myrtle   Mj-i-tene. 

,,  „     Nutmeg   jMyristicene. 

„  „     Eosewood   Ehodiene. 


Polymeric  Groups. — The  hydrocarbons  from  essential  oils  may  bo  arranged  in  three 
polymeric  groups  having  the  formulae  C'"!!"*,  C"*H^',  C-'H^- ;  the  first  comprising  the 
great  mass  of  these  hydrocarbons — turpentine,  orange,  caraway,  nutmeg,  anise,  thyme, 
myrtle,  and  twenty  others ;  the  second,  those  derived  from  cloves,  rosewood,  cubebs, 
calamus,  cascarilla,  and  patchoidi ;  while  the  third  group  is  represented  only  by 
colophene.  It  is  probable,  however,  that  paracajputene  belongs  to  this  last  group, 
also  that  some  of  tlie  substances  named  colophene,  obtained  from  various  sources,  aro 
not  identical,  but  only  isomeric,  with  colophene  from  turpentine. 
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These  groups  are  distinguished  from  oue  another  by  several  properties,  especially 
by  the  vapour-density  of  the  hydrocarbons  belonging  to  them,  that  of  the  first  being 
nearly  equal  to,  though  generally  a  little  above,  the  theoretical  density  for  C'°H'5,  viz. 
471.  Among  the  bodies  of  the  second  group,  which  should  have  theoretical  density 
7-06,  eedreno  was  found  by  Walter  to  have  a  vapour-donsity  of  7-5,  and  the  hydro- 
carbons from  calamus  andpatchouli  have,  according  to  Gladstone's  determinations, 
the  vapour-densities  6-80  and  7-2  respectively.  The  experimental  vapour-density 
given  in  Gmelin's  Handbook  for  colophene  exceeds  that  which  would  be  required  by 
the  formula  C-'H^-. 

The  following  table  gives  a  general  view  of  the  properties  and  reactions  of  the  hydro- 
carbons of  the  three  groups — 


lO-Carbon  gi-oup 


15-Carbon  group 


Formxila     .       .       .  . 
Vapour-density  . 
Character  of  liquid 
Specific  gravity  at  0°  . 
Eefractive  index  for  A,  at> 

20°        ...  \ 
Dispersion  .       .       .  . 
Sensitiveness 
Boiling  point 
Action  of  sulphuric  acid 
Solubility  in  aqueous  al-) 

cohol  '    .       ,       .  \ 


Combination  with  HCl. 


C'»H>» 

47 
limpid 
0'846-0-880 

1-457-1-467  i 

about  0-027 
about  48 
160°-176° 

polymerises 

freely  solublej 

C"'H'«.2HC1 

and 
C'»H's.HCL 


7-1 
viscid 

0-  004  0-927 

1-  488-1-497 

about  0-029 
about  43 
249°-260° 
doubtful 
sparingly 
soluble 
C'^H^'.HCl  ■ 

and  in 
smaller  pro- 
portions 


There  is  no  difference  in  specific  refractive  energy  between  the  several  groups.  The 
various  members  of  the  10-  and  15-carbon  groups  have  powerful  odours  and  rotate  the 
piano  of  polarisation  strongly,  sometimes  in  one  direction,  sometimes  in  the  other. 


Oils  containing  Oxygen. 


Oil 

Specific 
gi-.avity 
at 
20° 

Boiling  point 

Eeh-ac- 
tive 
Inder 
A,  at  20° 

Disper- 
sion 

Sensitive- 

Specific 
refractive 
energy 

Circular 
polari- 
sation* 

Citronellol,  Ponang 

0-8742 

200 

1-4563 

0-0251 

50 

0-5219 

Do.  Ceylon 

0-875 

200 

1-4594 

0-0262 

46 

0-5251 

-  13 

Absinthol 

0-9267 

217 

1-4543 

0-0243 

43 

0-4903 

+  134 

Cajeputol,  from  the'j 

leaves  of  Melaleuca  [ 

60 

174 

1-4532 

00213 

45 

-  2? 

leucodendron    .  j 

Melaleuca  cricifolia  .  . 

0-8960 

173 

1-4560 

0-0239 

48 

+  30 

Melaleuca  linarifolia  . 

0-8985 

173 

1-4651 

0  0263 

46 

+  11 

Eucalyptus  oleosa 

0-9075 

171-176 

1-4563 

0-0227 

44 

-t-  10 

Refriictive 
equivalent 

Carvol 

0-9530 

227 

1-4886 

0-0345 

46 

51-26 

+  145° 

Dill  carvol  . 

0-9562 

1-4891 

0-0333 

45 

51-15 

+  108° 

Menthol  I. 

0-9515 

225 

1-4839 

0-0326 

44 

50-86 

-103° 

Menthol  II.         .  . 

0-9394 

225 

1-4791 

0-0311 

42 

61-00 

-114° 

Myristicol  . 

0-9466 

224 

1-4848 

0-0312 

46 

51-21 

+  31° 

Oil  of  Eose  . 

0-881 

216 

1-4647 

0-0283 

47 

,,    Indian  geranium  . 

0-884 

1-4692 

0-0295 

59 

-  3 

„    Athcrosperma  } 
mosobatum.  j 

1-0386 

224 

1-5143 

0-0460 

46 

+  10 

„    Ligii  aloes  . 

640 

200 

1-4601 

0-0280 

*  Menthol  I.  -vvas  prepared  by  fractional  cUstillatiou  ;  mcn-tliol  II.  from  the  compound  mth 
hydrogen  sulphide. 
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Testing  of  Vola/ilc  Oils.— On  tlio  mode  of  ilisl.iiiguisliiiig  volnlile  oils  or.o  from  tbo 
other  Ly  mixing  tliem  Avitli  strong  sulphuric  aeiJ,  or  -wrLli  sulphuric  acid  and  carbon 
sulphide,  whereby  mixtures  are  produced  varying  in  colour  .ind  tr.iiisparcncy,  see  Hagcr 
(Zeitschr.  anal.  Chem.  1870,  634);  Fliiekiger  {Anh.  Pharm.  [2J,  cxliv.  144;  also 
Jahrcah.  f.  Chem.  1870,  1048).  Hager  finds  that  many  of  the  more  expensive  oils  are 
adultura'tcd  with  sassafras-oil,  which  addition  may 'iasily  bo  detected  by  the  cherry- 
red  colour  produced  on  diluting  the  sulphuric  acid  mixture  with  alcohol. 

To  detect  oil  of  turpentine  in  other  essential  oils,  Zellor  some  years  ago  proposed  . 
the  use  of  alcohol,  the  slight  solubility  of  turpontine-oil  in  that  liquid  giving  rise  to  a 
turbidity  in  the  mixture.  This  tost  has  hitherto  been  regarded  by  many  wlio  have 
tried  it  as  applicable  only  when  the  turpentine  is  present  in  considerable  quantity; 
but,  according  to  DragendortF  {N.  Ecp.  I'liarin.  xxii.  1 ),  this  want  of  delicacy  arises  I'rom 
the  use  of  alcohol  in  an  xmdiluted  state;  for  when  the  oil  to  be  examined  is  miscible 
in  all  proportions  with  absolute  alcohol,  it  forms  ^vith  this  liquid  a  mixture  capaljle  of 
dissolving  a  very  considerable  proportion  of  oil  of  turpentine.  If,  however,  the  alcohol 
bo  diluted  until  2-4  volumes  of  it  are  required  to  dissolve  1  volume  of  the  oil,  it  will 
be  found  that  the  presence  of  a  small  quantity  of  turpentine  is  indicated  by  the 
decreased  solubility  of  the  adulterated  oil  in  the  diluted  alcohol. 

To  determine  the  soluldlity  of  an  oil  in  alcohol,  2  c.c.  of  it  ore  placed  in  a  stoppered 
bottle,  and  the  alcohol  is  gradually  added  from  a  burette,  the  mixture  being  well 
shaken  after  each  addition.  Tlio  termination  of  the  experiment  is  known  by  the  liquid 
becoming  clear.  A  suspict .  d  ,^;iiii]ilo  being  now  similarly  treated,  it  will  be  found  that, 
if  turpentine  bo  presciil ,  :i  l:ii-;;i  r  [iroportion  of  alcohol  will  be  required. 

In  testing  csscntiiil  oils  lor  turpentine  by  means  of  alcohol,  it  must  be  borne  in  mind 
that  some  other  oils,  s\ich  as  those  of  juniper,  savin,  eucalyptus,  and  copaiba  are  but 
slightly  soluble  in  dilute  alcohol,  and  that  they  may,  when  mixed  with  other  oils,  give 
rise  to  appearances  similar  to  those  produced  by  oil  of  turpentine.  Moreover,  in  some 
cases  changes  take  place  in  oils  which  have  been  kept  for  a  long  time,  and  these  must 
be  considered  in  applying  the  alcohol  test  for  turpentine. 

For  the  details  concerning  each  individual  oil  we  must  refer  to  the  original  paper, 
wliich  also  contains  a  table  showing  the  solubility  of  turpentine-oil  from  various  sources 
in  spirit  of  various  degrees  of  concentration. 

For  the  detection  of  alcohol  in  essential  oils,  Hager  {Cliem.  Centr.  1871,  821) 
adds  to  the  oil  a  piece  of  solid  tannin,  which  becomes  moist  and  slimy  if  any  spirit  is 
present. 

For  the  estimation  of  the  alcohol,  Bottger  {ibid.  1872,  742)  agitates  the  oil  in  a 
graduated  tube  with  an  equal  volume  of  pure  glycerin.  On  leaving  the  liquid  to 
separate,  the  increase  in  the  volume  of  the  glycerin  indicates  the  amount  of  alcohol 
present. 

Essential  oils,  prepared  by  distillation  with  water,  often  retain  some  of  that 
liijuid  even  when  they  appear  quite  clear.  The  water  may  be  detected  by  mixing  the 
oil,  with  several  times  its  volume  of  petroleum  ether  (the  so-called  benzin),  whereby 
a  turbidity  is  produced,  owing  to  tlie  separation  of  globules  of  water  (G.  Leuchs,  J.  jir, 
Chra.  [2],  vi.  150). 

OIiES-IKTES.  On  the  rroduetlou  of  defines  from  Taraffin  by  Distillation  under 
Pressure,  see  Paraffin. 

OSilBASrUM.  By  distilling  this  gum-rcsin  with  water  in  a  cast-iron  retort,  an 
oil  is  obtained  constituting  about  7  p.c.  of  the  resin  taken;  alcohol  extracts  from  the 
residue  about  72  p.c.  of  resin,  and  the  remainder  is  gum.  The  crude  oily  distillate 
boils  between  160°  and  170'^,  and  contains  oxygen,  as  Stenhouse  previously  observed 
(iv.  108).  By  fractional  distillation  a  hydrocarbon,  olibeno,  boiling  at  166°-158° 
of  turpentine-like  odour,  ami  sp.  gr.  0-S63  at  12°.  is  obtained,  together  with  a  small 
quantity  of  an  oxidised  substance  boiling  iibove  175°,  and  not  yielding  a  hydi-ocarbon 
when  treated  with  sodium.  Oliljcno  is  soluble  in  alcohol  .and  in  ether,  and  is  resinised 
by  nitric  ncid  ;  it  absorbs  1  niol.  <■!"  liydroiicn  cliloride,  giving,  on  standing,  a  crystal- 
line c;imphor-liko  body,  C'll'MICI.  wl.i.  h  i.irlfs  al  Vir\ 

The  resin,  exhausted  as  above  by  alcoli.jl,  uu  lt.s  re.iilily,  and  yields  by  dry  distilla- 
tion traces  of  an  organic  acid  and  an  oil  which  boils  above  360°,  and  contains  less 
oxygen  than  the  resin  itself  (Kurbatow,  Zdtsclu.f.  Chem.  [2],  vii.  201). 

OSIiZCOCXiASE:.    See  Felspar  (pp,  510-514). 

OSiZVE-OXZi.  This  oil  in  its  natural  state  contains  in  solution  a  j'ellowish  sub- 
stance which,  wlieii  the  oil  is  treated  with  acids  or  with  caustic  soda,  gives  rise  to  the 
well-known  greenish  coloration.  By  exposure  to  sunshine  this  coloui-ing  matter  is 
essentially  altered,  tlio  oil  being  thereby  decolorised  and  no  longer  exhibiting  a  green- 
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ish  colour  when  treated  -svitli  the  reagents  above  mentioned.  Moreover,  other  changes 
take  place  at  the  same  time  in  the  constituents  of  the  oil,  the  olein  in  particular  being 
greatly  altered,  and  acquiring  the  fundamental  property  of  ddidin,  namclj',  that 
of  not  .solidifying  in  contact  -with  nitrate  of  merciiry  mixed  with  nitrous  products. 
At  the  same  time  free  acids  are  formed,  and  the  oil  acquires  a  rancid  taste  and 
odour. 

From  these  results  it  appears  that  the  method  suggested  by  some  authors  of  dis- 
tinguishing olive-oil  from  other  oils  by  means  of  sulphuric  acid,  caustic  soda,  and 
nitrate  of  mercury,  can  be  depended  upon  only  when  the  oil  is  in  its  natural  state,  not 
altered  by  exposure  to  sunshine  (L.  Moschini,  Gazzttta  chimica  italiana,  i.  580). 

On  the  detection  of  Earthiut-oil  in  Olive-oil,  see  p.  443. 

OLIVirj,  The  olivin  of  the  Pallas  meteoric  iron  has  been  examined  by  N.  v. 
Kokscharow  {Jahrh.  f.  Miveralogie,  1870,  778),  who,  in  addition  to  the  forms  discovered 
by  G.  Rose,  has  observed  the  following :— ^P,  iP,  «;P«,  ^Poo  ,  iPoo  ,  and  Poo  ,  which, 
excepting  the  last  two,  are  new  for  olivin.  Numerous  measurements  gave,  for  the 
ratio  of  principal  axis,  macrodiagoual  and  brachydiagonal,  1'25928  :  2'14706  :  1.  An 
examination  of  thin' sections  showed  that  the  channels  observed  by  Gr.  Eose  are  empty, 
and  run  parallel  to  the  principal  axis.    An  analysis  by  N.  v.  Leuchtenberg  gave ; — 

SiO=         SnO=         MgO  FeO  MnO        ATO'  Sp.  gr. 

40'24       0-08       47-41        11-80       0'20       0  06  =  OO'SS  3-3398 

Tlic  following  analyses  by  Philipp  of  the  olivin  in  the  olivin-roL'k  of  the  Dreiser 
Wechor  Basalt,  in  the  Eifel,  is  given  by  Eammclsberg  {Zeitsc/u;  geoL  Gcsclhchs.  xx. 
899)  :— 

SiO=  MgO  FeO  Sp.  gr. 

41-25  48-85  9-90  -  100  0  3-36 


The  analysis  gives  Fe    Mg  =  1-9. 

The  olivin-roek  above  mentioned  has  been  analysed  by  Eammelsberg  -with  the  fol- 
lowing results  :  A.  Decomposible  portion ;  B.  undecomposiblo ;  C.  The  decomposible 
portion  calculated  to  100  parts. 


SiO--     APO^  Cr=0' 

MgO 

CaO 

FeO 

Chromc- 

A.  . 

27-41  — 

34-24 

trace 

685 

B.  . 

15-57  1-74 

8-35 

2-29 

1-74 

1-00 

C.  . 

40-02  — 

49-98 

trace 

10-00 

68-50  (  jg 
30-69 
100 

The  ntmibers  in  C,  compared  -with  those  intthe  analysis  of  olivin  above  given,  show 
that  the  latter  only  is  decomposed  b}'  acids,  while  the  augitic  substance,  as  shown  by 
the  mere  trace  of  CaO,  is  scarcely  attacked. 

Kraubat,  in  Upper  Styria,  is  mentioned  by  E.  v.  Drasche  {Min.  Mitth.  1871,  57)  as 
a,  new  locality  of  olivin  rock. 

F.  Sandberger  (Jahrb.  f.  Mincralogic,  1871,  622)  mentions  apatite  as  a  hitherto 
overlooked  constituent  of  olivin  rock.  In  the  rock  of  Lherz,  A.  Hilger  found  0  096  to 
0-1 12  p.c.  P-0\    Traces  of  cobalt  were  also  found  in  it. 

OPAXi.  An  elaborate  investigation  of  numerous  opals  has  been  made  by  H.  Beh- 
rens  {Wicn:  Acad.  Bcr.  2te.  Abth.  Ixiv.  519;  Jahrh.  f.  Mincralogic,  1872,  316).  The 
folio-wing  minerals  occur  as  admixtures  with  the  opal  mass:  hydrophane  (recognisable 
by  impregnation  with  colouring  matters),  quartz,  ferric  oxide  and  hydrate,  nontronite, 
green  earth,  serpentine,  arsenic  sulphide,  and  lime.  Organic  matter  occurs  but  rarely 
and  in  small  quantity. 

Opals  may  be  distinguished,  according  to  their  microscopic  structure,  as  homo- 
geneous and  mixed  opals.  To  the  former  belong  fire-opal,  glass-opal,  noble  opal, 
and  hyalite  ;  the  latter  sometimes  exhibits  an  irregular,  mostly  stratified,  occasionally 
also  an  oolitic  structure,  due  in  some  cases  to  concretions  of  tridymite.  The  play 
of  colours  is  attributed  by  Behrens  to  their  reflecting  lamella?,  which  appear  to  have 
been  originally  imbedded  horizontally  in  the  still  soft  opal  mass,  but  afterwards  to 
have  become  fissiu-ed  and  notched  during  the  irregular  desiccation  of  the  mass.  I'liat 
an  unequal  contraction  has  taken  place  is  shown  by  the  strong  double  refraction.  All 
noble  opals  are  biaxial.  The  horizontally  arranged  cavities  to  which  Brewster  ascribed 
the  play  of  colours,  Behrens  was  unable  to  detect. 

An  opal  from  Waddela  plain,  Al)yssinia,  has  been  analysed  by  Maskelyne  a.  Flight 
{Chem.  Soc.  J.  [2],  ix.  2).  It  is  of  a.  dark  smoky  green  colour,  with  occasional  layers 
of  white  opal,  like  the  prase-opal  of  Faroe,  weathered  on  the  exterior,  and  passing 
into  yollo-wish-white  cacholong : 
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SiO"-  H=0 
sol.  insol. 


CaO 


MgO 


9(l-o62       2-0i9       5-G5G      0-033       trace       0-137       0-311  =  99-648 
Most,  if  not  all,  of  the  -water,  is  given  off  at  100'^. 

Opal  from  S.  Piero  in  Elba  is  described  by  G-.  rom  Eatli  (Zeitsckr.  gcol.  Gcscllsch. 
xxii.  643).  It  occurs  in  flat  lumps  collected  in  veins  in  a  disintegrated  serpentina 
bordering  on  granite.  The  fresh  nearly  colourless  opal  has  a  sp.  gr.  of  1-990  (at  21°), 
and  loses  9-48  p.c.  by  ignition.  After  ignition  its  sp.  gr.  is  1-815.  No  microscopic 
tridymito  -was  found  in  it.  Black  ojyal  containing  garnet,  like  that  of  Meronitz  in 
Bohemiii,  also  occurs  in  loose  blocks  at  S.  Piero.  Sp.  gr.  before  ignition,  2'062  (at 
21°);  after  ignition,  1-9.53.    Loss  by  ignition,  6-36. 

OPlilBrSC  ACZSi,  C'"H"'0^.  By  the  action  of  sulphuric  acid  upon  opianic  acid, 
Anderson,  in  1865,  obtained  a  colouring  matter  -which  yielded  with  alumina  and  iron 
mordants,  colours  like  those  of  madder,  and  -was  regarded  by  him  as  probably  identical 
■with  alizarin  {Chcm.  Soc.  Qu.  J.  viii.  277).  This  colouring  matter  has  been  further 
investigated  by  Liebermann  a.  Chojnaeki  {Dent.  Chcm.  Gcs.  Bcr.  iv.  194).  To  prepare 
it,  opianic  acid  is  heated  to  180°  -with  30  times  its  -weight  of  strong  sulphuric  acid, 
-whereupon  the  liquid  becomes  violet-red.  On  pouring  the  cooled  mass  into  -water,  the 
impure  colouring  matter  separates  in  black  flocks,  -which  may  be  obtained  of  yello-w- 
brown  colour  by  repeated  solution  in  caustic  soda,  filtration,  and  precipitation  -with 
acid.  By  dissolving  them  in  ether  and  evaporating,  yello-wish-red  crusts  are  obtained, 
-which  may  be  purified  by  several  repetitions  of  the  entire  process. 

This  colouring  matter  distilled  -with  zinc-dust  yields  a  colourless  sublimate  -^-hich 
has  not  been  analysed,  but  appears  from  its  properties  to  be  anthracene.  The  colour- 
ing matter  dissolves  in  potasla  -with  the  colour  of  pitrpurin,  but  is  distinguished  from 
this  compound,  as  "well  as  from  alizarin,  by  the  -violet-rod  colour  of  its  solution  in  strong 
sulpliurlc  acid,  -n-hich,  on  the  other  hand,  exactly  resembles  that  of  rufigallic  acid. 
This  acid,  ho-wever,  dissolves  in  potash  -with  blue  colour,  and  is  quickly  precipitated 
from  the  solution  in  contact  -with  air,  a  reaction  not  exhibited  by  the  colouring  matter 
from  opianic  acid.  With  lead  and  barium  solutions  coloured  precipitates  are  obtained ; 
mordants  are  dyed  -with  colours  resembling  those  produced  by  rufigallic  acid  more  than 
those  of  alizarin.  On  subliming  the  colouring  matter,  the  greater  part  of  it  is  car- 
bonised. The  analysis  of  the  unsublimed  substance  gave  numbers  agreeing  nearly 
-\vith  the  formula  C'^H^O",  but  Liebermann  a.  Chojnaeki  are  of  opinion  that  this 
formula  does  not  express  the  true  composition  of  the  substance. 

Hypogallic  acid  treated -with  sulphuric  acid  does  not  yield  any  colouring  matter,  but 
is  decomposed,  -^-ith  evolution  of  gas. 

Liebermann  a.  Chojnaeki  assign  to   opianic  acid  tho   constitutional  fornnda 


ClpjCOII     .    They  find  that,  when  heated  with  soda-limc,  it  yields  a  difficultly 


volatile  oil  having  exactly  the  odotir  of  methyl-pyrocatechin.  Heated  to  200°  -nitli 
dilute  hydrochloric  acid,  it  yields,  -with  elimination  of  carbon  dioxide,  several  -well- 
crystallised  acids  of  more  simple  constitution. 

OPItlMC.    On  the  estimation  of  Morphine  in  Opium,  see  Morphine  (p.  818). 

Li  opium  gro-\vn  at  Hancock,  Vermont  (U.S.)  W.  Procter  {Arch.  Phanii.  [2]  cxlii. 
237)  found  15'75  p.c.  morphine,  2-00  narcotine,  5-25  meeonic  acid,  ll'OO  caoutchouc, 
fatty  substances  and  resins,  22-00  insoluble  matter,  38-50  substances  soluble  in  -water 
and  different  from  tho  salts  of  morphine  and  narcotine,  and  S'OO  -water. 

In  opium  from  the  south  coast  of  the  Victoria  Colony,  J.  S.  Ward  {P/iarm.  J.  Trans. 
[3],  i.  G28),  found  9  p.c.  morphine,  4  narcotine,  and  6  meeonic  acid. 

OPIUM  BAS£S.  0.  Hesse  {Ann.  Ch.  Pharm.  Suppl.-haoid  viii.  261 ;  Zcitsclir.f. 
Chcm.  [2],  vii.  641  ;  Beut.  Chcm.  Ges.  Bcr.  iv.  693).  The  papers  here  cited  contain'a 
continuation  of  Hesse's  observations  on  the  rarer  opium  bases  (1st  Suppl.  p.  883). 

In  these  later  experiments  Hesse  has  examined  the  mother-liquors  obtained  in  the 
Robertson-Gregory  process  (iv.  1061)  for  extracting  morphine  (conversion  into  hydro- 
chlorides by  addition  of  calcium  chloride  to  the  opium  extract,  and  crystallisation  of 
the  morphine,  pseudomorphine,  and  codeine  salts  from  the  liquor).  On  addition  of 
excess  of  ammonia  to  the  mother-liquor  diluted  "svith  its  own  bulk  of  hot  -water,  an  in- 
considerable resinous  precipitate  of  lanthopine  is  produced,  tho  other  bases  remain- 
ing in  solution.  By  agitation  of  the  filtrate  -with  ether,  and  of  the  ethereal  extract 
with  acetic  acid,  a  mixture  of  acetates  is  obtained.  Caustic  soda  added  in  excess  pre- 
cipitates papaverine,  narcotine,  thebai'uo,  some  cryptopine,  and  tho  three 
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new  bases,  protopine,  laiidanosine,  and  liydrocotarnine,  while  tlae  alkaline 
filtrate  contains  in  solution  lantliopine,  laudanine,  some  cryptopine,  meconi- 
dine  (?)  and  codamine.  These  last  are  again  converted  into  acetates  by  the  ether 
process,  and  the  liquid  is  neutralised  with  ammonia.  A  little  ianthopi  no  separates 
after  twenty-four  hours,  and  the  filtrate  yields,  with  ammonia,  a  precipitate  soluble  in 
boiling  dilute  alcohol.  On  cooling,  crystals  of  a  mixture  of  laudanine  and  crypto- 
pine separate.  The  alcoholic  filtrate  was  found  to  contain  no  meconidine,  although 
this  base  should  be  here  obtained,  whence  Hesse  concludes  that  the  meconidine  is 
decomposed  by  the  Eobertson-Gregory  process,  though  not  by  tiie  process  adopted  in 
his  former  experiments.  By  evaporation  of  the  alcoholic  solution,  and  treatment  with 
ether,  a  solution  was  formed,  from  which  codamine  was  obtained,  either  by  addition 
ef  fused  calcium  chloride,  which  causes  water,  colouring  matters,  and  crystals  of  co- 
damine to  separate,  or  byconversion  into  acetate,  thence  into  hydriodide,  and  purifica- 
tion of  the  latter. 

The  precipitate  insohible  in  caustic  soda  is  digested  with  diluted  alcohol,  and 
acetic  acid  added  till  litmus-paper  is  faintly  reddened  by  it.  Addition  of  three  times 
the  volume  of  boiling  water  produces  a  crystalline  precipitate  of  papaverine 
and  narcotino  (these  bases  not  neutralising  acetic  acid).  The  filtrate  freed  from 
alcohol  by  evaporation,  gives,  on  addition  of  strong  hydrochloric  acid,  a  precipitate 
of  cryptopine  hydrochloride;  but  this  method  is  not  to  be  recommended,  as 
the  acid  converts  some  of  the  thebaine  into  thebai'cine  (a  non-crystalline  isomerido), 
which  interferes  with  the  separation  of  the  other  bases.  A  bettor  plan  is  to  add  tar- 
taric acid,  which  caiiscs  a  copious  crystallisation  of  thebaine  bitartrate.  The 
mother-liquor  of  this  is  neutralised  by  ammonia,  and  mixed  with  3  p.c.  of  its  weight 
of  sodium  bicarbonate  made  into  a  paste  with  water.  After  about  a  week,  a  black 
pitchy  mass  separates.  The  filtrate  fronj  this  gives  with  ammonia  a  precipitate  -svhich 
is  treated  with  boiling  benzene,  the  filtrate  being  also  extracted  with  benzene.  Cryp- 
topine and  protopine  then  remain  undissolved,  while  on  shaking  the  benzene 
solution  with  a  saturated  aqueous  solution  of  sodium  bicarbonate,  laudanosine  crys- 
tallises out ;  and  the  benzene  filtrate  from  this,  treated  with  gaseous  hydrogen  chlo- 
ride, yields  hydrochloride  of  h  y  d  r  o  c  o  t  a  r  n  i  n  e. 

Hesse  describes  narceine  as  existing  in  tho  mother-liquors  of  the  Eobertson- 
Gregory  process^  but  does  not  state  how,  or  at  what  stage,  it  is  separated  from  the 
other  bases. 

Pse%idomorphine,  CH'^O*,  is  found  only  occasionally  in  opium,  being  observed 
only  once  in  good  Smyrna  opium  during  four  years.  It  gives  crystals  with  H-0  and 
4H'^0.  It  forms  a  nitro-substitution  product,  which  rapidly  disappears  in  nitric  acid. 
Eeducing  agents  (sulphurous  acid,  sulphuretted  hydrogen,  nascent  hyyrogen)  have 
no  action  on  it. 

Lantliopine,  like  pseudomorphine,  narcotine,  and  papaverine,  does  not  neutralise 
acetic  acid.    It  gives  no  colour  with  ferric  chloride. 

Laudanine,  C-°H'-^NO*,  and  Cryptopine  are  separated  by  dilute  caustic  soda,  which 
dissolves  the  latter  only  sparingly.  The  filtrate  is  treated  with  sal-ammoniac,  the 
precipitate  thereby  formed  is  dissolved  in  acetic  acid,  and  potassium  iodide  added, 
whereby  a  hj'driodide  of  laudanine,  free  from  cryptopine,  is  obtained.  Concentrated 
caustic  potash  solution  gives  a  crystalline  compound  with  laudanine.  Hesse  formerly 
found  C™H=^i^O'  as  the  formula  of  laudanine,  but  he  now  adopts  C-°H-'NO'.  For 
cryptopine  he  gives  tho  formula  C'-'H-'NO^.  The  body  analysed  by  T.  and  H.  Smith, 
to  which  they  attributed  the  formula  C"H'"NO^,  was  contaminated  with  thebaine. 
The  observation  of  these  chemists,  that  the  base  forms  two  hvdrochlorides.  the  one 
containing  C-^H"N0^HC1.5^=0,  the  other,  C-3H«NO\2HCl.GH-0,  is  erroneous,  only 
one,  C-'H-^N0-'.HC1.6H-0,  being  produced.  Nitric  acid  of  sp.  gr.  1'06  forms  nitro- 
cryptopine,  which  forms  well  characterised  salts,  the  base  being  anhydrous, crystal- 
line, and  melting  at  185°.  Its  formula  is  C='H"(NO-)NO^  which  is  the  same  as  that 
of  crystallised  nitropapaverine,  with  which,  however,  it  is  not  identical,  tho  latter  con- 
taining water  of  crystallisation  =  C='H-»(NO-)NO'.H-0. 

Codamine,  C-°H"NO*,  melts  at  126°  when  crystallised  from  benzene,  and  at  120° 
Avhen  from  alcohol  or  ether;  ferric  chloride  gives  a  fine  dark-green  colour,  with 
separation  of  ferric  oxide  ;  it  appears  to  form  compounds  with  caustic  alkalis.  Hesse 
now  adopts  the  formula  C-'H^^NO',  instead  of  the  earlier  one,  C^H-'NO'. 

iVrtrco^iwe,  C--H-'NO'. — Hesse  corroborates  the  formula  ascribed  to  this  base  by 
Matthiessen  and  Foster,  in  place  of  the  older  one,  C"H-^NO' ;  the  base  is  separatcil 
from  papaverine  by  solution  in  boiling  water  containing  one-third  part  of  oxalic  acid  ; 
on  cooling,  the  acid  papaverine  oxalate  crystallises  out ;  this  process  is  repented 
several  times,  and,  finally,'  the  narcotine  is  precipitated  by  ammonia  and  crysUillised 
from  boiling  alcohol.    It  melts  at  176°,  and  decomposes  at  a  few  degrees  higher.  On 


OPIUM  WAX— ORANGE-PEEL  OIL. 


877 


Ijoiling  -with  baryta-water,  narcotine  forms  a  Laso  much  resembling  bydrocotarniiio 
I'oadily  soluble  in  ether,  which  Hesse  supposes  to  bo  formed  by  the  reaction — 

C"ff^NO'  +  II-O  =  C'^H'^NO^  +  C'»H'"0» 

Hydrocotaniine    Opiauic  acid 
and  lie  infers  that  narcotine  is  decomposed  by  water  in  the  same  way,  and  not  in  the 
manner  stated  by  Matthiessen  a.  Wright  {Ut  Stq)pl.  863),  viz:— 

Cotarnine  Meoor.in 

Papaverine,  C-'H^'NO'. — Hesse  formerly  showed  that  the  pure  base  has  this  compo- 
sition, and  not  that  which  was  formerly  attributed  to  it,  viz.,  C-°H-'NO',  and  lie  con- 
siders that  the  supposed  new  derivative  obtained  from  it  by  E.  L.  Mayer  {Dent.  Cheiii. 
(rcs.  Ber.  iv.  128),  by  the  action  of  zinc  chloride,  and  considered  by  him  to  be  formed 
by  the  reaction — 

2G-»H=-N0*  =  H-'O  +  C'ff-N-O', 
Papaverine  (Mayer)  New  derivativo 

is  nothing  but  papaverine,  Mayer's  numbers  agreeing  well  with  tliose  required  for  the 
formula  U-'H-'NO'.HCl. 

Papaverine  treated  with  nitric  acid  of  sp.  gr.  1-OQ  is  converted  into  nitropapa- 
vorine,  C-'H-"(NO'^)NO'  +  E?0,  which,  when  crystallised  in  the  dark,  is  colourless, 
but  becomes  yellow  in  the  light ;  the  water  of  crystallisation  is  given  off  only  at  163°, 
when  the  substance  melts  and  becomes  coloured. 

Protojiine,  C-''H''-'NO^,  is  separated  from  cryptopine  by  precipitation  of  the  solution 
of  the  mixed  hydrochlorides  with  strong  hydrochloric  acid ;  the  protopine  salt  is  horny, 
and  adheres  to  the  sides  of  the  vessel,  and  is  easily  freed  from  the  cryptopine  salt  by 
a  little  washing  with  water:  a  quantity  of  material  that  gave  80  grams  of  cryptopine, 
gave  only  about  1  J-  of  protopine.    It  gives  no  colour  with  ferric  chloride. 

Laudanosine,  C-'H-'NO*,  crystallises  from  alcohol,  hot  benzene,  or  ether  ;  it  melts 
at  89°,  and  gives  no  colour  with  ferric  chloride. 

nijdrocotarnine,C^-lV'^^0^  +  ^H"0,  dissolves  readily,  and  without  coloration,  in 
alcohol,  acetone,  chloroform,  benzene,  and  ether,  and  crystallises  readily  from  the 
latter.  The  crystals  melt  at  60°,  losing  all  their  water  of  crystallisation  at  57°.  At 
100°,  a  great  loss  of  weight  is  perceptible,  without  any  appreciable  alteration  in 
composition  ;  it  cannot,  however,  be  distilled  under  the  ordinary  pressure. 

Pure  sulphuric  acid  gives,  on  warming,  distinctive  colorations  with  the  opium 
alkaloids,  the  tints  being  much  altered  in  many  cases  by  traces  of  impurity  of  iron  or 
oxides  of  nitrogen.    By  this  means  Hesse  divides  the  opium  alkaloids  into  groups : — 


I.  a.  Morphine,  Pseudomorphine,  Co- 
deine. 

)3.  Laudanine, Codamine,Laudanosine. 
II.  Thebaino,  Cryptopine,  Protopine. 

III.  a.  Papaverine. 

fi.  Narceine,  Lanthopine. 

IV.  Narcotine,  nydrocotarnino. 


Dirty  dark-green  (morphine  group). 

Dirty  red-violet  (laudanine  group). 
Dirty  green  to   brown-green  (thebaino 
group). 

Dark  violet  (papaverine  group). 
Black-brown   to    dark-brown  (narceine 
group). 

Dirty  red-violet  (different  shade  from  that 
of  I.  /8)  (narcotine  group). 


Group  I.  /8  give  a  dark-violet  tint  with  acid  containing  iron,  while  IV,  give  still  a 
dirty-red  violet,  as  with  the  pure  acid. 

O-BTXSm  WAS.    Sec  Ceeylic  Etiieds  (p.  276). 

OUa-IffGE-BSEE.  OEl..  (Wright  a.  Picssc,  Chcm.  Soc.  J.  [2],  ix.  1186  ;  Wright, 
ihkl.  xi.  r),)2).  It  has  been  shown  by  Soubeirau  a.  Capitaino,  also  by  Gladstone,  that 
the  essential  oil  of  orange-peel  consists  mainly  of  a  hydrocarbon  C'H"*,  called 
hesperidene,  boiling  at  17-1°.  This  result  is  confirmed  by  the  experiments  of  the 
authors  above  cited.  The  pure  oil  begins  to  boil  at  175°,  and  97'8  p.c.  goes  over  below 
180°,  the  remainder  consisting  of  a  soft  yellow  resin,  inodorous  when  quite  free  from 
hesperidene,  having  a  bitter  aromatic  taste,  and  only  slightly  soluble  in  alcohol  either 
cold  or  hot.  It  contains  75-6  p.c.  carbon,  and  97  hydrogen,  agreeing  with  the  formula 
Qzojj3oQ3_  On  distilling  it,  a  few  drops  passed  over  between  180°  and  280°;  the  portion 
collected  at  240°-250°  had  the  composition  C^"H«'0^.  The  small  portion  distilling 
over  between  210°  and  230°  appeared  to  be  identical  with  myristicol,  C'H'^O. 

*  Witli  reference  to  this,  ■Wright  obiervesth.it  the  experiments  by  himself  and  Mattliiessen  above 
quoted  have  distinctly  shown  that  pure  mcconiu  may  be  obtained  by  heating  narcotine  with  -.water 
in  sealed  tubes  i^Chem.  Soc.  J,  [2],  ix.  Tlo). 
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Hesperideue  does  not  contain  cyraene,  for  on  agitating  it  with  strong  sulphuric  acid 
(to  polymerise  the  terpene),  diluting  with  water  after  24  hours,  and  distilling  in  a 
current  of  steam,  a  distillate  is  obtained  which  does  not  yield  a  trace  of  terephthalic 
acid  when  treated  with  chromic  acid  mixture.  Nevertheless  the  heat  developed  by 
agitating  hesperidene  with  sulphuric  acid  is  sensibly  less  than  that  which  is  evolved 
by  the  action  of  sulphuric  acid  on  an  equal  quantity  of  the  nutmeg  hydrocarbon  boil- 
ing at  163°-1 64°,  although  this  latter  contains  a  considerable  quantity  of  cymeno 
which  is  not  acted  on  by  the  sulphuric  acid  (p.  862).  A  similar  difference  is  observed 
when  bromine  is  dropped  into  the  two  hydrocarbons,  the  nutmeg  product  developing 
much  more  heat  than  that  from  orange-oil,  althougli  the  product  in  each  ease  is  a  di- 
bromide,  C"'H"'Br-.  This  difference  in  the  quantities  of  heat  evolved  from  the  two 
isomeric  hydrocarbons  under  similar  circumstances  is  doubtless  related  to  the  diver- 
sities  in  their  boiling-points  and  other  physical  properties. 

Hesperidene  dibromide  is  resolved  by  heat  into  hydrogen  bromide  and  eymene : 
CH'-^Br-  =  2HBr  -i-  CH'^  (p.  419).  When  hesperidene  is  boiled  for  several  days 
with  a  large  excess  of  dilute  chromic  acid  mixture,  about  1  p.c.  of  it  is  oxidised  to 
myristicol  C'lI'^O  ;  the  greater  portion  is,  however,  completely  oxidised  to  carbonic  acid 
and  water  ;  and,  on  distilling  the  product,  a  distillate  is  obtained  containing  acetic  acid, 
with  perhaps  a  trace  of  formic  acid.  No  terephthalic  acid  is  produced  (Wright). 

OlSCISSr,  C'H^O-.  This  compound  may  be  formed  synthetically  from  toluene.  On 
heating  chlorotolueno,  C^H'Cl.CH",  to  100°  for  some  hours  with  sulphuric  acid,  two 
isomeric  chlorocresylsulphurous  acids,  CffCLSO'II,  are  produced,  w^hieh  may  be 
separated  by  the  fractional  crystallisation  of  their  barium  salts.  The  less  soluble 
salt,  barium  a-chlorocresylsulphite,  (C'H''CiSO^)-Ba  + 2II-0,  forms  beautiful  colourless 
rhombic  plates,  whilst  the  other,  viz.:  barium  fi-chlorocresylsulphite  (C'H''C1S0^)-Iia 
+  1  ^H-'O,  which  is  much  more  soluble,  crystallises  in  mammellated  tufts  consisting  of 
small  crystalline  grains.  The  potassium  a-chloroci-csylsulphite,  obtained  by  double 
decomposition  from  the  corresponding  barium  salt,  forms  nacreous  plates,  moderately 
soluble  both  in  cold  water  and  in  boiling  alcohol.  When  this  salt  is  fused  with  twice 
its  weight  of  potassium  hydrate,  it  becomes  brown,  and  gives  off  hydrogen,  while  orcin, 
salicylic  acid,  and  cresol  are  produced.  The  aqueous  solution  of  the  fused  mass  is 
agitated,  first  with  benzene  to  remove  the  salicylic  acid  and  cresol,  then  with  ether, 
which  dissolves  the  orcin  and  leaves  it  in  an  impure  state  on  evaporation.  This  orcin 
when  purified  is  identical  both  in  its  properties  and  crystalline  form  with  the  orcin 
prepared  from  the  lichens,  which  is  therefore  a  toluenediphenol,  C'H°.HO.HO. 

Orcin  is  the  principal  product  of  this  reaction,  the  cresol  and  salicylic  acid  formed 
at  the  same  time  resulting  from  the  action  of  the  potassium  hydrate  on  the  potassium 
cresylsulphite  ;  the  latter  is  produced  from  the  potassium  chlorocresylsulphite  by  the 
reducing  action  of  the  hydrogen  formed  during  the  fusion  (Vogt  a.  Henninger,  Compt. 
rend.  Ixxiv.  1107). 

Cblor-  and  Brom-orcins.  These  compounds,  some  of  which  are  described  in 
vol.  iv.  pp.  213,  214,  have  lately  been  further  examined  by  Stenhouso  {Proc.Eoy.  Soc. 
XX.  72),  who  has  also  obtained  the  penta-compounds. 

Pentachlor orcin,  C^WCW,  is  formed  when  a  solution  of  orcin  is  added  to  a 
pulpy  mixture  of  chlorine  hydrate  and  water,  or  to  a  mixtm-e  of  potassium  chlorate 
and  hydrochloric  acid,  care  being  taken  to  keep  the  chlorinating  mixture  in  excess. 
The  crude  product  is  then  purified  by  crystallisation  from  carbon  sulphide.  It  forms 
large  colourless  prisms,  which  melt  at  120-5°.  It  is  moderately  soluble  in  carbon 
sulphide  and  benzene,  readily  in  ether.  It  is  but  very  slightly  soluble  in  water,  to 
■nhich,  however,  it  communicates  an  exceedingly  disagreeable  and  persistent  bitter 
metallic  flavour.  It  appears  to  suffer  decomposition  when  boiled  either  with  alcohol 
or  with  water,  trichlororcin  being  ono  of  the  products  formed  in  the  latter  case. 

PcntacMororcin  h/poMorite,  C'-WCW^  =  CH'CPOMICIO.— When  orcin  is  treated 
with  hydrochloric  acid  and  a  solution  of  calcium  hypochlorite,  the  two  latter  being  in 
excess,  a  turbid  solution  is  obtained,  which,  after  the  lapse  of  24  hoiu-s,  deposits  white 
crystals.  These,  when  crystallised  from  benzene,  form  colourless  transparent  prisms  of 
great  dispersive  power,  which  melt  at  140'5°.  This  compound  is  very  soluble  in  ether, 
but,  unlike  pentachlororcin,  only  sparingly  soluble  in  carbon  sulphide.  It  is  decom- 
posed by  hydriodic  acid  and  phosphorus,  but  the  product  has  not  yet  been  examined. 

Trichlororcin,  C'ffCl'O-,  is  readily  obtained  by  the  reduction  of  pure  pen- 
tachlororcin with  hydriodic  acid  and  amorphous  phosphorus.  It  is  moderately  soluble 
in  boiling  water,  and  crystallises  out  on  cooling  in  colourless  transparent  needles, 
■which  melt  at  123°.    It  is  but  sparingly  soluble  in  carbon  sulphide,  moderately  in 
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petroleum  oil  .and  bonene,  and  excessively  soluble  in  ether  and  alcohol.  It  dissolves  in 
hot  glacial  acetic  acid,  from  which  it  crystallises  in  thin  transparent  plates  -which  be- 
come white  and  opaque  on  the  addition  of  water.  Heated  to  180°  with  hydriodic  acid 
and  phosphorus,  it  is  reconverted  into  orcin  (Stcnhonse). 

I'cntahromorcin,  C'H'Br^O-,  is  easily  prepared  by  addiiin;  an  aqueous  solution  of 
orcin,  with  constant  agitation,  to  a  mixture  of  bromine  and  water,  taking  care  that  the 
bromine  is  in  slight  excess.  Its  solution  in  carbon  sulphide,  in  which  it  is  moderately 
soluble,  yiehls  very  birgo  and  almost  colourless  transparent  ci-ystals,  melting  at  126°. 
It  is  almost  insoluble  in  water,  very  soluble  in  alcohol  and  etlu'i',  .-iiiil  uioJcrately  so  in 
benzene,  roiit-ilu'ouiorri n,  when  boiled  with  phosphorus  and  slri.n^-  liydriodic  acid, 
passes  into  solution,  proli.ihly  as  orcin  ;  but  with  very  weak  li ydnoiliL-  acid,  triliromor- 
cin  is  foniicd,  idrnti,';il  w  ith  that  dcsri'ilH'd  by  Stenhouse,  and  .subsequeutly  examined 
by  Laurrnt  :,,mI  ( i rrlia nil ,         by  L;,  ini-arl  lt  (iv.  213). 

ruiilaliroiiion  iii.  hr.iti  I  lo  I .)()  1  Cd  ',  ^iives  off  2  at,  bromine,  leaving  the  compound 
C'lPlk'O-,  wliieli  cryttallisi  s  from  clilorol'orm  in  minute  yellow  scales.    This  com- 

^0 

pound  may  bo  regarded  as  tribromorciquinone,  C''II^Br  \  |  (Licbermann  a.  Ditllcr, 
Ann.  Ch.  P/iarm.  cxlix.  252). 

Xodorcln,  C'H'IO^  is  prepared  by  dissolving  1  part  of  orcin  and  2  of  iodine  in 
C  parts  of  other,  and  gradually  adding  9  parts  of  liuely-powderod  litharge.  The  colour 
of  the  solution  rapidly  disappears,  and  heat  is  developed.  On  distilling  off"  the  ether, 
and  exhausting  the  residue  with  hot  benzene,  the  iodorcin  separates  in  the  crystalline 
state  on  cooling.  When  pure,  it  forms  colom-loss  prisms  which  melt  at  86'5"  and  de- 
compose, with  evolution  of  violet  vapours  of  iodine,  when  heated.  It  is  only  slightly 
soluble  in  cold  water,  but  dissolves  readily  in  hot  water,  the  substance  undergoing 
decomposition  when  the  solution  is  boiled.  It  is  very  soluble  in  ether  and  alcohol, 
moderately  so  in  benzene  and  in  hot  petroleum,  slightly  in  carbon  sulphide.  It  is 
quite  destitute  of  the  peculiar  astringent  sweet  taste  so  characteristic  of  pure  orcin. 
Slercuric  oxide  may  be  employed  instead  of  lead  oxide  in  its  preparation,  but,  from 
the  solubility  of  mercuric  iodide  in  most  liquids,  it  is  not  so  advantageous  {Stenhouse, 
Froc.  Boy.  Soc.  xxii.  53). 

Trinitro-orcinic  acid,  C'ff(N0=)30=  (Stenhouse,  Proc.  Eoy.  Soc.  xix.  HQ). 
Orcin  treated  with  nitric  acid  at  ordinary  temperatures  yields  nothing  but  resinous 
uiicrystallisablo  substances  and  ultimately  oxalic  acid  ;  but  by  proceeding  in  the  fol- 
lowing manner,  a  cryst'illine  nitro-compound  may  bo  obtained. 

Colourless  orcin,  prepared  from  ordinary  orcin  by  distillation  in  a  vacuum,  is  dis- 
solved in  a  small  quantity  of  water,  and  this  solution  is  gradually  added  to  strong 
nitric  acid,  cooled  to  —10°.  The  pale  brown  solution  thus  obtained  is  now  added, 
with  constant  stirring,  to  concentrated  sulphuric  acid,  also  maintained  at  -10°,  and 
the  resulting  pasty  mass,  after  remaining  in  the  freezing  mixture  for  fifteen  or  twenty 
minutes,  is  poured  into  a  mixture  of  water  and  crushed  ice ;  the  crude  nitro-orcin  is 
thus  precip-itated  as  an  orange-coloured  granidar  powder  amounting  to  150  p.c.  of  the 
■\\-eight  of  the  orcin. 

One  or  two  recrystallisations  from  boiling  water  render  the  nitro-orcin  pure.  It 
then  forms  large  yellow  needles  having  the  composition  above  stated,  readily  soluble 
in  hot  water,  but  slightly  in  cold,  and  still  less  so  in  dilute  acids.  It  is  soluble  in 
alcohol,  very  soluble  in  hot  benzene,  and  crystallises  out  in  great  part  on  cooling;  less 
soluble  in  ether,  and  but  moderately  so  in  carbon  sulphide.  It  dyes  the  tkin  yellow 
like  picric  acitl,  but  is  tasteless.  It  volatilises  slightly  at  100°,  melts  at  162°,  and 
decomposes  with  slight  explosion  immediately  afterwards.  When  heated  with  concen- 
trated sulphuric  acid,  it  dissolves,  forming  a  deep  yellow  solution,  which  deposits  crys- 
tals on  cooling,  and  is  immediately  precipitated  by  water.  It  dissolves  in  hot,  strong 
nitric  acid,  with  evolution  of  nitrous  fumes  and  formation  of  oxalic  acid.  It  yields 
chloropicrin  wlien  treated  with  calcium  hypochlorite  at  the  ordinary  temperatinre.  Its 
aqueous  solutions  are  coloured  dark  brown  by  ferric  chloride,  and  completely  precipi- 
tated by  lead  subaeetate.    It  is  a  powerful  acid  much  resembling  picric  acid. 

The  ]7o(assii(7n  salt,  ^  jL>  0^  prepared  from  potassium  carbonate  and  tri- 
nitro-orcinic acid,  is  very  soluble  in  hot  water,  and  crystallises  in  needles  of  a  deep 
orange  colour.  The  sodium  salt,  like  the  potassium  salt,  forms  orange-coloured 
needles  ;  the  ammonium  salt  forms  deep  yellow  silky  needles,  which  are  very  soluble 

in  water,  but  much  less  so  in  alcohol.    Thfi  barium  salt,  0-  +  ZWO, 
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prepared  by  neutralising  a  boiling  solution  of  1  part  of  uitro-orcin  in  500  of  water 
with  barium  carbonate,  forms  bright  yellow  needles,  which  lose  their  water  of  crystal- 
lisation at  100°,  and  become  orange-red.  The  calcium  salt  forms  yellow  needles  which 
are  very  soluble  in  hot  water.    The  magnesium  salt  is  very  soluble  in  cold  water,  and 

crystallises  in  minute  orange  needles.    Iho  lead  salt,        ^  0-,  prepared  by 

precipitating  a  very  dilute  aqueous  solution  of  nitro-orcinic  acid  with  an  acidulated 
solution  of  lead  acetate,  forms  tufts  of  microscopic  needles,  which  are  almost  insoluble 
in  cold  water,  slightly  in  hot.  It  crystallises  unaltered  from  acetic  acid.  The  capper 
salt  is  very  soluble  in  water  and  alcohol,  and  crystallises  in  reddish-brown  needles  ; 
the  sine  salt  forms  tufts  of  yellow  needles,  which  are  likewise  very  soluble.  The  silvi  r 
fiflW,  *^  ^■^^^^  I  0-,  prepared  from  the  acid  and  silver  oxide,  forms  an  orange-red, 
gelatinous  mass,  which  exhibits  no  signs  of  crystallisation.  It  is  slowly  decomposed 
by  long  boiling. 

Ethyl  trinitro-orcinate,  ^^^^i^^'^''  P^^P'^'-'^'^  '-'7  boiling  the  silver  salt  with 
excess  of  ethyl  iodide,  crystallises  from  alcohol  in  bright  yellow  prismatic  needles, 
which  melt  at  61-5°.  Methyl  ^nwj^ro-orcmft^e  very  closely  resembles  the  ethyl  com- 
pound, but  melts  at  69'5°. 

Amidorcins  (Stenliouse,  Troc.  Boy.  Soc.  xxi.  122). — Amido-diimido-orcin, 
C'H*(NH-)(NH)-0'^. — This  base  is  produced  by  the  oxidation  of  the  triamido-orcin  pre- 
pared by  the  action  of  reducing  agents,  such  as  sodium-amalgam,  tin  and  hydrochloric 
acid,  or  zinc  and  an  acid,  on  trinitro-orcin.  It  is  better,  however,  to  treat  trinitro-orcin, 
suspended  in  water,  with  sodium-amalgam  in  a  closed  vessel  until  the  solution  becomes 
colourless,  then  to  oxidise  the  clear  solution  by  agitating  it  with  air  until  it  assumes  a 
brilliant  blue  colour  ;  and  finally  to  precipitate  the  amido-diimido-orcin  thus  formed  as 
hydrochloride  by  the  addition  of  an  excess  of  strong  hydrochloric  acid.  On  treating 
the  hydrochloride  with  a  slight  excess  of  dilute  ammonia,  it  is  decomposed,  leaving  the 
free  base  in  an  impure  state.  This  is  dissolved  in  warm  dilute  acetic  acid,  filtered, 
and  precipitated  by  a  slight  excess  of  ammonia.  Two  or  three  solutions  and  repre- 
cipitations  suffice  to  render  it  pure,  when  it  forms  small  needles,  ha^^ng  a  deep  green 
metallic  lustre  by  reflected  light.  They  are  insoluble  in  most  liquids  ;  a  solution  of 
sodium  hydrate,  however,  dissolves  them  with  a  fine  deep  blue  colour.  Treatment 
with  sodium-amalgam  reconverts  them  into  triamido-orcin. 

The  hydrochloride,  [C'B:'(NH-)(NH)=0-.HC1,  crystallises,  according  to  circum- 
stances, either  in  long  silky  needles  of  a  brownish-red  colour,  in  rliomboi'dal  plates,  or 
in  dark-red  thick  prisms.  It  is  insoluble  in  alcohol  and  other,  moderately  soluble  in 
cold,  and  easily  in  boiling  water,  but  is  at  the  same  time  partially  decomposed.  The 
sulphate,  [C'H=(NH-')(NH)202]=SO*  +  ffO,  forms  minute  lustrous  plates,  which  are 
purple  by  reflected  light,  and  much  less  soluble  in  water  than  the  hydrochloride.  The 
nitrate  closely  resembles  the  sulphate  in  appearance,  but  is  much  more  soluble  in 
water.  The  oxalate  is  obtained  in  very  slightly  soluble  purple  scales,  and  the  liicrate 
in  iridescent  green  needles  and  plates,  which  are  insoluble  in  alcohol  and  almost  in- 
soluble in  water.  The  acetate,  which  is  very  soluble  in  cold  water  and  does  not  crys- 
tallise well,  is  prepared  by  dissolving  the  free  base  in  acetic  acid.  As  the  aqueous 
solutions  of  the  amido-diimido-orcin  salts  are  decomposed  under  the  influence  of  heat, 
it  is  best  to  prepare  them  by  adding  the  corresponding  acid  to  a  solution  of  th.Q 
acetate. 

Triamido-orcin. — On  boilingtrinitro-orein  with  tin  and  hydrochloric  acid  until  it  be- 
comes colourless,  separating  the  tin  by  hydrogen  sulphide,  and  evaporating  the  solution 
in  a  vacuum,  long  colourless  needles  of  triamido-orcin  hydrochloride  are  obtained,  but 
owing  to  their  great  solubility  and  the  readiness  with  which  they  absorb  water  and 
deliquesce,  the  salt  has  not  been  obtained  in  a  state  fit  for  analysis.  On  passing  a 
current  of  sulphuretted  hydrogen  through  a  solution  of  ammonium  sulphydrate  in 
which  amido-diimido-orcin  is  suspended,  the  latter  rapidly  loses  its  colour  and  becomes 
converted  into  a  sandy  deposit  consisting  of  colourless  crystals.  These  are  apparently 
triamido-orcin,  and  on  exposure  to  the  air  rapidly  acquire  a  metallic  green  lustre  and 
become  converted  into  amido-diimido-orcin.  They  also  dissolve  in  hydrochloric  acid, 
the  solution  acquiring  a  deep  red  coloiir  and  depositing  crystals  of  amido-diimido-orcin 
when  exposed  to  the  air. 

O'RII.S'H'ITE.  This  is  a  native  arsenite  from  Burmah,  described  by  D.  Waldie 
{Chcm.  News,  xxiii.  19).  It  is  steel-grey  with  metallic  lustre  on  the  fresh  surface, 
black  and  earthy  on  tarnished  faces.    Hardness  =5-3.    Sp.  gr.  =7'3'13  to  7-428, 
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Analysis  A  shows  the  comploto  composition,  B  tho  mean  of  two  detcmi nations  of  the 
chief  constituents : 

Cu  Fe  As  Sb  X'  Yf 

12-  13       43-12       38-45       O'oi       0-12       6-19  =  lOO'o.J 

13-  28       43-88       37  03 

*  Earthy  admixtm-cg.— t  Dissolved  after  12  hours'  digestion  with  dilute  suliiburio  acid,  and  con- 
Eistiug  of  1-21  CaO,  1-97  FeO,  1-89  PbO,  and  1-12  As=0\ 

OUTHOCSiASE.    See  Felspar  (p.  508). 

OSSEIsr.  Bone  Cartilage  (i.  619). — In  tho  organic  matter  of  fossil  bones,  A. 
Schcuror-Kestner  {Compt.  rmd.  Ixx.  1179  ;  further,  J.  Plumn.  [4].  xvii.  Ill)  distin- 
guishes a  soluble  and  an  insoluble  ossein.  The  latter  is  not  dissolved  byweak  hydro- 
chloric acid  containing  only  0-5  p.c.  HCl,  but  is  dissolved  by  stronger  acid.  Treated 
■with  acid  of  this  strength,  a  mammoth-bone  yielded  63-7  p.c.  insoluble  and  36'3  soluble 
ossein,  and  the  bone  of  Ui-sus  spelaus  yielded  37'4  insoluble  and  62-6  soluble  ossein. 
The  soluble  ossein  exists  ready  formed  in  fossil  bones,  and  is  not  formed — at  least  not 
altogether — by  the  action  of  the  hydrochloric  acid  on  ordinary  ossein. 

OXAI.XC  ACXD,  C^H^O'.  i^<pr/««<io«.— According  to  Bertlielot  ( Co/iq^t.  rend.  Ixx. 
256)  ch.-in  i..il  (I'mni  spindle-treo  wood)  is  attacked  by  solution  of  chromic  acid,  yielding 
a  small  (juantity  of  oxalic  acid.  According  to  "Wippermann  (Dcut,  Chcm.  Ges.  Bcr.  iii. 
337)  oxalic  acicl  is  found  amongst  the  products  of  tho  action  of  ethyl  dibromacetate  on 
the  mixture  of  sodacetic  ethers  obtained  byFrankland  a.  Duppa.  According  to  Carius 
the  formation  of  oxalic  acid  under  these  circumstances  is  due  to  the  decomposition  of 
tho  ethyl  dibromacetate  by  the  sodium  ethylate  which  is  likewise  present. 

Becovcry  from  the  Residues  of  the  '  Discharge'  process. — Wlien  cloth  which  is  in  parts 
impregnated  with  tartaric  or  oxalic  acid,  or  both,  is  passed  through  the  discharge-vat, 
which  contains  chloride  of  lime  with  a  greater  or  smaller  excess  of  lime,  decomposition 
takes  place,  and  the  acids  are  converted  into  their  calcium  salts,  which,  being  insoluble, 
settle,  together  with  the  excess  of  undissolved  lime,  at  the  bottom  of  the  vat.  If  the 
slimy  deposit  so  produced  is  allowed  to  remain  in  the  working  vat  for  some  weeks, 
with  frequent  agitation,  it  becomes  continually  richer  in  the  salts  and  jxiorer  in  free 
lime,  till  it  attains  even  such  a  percentage  of  the  former  as  65-5  p.c.  calcium  tartrate, 
and  18  p.c.  calcium  oxalate. 

From  this  mixture,  washed  and  somewhat  diluted  wdth  water,  the  acids  are  liberated 
by  addition  of  a  previously  determined  quantity  of  sulphuric  acid  of  1-568  sp.  gr.,  and 
after  stirring  and  boiling  with  as  much  more  water  as  is  equal  to  the  weight  of  the 
original  deposit,  the  liquid  is  separated  from  the  calcium  sulphate  by  means  of  a  cen- 
trifugal machine.  Any  excess  of  sulphuric  acid  contained  in  the  liquid  is  removed  by 
boiling  -with  barium  tartrate. 

This  method  affords  still  better  results  when  chloride  of  soda  (Eau  de  Labarraque) 
is  employed  in  the  discharging  vat  in  place  of  the  chloride  of  lime.  As  the  tartrate 
and  oxalate  of  sodium  remain  in  solution,  it  is  only  necessary  to  add  from  time  to  time 
a  sufficient  quantity  of  chloride  of  lime  solution  to  precipitate  all  the  tartaric  and 
oxalic  acids  as  lime  salts,  and  to  restore  the  original  working  strength  of  the  vat.  In 
this  case  the  precipitate  will  contain  no  calcium  hydrate  or  carbonate,  and  consequently 
a  great  saving  of  sulphuric  acid  will  be  effected. 

A  further  advantage  is  found  to  follow  the  use  of  the  soda-solutiou,  namely,  that 
the  whites  are  whiter,  and  tho  reds  are  less  injured,  than  when  the  chloride  of  lime  is 
employed  (A.  Miiller,  Chem.  Centr.  1871,  134). 

Beactions. — According  to  G.  Bizio  (Zeitschr.  f.  Chem.  vi.  52)  oxalic  acid  in  very 
dilute  .solution  is  oxidised  by  the  oxygen  of  tho  air,  in  shorter  or  longer  time  accord- 
ing to  the  temperature ;  but  in  more  concentrated  solutions  this  oxidation  does  not 
take  place. 

According  to  P.  Carles  (Compt.  rend.  Ixxi.  226)  when  a  stream  of  pure  oxygen  is 
passed  through  a  strong  solution  of  oxalic  acid,  no  carbonic  acid  is  formed  at  ordinary 
temperatures  ;  but  if  the  oxalic  acid  be  heated  to  100°,  and  oxygen,  hydrogen,  or 
nitrogen  passed  through  it,  the  gas  which  passes  off  precipitates  barium  carbonate  from 
baryta-water,  and  reduces  silver  solution.  Carles  infers  from  this  that  the  oxalic  acid 
is  split  tip  into  carbon  dioxide  and  formic  acid,  and  thinks  that  Bizio's  result  may  be 
explained  in  a  similar  manner. 

Oxalates,    The  following  tuljlo  of  the  solubility  of  oxalic  acid  and  several 
metallic  oxalates  in  water  is  given  by  W.  E.  Nichols  {Chcm.  Netvn,  sxii.  1 1). 
2nd  Sup.  3  L 
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Soluhilifij  of  Oxalates. 


1 

Quantity  of  | 

Tempera- 

water  required  1 

to  dissolve 
1  p:\rt  of  ealt 

Oxalic  acid,  C-ff  0^  +  2H-0  

14  5 

10-46 

13 

31-60 

Acid  sodium  osalate,  C-NaHO^  +  H'^O 

10 

67-57 

Neutral  potassium  oxalate,  C^K^O'  +  H^O  . 

16 

3-03 

Acid  potissium  oxalate,  4C-HK0*  +  H-0  . 

8 

26-21 

Potassium  quadroxalate,  C^HKO^C^H^O^  +  2H=0 

13 

55-25 

Neutral  ammonium  oxalate,  C-(NH^)0*  +  H-0  . 
Acid  ammonium  oxalate,  2C^(NH^)H0*  +  H=0  . 

15 

23-69 

11-5 

15-07 

Ammonium  quadroxalate,  C-(NH^)H0^O'ff  0*  +  2W0 

7'7o 

39-68 

Altiminium  oxalates. — The  following  double  oxalates  of  aluminium  have  been  pre- 
pared by  A.  Z.  Collin  {Deut.  Chem.  Gcs.  Ber.  ii.  315)  :— 

K^O.C^O'  +  AP0'.2C=0'  +  3H=0 

2(K20.C20')  +  AP0'.2C^0'  +  3H-0 

2(Na=0.C=0=)  +  AP0'.2C^0^  +  7H-0 

S(Na20.C=03)  +  AP0'.2C=0^  +  6H'^0 

[(NH<)-0.C=0^)]  +  AP0^2C-0»  +  6H-0 

3[(Nn<)=0.C^0')]  +  AP0^2C=0'  +  bWO 

3(BaO.C^03)  +  AP0'.2C=0'  +  9H=0 

MgO.C=0^  +  AP0'.2C=0='  +  6H-'0. 

Antimony  oxalates. — The  following  are  described  by  N.  Svenssen  {Bcut.  Chem. 
Gcs.  Ber.  iii.  314) :— 


(1). 

Sb-03.2C=0^ 

+ 

n-0 

(2). 

IPO.C^O^ 

+ 

Sb20'.3C=0^ 

.H=0 

(3). 

3(K=0.C^0^) 

+ 

Sb"0'.3C-0^ 

+ 

6H-0 

(4). 

K-O.C^O' 

SVO'.SC^O^ 

+ 

K-0.H-0.2C'0'    +  SH^O 

(5). 

3(K20.C20^) 

+ 

Sb20^3C=0^ 

+ 

2(K-0.H=0.2C=0^)  +  5H-'0 

(6). 

3(Na=0.C=0') 

sb=o^3C'0' 

+ 

9H=0 

(7). 

(NH^)'-O.C=0^) 

+ 

Sb^O'.SC^O' 

+ 

IOH'^0 

(8)  .  3[(NH')-0.C=0')]  +  2(Sb=0'.3C20-'')  +  16H"0 

(9)  .    3[(Nff)=.C'0^])  +     Sb^O'.SCW    +  (NH')-O.H-0.2C'0^  +  15H=0  ; 

The  salt  (5)  -was  deposited  from  the  mother-liquors  of  (3)  and  (4),  for  the  prepara- 
tion of  -which  acid  potassium  oxalate  was  mixed  with  antimonious  oxide  and  caustic 
potash.    The  salt  (4)  forms  large  well-defined  crystals.    The  salt  (2)  is  decomposed 
by  water;  so  likewise  is  (8),  which  was  obtained  but  once.    The  salts  (5)  and  (9)  \ 
may  be  recrystallised  from  water  without  alteration. 

Bismuth-potassium  oxalate,  K-O.C°0^  -;-  Bi"0'.3C=0^  +  2B.-0  (Svenssen).  i 

Ccrous  oxalate,  C'CeO'',  in  the  air-dried  state  contains  4  niols.  water;  after  drying  at  , 
100°  only  1  moL,  and  this  is  given  off  at  a  higher  temperatiu-e,  partial  decomposition,  ] 
however,  taking  place  at  180°.  The  air-dried  salt  gives  off  3  p.c.  water  over  sulphuric  j 
acid  (Erk,  Zeitschr.f.  Chem.  vii.  100).  | 

Lead  oxalate,  C-PbO*.— Experiments  on  the  calcination  of  this  salt  have  been  made  | 
by  E.  J.  Maumene  {Co7npt.  rend.  Ixxi.  797,  837). 

The  black  product  left  on  calcining  lead  oxalate  was  considered  by  Berzelius,  and  j 
after  him  byDulong,  to  be  a  suboxide  of  lead.  Subsequently  Boussingaiilt  found  that, 
on  exposing  this  body  in  a  mufflo  to  an  incipient  red  heat,  it  experienced  a  gain  in  i 
weight  corresponding  with  the  difference  between  Pb'-O  and  2PbO.  Lastly,  its  formation 
and  properties  were  examined  by  Pelouze,  who  found,  on  keeping  the  oxalate  at  a  j 
temperature  of  310°,  at  which  it  begins  to  decompose,  that  the  gases  disengaged  are  \-. 
carbon  monoxide  and  carbon  dioxide  in  the  ratio  of  iCO  :  3C0-,  according  to  the  j 
equation  2C-0'Pb  =  Pb-'O  -f  CO      3C0=.  _  | 

Maumend,  however,  finds:  1.  That  the  black  residue  is  a  mixture  of  metallic  lead  , 
■with  the  monoxide  PbO,  inasmuch  as,  when  tritm-ated  with  mercury  for  a  considerable 
time— or  for  a  shorter  time  if  previously  moistened  ivith  alcohol— it  yields  an  amalgam 
of  lead,  and  when  boiled  -nith  a  solution  of  sugar  it  gives  rp  a  considerable  quantity  j 
of  lead  oxide.  , 

] 
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2.  Th.'it  the  proportions  of  carbon  monoxide  and  dioxide  evolved  in  tiio  decomposi- 
tion are  not  constant,  but  vary  according  to  the  temperature  aad  other  conditions  of 
the  experiment.  When  the  oxalate  was  heated  in  an  oil-bath  to  310°-315°  the  gas 
collected  in  the  early  stages  of  the  decomposition  exhibited  nearly  the  ratio  iCO  ; 
200- ;  but  on  collecting  successive  portions  of  the  gas  evolved  at  315°,  the  proporliou 
of  carbon  dioxide  was  found  gradually  to  increase,  till  at  length  the  evolved  gas  con- 
sisted almost  -wholly  of  that  compound.  This  result  is  due  to  the  gradual  oxidation 
of  the  carbon  monoxide  by  the  lead  oxide  in  the  residue.  Similar  residts  were  ob- 
tained at  higher  temperatures.  By  calcining  a  small  quantity  of  the  oxalate  (1  gram) 
in  a  narrow  gas  tube,  of  which  it  occupied  a  considerable  length,  and  using  a  regTilatod 
Hame,  a  gaseous  mixture  was  obtained  exhibiting  very  nearly  the  ratio  iCO  :  3C0- 
moutioned  by  Pelouze. 

OxalTC  ethers.  On  the  action  of  Sudiinn  on  Ethyl  oxalate,  see  Glycollic  Acid 
(p.  r>G9);  also  Eghis  {Bcut.  Chcm.  Gcs.  Bar.  iv.  680  ;  Chem.  Soc.  J.  [2],  ix.  820). 

Pi'.rfectly  dry  ethyl  oxalate,  treated  ^\\th.  jjf'ospjior  us  oxychloride,  forms  othyloxy- 
oxalylchlorulc,  COCl-CO(OC'H^),  which  is  a  colourless  mobile  liquid  having  a 
sufflicating  odour,  a  sp.  gr.  of  1-2160  at  16°,  and  boiling  at  140°.  It  fumes  strongly 
in  t,he  air,  and  when  exposed  to  the  air  for  some  time  is  converted  into  oxalic  acid. 
With  ivatcr  it  decomposes  very  rapidly;  with  alcohol  it  instantly  forms  ethyl 
oxalate  ;  with  alcoholic  ammonia  it  yields  ethyl  oxamate  ;  and  with  aniline  ethylic 
pheuyloxamate  (L.  Henry,  Beut.  Chcm.  Ges.  Bcr.  iv.  598). 

When  ethyl  oxalate  is  digested  with  isopropr/l  iodide  and  einc,  first  at  ordinary 
temperatures  and  afterwards  at  100°,  the  ethylic  ethers  of  oxy-isocaprylic  acid 
and  oxy-i  sovaleric  acid  (p.  885)  are  produced,  together  with  a  third  f:thylic 
ether,  wliicli  is  obtained  by  heating  the  lower  boiling  portion  of  the  crude  pro- 
duct with  baryta-water  to  100°,  removing  the  excess  of  baryta  with  sulphuric  acid, 
and  concentrating  the  solution.  The  ether  in  question  then  separates  in  needle-shaped 
crystals,  coloured  by  iodine.  The  free  acid  forms  white  crystals  easily  soluble  in  water, 
sublimes  below  100°  in  white  needles,  melts  at  91°-92°,  and  solidities  at  85°.  This 

ether  is  perhaps  the  isopropyl-compound,  ^^jjsq  |  CH.CO-H,  analogous  to  Frank- 
land  a.  Duppa's  amyl-ethyl-hydroxalic  acid  (iv.  276). 

Action  of  Oxalic  acid  on  Foli/atomic  alcohols. — Oxalic  acid  forms  witli  gli/ccrin  a 
compound  railed  Oxalin,  a  white  solid  hygroscopic  substance  which,  when  heated, 
melts,  cives  off  vapours,  and  decomposes,  evolving  carbon  dioxide  and  leaving  glycerin. 
With  animouii  it  forms  oxamide.  Similar  comjiounds  are  formed  with  mannite,  dul- 
cite.  erythrite,  quercite,  etheno  glycol,  and  octeno  glycol  (Lorin,  Compt.  rend.  Ixxvii. 
.129,  363;  Ann.  Chim.  Phi/s.  [4],  xxix.  367). 

OXAI.VBZC  ACID,  C-'H'N^O"  =  cS^OCTfI  '^^"^  °^ 

this  acid  is  formed  by  the  action  of  ethyloxy-oxalyl  chloride  on  urea  : — 

/  CO-NH= 

c'o-(oc'n'').ci  +  co(NH=)=  =  nci  -f  hn<-' 

\  C'^O^-C-H'O 

The  action  takes  place  at  ordinary  temperature;; ;  it  is  very  energetic,  and  Mccnmpanied 
by  considerable  evolution  of  heat.  As  the  hyclrochloric  acid  formed  uiiilcs  wllli  llio 
urea,  it  is  necessary  to  use  a  double  quantity  of  the  latter.  The  prodiicl  is  (  xli.iiisl  ed 
with  cold  water,  and  the  residual  ethyl  oxalurate  is  rccrystalliscd  fmni  boiling 
water. 

Ethyl  oxalurate  separates  from  water  in  thin,  white,  silky,  anhydrous  needles  ;  from 
alcohol  as  a  white  crystalline  powder. 

OXAIVXXC  ETHBRS.  On  the  formation  of  these  ethers  by  the  action  of  ammo- 
nia and  amines  on  ethyloxy-oxalyl  chloride,  see  above. 

03£AIVIX3}037APETnOXi.    Sec  Napiithols  (p.  842). 

03SAMMITE.  Tliis  name  is  given  by  C.  U.  Shopard  {Sill.  Am.  J.  [2],  1.  272) 
to  ammonium  oxalate  found  in  the  vertebral  column  and  the  stomach  of  a  bird  buried 
in  guano. 

OXIDATIOU.    On  the  Heat  developed  in  Oxidation,  see  He.vt  (pp.  006-618). 

Lecture  experiments  on  alternate  Oxidation  and  Reduction  are  described  by  A.  W. 
Hofmann  {Datt.  Chcm.  Gcs.  Bcr.  iii.  658),  and  by  J.  Thomsen  {ibid.  930);  see  also 
Jahrcsh.  f.  Chcm.  1870,  197;  also  by  Wartha  {DciU.  Chcm.  Gcs.  Bcr.  iv.  94;  JaLrcsb. 
1871,  197). 
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On  Oxidation  in  the  Animal  Organism,  see  Pfliiger  (P^«ye/s  Arcldv.  f.  Phys.  vi.  43; 
Chcm.  Soc.  J.  [2],  X.  1030). 

On  the  Oxidising  Po-vver  of  the  Blood,  see  p.  200  of  this  volume;  on  the  Influence 
of  Quinine  on  the  Oxidation  in  the  Blood,  see  p.  197. 

OSXBES.  On  the  alleged  Influence  of  Calcination  on  the  Heat  disengaged  in  the 
Solution  and  certain  Reactions  of  Metallic  Oxides,  see  p.  617. 

On  the  EiFect  of  various  metallic  Oxides  in  facilitating  the  Decomposition  of 
Potassium  Chlorate  by  Heat,  see  p.  315. 

OXXMZBO  -  RTBROXirX.  -  AM'THRAQUXM'OSrx:.  See  Antheaquixoxe 
(p.  01). 

OXIBZXBOITAPKTKOI..    See  Naphthol  (p.  8i2). 

OXmsoX..    See  Ixdigo  (p.  666). 

OXYAZOEENZENE.    See  Bexzexe  (p.  151). 

OXYANTHRAQUINOKTE.    See  Anthraqtjinone  (p.  02). 

OXVBEBrZOZC  ACXS.  On  the  relative  positions  of  the  radicles  OH  and 
COOH  in  this  acid  and  its  isomerides,  see  Benzene  (p.  133). 

OXVBVTYRXC  ACXDS,  C'HsQ^  =  C-'H'(OH)0=  (MarkownikoflT,  Ann.  Ch. 
Tharm.  cliii.  228,  251  ;  Zeitschr.  f.  Chcm.  iv.  620  ;  vi.  421).  The  foUo-n-ing  observa- 
tions on  these  acids  are  supplementary  to  those  reported  in  the  \st  Suppl.  (p.  891). 

(1)  .  Theoxvisobuty  ricacid,       ^^COH  —  COOH,  formed  from  bromisobutyric 

H'C-^ 

acid,  is  a  white  crystalline  body  easily  sohible  in  water,  and  separates  from  the  aqueous 
solution  over  sulphuric  acid  in  prismatic  crystals,  from  ether  in  stellate  groups  of 
needles.  "When  continuously  heated  it  sublimes  at  60°  in  slender  flexible  needles, 
which  melt  at  79°  and  resolidify  at  76°.  It  absorbs  moisture  from  the  air.  The  a?n- 
vionium  salt  is  very  soluble.  The  calcium  salt  crystallises  in  spherical  groups  of 
slender  needles  having  a  silky  lustre.  Alcohol  throws  it  down  from  its  aqiieous 
solution  as  a  gelatinous  precipitate  whicli  dissolves  when  heated,  but  separates  in 
needles  on  cooling.  The  barium  salt  dissolves  easily  in  hot  water  and  in  hot  alcohol, 
and  crystallises  in  prisms.  The  zinc  salt  dissolves  sparingly  both' in  hot  and  in  cold 
water,  and  separates  on  evaporation  by  heat  in  microscopic  six-sided  laminae,  on  spon- 
taneous evaporation  in  four-sided  plates.  It  contains  2  mol.  water  of  crystallisation. 
The  lead  .mlt  is  very  soluble.  The  silver  salt  crystallises  from  hot  aqueous  solution  in 
shining  scales,  by  slow  evaporation  in  large  flat  prisms.  It  dissolves  in  14  parts  of 
water. 

Oxyisobutyric  acid  is  converted  by  oxidation  with  potassium  dichromate  and  sul- 
phuric acid  into  carbon  dioxide,  acetone,  and  acetic  acid.  According  to  Markownikoif, 
it  is  identical  with  acetonic  acid,  dimethoxalicacid,  and  butylactic  acid. 

(2)  .  a-Oxybutyric  acid  is  prepared  from  chlorinated  or  brominated  butyl  chloride 
in  the  same  manner  as  oxyisobutyric  acid.  This  acid,  represented  by  the  formula 
CH^CH''.CHOH.CO'=H,  is  identical  with  that  which  Friedel  a.  Machuca  obtained 
from  bromobutyric  acid  {1st  Suppl.  891).  It  crystallises  from  aqueous  solution  over 
sulphuric  acid  in  stellate  groups  of  needles  ;  from  solution  in  aqueous  ether  in  small 
flat  prisms.  It  deliquesces  in  moist'air,  melts  at  43°-44°,  sublimes  below  100^,  and 
begins  to  boil,  with  incipient  decomposition,  at  225°.  The  calcium  salt,  2Ca(C'H=0')- 
+  6H-0,  is  easily  solubloiin  water,  and  crystallises  in  nodular  masses.  Th&  sine  salt, 
Zn(C^H'O^)-  +  H^O,  crystallises  from  hot  aqueous  solution  in  nodular  aggregates 
consisting  of  slender  four-sided  prisms  imited  in  tufts  ;  by  slow  crystallisation  it  is 
obtained  in  long  needles.  The  lead  salt  and  the  silver  salt  are  easily  soluble  in  water, 
the  latter  crystallising  therefrom  in  druses. 

(3)  .  fi-Oxyhutyric  acid,  CIP.CH(OH).CH-.COOH,  prepared  from  propyleue- 
chlorhydriu,  has  aiready  been  dcs.Til.cd  {1st  Suppl.  891). 

OXYC AMPHORIC  ANHVBRIOB,  C'"H"0<.  See  Camphoeic  Acid  (p.  236). 

OXYCASaPHOBOMXC  ACXD,  C-'ir-C^.    See  Camphokonic  Acid  (p.  238). 

OXYCABBOH'S  or  CARBOIT  OXXDBS.  Two  of  these  bodies,  C*0^  and 
C^O^,  analogous  to  the  hydrocarbons,  crotonylene  C^H",  and  valerylene  C*H',  have 
been  obtained,  together  with  others  of  undetermined  composition,  by  exposing  pure 
dry  carbon  monoxide  to  the  action  of  electricity  in  an  induction  tube  (Brodie,  p.  259^. 

OX-S-CUMIC  ACID,  C"H''.C^H''OH.CO-H,  and  OXETHVKCinnxC  ACXD, 
f'Hjji  ( )C-||''  ( '( r-'H,  arc  formed,  together  with  other  compounds,  by  boiling  bromo- 
cuinlr  ,icid  with  ;ilenholir  potash  (p.  403).  The  former  yields  a  barium  salt  which 
crystalliiM'S  in  nodules  (Czunipolik). 
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OXYGEXr.  Treparation. — A  i^roeoss  for  obtaining  oxygen  from  atmospheric  air 
foi'  industrial  use,  founded  on  the  property  possessed  \>y  water,  of  absorbing  oxygen 
more  readily  than  nitrogen,  has  been  devised  by  Mallet  {Bingl.  pol.  J.  exeix.  112). 
Air  is  pressed  into  wafer  by  means  of  a  forcing-pump,  and  the  gases  whieli  escape 
on  diminishing  the  pressure  are  subjected  to  the  same  treatment  eight  times  in  succes- 
sion, by  which  time  nearly  pure  oxygen  is  obtained.  The  following  table  shows  tho 
composition  of  the  gaseous  mixture  at  each  successive  stage. 


Atmospheric  ail" 

Composition  after  successive  pressures 

1 

66-67 
33-33 

i 

G 

7 

N       .      .  79 
0        .       .  21 

52-5 
47-5 

37-5 
62-5 

25-0 
7.5-0 

15-0 
85-0 

9-0 
91-0 

5-0 

950 

2-7 
97-3 

The  difficulty  of  obtaining  oxygen  free  from  nitrogen  arises,  according  to  Houzeau 
(C'ompt.  rend.  Ixx.  39),  from  the  adhesion  of  atmospheric  air  to  the  surftice  of  the 
glass,  which  is  so  strong  that  the  air  cannot  be  completely  removed  even  by  washing 
with  large  quantities  of  oxygen.  The  difficulty  may,  however,  be  overcome  by  keep- 
ing the  gIass;red-hot  while  a  strong  stream  of  oxygen  is  passed  over  it.  The  oxygen 
is  evolved  from  fused  potassium  chlorate  in  retorts  heated  over  their  entire  surface, 
and  containing  ignited  asbestos  in  their  necks. 

On  the  influence  of  various  metallic  oxides  in  facilitating  the  evolution  of  oxygen 
from  potassium  chlorate,  see  Chlohates,  p.  315  ;  also  (Jr.  Krebs  {Zeitsc'hr.  f.  Chan. 
vi.  243;  Jahrcsb.f.  Chan.  1870,  208). 

Experiments  on  the  effect  of  dilution  on  the  oxidising  piower  of  oxygen  have  been 
made  by  W.  Miiller  {Pogg.  Ann.  cxli.  05).  In  the  case  of  iron,  copper,  and  arsenic, 
oxidation  was  found  to  commence  in  atmospheric  air  at  a  lower  temperature  than  in 
pure  oxygen,  whereas  in  the  case  of  charcoal,  sulphur,  antimony,  potassium,  iron  sul- 
phide, and  lead,  no  difference  in  the  temperatures  of  commencing  oxidation  was 
observed. 

03CYH7DROMUCOXTXC  ACID.    See  Mucoxic  Acid  (p.  827). 
OXYXSOBUTYRXC  A.CIB.    See  Oxybutyeic  Acid  (p.  884). 

OXYISOCAPRYllC  ACZB,  C'H'^O^  =  ^3^j  |- COH.COOH.  (Markownikoff, 
Zdlschr.f.  Chem.  vi.  516).  The  ethjlio  ether  of  this  acid,  CTI'XC-H')03,  is  prepared 
by  digesting  rather  more  than  2  mol.  isopropyl  iodide  with  1  mol.  ethyl  oxalate  and 
zinc  for  some  days  at  the  ordinary  temperature  ;  the  mixture  is  then  diluted  with  water, 
mixed  with  hydrochloric  acid  to  remove  the  zinc,  and  then  distilled  as  long  as  drops  of 
oil  continue  to  pass  over.  The  portion  of  the  oily  distillate  which  goes  over  betwees 
180°  and  205°  is  boiled  for  six  hours  with  a  weak  solution  of  potash,  after  which  the 
ether,  when  f/aetionally  distilled,  passes  over  for  the  most  part  between  108°  and  200"'. 
It  is  a  thick  pale  yellow  liquid  having  a  faint  mouldy  smell,  boiling  at  202°-204° 
(corr).  It  is  not  saponified  by  caustic  potash  at  130^,  but  baryta  at  160°  saponifies  it 
slowly. 

Oxyisocaprylic  acid  is  best  obtained  by  heating  the  ether  with  alcoholic  potash.  After 
the  alcohol  has  been  distilled  off,  the  residue  solidifies  on  addition  of  hydi-ochloric  acid  to 
a  pasty  mass,  from  which  it  may  be  obtained  by  recrystallisation  from  water,-in  slender 
colourless  needles.  By  spontaneous  evaporation  longer  needles  are  obtained  and 
sometimes  rather  large  transparent  flat  prisms.  It  dissolves  sparingly  in  cold  water, 
easily  in  alcohol  and  ether ;  melts  under  water,  and  volatilises  with  aqueous  vapour. 
It  melts  at  110°-111°,  and  then  often  remains  liquid  below  80°  When  heatedabove 
its  melting  point  it  sublimes  in  long  needles. 

Barium  Oxi/isocaprylate,  Ba(CTI"*0^)"  +  3H^0,  crystallises  from  hot  water  in  small 
prismatic  needles  which  appear  to  effloresce  easily.  The  calcmni  salt  is  easily  soluble 
in  water,  and  crystallises  with  difficulty.  The  zinc  salt  separates  as  an  amorphous 
precipitate  on  heating  tho  ammonium  salt  with  zinc  sulphate.' 

OXY-XSOV.&ZiERXC  ACXS,  or  F$cud/)-propyl-hydroxalic  acid,  C^H'^O'  = 
C'H'.CHOH.CO^II  (Markownikoff,  loc.  cit.)  This  acid  is  obtained,  on  evaporating  the 
potash-solution  used  in  the  preparation  of  crude  oxyisocaprylic  acid,  then  acidulating 
with  sulphuric  acid,  agitating  with  ether,  and  evaporating  the  ethereal  solution,  as  a 
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thick  liquid  which  solidifies  in  the  exsiccator.  It  appears  to  bo  identical  with  the 
acid  which  Fittig  a.  Clarke  obtained  from  bromovaleric  acid.  The  barium  salt, 
Ba(C*H"'0^)'',  which  is  anhydrous,  is  best  obtained  by  precipitating  its  aqueous  solution 
with  hot  strong  alcohol.  The  aqueous  solution,  when  concentrated  by  heat,  leaves  it 
in  the  form  of  a  syrup ;  by  spontaneous  evaporation,  it  yields  crystalline  nodules. 
The  silver  salt,  AgO^H'^O',  is  slightly  soluble  in  cold  water,  rather  more  soluble  in  hot 
water,  from  wliich  it  crystallises  in  dendrites.  The  cine  salt  is  a  white  flocculeut 
precipitate  but  slightly  soluble  in  water,  either  hot  or  cold. 

OX-sr^EPZassrs,  C-m-'O-.    Seo  Lepidene  (p.  773). 

OX-!riaSTHYI.-PHE]t?-!ri.-FOR3VEIC  ACIB,  C'H^O^^  =  C«H' |  ^^^^  (Ditt- 

mar  a.  Kekulc,  Beut.  Chcm.  Gcs.  Ber.  iii.  8'Ji).  This  acid  is  formed  by  heating 
1  mol.  of  ordinary  toluic  acid  to  160°-170°  in  a  long-necked  flask,  and  slowly  drawing 
1  mol.  bromine-vapour  through  the  apparatus  by  means  of  an  aspirator.  A  brominated 
toluic  acid  is  thereby  formed  having  its  bromine  in  the  methyl,  and  capable  of 
exchanging  it  for  hydroxyl  when  boiled  with  alkalis  or  baryta-water  : 

C^2'|CS^^^0  =  2Br  +  C=H^|^g2??- 

The  oxyacid  forms  white  plates  or  smooth  needles,  very  soluble  in  hot,  moderately  in 
cold  water.  It  melts  at  a  temperature  somewhat  higher  than  toluic  acid  and  sublimes 
iu  feathery  groups  of  needles. 

OXYBfAPHTHAQUlNOOTE.  See  Naphthaquinones  (p.  836). 

OXYSjrSVRXSariS.  Tliis  base,  produced  by  the  action  of  trimethylamine  on  mono- 
chloraoetic  acid,  is  i.lentical  witli  Letaine  from  beet-juice  (p.  186). 

or  STlTPIISflC  ACXI>,  C'^II^(NO-)^0',  is  identical  with  tri- 

nitroresorcin  (soo  Eesoecin). 

OXVPYROTAKTASllC  ACIIS,  C'H'^O^  =  C=H=(0H).(C001I)2.  Thisbibasic 
acid,  homologous  with  malic  acid,  was  obtained  by  Maxwell  Simpson  {Proc.  Soy.  Soc. 
xiii.  44),  by  heating  dichlorhydrin  with  potassium  cyanide  in  alcoholic  solution,  and  boil- 
ing the  product  with  potash.  An  acid  apparently  identical  with  this  is  produced  by  the 
action  of  melting  potassium  hydrate  on  either  of  the  throe  sulphopyrotartaric  acids 
formed  by  the  combination  of  sulphurous  acid  (sulphites  of  alkali-metal)  with  eitra- 
conic,  itaconic,  or  mosaconic  acid.  The  oxypyrotartaric  acid  thus  obtained  forms  hard 
crystals  very  soluble  in  cold  water,  slightly  soluble  in  alcohol  and  in  ether.  From  a 
neutralised  solution  it  is  precipitated  bluish-white  by  cupric  salts.  The  silver  salt, 
C*H''Ag20^  +  H-0,  gives  off  its  water  of  crystallisation  at  65°  and  decomposes  at  100° 
(Wieland,  Ann.  Ch.  Pharm.  clvii.  34). 

OX-irSiL3.IC-7X.XC  AGXX},  CH^O^.  According  to  Liechti  {Zeitschr.f.  Chem.\i. 
193),  this  acid  prepared  by  Lautemann's  process  (decomposition  of  iodosalicylic  acid  by 
potash)  is  not  identical  with  hypogallic  acid,  inasmuch  as  it  cannot  bo  made  to  unite 
with  water  of  crystallisation,  whereas  hypogallic  acid  crystallises  with  1-J  mol.  water 
(148  p.c),  whicli  it  gives  off  at  100°  (see  further  Salicylic  Acid,  1st  Suppl.  1005), 

OXYSUSPHAZOTATES.    See  Sulphazotic  Acies. 

OX-YSVX.PHXBE  OS"  CARBOK',  COS.    See  Carbon  Oxysulphide  (p.  262). 

OXYSUX.PHOBEia'ZXSE,  C'"H"'SO'  =  (C''H'0H)2S0=.  This  compound,  dis- 
covered by  Ghitz  {Ist  Suppl.  894),  has  been  further  examined  by  Annaheim  {J.  pr. 
Cliem.  [2],  i.  14;  ii.  385).  It  is  best  prepared  by  heating  equal  weights  of  phenol 
and  strong  sulphuric  acid  to  190°-195°  for  five  or  six  hours,  and  pouringthe  mass  into 
two  or  three  times  its  volume  of  water. 

Ethyl-oxysulphobcnzide,  (C'''H*OC^H^)2S0-,  is  formed  by  treating  oxysulphobenzide 
with  ethyl  iodide  and  alcoholic  potash.  It  is  insoluble  in  water,  nearly  insoluble  in 
cold  alcohol,  easily  soluble  in  ether  and  hot  alcohol,  and  crystallises  from  the  latter  in 
white  laminse  which  melt  at  159°.  Strong  nitric  acid  converts  it  into  a  nitro-product, 
[C''ff(NO)-(OC--ff)]'^SO-. 

With  methyl  iodide  aud  amyl  iodide  oxysulphobenzide  yields  derivatives  of  similar 
character. 

Tetrac}doroxysulp)hohenzide,  (C''H-GPOH)=SO-,  is  formed,  together  with  other  pro- 
ducts, by  treating  oxysulphobenzide  with  potassium  chlorate  and  hydrochloric  acid, 
and  purified  by  washing  it  with  water  and  with  alcohol,  dissolving  it  in  alcoliol,  and 
separating  by  water.  It  forms  short  thick  prisms  or  white  needle-shaped  crystals, 
insoluble  in  water,  sparingly  soluble  in  cold  alcohol,  easily  in  hot  alcohol,  and  in  ether, 
benzene  and  alkalis.    It  melts  at  298°-299°. 
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OJEYTOS-tTIC  ACS©,  C'lPO'.  Syn.  with  OxjTnotliyl-pliciiyl-formic  acid  (p.  886). 
OX-srTH-2-nKO<^umOM-B.    See  Thtmoquinones. 

OZOSS'S.  Foi-mation. — From  numerous  experiments  on  tlie  formation  of  ozone 
under  the  influence  of  the  spark  of  a  EuhmkorfF  coil,  Houzeau  {Covipi.  rend.  Ixx.  1286) 
iincls  that  tlie  formation  is  more  rapid  in  renewed  than  in  confined  air,  and  that  it 
takes  pLace  more  abundantly  at  tlie  negative  than  at  the  positive  pole.  The  formation 
of  ozone  increases  with  the  duration  of  the  electrisation  up  to  a  certain  point  only ;  it 
increases  with  the  intensity  of  the  electricity;  diminishes  as  the  distance  between  the 
electrodes  is  increased ;  varies  with  the  length  or  surface  of  the  electrodes  ;  and 
increases,  under  otiierwise  similar  circumstances,  when  the  action  of  both  electrodes  is 
made  a\  allablo.  Ozone  is  likewise  formed  when  the  electrodes  arc  surrounded  through 
tlieir  whole  length  with  thin  glass  tubes,  either  closed  or  open,  less  abundantly,  how- 
ever, than  when  the  air  has  free  access  to  the  platinum  v/ires.  In  this  case  also  the 
quantity  of  ozone  formed  varies  with  the  length  and  surface  of  the  electrodes.  The 
formaLion  of  ozone  increases  considerably  as  the  temperature  is  lowered,  and  under 
otherwise  similar  circumstances  oxygen  yields  from  7  to  10  times  as  much  ozone  as 
atmospheric  air.  The  ozone  produced  by  electrisation  of  air  is  contaminated  with 
small  quantities  of  nitrogen-compounds.  Guided  by  these  experiments,  Houzeau  has 
constructed  au  apparatus  called  an  '  ozoniser,'  by  which  ozone  is  produced  in  consider- 
able quantity. 

In  an  ordinary  straight  gas-delivery  tube  is  placed  a  v»ire  of  copper,  lead,  or  better, 
of  platinum,  4  to  6  decimeters  long,  with  one  of  its  extremities  passing  through  the 
side  of  the  upper  portion  of  the  tube.  On  the  exterior  of  the  tube  is  coiled  a  similar 
wire  over  thepatli  of  the  preceding.  When  the  two  are  placed  in  communication  with 
a  Euhmkorff 's  coil  giving  a  2  or  3  centimeter  spark,  a  slow  stream  of  oxygen  passing 
through  the  tube  will  be  strongly  charged  with  ozone.  By  this  app;.ratus,  Houzeau 
has  prepared  oxygen  containing  00  to  120  (once  188)  milligrams  of  ozone  per  litre. 
Electrolysis  of  water  furnished  only  3  to  5  milligrams,  barium  peroxide  and  sulphuric 
acid  10  milligrams  per  litre. 

A  somewhat  similar  apparatus  is  described  by  A.  W.  Wright  {Sill.  Am.  J.  [3],  iv. 
20;  Chcm.  Soc.  J.  [2],  x.  1071). 

Boillot  {Gompt.  rend.  Ixxv.  214;  Clmn.  Soc.  J.  [2],  x.  879)  describes  an  apparatus 
consisting  of  two  glass  tubes  one  fitting  within  the  other,  and  each  coated  externally 
wit  h  ]io\viier.  d  coke  made  to  adhere  by  means  of  gelatin.  The  coatings  of  the  two  tubes 
:n-r  e,,iiiir,  i<  .|  \v\[h  tho  poles  of  an  induction  coil,  and  a  stream  of  oxygon  is  made  to 
p:l^  ;  li.  ;ui  I  11  ihi^  tubes.  The  oxygen  is  thus  exposed  to  the  influence  of  the  silent 
diseliarge,  and  :i  considerable  proportion  of  it  is  converted  into  ozone. 

On  the  formation  of  ozone  in  rapid  combustion,  see  A.  Loew  {1st  Sappl.  894). 

On  tho  simultaneous  formation  of  ozone,  hydrogen  dioxiile,  and  ammonium  nitrite 
by  the  combustion  of  hydrogen  in  the  air,  see  p.  660  of  this  volume  ;  also  C.  Than 
[J.  pr.  Chem.  [2],  i.  415  ;  Ghem.  Soc.  J.  [2],  ix.  482). 

Su2)posed  formation  of  Ozone  hy  the  Oxidation  of  Essential  Oils. — It  is  commonly 
stated,  on  the  authority  of  Schonbein  and  others,  that  the  oxidation  of  oil  of  turpen- 
tine, and  other  essential  oils  in  the  air,  is  attended  with  formation  of  ozone,  inasmuch 
as  the  oxidised  oil  and  the  air  in  its  vicinity  exhibit  the  reaction  of  ozone  with  potas- 
sium iodide  (v.  921) ;  this  active  substance  likewise  resembles  hydrogen  dioxide  in 
giving  a  violet  coloration  with  chromic  acid  solution,  acidulated  with  sulphuric  acid. 
Tlie  nature  of  this  compound  has  lately  been  examined  by  Kingzett  {Chem.  Soc.  J.  [2], 
xii.  511),  who  finds  that  it  cannot  be  either  ozone  or  hydrogen  dioxide,  because  it  is 
destroyed  at  the  boiling-point  of  turpentine-oil,  viz.  160°,  at  which  temperature 
ozone  and  hydrogen  dioxide  are  permanent ;  moreover  it  resists  to  a  certain  extent  the 
action  of  sodium  thiosulphate,  and  its  solution  in  water  retains  its  properties  after 
long-continued  boiling.  .Kingzett  attributes  the  active  properties  of  the  oxidised 
tiu'pentine-oil  to  the  formation  of  monohydrated  terpene  oxide,  C'°H'"O.H-0,  which 
was  shown  some  time  ago  by  Sobrero  {Ami.  Ch.  Pharm.  Ixxx.  106)  to  be  formed  when 
turpentine-oil  containing  water  is  exposed'  to  the  sun's  rays  in  a  vessel  filled  with 
oxygen  (see  Tuepextine-oil). 

Properties  and  Ecactiom. — According  to  Carius  {Deut.  Chem.  Ges.  Bcr.  v.  .520), 
1,000  c.c.  of  distilled  water  at  0°  and  0-76  m.m.  pressure  absorb  from  3-80  to  6-41  c.c. 
of  ozone. 

According  to  Jonglet  (Co?H^3<.  rend.  Ixx.  539),  nitroglycerin,  dynamite,  iodide  of 
nitrogen,  and  chloride  of  nitrogen  explode  in  a  vessel  containing  ozone.  Powder 
made  with  potassium  picrate  decomposes  slowly  under  the  same  circumstances ; 
ordinary  gunpowder  alters  considerably  in  the  course  of  six  weeks. 

On  Atmospheric  Ozone,  see  Atmospheee  (p.  113). 
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Gorup-Besanez  finds  that  the  air  in  the  neighbourhood  of  graduation-houses  for  the 
evaporation  of  saline  springs,  is  more  higlily  charged  with  ozone  than  ordinary  air 
{Ann.  Ch.  Pharm.  clxi.  232;  Chcm.  Soe.  J.  [2],  x.  384). 

The  so-called,  ^Antozonel — This  supposed  modification  of  oxygen  is  formed,  according 
to  Houzeau  {Jahresh.  f.  Ghem.  1855,  286),  and  Schonbein,  {ibid.  1861,  96),  by  the 
action  of  strong  sulpliuric  acid  on  barium  dioxide  ;  according  to  Meissner  {ibid.  1863, 
106),  simultaneously  with  ozone,  by  electrisation  of  oxygen.  On  the  other  hand,  v. 
Babo  {ibid.  1863,  135),  and  Woltzien  {ibid.  1866,  106),  found  that  the  supposed 
peculiar  modification  of  oxygen  thiis  produced  was  nothing  but  hydrogen  dioxide  ; 
and  this  conclusion  has  lately  been  confirmed  by  an  elaborate  series  of  experiments 
made  by  Engler  a.  Nasse  {Ann.  Ch.  Pharvu  cliv.  216  ;  Jahresh.  1870,  210). 


PAXi^ASIirnx.    On  alloys  of  Palladium  and  Lead,  see  Lead  (p.  729). 
On  llydrogonised  Palladium,  see  Hydeoqen  (p.  658). 

Palladic  Chloride,  PdCI''.  Double  salts  of  this  cliloride,  analogous  to  those  of 
platinio  cliloride,  have  been  prepared  and  examined  by  H.  Topsoe  {Chem.  Centr.  1870, 
C84r).  The  potassium  and  ammonium  salts  are  obtained  as  crystalline  precipitates  on 
mixing  palladia  chloride  with  potassium  or  ammonium  chloride;  the  other  compounds, 
which  are  easily  soluble,  are  obtained  by  mixing  the  respective  solutions  and  evapoi-a- 
ting  over  sulphuric  acid,  taking  care  that  the  liquid  is  always  saturated  with  clilorine. 
Tlieso  double  salts  are  very  unstable  ;  those  of  the  magnesium  series  give  off  clilorina 
oven  on  ke-eping  or  on  solution  in  water,  whereas  those  of  the  alkali-metals  do  not 
decompose  till  their  solutions  are  heated.    They  have  a  crimson  colour. 

The  following  have  .been  prepared: — 

PdCP.2NH<Cl:  Eegular.    Combination,  0.  ooQa. .    Sp.  gr.  =  2-418. 

PdGl<.2KCl:  Eegular.    Combination,  0.  ooOoo  .    Sp.  gr.  =2738. 

PdC1^2MgCl=-l- eH^O:     IDeliquescent.    Hexagonal.  Combination,  coPco  and  E 

of  127°.    Sp.  gr.  =2-124. 
PdCR2NiCP-l-6H-0-.      Deliquescent.    Hexagonal.  Combination,  odPoo  and  E 

of  127°  14'.    Sp.  gr.  =2-353. 
PdCl'.2ZnCP  +  eWO  :     Isomorphous  with  the  two  preceding.  E  of  127°  10'. 

Sp.  gr.  =  2-359. 

The  analogy  of  these  salts  with  tlie  platinic  double  chlorides  is  exhibited  by  the 
following  comparison  : — 


PdC1^.21SH^Cl  ....  147-1 

PdCP2KCl      ....  145-3 

PdCR]VIgCP-r6H=0        .       .  212-6 

PdCRNiCl-H-6H=0  .       .       .  206-7 

PdCP.ZnCP+eH^O  .       .       .  208-9 


PtCl<.2NH<Cl   ....  148-6 

PtCI"'.2KCl      ....  136-2 

PtCl^MgCl-+6H-0  .       .       .  222-6 

PtCP.NiCP+6H-0  .       .       .  206-3 

PtCl*.ZnCP+6H=0  .       .       .  2U-8 


Oxides.  When  a  sulphur-salt  of  palladium  is  fused  with  a  mixture  of  potassium 
hydrate  and  nitrate,  a  dark  brown-black  powder  is  formed,  consisting  of  an  oxide  of 
palladium,  which  is  reduced  to  the  metallic  state  by  strong  and  prolonged  ignition,  and 
gives  up  variable  quantities  of  palladium  to  nitromuriatic  acid,  leaving  an  oxide  having 
the  composition  Pd^O",  or  perhaps  4Pd0.Pd0-.  This  oxide  is  not  decomposed  by 
nitromuriatic  acid,  but  is  easily  reduced  by  hydrogen.  When  ignited  over  an  ordinary 
gas-burner  it  gives  off  its  oxygen  but  slowly,  the  reduction  being  complete  only  after 
strong  and  prolonged  ignition.  Under  the  microscope  it  presents  the  appearance  of 
a  perfectly  homogeneous  light-brown  lustreless  powder  (E.  Schneider,  Po^^.  Ann.  cxli. 
619). 

Sulpbides.  The  bisulphide,  PdS",  is  formed  by  decomposing  sodium  sulpho- 
palladate,  Na^S.PdS^  {infra)  with  hydrochloric  acid.  After  drying  it  forms  a  dark 
black-brown  rather  dense  crystalline  powder,  exhibiting  under  the  microscope  the 
acicular  form  of  the  sulphopalladate  from  which  it  has  been  separated.  It  is  perma- 
nenfin  the  air.    When  moderately  heated  (in  carbon  dioxide)  it  yields  a  considerable 
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sublimate  of  sulphuTj  and  is  converted  first  into  nionosulpliide,  tlien  at  a  higher  tem- 
perature into  the  hemlsulphide.  The  bisulphide  is  slowly  dissolved  by  nitric  acid, 
quickly  and  completely  by  nitromuriatic  acid. 

The  hemisidphide ,  Pd-S,  is  also  produced  by  fusing  an  intimate  mixture  of  1  pt. 
ammonio-palladious  chloride  (or  ^  pt.  palladium  monosulphide),  6  pts.  of  potassium 
carbonate  (or  an  equivalent  quantity  of  sodium  carbonate),  6  pts.  of  sulphur  and  3  pts. 
of  sal-ammoniac,  for  15-20  minutes  at  a  bright  red-heat.  On  treating  the  fused  mass 
with  water,  and  washing  away  tlio  potassium-palladium  sulphopalladate  formed  at 
the  same  time,  the  hemisulphide  remains  as  a  fused  regulus.  It  is  rather  hard, 
very  brittle,  and  easily  pulverised ;  the  powder  is  ash-grey.  On  recent  fracture- 
surfaces  it  exhibits  a  rather  bright  metallic  lustre,  a  whitish-grey  colour,  and  a  line- 
grained  crystalline  structure.  Sp.gr.  =7'303  at  15°.  It  is  not  attacked  by  acids, 
and  but  veryslightly  even  by  nitromuriatic  acid.  At  a  red-heat  it  melts  slowly,  gives 
off  sulphur,  but  still  retains  some  of  that  substance  even  after  prolonged  ignition.  It 
behaves  in  the  same  way  when  heated  in  a  stream  of  hydrogen. 

%-SulpJtido  or  Palladium  Sulphopalladate,  (see  below). 

Sulphopalladates  (E.  Schneider,  Poqcf.  Ann.  cxl.  519;  cxlviii.  625;  J.  2'»'-  Chcrn. 
[2],  iii.  103).  _  Sodium  Sulphopalladate,  Na'^S.PdS-,  is  formed  iu  thin  brown 
neeiUes  by  fusing  1  pt.  of  ammonio-palladious  chloride  (or  pt.  palladium  monosul- 
phide) with  6  pts.  of  diy  sodium  carbonate  and  6  pts.  of  sulphur,  and  treating  the 
coarsely-pounded  fused  mass  with  absolute  alcohol  (out  of  contact  with  the  air)  till 
the  sodium  polysulphido  is  completely  dissolved  out.  The  remainder  is  a  mixture  of 
sodium  sulphate  wth  the  sulphopalladate,  Na=S.PdS'-. 

This  compound  forms  thin  needles  partly  somewhat  flattened,  having  a  browoi  colour 
or  (especially  in  the  larger  specimens)  reddish  lead-grey  on  the  surface,  and  a  faint 
metallic  lustre.  Very  thin  layers  appear  translucent  with  red-brown  colour  under  the 
microscope.  The  streak-powder  is  yellowish-brown.  The  aqueous  solution,  when 
exposed  to  the  air,  soon  deposits  palladium  sulphide. 

Silver  Sulphopalladate,  Ag-S.PdS^,  is  formed  by  adding  the  sodium  salt  just 
described  to  an  alcoholic  solution  of  silver  nitr.ate,  diluting  with  water  and  stirring, 
and  finally  treating  the  black-brown  crystalline  powder  witli  aqueous  silver  nitrate. 

Potassium-  palladium  Sulphopalladate,  KTd'S*  =  K-Pd"(Pd=)"S'  = 
K— S  S-Pd 

J>Pd<^  I  .  This  salt  is  produced  by  fusing  2  pts.  ammonio-palladious 
K— S-^  ~-S-Pd 

chloride  (or  1  pt.  of  ordinary  palladium  sulphide)  with  12  pts.  of  potassium  carbonate 
and  12  pts.  of  sulphur.  On  treating  the  fused  mass  with  water,  the  double  sulphur 
salt  remains  undissolved,  while  potassium  polysulphide  is  dissolved,  together  with 
potassium  sulphopalladate,  which  has  not  yet  been  isolated. 

Potassium-palladium  sulphopalladate  forms  very  thin  six-sided  crystalline  laminDe, 
having  a  bright  metallic  lustre  and  a  splendid  blue  colour.  It  is  insoluble  in  water, 
whether  cold  or  hot.  The  crystals,  heated  out  of  contact  with  the  air,  acquire  a  vortical 
movement,  and  at  a  strong  red-heat  split  with  faint  sparkling  into  smaller  fragments, 
without  separation  of  sulphur  or  of  gas.  Heated  in  a  stream  of  hydrogen,  they  de- 
compose, apparently  according  to  the  equation  : 

2KTd^S'  -1-  iW  =  4H2S  -I-  2K2S.PdS=  +  5Pd; 

and  on  treating  the  residue  with  water,  the  basic  potassium  sulphopalladate,  2K-S.PdS", 
is  dissolved. 

Palladium  Sulphopalladate,  Pd^S'  =  2PdS.PdS2  =  Pd-"        /PdC  ^I'J. 

is  formed  by  treating  potassium-palladium  sulphopalladate  with  hydrochloric  acid,  the 
action  apparently  taking  place  by  two  stages,  in  the  first  of  which  the  potassium  is  re- 
placed by  hydrogen,  yielding  the  compound,  ffS.Pd^S.PdS'-,  which  is  then  acted  upon 
by  atmospheric  oxygen  in  the  manner  represented  by  the  equation  : 

ffS.Pd=S.PdS2  +  0  =  WO  +  2PdS.PdS-'. 

The  palladium  bisulphide  in  this  compound  exhibits  nearly  the  same  properties  as 
when  it  is  by  the  free  state.  By  strong  ignition  in  the  air  half  of  the  sulphur  of  the 
bisulphide  is  driven  oif  in  combination  with  oxygen  ;  and  the  residue  consists  of 
palladium  mon  osulphide,  which  as  thus  obtained  is  a  blackish-grey  crystallino 
powder  very  little  acted  on  by  nitromuriatic  acid. 
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S'ilver-palladium  Sul;pho])alladate, 


■  PdS'. — ^"VVlien  i^o  molecules  of 


silver  nitrate  in  dilute  aqueous  solution  are  added  to  one  molecule  of  potassium- 
palladium  sulphopalladate  suspended  in  water,  the  latter  salt  loses  its  blue  colour, 
becomes  whitish-grey,  and  at  the  same  time  an  amount  of  potassium  nitrate  equivalent 
to  that  of  the  silver  nitrate  used  is  formed.  A  new  salt  is  also  produced,  which,  how- 
ever, contains  varying  amounts  of  finely  divided  metallic  silver.  But  by  using  a  dilute 
ammoniacal  solution  of  silver  nitrate,  and  treating  the  product  with  cold  nitric  acid  for 
a  short  time,  silver-palladium  sulphopalladate  is  obtained  in  whitish-grey  metallic- 
looking  hexagonal  plates  having  the  composition  above  given.  It  is  characterised  by 
great  stability,  not  being  acted  on  by  vrater,  ammonia,  potash,  or  even  boiling  hydrochloric 
acid.  The  residue,  after  heating  out  of  contact  with  .air,  is  partially  decomposed  by 
boiling  nitric  or  nitromuriatic  acid.  Heated  in  the  air  it  absorbs  oxygen,  the  residue 
when  heated  with  water  yielding  silver  sulphate,  but  no  palladium  salt.  On  heating 
it  in  a  stream  of  hydrogen,  sulphuretted  hydrogen  is  evolved.  Boiling  nitric  acid  re- 
moves all  the  silver  and  a  part  of  the  palladium  from  the  residue,  a  grey  crystalline 
powder  remaining,  which  is  probably  palladium  subsulphide. 

FAS.be  OSEi.  Oudemans  (J",  pr.  Chem.  [2],  ii.  393)  has  esamined  the  fat  of  palm 
kernels,  by  saponifying  it  with  caustic  potash,  separating  the  fatty  acids  with  sulphuric 
acid,  washing  with  water,  and  distilling  for  a  long  time  with  water;  then — (1)  satu- 
rating the  distillate  v/ith  baryta  and  analysing  the  barium  salt ;  (2)  dissolving  the 
residue  of  the  distillation  in  alcohol,  mixing  the  solution  with  water,  and  crystallising 
out  the  fatty  acids  by  exposure  to  a  low  temperature.  These  acids  were  separated  by 
Heintz's  method  (iii.  1070).  To  separate  the  oleic  acid,  the  soap-solution  was  pre- 
cipitated with  lead  acetate,  the  air-dried  precipitate  treated  with  ether,  the  acid  sepa- 
rated from  the  ether-solution  by  hydrochloric  acid,  and  then  distilled  in  a  stream  of 
hydrogen.    In  this  manner  the  following  results  were  obtained  :— 
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PAPAVaamE,  C-'H=iNO<  (Hesse,  Zeitschr.f._  Chem.  vii.  641  ;  Ann.  Cli.  Pkai-m. 
Su'p'pl.  viii.  261).  Respecting  the  separation  of  this  base  from  the  other  alkaloids  of 
opium,  see  \st  Sui^^Jl.  896,  and  p.  876  of  this  volume. 

Papaverine  dissolves  without  colour  in  strong  suljihurio  acid,  provided  that  no  rise 
of  temperature  takes  place  ;  but  wlien  strong  sulphuric  acid  is  poured  upon  crystals  of 
the  base,  the  heat  produced  by  the  reaction  is  suflB.oieut  to  give  a  faint  purple  colour 
to  the  crystals  and  the  solution.  "With  sulphuric  acid  containing  ferric  oxide,  the 
coloration  is  not  so  strong  as  with  the  pure  acid.  A  recently  prepared  solution  of 
papaverine  in  sulphuric  acid  gives,  on  addition  of  water,  a  milky  turbidity  or  a  resinous 
precipitate  which  is  quickly  converted  into  colourless  crystals  of  papaverine  sulphate. 
No  other  alkaloid  of  opium  exhibits  this  reaction  ;  the  solution  of  pseudomorpliine  in 
strong  sulphuric  acid  also  gives  a  precipitate  with  water,  but  it  is  crystalline.  "When 
a  solution  of  papaverine  in  strong  sulphuric  acid  is  Iieated,  it  assumes  a  dark  violet 
colour,  and  on  subsequent  addition  of  water,  deposits  dark  brown  amorphous  flocks 
which  are  nearly  insoluble  in  dilute  sulphuric  or  Iiydrochlorio  acid,  also  in  ether, 
alcohol,  and  water,  but  dissolve  readily  in  strong  sulphuric  acid,  potash,  and  ammonia, 
with  splendid  purple-red  colour,  and  are  re-precipitated  from  the  ammoniacal  solution 
by  acetic  acid.    The  purple-red  basic  solution  possesses  great  tinctorial  power. 

Papaverine  hydrochloride,  C-'H-'NO^.HCI,  obtained  by  saturating  the  alcoliolic 
solution  of  the  base  with  liydrochloric  acid,  forms  large  prisma  having  au  acid  reac- 
tion, soluble  in  37'3  pts.  water  at  18°  ;  when  dissolved  with  aid  of  heat,  it  is  very  apt 
to  form  supersaturated  solutions. 

E.  L.  Mayer  (Beut.  Cliem.  Ges.  Ber.  iv.  128)  states  that  when  this  salt  is  treated  for 
a  short  time  with  zinc  chloride  at  125°,  it  is  converted  into  the  salt,  C''-H*"N-0'.2HC1, 
by  elimination  of  1  niol.  ffO  from  2  mol.  of  the  original  salt.  According  to  Hesse, 
however,  this  supposed  new  derivative  is  nothing  but  papaverine  hydrochloride.  By 
prolonged  action  of  zinc  chloride,  especially  at  a  high  temperature,  the  molecule  is  de- 
composed. Papaverine  platino-chloride,  2(C-'H='N0^HCl).PtCl^  +  2H-0,  is  a  yellow 
precipitate  made  up" of  small  prisms.  The  nitrate  forms  large  prisms.  The  acid  tar- 
trate is  easily  soluble.  The  acid  oxalate,  formed  from  oxalic  acid  and  the  base,  crys- 
tallises in  white  prisms,  easily  soluble  in  hot  alcohol,  sparingly  in  cold  alcohol ;  1  pt. 
dissolves  in  388  pts.  water  at  10°.  The  base  is  completely  precipitated  from  its  solu- 
tions by  oxalic  acid. 
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Nitropapaverlne,  C-'H="(NO-)NO<,  is  prepared  by  Iic.'itii;g  1  pt.  of  papaverine 
with  .about  10  pts.  nitric  acid  of  sp.gr.  1-06  to  the  boiling  point,  decomposing  the 
nitropapavorine  nitrate  -wliich  separates  on  cooling,  with  ammonia,  dissolving  the 
separated  base  in  hydrochloric  acid,  precipitating  it  as  sidphate,  separating  it  from 
this  s<ilt  by  ammonia,  and  recrystallising  from  boiling  dilute  alcohol.  During  the  re- 
crystallisation  .and  drying  it  must  be  kept  in  the  dark,  as  light  colours  it  yellow. 

Nitropapaverine  generally  forms  pale  yellow  prisms,  felted  together  to  a  -woolly 
mass  ;  better  developed  prisms  .are  obtained  by  crystallisation  from  strong  alcohol. 
When  crystallised  from  dilute  alcohol  or  precipitated  by  ammonia,  it  contains  1  mol. 
■water  which  is  given  off  at  163°,  the  melting  point  of  the  base,  which  at  the  same 
time  acquires  a  yellow  or  brown  colour.  On  further  heating  it  quickly  gives  off  gas 
and  detonates.  Nitropapaverine  dissolves  in  3,100  pta.  ether  at  12°  ;  sparingly  incold 
alcohol ;  with  moderate  facility  in  boiling  alcohol ;  sparingly  in  boiling  benzene ; 
easily  in  chloroform ;  not  at  all  in  water,  potash-ley,  or  ammonia.  It  is  tasteless,  and 
does  not  redden  litmus  ;  its  salts  have  a  bitter  taste  and  acid  reaction.  Acetic  acid 
dissolves  the  base  with  diiiliculty,  and  only  when  employed  in  large  excess.  Strong 
sulphui-ic  acid  dissolves  it  in  the  cold  with  yellow,  at  150°  with  a  dirty  dark  brown 
colour. 

Nitropapaverine  hydrochloride,  C='H2''(N0-)N0^.HC1  +  l|H-0,  forms  pale  yellow, 
silky,  delicate  prisms;  dissolves  in  288  pts.  water  at  1C°,  freely  in  boiling  water  and 
alcohol ;  easily  forms  supersaturated  solutions.  With  mercuric  chloride  it  forms  a 
yellowish  amorphous  double  salt,  insoluble  in  cold  water,  moderately  soluljlo  in  hot 
water  .and  hot  alcohols.  The  flail  no-chloride,  2(C-'H-»(N0-)N0'.HCl).PtCl\  is  a 
yellow  crystalline  precipitate,  soluble  in  water  and  in  dilute  acids.  The  auro-chloride 
is  a  yellow  amorphous  precipitate,  very  slightly  soluble  in  boiling  -water. 

The  hydrobromide  forms  yellow  prisms  slightly  soluble  in  water.  The  hydriodide, 
C-'H''^''(NO-)NO^.HI,  is  precipitated  by  potassium  iodide  from  a  hot  dilute  solution  of 
the  hydrochloride,  ia  rectangular  lamince  or  short  prisms  having  the  colour  of  lead 
iodide,  very  slightly  soluble  in  hot  water. 

The  nitrate,  C'-'H'-"(N0-)N0'.N0»H:  +  H-0,  is  obtained  by  adding  sodium  nitrate 
to  the  hot  dilute  solution  of  the  hydrochloride,  and  recrystallising  the  precipitate  from 
hot  water.  It  likewise  separates  instantly  on  mixing  the  concentrated  solution  of  the 
acetate  with  nitric  acid,  as  a  gelatinous  precipitate,  which  is  quickly  converted  into 
fine  prisms.  It  is  sparingly  soluble  in  boiling  -water,  and  almost  insoluble  in  cold 
water. 

PARAFFXirS,  C"II-"'''-.  Boiling  ixjints. — The  boiling  points  of  the  normal 
paraffins,  that  is  of  tliose  whose  carbon-atoms  form  a  single  chain,  are  as  follows  : — 

Boiling  point  Difference 

Butane,  CH'"  1° 

Pentane,  C^H'-        ....      38  37° 

Hexane,  C^H'^         ....     70  32 

Heptane,  C'H«         ....      99  2u 

Octane,  C'H"*  12i  2.5 

Dodeeane,  C'=H-°     .       .       .       .202  4  x  19 

Hecdecane,  C'^H  ■  '    .       .       .       .278  4  x  19 

From  this  it  appears  that  the  boiling  point  is  not  raised  31°  for  each  addition  of  CII-, 
as  formerly  assumed,  but  that  from  the  lower  to  the  higher  terms  of  the  series  the 
difference  between  the  boiling  points  decreases  by  4°,  till  it  becomes  the  well-known 
difference  of  19°  (Sdhorlemmer,  Proc.  Boy.  Soc.  svi.  367). 

On  the  Eefraction-equivalents  of  the  Paraffins,  see  Light  (p.  740). 

Action  of  Chlorine. — When  chlorine  is  passed  into  a  liquid  paraffin,  a  portion  of  the 
monochloride  first  formed  is  always  further  acted  on  by  the  chlorine  before  all  the 
hydrocarbon  has  been  attacked ;  but  the  formation  of  such  higher  chlorides  may  be 
almost  completely  avoided  by  bringing  the  chlorine  in  contact  with  the  vapour  of  the 
boiling  hydrocarbon ;  the  monochlorides,  being  less  volatile  than  the  higher  chloridoK, 
condense  at  once,  and  are  thus  brought  out  of  the  reach  of  an  excess  of  chlorine. 

When  any  paraffin  higher  than  ethane  is  thus  treated  with  chlorine,  two  mono- 
chlorinated  derivatives  are  obtained,  a  primary  and  a  secondary  ;  and  these,  -when 
heated -with  potassium  acetate  and  glacial  acetic  acid,  are  converted  into  the  correspond - 
ing  acetates.  Neither  the  chlorides  nor  the  acetates  can  be  satisfactorily  separated 
from  one  another  by  fractional  distillation,  but  by  heating  the  mixed  acetates  with 
potash,  they  are  transformed  into  a  primary  and  a  .secondary  alcohol,  the  separation  of 
which  may  be  very  completely  effi^cted  by  fractional  distillation  f.Sehorlemmer,  Fhil. 
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Trans.  1872,  p.  Ill ;  Ann.  Ch.  Pharm.  clxi.  263;  Chem.  Soc.  J,  s,  1038;  si.  319). 

Seo  further,  Hexane,  Heptane,  aud  Octane,  in  this  volume. 

Formation  of  Olejinesfrom  Paraffins. — Any  paraffin  whatever,  except  marsh-gap,  is 
theoretically  resolvable  into  a  paraffin  of  lower  order,  and  one  or  more  defines,  accord- 
ing to  the  general  equation  : 

C''  +  pH=''  +  -p  +  =  =  C»H-"  +  =  +  O'ffp. 

For  example, 

=  cm'  +  C-H* 
=  CH^    +  C*H» 

One  example  of  this  decomposition  has  long  been  known,  viz.  the  resolution  of  butane 
CH'"  into  ethane  C-H»  and  ethene  C-H-",  in  the  action  of  zinc  on  ethyl  iodide,  whereby 
butane  is  first  formed  according  to  the  equation  2C-'H^I  +  Zn  =  Znl-  +  C*H'",  and 
then  decomposed  in  the  manner  just  mentioned  {l,st  Siippl.  706) ;  and  it  has  lately 
been  shown  by  Thorpe  a.  Young  {Ann.  Ch.  Pharm.  clxv.  1 ;  Chem.  Soc.  J.  [2],  ix. 
312  ;  x.  802)  that  solid  paraffin,  exposed  to  a  high  temperature  in  a  closed  vessel,  is 
almost  completely  resolved,  with  evolution  of  but  little  gas,  into  liquid  hydrocarbons. 
This  conversion  is  readily  elFected  on  a  small  scale  by  sealing  up  a  few  grams  of  solid 
paraffin  into  a  U-tube  of  hard  glass  smTounded  by  wire-gauze.  The  limb  containing 
the  paraffin  is  gently  heated  in  a  combustion-furnace,  and  as  soon  as  it  has  distilled 
over,  the  gas  is  turned  down,  and  the  tube  when  cold  is  reversed,  and  the  paraffin 
distilled  again  ;  on  repeating  this  process,  the  paraffin  becomes  softer  aud  softer,  and 
at  last  remains  liquid.  When  solid  paraffin  is  heated  under  tlia  common  pressure  in  a 
vessel  connected  with  inverted  condensers,  it  is  not  altered,  and  further,  it  appears 
that  only  the  higher  members  of  the  paraffin  series  undergo  this  decomposition.  Thus 
a  mixture  of  paraffins  and  olefines  boiling  at  about  225°  was  not  at  all  changed  by 
treating  it  as  above  described. 

To  gain  further  insight  into  the  nature  of  this  decomposition,  3J  kilograms  of 
paraffin  from  shale,  melting  at  46°,  and  composed  of  86'14  p.c.  carbon  and  14-81 
hydrogen,  were  heated  in  an  apparatus  consisting  of  two  wrought-irou  mercury  bottles, 
connected  by  a  bent  iron  tube  provided  with  stopcock  and  valves.  One  of  these  bottles 
was  charged  with  the  paraffin  and  heated  over  an  ordinary  coal  fire,  the  heat  being  so 
regulated  as  to  produce  a  pressuJe  of  20  to  26  pounds  per  square  inch  in  the  apparatus ; 
the  other  bottle  served  as  a  condenser  to  receive  the  volatilised  products.  The  opera- 
tion was  completed  in  four  or  five  hours. 

The  liquefied  product  thus  obtained  amounted  to  4  litres  of  liquid  hydrocarbons, 
consisting  of  a  mixture  of  paraffins  and  defines.  This  mixture  was  fractionally  dis- 
tilled, the  separate  fractions  were  treated  with  bromine,  and  the  bromides  C°II-"Br'^ 
were  separated  from  the  paraffins  C"!!'"*-.  If  the  bromides  decomposed  during  dis- 
tillation, they  were  converted  into  the  brominated  derivatives  C^H-^Br  by  boiling  with 


alcoholic  potash. 

Boiling  point  Specific  gravity 
Pentane,  C^H'^       .       .       .     35-  37° 

Ilexane,   CH'^        .       .       .07-  68  0-6631  at  18° 

Heptane,  CH""        .       .       .07-  99  0-6913  „  18-5 

Octane,    CH'"        .       .       .    122-125  0-7165  „  lo'O 

Nonane,  Cm^"        ,       .       .    147-148  0-7279  „  13-5 

The  brominated  products  obtained  were : — 

C'H'»Br=   184-188° 

C^H'^Br^   195-200  1-5967  at  20° 

C'H"Br"  .       .       .    Decomposed  when  heated     1-5146  „  18-5 

C^H'^Br  185-190 

C='H'«Br   208-212 


The  chloride,  C^H'^Cl-,  boils  at  about  235°  with  decomposition. 

A  paraffin  of  high  boiling  point  obtained  in  the  distillation  of  paraffin-oil  from  Bog- 
head coal  is  described  by  J.  Galletly  {Chem.  News,  xxiv.  227).  It  looks  like  bees'- 
wax,  but  is  crystalline  and  does  not  exhibit  a  conchoidal  fracture.  It  melts  at  about 
80°,  boils  at  a  red  heat,  and  is  partly  resolved  by  distillation  into  liquid  hydrocarbons. 

The  solubility  of  paraffin  in  benzene  is  less,  and  its  specific  gravity  is  greater,  the 
higher  its  melting  point,  as  may  be  seen  from  the  following  table  : — 
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Melting  Point  and  Specific  Graviti/  of  Paraffin 


Melting 
point 

Quantity  of  Parallin 
deposited  at  18°  C. 
by  100  c.c.  of  rectified 
Benzene 

Melting 
point 

specific  gi'avity 
(water  =1000) 

35  0° 

133-0 

32'0° 

823-6 

49-6 

6-0 

390 

848-0 

o2'8 

47 

40'5 

862-0 

6o-5 

1-4 

53-3 

911-0 

800 

0-1 

63-3 

909-0 

o8-0 

924-5 

69-0 

924-8 

80-0 

940  0 

XTltroparafflns,  C"H-°  +  '.NO^.  These  compounds,  isomeric  "with  the  nitrous 
ethers  of  the  fatty  series,  areproducod  by  the  action  of  silver  nitrite  on  the  iodides  of 
the  alcohol-radicles,  C"!!'"-*"'";  e.g.  nitromethaue  from  methyl  iodide  : 

C{f^'  +  AgNO=  =  Agl  +  cj^Q, 

They  have  their  nitrogen-atom  in  direct  combination  vvith  carbon,  and  in  accordance 
•n'ith  this  constitution  they  arc  converted  by  nascent  hydrogen  into  amines  ;  e.g. 


Nitromethano 


2H=0  +  C 


Metliylaminc 

The  nitrous  ethers,  on  the  other  hand,  -which  are  formed  by  the  action  of  nitrous 
acid  on  the  corresponding  alcohols,  have  their  carbon  and  nitrogen  united  only  through 
the  medium  of  oxygen  ;  e.g. 


Methyl 
alcohol 


0 


(NO 
IH 

Nitrons 
acid 


=  HHO  -i- 


Methyl 
nitrite 


and  are  consequently  converted  by  nascent  liydrogen  into  the  corresponding  aleolioL 
and  ammonia  ;  e.g. 


W  =  H-O  +  Nff 
(Meyer  a.  Stiibcr,  Dcut.  Chcm.  Ges.  Bcr.  v.  203,  309). 

iritrometbane,  CH^NO^  (Kolbe's  Nitrocarbol),  is  formed,  as  above  mentioned,  by 
the  action  of  silver  nitrite  on  methyl  iodide.  The  action  is  very  violent,  and  the 
■whole  of  the  methyl  iodide  is  converted  into  nitromethane,  not  a  trace  of  the  isomeric 
methyl  nitrite  being  produced  (Meyer  a.  Stiiber,  ibid.  v.  1029).  It  is  also  formed  by 
heating  potassium  monochloracetate  -^'ith  potassium  nitrite,  the  cliloracetate  being 
probably  first  converted  into  acetate,  a  change  -w-hicli  is  indicated  by  the  yellow  colora- 
tion of  tlio  solution,  and  the  nitroacetate  being  then  resolved  into  acid  carbonate  and 
nitromethane  : 

^OK 


CH^NO^.CO^K  +  H-0  =  CO; 


CH^NO^ 


(Kolbe,  J.  pr.  Chem.  [2],  v.  427). 

Nitromethane  is  a  heavy  oil  having  a  peculiar  odour  and  boiling  at  99°  (Meyer  a, 
Stiiber),  at  101°  (Koll)c).  When  treated  -with  an  alcoholic  solution  of  soda,  it 
yields  transparent  needles  of  the  sodium-derivative,  CH-NaNO-,  the  aqueous  solution 
of  -which  gives  characteristic  precipitates  -with  various  metallic  solutions  (p.  896) 
(Meyer  a.  Stiiber,  Deut.  Chem.  Gcs.  Ber.  v.  614).  'With.'alcoholic  soda,  nitromethane 
yields  a  precipitate  which  has  the  composition  CH-Na(NO^).C-H''0,  and  loses  the 
ethyl  alcohol  when  kept  over  sulphuric  acid.  The  sodium-compound  may  be  preserved 
in  closed  vessels,  but  decomposes  quickly  on  exposure  to  the  air;  and  its  concentrated 
aqueous  solution  decomposes  spontaneously  in  a  few  minutes,  with  rise  of  temperature. 
The  corresponding  mcrcury-compovnd  is  obtained  by  precipitating  the  sodium-com- 
pound with  mercuric  chloride,  as  a  yellow  powder,  whicli  in  the  dry  state  explodes 
with  fearfid  violence  when  touched  with  a  glass  rod  (Meyer  a.  Eilliot,  ibid.  v.  1029).  j 
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With  acetyl  chloride,  sodiiim-nitrometliane  might  be  expected  to  yield  nitro-acetone 
according  to  the  equation  : 

COCffCl  +  CH2Na(N0=)  =  NaCl  +  CH".CO.CH=(NO-) ; 

but,  on  adding  water  after  tho  violent  reaction  was  over,  white  flakes  separated  out, 
probably  consisting  of  a  condensation-product  (Meyer  a.  Eilliet). 

Sodium-nitromethane,  treated  with  ethyl  chlorocarbonate  in  presence  of  absolute 
idcohol  or  ether,  forms  a  brown  oily  body — not  improbably  ethyl  nitroacetate  — which 
is  carbonised  by  distillation  (Meyer  a.  Eilliet). 

Bromonitromcthanes. — The  monobrominated  compoiind,  CffBr.NO-,  is  formed 
by  tho  action  of  bromine  on  dry  sodium-nitromethane.  It  is  a  limpid,  heavj',  very 
refractive  liquid,  boiling  at  143°-14:4°,  very  caustic,  having  a  pungent  irritating  smeil 
and  acid  reaction. 

Dibromonitromcthane,  CHBr^.NO^,  is  not  easily  formed.  The  best  yield  was  obtained 
by  cooling  equivalent  quantities  of  the  monobromo-compound  and  aqueous  potash  with 
ice,  mixing  them  rapidly,  and  pouring  the  solution  into  well-cooled  bromine ;  some 
bromopicrin  is  formed  at  the  same  time.  Dibromonitromethane  is  a  colourless  liquid 
having  a  very  irritating  odour,  and  boiling  with  decomposition  at  155°-160°  (J.  Tscher- 
niak,  Bciit.  Chan.  Ges.  Bcr.  vii.  016). 

Sffitroetliane,  C=H^NO=  =  CH'.CH^NO^,  is  formed. by  the  action  of  silver  nitrite 
on  ethyl  iodide,  and  is  easily  obtained  pure  by  distillation  and  rectification  in  an  oil- 
bath.  Some  nitrous  ether  is  always  formed  at  the  same  time,  and  about  a  fifth  part 
of  the  ethyl  iodide  escapes  decomposition,  even  when  it  is  heated  for  a  long  time  in  a 
sealed  tube  with  excess  of  silArer  nitrite. 

Nitroethane  is  a  colourless,  strongly  refractive  liquid,  having  an  agreeable  and 
peculiar  ethereal  odour.  Sp.  gr.  1-0582.  Boiling  point,  1 11  °-U  3°  (ethyl  nitrite 
boils  at  16°).  The  vapoiar  is  inflammable  and  burns  with  a  pale  yellow  flame,  but 
does  not  detonate,  even  when  heated  considerably  above  its  boiling  point.  By  reduction 
with  iron  and  acetic  acid  it  is  converted  into  amido-ethane  (ethylamine),  C"H^NH- 
(Meyer  a.  Stiiber,  Dent.  Chcm.  Ges.  Bcr.  v.  309).  With  acetic  anhydride  it  forms  a 
cry.stalline  solid  melting  at  low  temperatures,  and  apparently  consisting  of  nitro- 
ethyl-methyl  ketone,  C^H^NO-.CO.CH^  (Meyer  a.  Wurster,  1020). 

When  nitroethane  is  dissolved  in  well-cooled  fuming  sulphuric  acid,  and  the  mixture 
is  gently  heated,  a  very  violent  reaction  sets  in,  gases  being  evolved  and  ethene- 
disulphonic  acid  being  formed. 

A  solution  of  nitroethane  in  common  sulphuric  acid  undergoes  on  standing  a  violent 
decomposition  if  the  quantity  of  acid  is  not  large.  But  by  using  an  excess  (about  15 
times)  and  working  with  small  portions,  a  reaction  sets  in  only  when  the  liquid  is 
boiled  carefully  for  a  few  minutes.  The  products  consist  of  acetic  acid  and  a  small 
quantity  of  another  acid,  forming  an  amorphous  barium  salt.  The  latter  acid  is  pro- 
duced in  larger  quantity  by  acting  on  nitroethane  with  well-cooled  fuming  acid  for 
several  days  (Meyer  a.  Wurster,  ibid.  vi.  1168). 

Sodium-nitroethane,  C2H'Na(N0=)  =  CHNa(NO=).CH^  is  easily  formed,  either  by 
healing  a  solution  of  nitroethane  in  anhydrous  benzene  witli  sodium,  or  by  the  addition 
of  an  alcoholic  soda-solution  to  nitroetliane.  In  the  first  case  the  sodium  is  converted, 
with  violent  evolution  of  gas,  into  a  white  powder  which,  after  washing  with  ether,  is 
the  pure  sodium-compound.  In  the  second  case  the,  mixture  becomes  warm  and  at 
once  solidifies  to  a  white  mass,  which  simply  requires  to  be  washed  on  the  filter  with 
absolute  alcohol,  and  to  be  dried  in  the  water-bath.  The  second  method  of  prepara- 
tion also  affords  a  ready  method  of  detecting  nitroethane  ;  owing  to  the  slight  solu- 
bility of  the  sodium-derivative  in  cold  alcohol,  even  traces  of  nitroethane  yield  a  pre- 
cipitate on  the  addition  of  an  alcoholic  soda-solution.  Neither  alcoholic  potash  nor 
alcoholic  ammonia  produces  a  precipitate  with  nitroethane. 

Sodium  nitroethane  is  a  white,  apparently  amorphous  powder,  wliicii  explodes  only 
at  temperatures  above  100°  ;  it  is  extremely  soluble  in  water,  acids  precipitating  un- 
changed nitroethane  from  the  solution.  The  aqueous  solution  is  not  precipitated  on 
the  addition  of  barium  chloride  or  lead  acetate ;  mercurous  nitrate  causes  a  grey, 
silver  nitrate,  a  white  precipitate,  the  latter  rapidly  becoming  brown  and  finally  black; 
copper  sulphate  produces  a  deep  green,  ferric  chloride  a  blood-red  solution.  On  the 
addition  of  merciiric  chloride,  the  solution  solidifies,  after  a  short  time,  to  a  mass  of 
crystalline  needles  which  have  the  composition  HgClC^H''NO'^  and  may  be  regarded 

either  as  Hg  j§H'NO='  {§h''nS  +  ^^CP  (Meyer  a.  Stiiber,  v.  614). 

When  an  aqueous  solution  of  sodium-nitroethane,  or  a  solution  of  nitroethane  in 
caustic  potash  or  soda,  is  mixed  with  potassium  nitrite  and  acidulated  with  sulphuric 
acid,  no  nitroethane  is  precipitated ;  but  on  agitating  with  ether,  and  leaving  the 


PARAFFINS  (NITRO-). 


895 


ethereal  solution  to  evaporate,  splendid  crystals  are  obtained,  grouped  in  druses  like 
prehnite.  These  crystals  consist  of  ethyl-nitrolicacid,  C^H^NO',  or  CH^CO.NH. 
i\0'',  and  their  formation  ma.y  ho  represented  by  the  equation : 

Cff-CH=(NO=)  +  NHO'^  =  ffO  +  Cff.CO.NH.NO'-'. 

Tlie  same  compound  is  obtained  by  dissolving  nitroetliane  in  alcoholic  potash,  add- 
ing sulphuric  acid,  agitating  with  ether,  and  evaporating.  In  this  case,  part  of  the 
nitroethane  appears  to  give  up  NO-  to  the  potash,  forming  potassium  nitrite,  which 
then  acts  on  the  remaining  nitroethane  as  above. 

Ethyl-nitrolic  acid  melts  at  80°-81°,  and  quickly  decomposes,  giving  off  nitrogen  and 
its  tetroxide,  and  leaving  glacial  acetic  acid : 

2C-A'W0'  =  m-  +  W  +  2C-H'02. 

The  ethyl-nitrolates  of  potassium,  sodium,  ammonium,  and  bromine  dissolve  in  water 
witli  deep  red  colour  ;  those  of  the  heavy  metals  are  coloured  very  unstable  precipitates, 
f  asily  changing  into  nitrites.  The  lead  salt  has  a  brilliant  orange  colour,  the  silver 
salt  is  egg-yellow  (V.  Meyer,  Bcut.  Chcm.  Gcs.  Ber.  vii.  425). 

Ethyl-nitrolic  acid  is  the  representative  of  a  class  of  acids  called  nitrolic  acids, 
having  the  general  formula,  C"H-".N-0^. 

Methyl-nitrolic  acid,  CH^N-0'',  is  obtained  from  nitrcmethane,  by  a  reaction  similar 
to  the  above,  in  small  granular  crystals  (Meyer,  ibid.  vi.  1492). 

S?-OMo«ii;?-oci!Afi!7;c5(Meyer  a.  Wurster,  iJiVZ.  vi.  94  ;  J.  Tschcrniak,  ihid.  vii.  916). 
— By  adding  bromine  to  sodium-nitroethane,  a  lieavy  oil  is  obtained,  boiling  at  152°- 
157°,  and  consisting  of  a  mixture  of  nitroethane  with  its  mono-  and  dibrominated  de- 
rivatives. 

Monobromonitrocthane,  OH'' —  CHBr(NO-),  can  be  obtained  nearly  pure  by  a  long- 
continued  fractional  distillation.  It  is  a  very  lieavy  oil,  smelling  like  chloropicrin, 
and  boiling  at  145°-148°  (Meyer  a.  Wnrstcr),  165°-160°  (Tschcrniak).  It  dissolves 
in  strong  aqueous  potash  or  ammonia,  witli  evolution  of  heat,  and  yields  crystalline 
compounds  with  a  concentrated  soda-solution  and  alcoholic  ammonia.  Tlicse  salts, 
however,  always  contain  some  metallic  bromide,  and  for  this  reason  it  is  impossible  to 
purify  the  crude  monobronionitroethane  by  dissolving  it  in  alkalis  and  precipitating  it 
with  acids,  the  product  thus  formed  having  a  less  constant  boiling  point  tlian  the 
original  substance,  and  leaving  on  distillation  a  residue,  which  decomposes  with  defla- 
gration and  formation  of  a  dense  black  smoke. 

Bibromonitrocthcmc,  CH'  — CBr-(NO-),  has  no  acid  properties,  and  can  easily  be 
olitained  pure  by  treating  the  higher-boiling  fraction  with  potash.  It  is  a  limpid, 
mobile  liquid,  having  the  same  pungent  smell  as  the  monobromo-compound,  and  boil- 
ing at  162°-164°  (Meyer  a.  Wurster),  156°-160°  (Tschcrniak). 

The  different  degrees  of  acidity  of  nitroethane  and  its  two  brominated  derivatives 
are  easily  explained  by  their  constitution,  ,ts  represented  by  the  following  formuke — 
CIP.CH-'(NO=)  CH5.CHBr(NO0  CH'.CBr--'(NO-) 

Nitroethane  Monobromonitroetliane  Dibromonitroethane 

(weak  acid)  (strong  acid)  (neutral) 

Nitroethane  and  its  monobromo-derivative  contain  hydrogen  and  nitryl in  association 
with  the  same  carbon-atom,  the  hydrogen  being  therefore  rendered  replaceable  by 
metals,  in  consequence  of  its  proximity  to  tlia  negative  nitryl ;  both  are  tlierefore  acicl, 
but  in  the  second  the  acid  character  is  enhanced  by  the  introduction  of  another  nega- 
tive radicle,  viz.  the  bromine.  In  dibromonitroethane,  on  the  otlier  hand,  both  the 
liasylous  hydrogen-atoms  of  nitroethane  are  replaced  by  bromine,  and  therefore  the 
compound  is  neutral  (Meyer  a.  Tschernialc,  Deut.  Chcm.  Gcs.  Bcr.  vii.  712). 

Witropropaues,  C^H'NO^.  Normal  Mtropropanc,  CH'-CH^-CH'NO^  is  pro- 
duced, together  with  propyl  nitrite,  by  the  action  of  propyl  iodide  on  silver  nitrite 
mixed  with  an  equal  volume  of  sand.  It  i  .-i  limi.i^l  iiiobile  liquid  very  little  hea-\aer 
than  water,  and  boiling  .at  122°-1 27°.     '     ;     i  m-c  similar  to  those  of  nitro- 

ethane. Its  sodium  salt  gives  c]iaraoi</i  |  ^ '  ii'iiates  with  salts  of  the  heavy 
metals  (p.  896)  (Meyer  a.  Eilliet,  Bcid.  < '/..  //.  (vV,,.  j:,  r.  v.  1029).  On  dissolving  it  in 
aqueous  potash,  adding  potassium  nitrite  and  sulphuric  acid,  agitating  with  ether,  and 
evaporating,  propyl-nitrolic  acid,  CTW-'O^  or  probalJy  Cil-'.CH-.CO.NO-.NH,  is 
obtained  in  long  silky  needles  (Meyer  a.  Locher,  ihicl.  vii.  670). 

Isoiiitrofrofanc,  CH'-CH(NO-)  — CH',  is  obtained,  together  with  isopropyl 
nitrite,  in  a  similar  way  as  tho  other  nitro-compounds.  It  boils  at  112°-117°.  Its 
sodium-compound  is  deliquescent,  and  more  soluble  than  that  of  normal  nitropro- 
pane. 

When  potassium  nitrite  and  sulplmrio  acid  are  added  to  an' alkaline-solution  of  iso- 
nitropropane,  a  deep  blue  liquid  is  obtained,  which  soon  deposits  a  white  sandy  crys- 
talline powder,  isomeric  with  propyl-nitrolic  acid,  Imt  not  possessing  acid  properties. 
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Itiscalled  propyl-pseudoniirol,and  has  probably  the  constitution  CH^C(N0)(N02).CH'. 
It  is  insoluble  in  -water,  acids,  and  alkalis,  almost  insoluble  in  cold  ether,  more  freely 
soluble  in  cold  alcohol  and  chloroform,  readily  in  the  hot  liquids.  Its  solutions  have 
a  pure  blue  colour,  and  it  separates  on  evaporation  in  white  glistening  rhombohedrons 
resembling  calcite.  When  heated  it  melts  with  partial  decomposition,  forming  a  deep 
blue  li.quid  (Meyer  a.  Locher,  ibid.  vii.  670). 

The  heavy  metals  give,  with  the  sodium-compounds  of  nitromethane,  nitroethane, 
and  the  two  pitropropanes,  such  characteristic  precipitates  that  those  reactions  may  be 
used  for  distinguishing  these  nitro-compounds,  as  the  following  table  shows,  Nitro- 
pentane  does  not  form  metallic  compounds. 

Reactions  of  Nitroparaffins  with  Metallic  Salts  (Meyer  a.  Chojanacki, 
Beut.  Chem.  Gcs.  Ber.  v.  1034). 


Mercuric  chloride 

Mercurons  nitrate 

Ferric  chloride 

Sodium  ( 
nitromethane  ] 

Light  yellow 
precipitate; 
explosive 

- 

Black  flocculent 
precipitate 

Dark  brownish-red 
precipitate 

Sodium  f 
nitroethane  '( 

White  crystalline 
precipitate 

Dirty-grey 
precipitate 

Blood-red 
coloration 

Sodium  uitro-  \ 
propane  (normal)  ] 

White  crystalline 
precipitate 

Black  flocculent 
precipitate 

Blood-red 
solution 

Sodium  nitro-  | 
propane  (iso)  ( 

Wliite  crystalline 
precipitate 

Black  flocculent 
precipitate 

Blood-red 
solution 

Barium 
chloride 

Copper 
sulphate 

Lead  acetate 

Silver  nitrate 

Sodium  ( 
nitromethane  | 

0 

Grass-green 
iwecipitatc 

White 
precipitate 

White  precipitate, 

turning  almost 
immediately  black 

Sodium  1 
nitroethane  | 

0 

Deep  green 
solution 

0 

White  precipitate, 
soon  turning 
brown 

Sodium  i 
nitropropane  -j 
(normal)  ( 

0 

Deep  green 
solution 

White 
precipitate 

"\Aliite  precipitate, 
gradually  turning 
brown 

Sodium  / 
nitropropane  \ 
(iso)  ( 

0 

Deep  green 
solution 

0 

Liglit  yellow 
precipitate,  soon 
turning  black 

Bromonitrofro'panes. — Nitroethane,  as  already  explained  (p.  896),  yields  a 
monobromo-derivative  which  is  more  strongly  acid  than  itself,  and  a  dibromo-deriva- 
tive  which  is  neutral.  If  other  nitro-parafBns  behave  in  the  same  manner,  those  which 
contain  a  primary  alcohol-radicle  will  also  yield  an  acid  monobrominated  and  a  neutral 
dibrominated  derivative,  while  those  containing  secondary  radicles  will  yield  only  a 
neutral  monobrominated  derivative,  thus — • 

CH^  CH^  CH' 

I  I  I 

OBr(NO=)  CH2  CH- 

I      ■  i  I 

CH'  CHBr(NO=)  CBr^(NO-) 

Isobromonitro-  Kormal  monobromo-  Normal  dibromo- 

propane-Cneutral)  nitropropane  nitropropane 

(acid;  (neutral) 

The  correctness  of  this  view  is  shomi  by  the  following  facts  :— On  gradually  adding 
1  mol.  of  bromine  to  a  solution  of  1  mol.  of  isonitropropane  in  1  mol.  of  strong 
potash,  pure  monobromisonitropropane,    CH^CBr(NO-).CH",  separates  out  as  a 
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heavy,  strongly  refracting  oil,  boiling,  after  one  rectification,  at  148°-150°,  and  having 
a  pungent  smell.    It  is  perfectly  insoluble  in  strong  potash. 

When  normal  nitropropane  is  treated  in  the  same  way,  a  mixture  is  obtained,  from 
which  the  neutral  dibromo-compound  can  easily  be  isolated  by  treating  the  highest- 
boiling  fraction  with  strong  potash.  It  is  an  oily  liquid,  having  a  pungent  smell,  and 
boiling  at  18i°-18(>°.  It  is  quite  insoluble  in  alkalies.  The  monobromo -compound 
can  only  be  purified  by  continued  fractional  distillation  ;  it  is  a  similar  liquid,  boiling 
for  the  most  part  at  loo°-160°.  It  dissolves  in  potash  with  evolution  of  heat,  and  is 
Separated  again  by  acids  (Meyer  a.  Tscherniak,  Leut.  Chcm.  Gcs.  Ber,  vii.  712;  see 
further  Tscherniak,  ibid.  916). 

SS-ltro-isobutane,  C'H»(NO-)  =  CH(CH^)=— CH=(NO').  This  body  was  obtained, 
toffother  with  isobutyl  nitrite,  by  acting  with  isobutyl  iodide  on  a  mixture  of  silver 
nitrite  and  sand.  It  is  a  pale-yellow  light  oil,  smelling  like  peppermint,  and  boiling 
at  137°-140°.  It  is  soluble  in  potash  and  reprecipitated  by  acids,  but  does  not  give 
a  crystalline  compound  with  alcoholic  soda.  By  iron  and  acetic  acid  it  is  reduced  to 
isobutylamine.  It  reacts  energetically  with  sulphuric  acid,  forming  isobutyric  acid. 
On  dissolving  it  in  an  equivalent  quantity  of  potash,  and  adding  bromine,  a  liquid 
Separates  which  appears  to  consist  of  unaltered  nitrobutane,  monobromonitrolnit^ano, 
and  dibromouitrol)utane.  This  latter  is  a  pungent  oil  boiling  at  180°-18o° 
(E.  Demoll,  ibid.  vii.  709,  790). 

Wltropentane,  C''II"NO^  is  formed  by  the  action  of  silver  nitrite  on  amyl  iodide, 
the  action  bein'g  completed  by  the  heat  of  an  oil-bath.  By  fractional  distillation  of 
the  product,  portions  were  obtained  boiling  at  148°-153°,  152^-156°,  and  156°-160°, 
the  greater  part  passing  between  1(30°  and  160°  (ordinary  amyl  nitrite  boils  at  95^). 
Nitropentane  is  strongly  acted  on  by  iron  and  acetic  acid,  the  product  giving  off  an 
ammoniacal  odour  on  addition  of  potash.  Heated  with  aqueous  potash  to  100°  in 
sealed  tubes,  it  gives  a  product  from  which  sulphuric  acid  precipitates  a  heavy  oil,  not 
more  than  ^  of  which  distils  between  80°  and  100°,  and  a  small  quantity  above  160° 
(Meyer  a.  Stiibor,  ibid.  v.  203). 

PAHAXSEHYDE.    See  Aldehydk  (p.  33). 

PAStA-OXYBEWZOIC  This  modification  of  the  acid  C'H^O^  is  formed, 

together  with  oxybenzoic  acid,  by  the  action  of  melting  potash  on  potassium  sulphor 
benzoate.  Slight  variations  in  the  mode  of  preparing  the  sulphobenzoic  acid  appear 
to  influence  the  proportions  of  the  two  oxy-acids  obtained  from  it;  the  largest  amount 
of  para-oxybenzoic  acid  was  obtained  from  sulphobenzoic  acid,  prepared  by  exposing 
benzoic  acid  to  the  vapour  of  sulphuric  anhydride,  treating  the  agglomerated  mass 
with  fuming  sulphuric  acid,  and  gently  warming  for  a  short  time. 

The  two  oxy-acids  cannot  be  separated  by  fractional  crystallisation,  but  a  partial 
separation  may  be  efifected  by  adding  barium  hydrate  to  the  solution  of  the  barium 
salts  of  the  two  acids,  whereby  basic  barium  para-oxybenzoate  is  precipitated  without 
any  osybenzoato,  part  of  the  basic  para-salt,  however,  remaining  dissolved  (Ira  Eemscn, 
Zcitschr.f.  Chem.  [2].  vii.  81). 

Para-oxybenzoic  acid  is  also  formed,  together  with  anol  or  allyl-phenol  {Ist  Suppl. 
17-3),  by  fusing  anethol  with  potash  (Ladonburg,  Ann.  CIi.  Pharm.,  Svppl.  viii.  87). 

PARASORBZC  ACXD.    See  Soethc  Acm. 

PARATHZOIfXC  ACID.  This  name  was  given  by  Gerhardt  to  a  suppo.sod 
isomoridi'  of  clhyl-sulphuric  acid,  the  barium  salt  of  which  was  said  to  be  obtained  by 
boiling  the  ,sn|nlioii  of  the  ethyl  sulphate  (iv.  354).  It  has  been  sliown,  however,  by 
Erlenmeyor  {Ann.  Ch.  Pharm'.  Axu.  373)  and  by  Scheibler  (Deut.  Chcm.  Gcs.  Ba:  v. 
446),  that  this  supposed  isomerido  has  no  existence,  the  two  barium  s.ilts  being  per- 
fectly ideuticaL 

PARXSINE.  This  alkaloi'd,  obtained  from  a  cinchona  bark,  has  been  shown  by 
I'liiokigor  to  be  identical  with  beberino  {\st  Suppl.  255). 

PARVOIiZNE,  C''H''N.  This  alkaloi'd  has  been  shown  by  Vohl  a.  Eulenberg  to 
bo  one  of  the  constituents  of  tobacco-smoke  (see  Tobacco). 

PAVTIEIB,  C-'H='N=0  +  K-O.  An  alkalo'id  obtained  from  a  white  cinchona 
bark  from  Payta  in  Peru  (see  Cinchona-bases,  p.  347). 

PEZ.ABCOM'ZCorXrOXi'VX.IC  ACIDS, C"H'«0 ■  =  C''II".COOIL  I.  Pelargonic 
acid,  prepared  by  the  oxidising  action  of  chromic  acid  mixture  on  methyl-nonyl  ketone, 
C"H-"-0,  from  rue-oil  (p.  808),  and  purified  byconversion  into  sodium  salt,  separation 
l)y  sulphuric  acid,  and  rectification,  forms  a  light  oil  which  boils  at  248°-250<^,  solidi- 
fies completely  at  0°,  and  melts  again  at  +  7°.    Its  barium  and  calcium  salts,  prepared 
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by  precipitating  the  ammonium  salt  with  the  corresponding  chlorides,  and  purified  by 
recrystallisation  from  hot  water,  form  colourless  leaflets  unctuous  to  the  touch.  The 
barium  salt  is  anhydrous.  The  cajiper  salt  is  a  light  green  precipitate  insoluble  even 
in  boiling  water,  caking  together  to  a  resinous  mass  when  heated  in  the  liquid  from 
which  it  is  precipitated,  melting  in  the  dry  state  at  258° ;  it  dissolves  in  alcohol  with 
deep  gi-een  colour.  The  silver  salt  is  a  white  precipitate  nearly  insoluble  in  boiling 
water  (Giesecke,  Zeitschr.  f.  Chevi.  [2],  vi.  429). 

2.  The  normal  acid,  CH'— (Off)' — COOH,  called  especially  nonylic  acid,  is 
prepared  from  the  normal  octyl  alcohol,  CH^ — (CH-)' — CH-OH,  of  Heracleum-oil,  by 
converting  this  alcohol  into  octyl  iodide,  the  latter  into  cyanide,  heating  the  cyanide 
with  alcoholic  potash,  and  distilling  the  resulting  potassium  salt  with  sulphuric  acid. 
The  acid  thus  obtained  is  a  colom-less  oily  liquid  having  a  faint  odour,  solidifying  to 
a  crystalline  mass  at  low  temperatures,  and  beginning  to  melt  at  +10°;  the  acid 
separated  from  the  recrystallised  silver  salt  melts  at  12°-12'5°,  solidifies  at  11  "6°, 
and  gives  the  same  resiilts  after  distillation,  solidification,  and  strong  pressure.  It 
boils  at  253°-2o't°  under  a  pressure  of  758-8  mm.,  and  has  a  specific  gravity  of  0-9065 
at  17-5°.    It  dissolves  sparingly  in  water  and  distils  slowly  with  aqueous  vapour. 

The  2^otassium,  sodium,  and  ammonium  salts  form  small  pearly  scales  ;  the  first  is 
decompused  by  hot  alcohol,  the  third  on  warming  its  aqueous  solution.  The  barium, 
calcitim,  copper,  sine,  and  lead  salts  separate  in  crystals  from  their  aqueous  sohitions ; 
the  lead  salt  appears  to  be  basic.  The  ntethylic  ether,  C'H"(CH')0-,  is  a  colour- 
less liquid  of  sp.  gr.  0-8765  at  17-5°  and  boiling  at  213°-2U°.  The  ethylic  ether, 
C''H"(C2H')0=,  has  a  specific  gravity  of  0-8655  at  17-5°,  and  boils  at  227°-228° 
(Franchimont  a.  Zincke,  Beut.  Chom.  Gcs.  Ber.  v.  19). 

3.  Isononylic  acid,    q^"|cH.COOH  (Kuhlhom,  Ann.   Ch.  Pharm.  clxxiii. 

319).  This  modification  is  obtained  from  metbyl-hexyl  carbinol  (castor-oil  alcohol)  by 
converting  the  alcohol  into  the  corresponding  cyanide,  CTI".CN  (isononyl  nitril),  and 
digesting  this  compound  with  alcoholic  potash,  whereby  it  is  first  converted,  by  as- 
sumption of  WO,  into  isononylamide,  C*H".CO.NII-,  and  afterwards  into  potassium 
isononylate : 

C»H''.CO.NH^-  +  KHO  =  NH»  +  C«H".C02K, 

which,  when  distilled  with  sulphuric  acid,  yields  isononylic  acid. 

This  acid  is  a  colourless  oil,  almost' insoluble  in  water,  easily  soluble  in  alcohol  and 
pther.  Sp.  gr.  =  0-90325  at  18°.  Boils  at  244°-246°.  The  sodiii7n  salt  is  a  crystal- 
line mass  easily  soluble  in  water  and  in  alcohol ;  the  potassium  salt  forms  an  amor- 
phous soap.  Both  these  salts  may  be  salted  out  of  their  aqueous  solution  by  addition 
of  common  salt.  The  ammo7iium  salt  is  an  oil  insoluble  in  water,  but  soluble  in  alcohol. 
The  calcium  salt,  Ca(C'H"0^)^  +  H^O,  separates  from  hot  water  in  masses  of  needles. 
The  copper  salt  is  a  green  precipitate,  or  a  doughy  mass  which  slowly  becomes  crystal- 
line. The  silver  salt  is  a  white  precipitate  which  decomposes  when  heated  to  100°  or 
boiled  with  water.  The  ethi/lic  ether  is  a  colourless  oil  boiling  at  213°-215°  and 
having  a  specific  gravity  of  0-86406  at  17°. 

Isononylamide,  CTI'.CONH',  forms  small  needles  or  scales  which  volatilise  -with 
water-vapour,  melt  at  80°-81°,  and  dissolve  sparingly  in  cold  water,  readily  in  alcohol 
and  ether.  Its  aqueous  solution  heated  with  mercuric  oxide  and  allowed  to  cool,  de- 
posits mercuric  nonylamide  in  tufts  of  needles  melting  at  117°-118°  (Kuhl- 
hem). 

Pelargonic  acid  from  oil  of  rue  agrees  in  boiling  point  with  isononylic  acid  much 
more  nearly  than  with  Franchimont  a.  Zincke's  nonylic  acid,  from  which  it  also  differs 
considerably  in  its  melting  and  solidifying  points,  and  in  the  boiling  point  of  its 
ethylic  ether.    It  is  therefore  most  probably  identical  -srith  isononylic  acid,  whence  it 

must  be  inferred  that  oil  of  rue  contains  isononylic  aldehyde,  ^-g-j  |  CH.CHO. 

PEHrTACHIiORETHANE,  C^HCP.  This  compound  treated  with  alcoholic 
potash  yiekls  potassium  chloride,  and  a  potassium  salt  which  crystallises  in  needles 
and  probably  has  the  composition  C^CF'.COK  (Hoch  a.  Kolbe,  J.  pr.  Chcm.  [2], 
iv.  60). 

On  the  action  of  bromine  on  pentachlorethane,  whereby  the  compound  C-CPBr-  is 
produced,  sec  Caebox  Ciu.oiiUJEs  (p.  255). 

PEN'TACHI.ORSTKY'I.  OXXSB,  C^ffCPO.    See  Ethyl  Oxide  (p.  484). 
PEXTTAXrE,  C*II'-.    See  Amyl  HyDBinu  (p.  63). 

PSRCKX.OROnXETHYX.-MERCAPTAIl',    CCl'S.     See   CAiUiUH  Sulpho- 

CHIOEIDJES  (p.  266). 
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PSSnC-riiXTE,  Pb-Cl=O.Cu-Cl-O.H-'0.  This  mineral,  originally  found  at  Sonora 
in  Mexico,  where  it  occurs  crystallised  in  cubes  (iv.  877),  has  also  been  found  in 
South  Africa,  sometimes  in  very  minute  but  confused  crystals,  but  generally  massive, 
or  as  a  coating,  or  in  veins,  associated  with  anglesite,  cerussite,  and  chlorargyrite.  In 
this,  as  wi  ll  as  in  the  Mexican  specimens,  the  blue  colour  changes  to  emerald-green  on 
heating,  and  rtappwirs  on  cooling  (Maskelyne  a.  Flight,  Chcm.  8oc.  J.  [2],  x.  1051). 

PERXSOTE.  Crystals  of  this  mineral  are  formed,  together  with  crystals  of 
pyroxene,  by  heating  its  constituents,  silica,  alumina,  and  magnesia,  with  calcium 
chloride  (Lecharticr,  Compt.  rend.  Ixxv.  487  ;  Chem.  Soc.  J.  [2],  xi.  40). 

PEKXODZDES.    See  Iodides  (p.  677). 

PSaOWSKXTE,  CaO.TiO-.  This  mineral,  though  belonging  to  the  regular 
system,  has  Ijccn  found  by  Hessenberg  {Jahrh.  f.  Mineralogie,  1871,  640)  to  be  doubly 
refractive  and  optically  uniaxial.  As,  however,  a  revision  of  the  angular  measure- 
ments left  no  doubt  of  the  monometric  character  of  the  crystals,  and  as  this  result  has 
been  confirmed  by  G.  vom  Eath  {Pogg.  Ami.  cxliv.  595),  the  double  refraction  must  be 
attributed  to  an  internal  transformation  of  the  substance. 

PEROXXBES,  Preparation  hij  Electrolysis. — W.  Wernicke  {Pogg.  Ann.  cxli. 
109)  has  prepared  several  peroxides  by  subjecting  metallic  solutions  to  the  action  of 
a  two-cell  Daniell's  battery,  the  positive  electrode  being  a  plate  of  platinum,  and  the 
negative  consisting  of  two  sheets  of  platinum,  placed  one  on  each  side  of  the  positive 
electrode. 

Lead. — An  alkaline  solution  of  lead  and  sodium  tartrate  gave  a  brilliant,  bluish- 
black  deposit  of  PbO^H-'0,'sp. gr.  6-267.  A  solution  of  1  pt.  lead  nitrate  in  8  pts.  water 
gave,  by  36  hours'  treatment,  anhydrous  PbO-,  sp.  gr.  9'04o.  By  treatment  for  a 
shorter  time,  or  by  using  more  dilute  solutions,  products  are  obtained  containing  variable 
quantities  of  water.  It  appears  that  the  acid  set' free  at  the  positive  electrode  abstracts 
water  from  the  peroxide,  for  anhydrous  lead  peroxide  placed  in  connection  with  the 
positive  electrode  in  water  containing  a  little  soda,  passed  into  PbO-.H'-'O.  The  quan- 
tity of  oxygen  in  the  oxide  varies  inversely  as  the  strength  of  the  current,  for  by  using 
six  elements  of  Bunsen's  battery,  pure  hydrated  lead  oxide  was  formed. 

Manganese. — The  preparation  of  manganese  peroxide  requires  a  weaker  current.  The 
acetate  and  nitrate  gave  MnOMI-0,  sp.  gr.  2-564. 

Bi-muth. — Two  elements  of  Daniell's  liattery  gave,  -with  a  solution  of  basic  bismuth 
nitrate  in  sodium  tartrate,  a  black  deposit  of  BiO-.H-O,  sp.  gr.  6-571. 

Cobalt. — An  aqueous  solution  of  cream  of  tartar  and  hydrated  cobalt  oxide  with  a 
little  soda  gave  Co=0^2H-0,  sp.  gr.  2-483. 

Nickel. — A  solution  of  nickel  analogous  to  that  last  mentioned  gave  Ni-0'.2n-0,  sp. 
gr.  2-744. 

PERSEA.  The  rind,  kernel,  and  fresli  pulp  of  the  Avocado  pear  (Persca  gratis- 
sima),  wliich  is  eaten  in  Mexico  as  a  cream  with  lime-juice,  wine,  and  sugar,  have 
been  analysed  by  L.  Glutz  {Arch.  Pharm.  [2],  cxlvi.  114;  Chcm.  Soc.  J.  [2],  ix.  727) ; 
100  pts.  of  the  dried  pulp  contain  S'lOO  pts.  of  ash  and  1-353  nitrogen. 

PERSVX^PHXBE  OP  H7SROCEir,  ffS'"'.    See  Sulphides. 

PERSUX.PHOCVAK-XC  AOX3>,  C=N=H-S»  (iv.  378).  This  compound,  treated 
in  aqueous  solution  with  jihosphcirus  iodide  {i.e.  with  nascent  liydriodic  acid),  yields — 
together  with  carbon  sulphide  and  liydrogen  sulphide — the  hydriodide  of  sulphurea, 
which  crystallises  from  hot  water  in  waxy  tabular  plates : 

C'N"-IPS'  +  H=       HI  =  CS=  +  CSH^N=.HI. 

The  hydrogen  sulphide  is  doubtless  a  product  of  the  action  of  the  h3alrugen  iodide  on 
the  carbon  sulphide. 

Persulphocyanic  acid,  treated  with  tin  and  hydrochloric  acid,  dissolves,  with  evolu- 
tion of  hydrogen  sulphide  and  carbon  sulphide,  and  forms  the  stannochloride  of  sul- 
phurea. 

Aniline,  with  the  aid  of  heat,  dissolves  about  half  its  weight  of  persulphocyanic  acid, 
and  solidifies  to  a  grey  mass,  which  crystallises  from  boiling  alcohol  in  nacreous  scales 
having  the  composition  C'H'S-N' : 

C^N^H^S'  -i-  CH'N  =  S  -t-  C'H'S^N^ 

This  compound — which  may  bo  regarded  as  a  biuret  having  its  oxygen  replaced  by 
sulphur,  and  IH  by  C^il^ — is  insoluble  in  water,  whether  hot  or  cold,  and  possesses 
both  acid  and  basic  properties.  From  solution  in  soda  or  ammonia  it  is  precipitated 
by  hydrochloric  acid.    Its  hydrochloride,  obtained  by  dissolving  it  in  dilute  aqueous 
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ferric  chloride,  dissolves  easily  in  warm  Vi'ater,  and  crystallises  in  needles.  AVith 
■platinic  chloride  it  forms  a  do  .ole  salt  whicli  crystallises  in  needles ;  -vvitli  stannic 
chloride  and  mercuric  chloride  white  precipitates.  The  oxalate,  nitrate,  and  sidpko- 
cyanate  are  sparingly  soluble ;  the  sulphate  is  easily  soluble  (L.  Glutz,  Ann.  Ch.Pharm, 
cliv.  39,  44,  48). 

According  to  A.  Fleischer  (Deut.  Chem.  Ges.  Ber.  iv.  190),  an  alcoholic  solution  of 
persulphocyanic  acid  forms  with  silver  nitrate  a  yellow  precipitate,  with  mercuric  chlo- 
ride a  white  precipitate.  On  boiling  it  with  mercuric  oxide,  the  solution  on  cooling  de- 
posits a  beautifully  crystallised  mercury  salt.  With  iodine  very  fine  crystals  are 
obtained,  having  a  peculiar  golden-yellow  lustre. 

PERTHXOSUIiPHil.irHY3>RISE.  See  Perstilphide  op  Hydeogen,  under 
Sulphides. 

P£TAXXTE.  The  crystals  of  petalite  from  Elba  have  been  described  by  G.  vom 
Rath,  and  G.  Striiver  {Jahrb.  f.  Mineralocjie,  1870,  690).  The  axial  ratio  a  :  6  :  c  = 
1-15342  :  1  :  0-743586;  angle  ao  =122°  26';  whence  a.P  ;  coP  =86°  20'. 

PETZtOIiSirni.  On  the  Physical  Properties  and  Heating  Power  of  different 
Petroleums  from  Eussia,  see  H.  Sainte-Claire  Deville  {Compt.  rend.  Ixxii.  191;  Chem. 
Sac-.  J.  [2],  ix.  453). 

On  the  Hydrocarbons  from  the  Petroleum  of  Pechelbronn,  see  J.  Le  Bol  {Com/pt. 
rend.  Ixxiii.  499,  Ixxv.  267;  Chem.  Soc.  J.  [2],  ix.  1025,  x.  886). 

On  the  Hydrocarbons  of  Pennsylvanian  Petroleum :  H.  Byassou  {Compt.  rend.  Ixxiii. 
609;  Chem.  Soc.  J.  [2],  ix.  1024). 

On  the  Influence  of  Sunlight  on  Petroleum  Oils  :  Grabowski  {Pharm.  J.  Trans.  [3], 
ii.  226  ;  Chem.  Soc.  J.  [2],  ix.  1025). 

On  the  Determination  of  the  Igniting  Points  of  Petroleum  Oils :  B.  H.  Paul  {Chem. 
News,xxi.  2);  F.  C.  Calvert  {ibid.  85);  List  {Wagner's  Jahreshericht,  1870,  708); 
Van  der  Weyde  {Zeitschr.  anal.  Chem.  xi.  338  ;  Chem.  Soc.  J.  [2],  xi.  532). 

On  Petroleum  Exploration  in  Gallicia  and  America,  see  A.  Fauck  {Bingl.  fol.  J. 
ccvi.  158). 

PHEITACXTE.  Ghicinum  silicate  (iv.  387). — This  mineral  quickly  loses  its  colour 
by  keeping.  A  dark  wine-yellow  crystal  was  observed  by  Kokscharow  {Jahrb.  f. 
Mimralogic,  1870,  103)  to  become  perfectly  colourless  in  two  months. 

PHEM'ACOM'ZC  A.CXS.  This  name  was  given  by  Carius  to  an  acid  isomeric 
with  aconitie  acid,  obtained  by  the  action  of  baryta-water  on  trichlorophenomalic  acid 
{\st  Suppl.  904).  Subsequent  researches  have  shown  that  it  is  identical  with  fumaric 
acid,  C'H^O*  {Dent.  Chem.  Ges.  Ber.  iv.  928  ;  Chem.  Soc.  J.  [2],  x.  144). 

PHEXrAN'TKREN'E.    A  hydrocarbon  isomeric  with  anthracene  (p.  84). 

PHEXrOIi,  C''H»0  =  C«H^OH.  Phenyl  alcohol.— \.  A  small  quantity  of  this 
compound  is  formed,  together  with  glycerin-ether  and  other  products,  when  glycerin 
is  distilled  with  calcium  chloride  (Linnemann  a.  v.  Zotta,  Ann.  Ch.  Pharm.,  Suppl. 
viii.  254) ;  14'8  Idlograms  of  glj'ceriu  thus  treated  yielding  250  grains  of  glycerin- 
ether,  (C'H*)-0^,  and  18  grains  of  pure  phenol  (v.  Zotta,  ibid,  clxxiv.  87).  It  appears, 
also,  to  be  produced  when  glycerin  is  heated  with  zinc  chloride  or  hydrogen-potassium 
sulphate,  and  by  the  action  of  a  concentrated  solution  of  potassium  hydrate  on  glycerin- 
ether. 

2.  Dusart  and  Bardy  {Compit.  rend.  Ixxiv.  1052)  assert  that  monochlorobonzene, 
CffCl,  is  converted  by  heating  with  aqueous  sodium  hydrate  at  300°  into  phenol. 

3.  According  to  Lieben  {Ann.  Ch.  Pharm.,  Suppl.  vii.  240),  the  first  fraction  of  the 
distillate  from  horse's  urine  contains  phenol.  It  may  be  separated  from  the  iodoform- 
yielding  substance  always  furnished  by  urine,  by  distillation  with  a  little  potassiuni 
hydrate,  and  obtained  from  the  residue  by  distilling  with  sulphuric  acid.  Hoppe- 
Seyler  {Clvem.  Soc.  J.  [2],  x.  628,  from  Pfliiger's  Archiv.  f.  Phi/siologie,  v.  470)  confirms 
this  statement,  and  also  the  earlier  observations  of  Staedeler  and  Buliginsky,  that 
phenol  can  be  obtained  from  urine  by  distilling  it  with  sulphuric  acid  ;  he  contends, 
however,  that  phenol  is  not  originally  contained  in  urine,  but  is  formed  by  the  action 
of  the  sulphuric  acid,  probably  from  indican.  Similarly,  Landolt's  observation  that 
bromine-water  precipitates  directly  from  urine  tribromophenol,  or  at  any  rate  a  sub- 
Stance  which  yields  phenol  when  treated  with  sodium-amalgam,  does  not  prove  the 
pre-existence  of  phenol,  because  other  substances,  such  as  the  oxybenzoic  acids,  yield 
Avith  bromino'Water  either  tribromophenol  or  bodies  which,  on  reduction,  furnish 
phenol. 

Reactions.- — 1.  Landolt  recommends  bromine- water  as  the  most  delicate  test  for 
small  quantities  of  phenol  {Deut.  Chem.  Ges.  Ber.  iv.  770).  When  added  in  excess  to  a 
dilute  neutral  or  faintly  acid  solution  of  phenol,  this  reagent  produces  an  immediate 
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bulky  ycUowisli  precipitate  of  tribromophenol.  In  order  to  ascertain  whether  the 
precipitate  is  tribromophenol,  it  is  filtered  olf,  and  after  washing  is  warniud  gently  in 
a  test-tube  witli  sodium-amalgam  and  water ;  the  liquid  is  then  poured  into  a  small 
dish  and  acidulated,  when,  if  phenol  be  present,  the  characteristic  odour  is  at  once  per- 
ceived, and  oily  drops  are  seen  floating  in  the  liquid.  By  this  reaction  1  part  of 
phenol  in  43,700  of  water  may  easily  be  detected.  Para-oxybenzoic  acid,  however, 
also  yields  tribromophenol.  and  salicylic  acid  is  converted  into  dibromosalicylie  acid, 
which  furnishes  phenol  with  sodium-amalgam  and  water;  other  members  of  the  phenol 
group  also  furnish  similar  precipitates  with  bromine-water. 

2.  Phenol  solutions,  boiled  with  a  solution  of  mcrcurons  nitraie,  assume  a  deep  red 
colour,  the  production  of  which  is  due  to  the  presence  of  a  trace  of  nitrous  acid;  much 
more  than  a  trace  of  this  acid  renders  the  colour  indistinct.  The  reaction  is  very  dis- 
tinct with  g^^gth  of  phenol,  and  is  still  apparent  when  only  gjj^tli  is  present.  Sali- 
cylol  and  salicylic  acid  behave  like  phenol  (Plugge,  Zcitschr.  anal.  Chem.  xi.  173). 

3.  A  solution  of  phenol  when  mixed  with  one-fourth  its  volume  of  ammonia  and  a 
few  drops  of  bleaching-powder  solution  (1  to  20  of  water),  and  then  warmed  but  not 
boiled,  assumes  a  blue  colour  (green  in  very  dilute  liquids),  becoming  red  on  addition 
of  sulphuric  or  hydrochloric  acid.  Solutions  containing  f-^^th  of  phenol  give  a  strong 
blue  reaction  (Salkowski,  Zeitschr.  anal  Chem.  xi.  316). 

4.  The  behaviour  of  sodium-  and  potassium-phenol  with  carbonic  anhydride  has  been 
studied  by  Kolbe  (J.  pr.  Chem.  [2],  x.  89).  The  action  of  carbonic  anhydride  on  dry 
sodium  phenol  commences  at  a  temperature  below  100°,  but  is  most  rapid  and  complete 
at  .about  170°-180°;  on  raising  the  temperature  gradually  to  220°-250°,  phenol  distils 
over  equivalent  in  amount  to  one-half  the  sodium-phenol.  The  operation  is  ended 
when  phenol  ceases  to  come  over ;  the  residue  then  consists  entirely  of  disodium  sali- 
cylate. The  reaction  appears  to  consist  in  the  formation  of  1  mol.  of  phenol  and 
1  mol.  of  disodium-phenol  from  2  mol.  of  sodium-phenol : 

CH^ONa  +  C«ff.ONa  =  C«H».OH  +  C^H^Na.ONa, 
the  latter  of  which  combines,  at  the  moment  of  formation,  with  carbonic  anhydride  to 
form  disodium  salicylate : 

OTPNa.ONa  +  C0=  =  CsH^.ONa.COONa. 

When  potassium-phenol  is  similarly  treated,  the  product  varies  according  to  the  tem- 
perature at  which  the  action  takes  places.  At  a  temperature  not  exceeding  about  145° 
salicylate  only  appears  to  be  formed,  but  if  the  action  take  place  at  170°-210°,  about 
half  the  phenol  employed  as  potassium-phenol  distils  over  ;  scarcely  any  salicylate  is 
formed  however,  but  the  product  consists  almost  entirely  of  the  isomeric  para-oxyben- 
zuate. 

5.  "When  phenol  is  fused  with  an  excess  of  potassium  hi/dr ate  until  the  mass  assumes 
the  consistence  of  a  thick  syrup,  abundance  of  hydrogen  is  evolved,  and  a  mixed  pro- 
duct is  obt.ainod,  containing,  together  with  unattacked  phenol,  salicylic  acid,  oxybenzoic 
acid,  diphenol,  and  other  substances  of  unknown  composition  (Barth.  Ann.  Ch.  Pharm. 
clvi.  03).  At  least  half  the  phenol  employed  remains  unaltered  ;  the  amount  of  acids 
produced  does  not  exceed  1  p.c.  of  the  phenol  decomposed ;  12  to  15  p.c.  of  the  phenol 
employed  is  obtained  in  the  form  of  diphenol. 

6.  When  oxidised  by  chromic  acid  phenol  is  converted  into  phenoquinone,  C'lI'^C 
(Wichelhaus,  Dcut.  Chem.  Gcs.  Bcr.  v.  248,  846).  The  first  action  appears  to  consist 
in  the  production  of  quinone  : 

C«H«0  +  0=  =--  CWO-  +  H-0; 
the  phenoqiiinono  being  formed  from  this  compound  and  phenol  in  the  following 
manner : 

O— OC«H^ 

C«}P03  +  2(C«ff.0H)  -h  0  =  Cm*^  +  Off. 

Phenoquinone  is  produced,  together  with  hydroquinoue  and  quinhydronc,  when  quinono 
is  added  to  a  solution  of  phenol  : 

2C«H'02  +  2C0WO  =  C'sH»0<  +  C^WO-. 

7.  By  the  action  of  nitroics  acid  phenol  is  converted  into  nitrosophenol,  CU'.NO.OH 
(Baeyer,  Dev.t.  Chem.  Gcs.  Ber.  vii.  967). 

8.  When  absolution  of  6  p.c.  of  potassium  nitrite  in  concentrated  sulphuric  acid  is 
added  to  a  mixture  of  equal  volumes  of  phenol  and  concentrated  sulphuric  acid,  the 
solution  at  first  becomes  brown,  then  green,  and  finally  assumes  a  magnificent  blue 
colour.    The  colouring  matter  is  deposited  in  reddish-brown  flocculi  on  pouring  the 
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solution  into  water ;  it  has  the  composition  C'lI'^NO^  =  SC^H^O  +  HNO=  -  20II" 
(Liebermann,  ibkl.  vii.  2i8,  1098). 

The  same  compound  is  produced  wlien  nitrosophenol  and  phenol  are  mixed  and  con- 
centrated sulphuric  acid  is  added,  and  there  can  be  little  donbt  that  the  iirst  action  of 
the  nitrite  mixture  is  to  form  nitrosophenol,  -which  then  enters  into  reaction  with  the 
imattacked  phenol,  perhaps  in  the  manner  indicated  by  the  following  equation : 

/OH  /OH 

C''H'<      +  2C«nxon)  =  c'H<      ,0— coh^  +  ow. 

^NO  ^N-''^ 

9.  On  distilling  a  mixture  of  phenol  and  lead  oxide,  a  small  portion  undergoes  con- 
version into  diphenylene  oxide,  (C''H'')-0.  At  the  same  time  a  small  quantity  of  a  second 
body  crystallising  in  needles  (m.  p.  173°-17i°)  is  obtained,  which  probably  has  the 
composition  C'^H'-O*  (Graebe,  ibid.  vii.  396  ;  Behr  a.  van  Dorp,  ibid.  398). 

10.  The  crystals  obtained,  together  with  phenyl  sulphydrate  and  sulphide,  on  distil- 
ling phenol  -with  ])hosphorus  pentasulphide  (Kekule  a.  Szuch)  are  identical  with  the 
phenjdene  sulphide  obtained  by  Stenhouse.  The  compound,  however,  is  a  diphenylene 
disidphide,  (CH^yS'^,  and  not  phenylene  sulphide,  CffS  (Graebe,  ibid.  vii.  51,  397). 

11.  On  adding  plienol  to  diazobemcne  sulphate,  phenyl  ether  or  oxide  is  produced 
(Hofmeister,         Ch.  Pharm.  clix.  191): 

C«ffN=.HSO'  +  cm  OH  =  {Cm'YO  +  ffSO*  +  W. 

12.  When  a  mixture  of  benzyl  chloride  and  phenol  is  gently  heated  -with  metallic 
zinc,  hycbochloric  acid  is  evolved  in  abundance  and  benzyl-phenol  is  produced  (Paterno, 
Gazzettachimicaitaliana,  ii.  1): 

C«n-\OH  +  C«ff.CH^Cl  =  (C«H=.CH=)C''H<.OH  +  HCl. 

13.  When  heated  with  phthalie  anhydride  and  concentrated  sulphuric  acid,  phenol 
is  converted  into  phenol-phthalein  (Baeyer,  Dctit.  Chem.  Ges.  Ber.  iv.  658) — 

2C«H''0  +  C^ffO^  =  C=»H''0'  -1-  H^O. 

14.  Chromic  chloride  (chloroehromic  anhydride),  C-O^CP,  acts  violently  upon  phenol 
dissolved  in  glacial  acetic  acid,  producing  chiefly  tri-  and  tetra-chloroquinone  (Car- 
stanjen,  J.  pr.  Chem.  [2],  ii.  82). 

15.  Nitrosyl  chloride,  NOCl,  acts  readily  upon  phenol.  According  to  Tilden  {Chem. 
Soc.  J.  [2],  xii.  851),  it.  appears  to  oxidise  the  phenol  to  quinone,  which  is  then  con- 
verted into  chlorinated  quinones,  the  nitrosyl  chloride  itself  suffering  reduction,  not 
merely  to  nitric  oxide  or  nitrogen,  but  being  converted  in  great  part  into  ammonium 
chloride. 

16.  Pi/rosidphuric  chloride,  S=0=C1-,  at  once  attacks  phenol  and  forms  a  mixture  of 
the  two  isomeric  monochlorophenols  obtained  on  chlorinating  phenol,  with  the  corre- 
sponding chlorophenolsulphonic  acids,  sulphurous  anhydrido  and  hydrochloric  acid 
Deing  evolved  (Armstrong  and  Pike,  Chem.  News,  xxix.  283). 

17.  By  heating  phenol  with  carbonic  chloride  (phosgene)  in  sealed  tubes  at  140°- 
150°,  a  mixture  of  phenyl  chlorocarbonate  and  phenyl  carbonate  is  obtained  (Kompf, 

i»:  Chem.  [2],  i.  402) : 

COOP  +  Cff.OH  =  CO  loc^H^  +  HCl. 

COCP  +  2(0"^. OH)  =  CO  {oc6h'  +  ^HCl. 

18.  According  to  Dusart  a.  Bardy  (Compt.  rend.  Ixxiii.  1379)  phenol  is  converted 
into  monochlorobenzene,  C'H^Cl,  by  the  action  of  fuming  hydrochloric  acid  at  200°. 
They  also  assert  that  mixtures  of  phenol  and  mcthylic,  ethylic,  or  amylic  alcohol,  satu- 
rated with  hydrochloric  acid,  furnish  the  corresponding  mixed  ethers  when  heated  in 
.sealed  tubes  at  100°.    These  statements,  however,  appear  to  require  confirmation. 

19.  On  heating  phenol  mth  benzamidc,  ammonia  and  benzoyl-phenol  or  phenylic  ben- 
zoate,  CH^.O.COC^H',  are  produced ;  similarly  phenol  and  acetamide  yield  aeetyl- 
phenol  or  phenylic  acetate,  CH^.O.COCH^,  and  ammonia  (Guareschi,  Ann.  Ch.  Pharm. 
clxxi.  140). 

20.  A  dry  mixture  of  potassium-phenol  and  potassium  benzoate  yields  diphenyl  on 
distillation,  COH^OK  +  C"ff  .CO-K  =  (C^H^)^  +  K^CO^  An  excess  of  benzoate 
is  desirable,  but  the  amount  employed  should  not  be  more  than  double  that  required 
by  theory.    Similarly  a  mixture  of  potassium  acetate  and  potassium-phenol  furnishes 
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toluene,  C^H'^.CH^,  and  a  mixture  of  potassum  valerate  and  potassium-phenol  yields 
isobutylbenzene,  C'^Ji^C^H'-'.  A  mixture  of  potassium-phenol  and  potassiummetanifro- 
hen-oate  with  sand  gave  nitrodiphenyl,  CH^NO-.Cff,  Avhen  carefully  distilled. 
Potassium  oxalate  and  potassium-phenol  also  furnish  dipheuyl.  A  mixture  of  potas- 
siiiW«cete^eandpotassium-tribromophenol  is  said  to  yield  tribromotolueue,  CH-'Br'.CH^ 
(Pfankuch,  J.  pr.  Chem.  [2],  vi.  97). 

21.  When  acctanilicle  is  distilled  with  sodium-phenol,  diphenyl,  aniline,  acetone,  and 
a  very  small  quantity  of  a  body  having  the  properties  of  diphenylamine  are  produced. 
A  trace  of  the  latter  body  is  also  obtained  on  heating  sulphocarbanilide  ■ffiUi  sodium 
phenol  (Weith,  Dcut.  Chem.  Ges.  Bcr.  vi.  966). 

22.  Berthelot  {Gompt.  rend.  Ixxiii.  663)  has  determined  the  heat  evolved  on  neutra- 
lising aqueous  solutions  of  phenol  and  trinltrophenol  by  the  alkaline  hydrates.  He 
finds  that  the  heat  furnished  by  the  reaction  of  phenol  'with  the  hydrates  of  potassium, 
sodium,  barium,  and  calcium  is  very  nearly  the  same,  and  that  it  is  scarcely  influenced 
by  the  amount  of  water  present  (see  Heat,  p.  620). 

Amiaoplienols.  Para-amidophejwl,  C-W.liiW.O'R  {\  :  4),  first  obtained  by 
Fritzsche  {Ann.  Ch.  Tharm.  ex.  166),  by  the  action  of  iron  and  acetic  acid  on  para- 
nitrophenol,  is  best  prejjared  by  reducing  paranitrophenol  with  tin  and  hydrochloric 
acid ;  the  excess  of  acid  is  removed  by  evaporating  the  solution,  and  after  the  addition 
of  much  water,  the  tin  is  precipitated  by  sulphuretted  hydrogen  ;  the  solution  is 
concentrated  in  a  current  of  sulphuretted  hydrogen,  and  then  left  to  crystallise, 
when  para-amidophenol  hydrochloride  separates  in  colourless  plates  (Sohmitt  a.  Cook, 
Kekide  Org.  Clicm.  iii.  61).  Alkaline  carbonates  precipitate  para-amidophenol  from  a 
solution  of  the  hydrochloride  as  a  brown-red  crystalline  powder  soluble  at  0°  in  90  pts. 
of  water  and  22  pts.  absolute  alcohol.  Para-amidophenol  is  also  obtained  on  distilling 
amidosalicylic  acid  (Schmitt,  Beut.  Chcm.  Ges.  Ber.i.  67).  The  hydrochloride  A\s,&o\\^s 
at  0°  in  1-4:  pts.  of  water  and  10  pts.  of  absolute  alcohol ;  the  sulphate  crystallises  in 
thin  needles;  the  acetate  melts  at  183°  and  dissolves  at  0°  in  9  pts.  of  water  and  12 
pts.  alcohol.  By  the  action  of  benzoyl  chloride  at  150°,  para-amidophenol  hydro- 
chloride is  converted  into  benzoyl-para-amidophenol,  which  melts  at  139°  with  partial 
decomposition.  It  is  insoluble  in  water,  and  but  slightly  soluble  in  alcohol ;  iDoiling 
alcohol  decomposes  it  (Morse,  ibid.  vii.  1319). 

Orthoamidophenol,C^W.'^'K-.0'R  (1  :  2),  is  similarly  prepared  from  crthonitrophonol 
(Schmitt  a.  Cook).  It  separates  from  the  hydrochloride  in  white  glistening  rhombic 
plates  (Korner),  soluble  at  0°  in  59  pts.  water  and  23  pts.  alcohol.  Orthoamidophenol 
hydrochloride  crystallises  in  long  neetlles  which  dissolve  at  0°  in  r25  pt.  water  and 
2  36  pts.  alcohol ;  the  sidphate  forms  rhombic  prisms  ;  the  acetate  melts  at  150°,  and 
dissolves  at  0°  in  65  pts.  water  and  40  pts.  alcohol.  AVhen  heated  with  benzoyl 
chloride  at  150°,  orthoamidophenol  hydrochloride  furnishes  benzoyl-orthoamidophenol, 
C^H^.OH.NH.COCH^,  which  crystallises  from  alcohol  in  beautiful  plates  or  prisms 
possessing  an  extremely  pleasant  odour.  It  melts  at  103°;  it  is  slowly  decomposed  by 
boiling  water,  in  which  it  is  soluble.  Fuming  nitric  acid  converts  it  into  dinitro- 
benzoyl-orthoamidophenol,  which  forms  thin  straw-yellow  needles  melting  at  173° 
(Morse). 

Para-  and  orthoamidophenol  hydrochlorides  are  dissolved  by  Nordhausen  sulphuric 
acid,  with  formation  of  the  corresponding  amidophenolsidphonic  acids  (Brackebusch, 
ibid.  vi.  396). 

Bichlorazophcnol.- — By  the  action  of  p)ota6sium  permanganate  solution  and  other 
oxidising  agents,  the  amidophenols  are  converted  into  brown  humus-like  substances, 
orthoamidophenol  being  by  far  the  more  readily  attacked  ;  on  treatment,  however,  of 
para-amidophenol  hydrochloride  with  bleaching-powder  solution,  diehlorazophenol  is 
produced,  the  reaction  taking  place  with  such  precision  that  it  may  be  employed  for 
the  quantitative  analysis  of  bleaching-powder  (Schmitt  a.  Bennewitz,  J.  fr.  Chem, 
[2],viii.  1): 

C^H^CLOH.N 

2(C''H^NH=.0H)  -1-  4CP  =  \\  +  6nCl. 

C^ffCl.OH.N 

Orthoamidophenol  does  not  yield  a  corresponding  compound,  but  is  acted  upon  in  a 
manner  not  yet  understood.  To  prepare  diehlorazophenol,  at  most  3  grams  of  para- 
amidophenol  hydrochloride  are  dissolved  in  150  grams  of  water,  and  a  rather  concen- 
trated solution  of  bleaching-powder  is  added  from  a  burette.  At  first,  white  crystal- 
line flakes  separate,  which  redissolve  on  shaking,  and  the  solution  assumes  a  deep 
violet  colour ;  on  further  addition  of  the  bleaching-powder,  a  point  is  reached  where 
the  separated  diehlorazophenol  no  longer  redissolves,  but  the  liquid  becomes  paler  and 
suddenly  turns  yellow.  The  reaction  is  then  completed.  The  product  is  separated  by 
filtration,  and  after  washing  with  water,  dried  over  sulphuric  acid.  Diehlorazophenol 
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is  sparingly  soluble  in  cold  water,  but  freely  in  boiling  water,  alcohol,  benzene,  etlier, 
and  glacial  acetic  acid  ;  it  crystallises  in  tufts  of  long  yellow  needles.  It  melts  at  SC^, 
and  decomposes  at  a  slightly  higher  temperature  ;  it  is  extremely  volatile,  and  has  a 
very  persistent  odour  like  that  of  quinone.  When  reduced  by  tin  or  zinc  and  hydro- 
chloric acid,  it  furnishes  para-amidophenol.  On  treatment  with  sulphurous  acid  or 
hydrogen-sodium  snlphite,  it  is  entirely  converted  into  para-amidophenolsulphonic 
acid: 

C^IPOl.OH.N 

II  -i-  4H-,S03  +  2W0  =  2(C'!HlNn-.0H.S0^H)  +  2HC1  + 
C'ffCl.OH.N 

Farad iazophenol  hydrocldoride,  C'H^N-Cl. — If  absolute  alcohol,  saturated  with 
nitrous  anhydride,  be  poured  over  dry  para-amidophenol  hydrochloride,  the  mixture 
being  carefully  cooled  by  ice-water,  an  indigo-blue  solution  is  at  first  produced  which 
afterwards  becomes  brown  ;  if  sufBcieut  other  to  produce  a  milkiness  in  the  liquid  be 
then  added,  the  whole  after  a  short  time  becomes  a  solid  mass  from  the  separation  of 
the  diazohydrochloride.  It  crystallises  in  long  colourless  needles,  difficultly  soluble 
in  alcohol. 

Orthodiaeoplienol  hydrochloride,  CH^'N-Cl,  is  similarly  prepared  from  orthoamido- 
phenol  hydrochloride.  It  crystallises  in  colourless  well-formed  rhombohedrons,  much 
more  soluble  in  alcohol  than  the  isomeric  compound.  Both  these  substances  ara 
extremely  unstable  (Schmitt,  Dent.  Chcm.  Ges.  Ber.  i.  67). 

On  heating  a  concentrated  solution  of  sodium  hydrogen  sulphite,  to  which  an  ortho- 
or  para-diazophenol  salt  has  been  added,  to  boiling,  the  diazophenol  quickly  dissolves 
without  nitrogen  being  evolved  ;  on  cooling,  the  sodium  salt  of  the  product  separates 
out,  but  it  is  better  to  add  a  concentrated  solution  of  potassium  chloride,  and  to 
recrystiiUise  the  precipitated  potassium  salt  several  times  from  dilute  alcohol. 
■Potassium  orthodiazaphenol  sulphite,  C<'H'(0H)N2S0^K-1-0IP,  thus  prepared,  crystal- 
lises in  small  golden-yellow  scales  ;  the  paradiazo-derivative  forms  pale-yellow  anhy- 
drous needles  (Schmitz  a.  Glutz,  BeiU.  Chem.  Ges.  Ber.  ii.  51). 

.  Diamidophcnol,  G^WiT^iWyOB.  (1:2:  4).— Gauhe  {Ann.  Ch.  Pharm.  cxlvii.  66), 
by  the  action  of  hydriodio  acid  on  a-dinitrophenol,  obtained  the  hydriodide  of  a  base 
which  he  regards  as  a  diamidobenzeno  diflferent  from  the  two  phenylenediamines  then 
known.  It  does  not  agree,  however,  in  properties  with  the  third  diamidobenzene  since 
discovered  by  Griess,  and  there  is  reason  therefore  to  suppose  that,  although  both  the 
hydriodide  and  sulphate  gave  on  analysis  numbers  which  correspond  with  those  required 
by  theory  for  a  diamidobenzene,  Gauhe's  product  was  really  diamidoplienol.  The 
hydriodide  forms  white  needles;  the  sulphate,  magnificent  rhombic  plates;  the  hj'dro- 
chloride,  white  needles.  Those  salts  are  partially  decomposed  on  exposure  to  the  air  ; 
all  attempts  to  separate  the  free  base  from  them  by  an  alkali  were  unsuccessful,  the 
solution  at  once  becoming  red-brown,  and  after  a  short  time  depositing  brown  flocculi. 
The  addition  of  ferric  chloride  caused  a  deep  red  coloration. 

Bromoplieiiols.  Parahromophcnol,  CH^Br.OH  (1  :  4). — Korner  {Ga~-ctta 
chirnica  itaUana,  1874,  iv.  387),  and  Fittig  a.  Mager  {Deut.  Chem.  Ges.  Bcr.  xu.  1175) 
have  prepared  this  compound  from  parabromaniline  (m.p.  66-4°  Korner,  63°  Fittig  a. 
jVIager).  Parabromaniline  nitrate,  mixed  with  an  excess  of  nitric  acid,  was  treated 
with  nitrous  anhydride  ;  the  resulting  diazobromobenzene  nitrate  was  converted  into 
sulphate  by  the  addition  of  sulphuric  acid,  and  the  sulphate  precipitated  by  alcohol 
.and  ether;  the  crystallised  diazobenzene  sulphate  was  then  dissolved  in  a  large  quan- 
tity of  water,  and  the  solution  gently  heated.  The  bromophenol  produced  was  extracted 
with  ether  and  purified  by  distillation.  Parabromophenol  is  also  obtained  by  distil- 
ling bromosalicylic  acid  with  burnt  lime  (Huebner  a.  Brenken,  ibid.  vi.  170).  The 
product  is  an  oil  of  which  the  greater  part  distils  over  at  about  235°,  and  is  easily 
converted  by  cooling  into  a  crystalline  mass  ;  it  may  be  purified  by  pressing  and  re- 
crystallisation  from  chloroform.  Huebner  a.  Brenken  have  shown  that  parabromo- 
phenol may  be  readily  prepared  from  phenol  by  the  following  process : — The  calculated 
quantity  of  bromine  dissolved  in  200  grams  of  glacial  acetic  acid  is  added  to  a  well- 
cooled  solution  of  100  grams  of  phenol  in  300  of  acetic  acid ;  a  strong  current  of  car- 
bonic anhydride  is  then  passed  through  the  liquid  to  remove  the  hydrobromic  acid ; 
and  subsequently  the  solution  is  cooled  in  a  mixture  of  ice  and  salt.  The  crystals 
which  separate  after  a  time  are  removed  by  filtration  in  a  vacuum-filter,  pressed  until 
quite  dry  and  as  free  as  possible  from  acetic  acid,  and  then  several  times  carefully 
fused  and  again  allowed  to  solidify,  in  order  to  remove  adherent  hydroljromic  acid ; 
after  which  they  may  be  distilled,  the  portion  boiling  at  235°-236°  being  collected 
apart  and  several  times  recrystallised  from  chloroform. 

.  Parabromophenol  crystallises  in  large,  colourless,  transparent  (probably)  monoclinic 
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crystals,  which  become  piuk  on  long  exposure  to  the  air;  it  melts  at  66'i°  (Kcrnor), 
63°-G4°  (Huebnor,  Fittig  a.  Mager),  and  distils,  undergoing  scarcely  any  decom- 
position, at  238°  (Fittig),  23.5°-236°  (Huebner  a.  Brenken).  It  dissolves  in  a  large 
quantity  of  cold  water,  and  more  readily  in  hot  water;  it  is  easily  soluble  in  alcohol, 
chloroform,  and  acetic  acid.  On  nitration  it  yields  Brunck's  parabromorthonitro- 
phenol,  melting  at  88°  (Huobner  a.  Brenken,  Korner),  or  bromodinitrophenol,  melting 
;it  76°  (Korner,  Armstrong),  according  to  the  amount  of  nitric  acid  employed.  When 
fused  with  potassium  hydrate  it  yields  rcsorcin  free  from  its  isomerides  (Fittig  a.  Mager). 

Metabromophcnol,  CH^Br.OH  (1  :  3),  has  been  obtained  by  Korner  (Zee.  cit.)  and  by 
Wurster  a.  Nolting  {Bcut.  Chem.  Gcs.  Ber.  vii.  901)  from  motabromaniiine  by  Griess's 
method.  It  is  an  oil  boiling  at  227°-229°  (W.  a.  N.)  According  to  Wurster  a. 
Nolting,  it  is  converted  into  resorcin  on  fusion  with  potassium  hydrate.  On  treatment 
■with  bromine  in  excess  it  yields  tetrabromophenol,  and  with  nitric  acid  furnishes, 
amongst  other  products,  a  dinitrobromophenol  melting  at  91-5°  (Korner). 

Metabromophenol,  according  to  Korner's  observations,  may  also  be  produced  by  the 
direct  action  of  bromine  on  phenol,  but  it  is  not  known  at  present  what  are  the  cir- 
cumstances favourable  to  its  production,  nor  indeed  even  whether  it  is  always  present 
in  the  crude  bromophenol.  Korner  converted  the  bromophenol  which  he  prepared  by 
passing  a  current  of  air  laden  with  bromine  into  cooled  phenol  [Ist  Suppl.  907)  into 
the  methyl  ether,  C^H^Br.O.CH^,  by  acting  upon  its  potassium  dcrivate  witli  methyl 
iodide,  and  from  this  he  obtained,  by  the  action  of  carbonic  anhydride  and  sodium,  ;i 
methoxybenzoic  acid  identical  with  that  prepared  by  Graebe  and  Schultaen  from  ordi- 
nary oxybenzoic  acid  (OH  .*  COOH  =  1:3): 

C«H^Br.OCIP  +  C0=  -^  2Na  =  Cn'.OCH^CO'Na  +  NaBr. 
By  the  action  of  sodium  and  methyl  iodide  on  the  same  methyl-bromophenol  a  methyl- 
cresol  was  obtained,  (CH'Br.OCH^  +  CH^I  +  2Na  =  C«ff .Cff.OCH' +  NaBr  +  Nal), 
also  yielding  methoxybenzoic  acid  on  oxidation  {Bull,  de  VAcad.  Bclg.  1867;  Zcitcchr.f. 
Chcm.  1868,  326).  In  his  recent  memoir  {Ga^~eUa  chimica  italiana,  iv.  389)  Korner 
states  that  he  has  re-examined  specimens  of  the  methoxybenzoic  acid  and  methyl 
cresol  prepared  in  1866,  which  he  had  preserved,  and  convinced  himself  anew  of  the 
correctness  of  his  observations  ;  at  the  same  time  he  mentions  that  he  was  unable  to 
obtain  similar  results  with  a  bromophenol  prepared  under  conditions  apparently  iden- 
tical witli  those  previously  observed  by  him  in  its  preparation. 

Orthobromophcnol,  C^H'Br.OH  (1  :  2),  has  been  prepared  by  Korner  (Joe.  cit.)  from 
orthobromaniline  by  Griess"s  method,  and  by  the  decomposition  of  the  platinobromide 
of  the  diazophenol  formed  from  orthoamidophenol.  It  is  a  colourless  oil.  On  nitra- 
tion it  is  ultimately  converted  into  bromo-o-dinitrophenol  (Korner;  ^irmstrong). 

Ortliobromophenol  is  always  produced  by  the  action  of  bromine  on  phenol,  and  the 
acetic  acid  solution  which  drains  from  the  crystals  of  parabromophenol  prepared  by 
Huobner  a.  Broikeu's  method  contains  it  in  considerable  quantity. 

Cbloropbeaols.  I'ar«cAZo;'op/«?2oZ,C^H'C1.0H  (1  :  i),  which  was  first  obtained 
in  a  state  of  purity  by  the  action  of  sulphuric  chloride,  SO-Cl-',  on  phenol,  is  formed 
when  the  platinochloride  of  paradiazophenol  is  submitted  to  distillation  (Schmitt, 
Bcut.  Cheni.  Gcs.  Ber.  i.  67),  and  from  parachloranilino  (m.  p.  70°)  by  Griess's 
method  (Beilstein  a.  Kurbatow,  ibid.  vii.  1395).  It  may  also  readily  be  prepared  by 
passing  chlorine  into  phenol,  mixed  with  stifficient  water  to  prevent  its  solidifying 
and  cooled  with  ice,  imtil  it  has  increased  in  weight  by  the  calculated  amount ; 
the  product  is  washed  with  water  and  a  little  dilute  potassium  hydrate  solution  to 
remove  hydrochloric  acid,  dried  by  calcium  chloride  and  anhydrous  cupric  sulphate, 
and  then  fractionally  distilled.  The  portion  boiling  at  2I5°-220°  solidifies  at  about 
0°,  but  melts  again  at  8°  ;  hj  allowing  the  liquid  portion  to  drain  away,  however, 
it  is  possible  to  raise  the  melting  point  almost  to  that  observed  by  Dubois  (Peter- 
sen a.  Baehr-Predari,  Ann.  C'h.  Pharm.  clvii.  123). 

Parachlorophenol  melts  at  41°  (Dubois),  37°  (Beilstein  a.  Kurbatow),  and  boils 
at  218°  (Petersen  a.  Predari),  217°  (Beilstein  a.  Kurbatow).  When  fused  v.-ith 
potassium  hydrate,  the  chlorophenol  boiling  at  218°  prepared  from  phenol  furnishes 
chiefly  hydroquinone  and  traces  of  resorcin,  according  to  Petersen  a.  Baehr-Predari 
(he.  cit.  and  Bent.  Chem.  Ges.  Ber.  vii.  61),  but  Faust  states  that  resorcin  only  is  ob- 
tainsid  [ibid.  vi.  1022).  Parafchlorophenol  yields  ordinary  dichlorobeuzene  (m.  p.  53°, 
b.  p.  172°)  when  distilled  with  phosphorus  pentiichloride  (Beilstein  a.  Kurbatow). 
Dilute  nitric  acid  converts  it  into  paKichlororthonitrophenol  melting  at  86-5°  (Beil- 
stein a.  Kurbatow).  Methyi-parachlorophenol,  CH^Cl.O.CH',  boils  at  198°-202°,  and 
does  not  solidify  at  -18°;  ethyUparaehlorophe^iol,  C^H<C1.0.C=H*,  melts  at  21°  and 
boils  at  210°-212°  (Beilstein  a  Kurbatow). 

Mctachlorophcnol,  C^H^Cl.OH  (1  :  3),  is  obtained  by  Griess's  method  from  meta- 
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chloraniline  (from  dinitrobenzene) ;  it  is  an  oil  boiling  at  214°  (Beilstein  a.  KvirbatoTV, 
loc.  cit.) 

Orthochlorophenol,  C^H'Cl.OH  (1  :  2). — Beilstein  a.  Kurbatow  {loe.  cit.)  have 
prepared  this  modification  from  orthochloraniline  by  Griess's  method,  and  it  was  pre- 
viously obtained  by  Faust  a.  Miiller  {Beut.  Chem.  Gcs.  Ber.  v.  777  ;  Ann.  Ch.  Phaim. 
clxxiii.  303),  by  distilling  orthodiazophenol  platinoehloride.  On  passing  chlorine  into 
600  grams  of  phenol  without  cooling  until  the  weight  is  increased  by  200  grams,  and 
fractioning  the  product,  which  boils  at  175°-220°,  a  portion  is  obtained  boilinc; 
constantly  at  17o-6°-177°  consisting  of  orthochlorophenol  (I'aust  a.  Miiller,  loc.  cit.) 
It  is  a  colourless,  oily  liquid,  which  has  a  peculiar  unpleasant  odom-,  and  does  not  solidify 
at  -  15°  (Faust  a.  Miiller).  According  to  Kramers  {Ann.  Ch.  Pharm.  clxxiii.  331)  tho 
yield  of  orthochlorophenol  is  about  one-third  of  the  weight  of  phenol  employed  ;  he 
describes  it  as  a  colourless  oil,  boiling  constantly  at  176°-177°  under  a  pressure  of 
760  mm.,  the  morciiry-column  in  the  thermometer  being  wholly  immersed  in  the 
vapour.  On  cooling  it  to  — 12°,  he  found  that  it  solidifies  to  a  mass  exactly  resembling 
piu'e  crystalline  phenol ;  when  removed  from  the  refrigerating  mixture  it  fuses,  and  a 
thermometer  immersed  in  the  fusing  mass  exhibits  constantly  the  temperature  7°. 
When  fused  with  potassium  hydrate,  orthochlorophenol  yields  pyrocatechin,  the  con- 
version taking  place  far  more  readily  than  that  of  parachlorophenol  into  resorciu 
(Faust  a.  Miiller,  loo.  cit.;  Petersen,  I)etU.  Chem.  Ges.  Ber.  vi.  368).  By  the  action  of 
dilute  nitric  acid  it  furnishes  orthochloroparanitrophenol,  melting  at  110°-111°,  and 
orthoehlorortlionitrophenol,  melting  at  70°  (Faust  a.  Miiller  ;  Beilstein  a.  Kurbatow). 
When  distilled  with  phosphorus  pentachloride  it  is  converted  into  orthodichloroben- 
zene,  boiling  at  179°;  sp.  gr.  1-3278  at  0°  (Beilstein  a.  Kurbatow).  Ethi/l-orthochloro- 
fhenol,  C«H<C1.0.C-H',  is  a  liquid  boiling  at  208°-208-5°  (Beilstein  a.  Kurbatow). 

Pentachlorophenol,  CCP.OH.  Perchlorophenol. — To  prepare  this  compound, chlorine 
is  passed  into  a  mixture  of  3  pts.  of  phenol  and  1  pt.  of  antimonious  chloride,  which  is 
heated  at  first  on  the  water-bath  and  afterwards  in  a  salt-bath,  until  all  action  ceases. 
The  resulting  mass  is  boiled  with  sodium  hydrate  solution,  and  the  hot  filtrate  super- 
saturated with  hydrochloric  acid ;  the  precipitated  crude  pentachlorophenol  is  tnen 
distilled  in  a  current  of  superheated  steam  (180°-200°),  and  recrystallised  from  petro- 
leum spirit  (Merz  a.  Weith,  ihid.  v.  458). 

Pentachlorophenol  crystallises  in  long  colourless  glistening  needles,  and  is  very 
soluble  in  alcohol  and  ether,  moderately  soluble  in  benzene,  and  slightly  soluble  in 
cold  petroleum  spirit.  It  melts  at  1S6°-187°.  When  cold  it  has  no  odour,  but  when 
heated  it  has  an  intensely  sharp  odour  and  causes  coughing.  Pentachlorophenol  dis- 
solves, although  slowly,  in  cold  solutions  of  potassium  or  sodium  hydrate ;  it  is  almost 
entirely  precipitated,  however,  from  dilute  alkaline  solutions  by  carbonic  anhydride. 
Potasssium  peniacMorophenol,  C^Cl'^.OK,  crystallises  from  ether-alcohol  in  long  white 
needles ;  it  is  easily  soluble  in  anhydrous  alcohol,  and  even  in  ether.  Sodium  penta- 
chlorophenol closely  resembles  the  potassium-derivative.  Ammonium  ■pentachlorophenol, 
CCP.ONH',  crystallises  from  a  hot  ammoniacal  solution  in  very  long  thin  pliable 
needles ;  it  scarcely  dissolves  in  water,  although  it  is  readily  soluble  in  alcohol. 
Pentachlorophenol  is  only  very  slowly  attacked  by  nascent  hydrogen  from  sodium- 
amalgam  and  water.  Concentrated  nitric  acid  converts  it,  even  in  the  cold,  into  tetra- 
chloroquinone : 

C^CP.OH  +  0  =  C^Cl'O^  -f  HCl. 
When  distilled  with  phosphorus  pentachloride  it  furnishes  hexchlorobenzene.  Potas- 
sium hydrate  has  scarcely  any  action  below  200°  ;  at  230°-240°  humus-like  sub- 
stances are  largely  produced,  free  from  chlorine  and  insoluble  in  water ;  the  alkaline 
solution  contains  a  large  quantity  of  oxalate. 

Pentachlorophenol  is  decomposed  on  distillation,  hydrochloric  acid  being  evolved, 
and  tetrachlorophenylene  oxide  is  produced  : 

C'CP.OH  =  CCl^O  +  IICl. 
Potassium  pentachlorophenol  undergoes  a  corresponding  decomposition  when  heated. 
The  product  is  powdered  and  washed  with  alcohol,  crystallised  from  boiling  nitroben- 
zene, and  then  several  times  recrystallised  from  hot  turpentine.  Tetrachlorophenylene 
oxide  is  scarcely  dissolved  by  alcohol,  ether,  chloroform,  or  carbon  sidphide,  biit  is 
readily  soluble  in  boiling  nitrobenzene,  and  moderately  soluble  in  hot  turpentine.  It 
forms  broad  white  needles  like  benzoic  acid.  It  melts  at  about  320°,  and  distils  un- 
decomposed  at  a  temperature  far  above  that  at  which  mercury  boils.  On  account  of 
its  high  melting  and  boiling  points,  Merz  a.  Weith  are  inclined  to  represent  it  by  tho 
formula  : 
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It  is  not  attacked  by  sodium-amalgam  and  water,  or  I  ly  jiiiospliorus  pentachloride — 
even  at  240°-260°.  Boiling  concentrated  nitric  acid  very  slowly  decomposes  it, 
chlorine  and  carbonic  anhydride  being  evolved. 

Zodoptaenols  (LobanofF,  Bcut.  Chcm.  Gcs.  Ber.  vi.  1251).  The iodophenol pre- 
pared by  Korner's  method  {\st  Siippl.  909)  is  a  mixture  of  the  three  isomeric  mono- 
iodophenols.  When  it  is  distilled  in  a  current  of  steam,  first  a  liquid  iodophenol 
passes  over,  then  a  solid  iodophenol,  and  finally  tri-iodophenol ;  and  the  residue  con- 
tains a  considerable  quantity  of  the  latter,  which  may  bo  extracted  by  alcohol.  The 
third  modification,  which  is  easily  soluble  in  water,  is  found  in  part  in  the  aqueous 
solution  from  which  the  crude  iodophenol  is  precipitated,  in  part  in  the  aqueous  dis- 
tillate, and  in  part  in  the  alcoholic  solution  from  which  the  tri-iodophenol  crystallises. 
In  order  to  separate  it,  these  solutions  are  rendered  alkaline  with  potassium  hydrate, 
concentrated  by  evaporation,  and  then  supersaturated  with  hydrochloric  acid.  The 
precipitated  iodophenol  is  purified  by  recrystallisatiou.  It  crystallises  from  ether  in 
needles,  from  alcoliol  in  large  six-sided  plates,  and  from  carbon  sulphide  in  short 
thick  prisms;  it  dissolves  well  in  water  and  ether,  and  very  easilyjin  alcohol  and 
carbon  sulphide.  It  melts  at  89°.  The  second  solid  iodophenol,  which  melts  at 
64:°-66°,  is  difficultly  soluble  in  water,  but  easily  soluble  in  alcohol  and  ether,  and 
crysbillises  in  flat  glistening  needles.  The  liquid  iodophenol  does  not  solidify  at  — 23°. 
Iodine  is  not  separated  by  chlorine  or  nitric  acid  from  the  iodophenol  melting  at 
89°,  or  from  that  which  melts  at  64:°-6G°  by  chlorine;  nitric  acid,  however,  liberates 
iodine  from  tliis  modification.  The  liquid  iodophenol  is  decomposed  both  by  chlorine 
and  by  nitric  acid. 

The  constitution  of  these  compounds  has  not  yet  been  determined,  but  a  comparison 
of  LobanolF's  results  with  those  of  Korner  renders  it  proljable  that  the  modification 
melting  at  64°-66°  is  paraiodophenol  (1  :  4),  identical  with  Kurner's  orthoiodophenol, 
whilst  that  melting  at  89°  is  metaiodophenol  (1  :  3),  identical  with  Korner's  paraiodo- 
phenol from  dinitrobenzeno  ;  the  liquid  modification  being  orthoiodophenol  (1  :  2), 
identical  with  Korner's  metaiodophenol. 

Xritr'opbenols.  Paranitrophniol,  C«HXNO=)On(l  :  4).— The  volatilenon- 
modifieation  of  nitrophenol,  which  has  long  been  known  as  ortho-  and  isonitrophenol, 
has  recently  befen  shown  to  be  a  member  of  the  para  series.  It  is  produced:  1.  When 
a-nitrochlorobenzene  (m.  p.  85°)  from  chlorobenzene  is  heated  with  potassium  hy- 
drate solution  at  130°  (Eugelhardt  a.  Latschinow,  Bent.  Chcm.  Gcs.  Ber.  iii.  423). 
2.  When  a-nitrobromobenzene  (m.  p.  125°)  from  bromobenzene  is  heated  with  potas- 
sium hydrate  solution  (von  Eichter,  ibid.  iv.  460).  3.  By  heating  nitroacetanilide  from 
acetanilide  with  concentrated  sodium-hydrate  solution  until  ammonia  ceases  to  be 
evolved  (Wagner,  li/d  vii.  76).  4.  By  decomposing  diazonitrobenzene  nitrate,  pre- 
pared from  the  nitraniline  obtained  from  acetanilide  by  boiling  with  water  (Fittig, 
ibid.  vii.  280).  5.  By  dry  distillation  of  nitrosalicylic  acid  mixed  with  powdered  pumice 
(Schmitt  a.  Cook,  Kckule  Org.  Chern.  iii.  41).  6.  By  oxidation  of  nitrosophenol 
(Baeyer,  Bcut.  Chcm.  Gcs.  Ber.  vii.  965). 

Pure  paranitrophenol  melts  at  114°.  Salkowski  {ibid.  vii.  43)  has  converted  it  into 
anisic  or  methyl-paraoxybenzoie  acid  in  the  following  manner: — Silver  paranitrophenol 
was  treated  with  methyl  iodide,  and  the  resulting  methyl-paranitrophenol  or  paranitro- 
anisol,  CH^NO'-.OCH^,  reduced  to  methyl-pnramidophenol  or  para-amidoanisol;  the 
latter  was  then  converted  by  Griess's  method  into  the  diazo-perbromide,  which  was 
distilled  with  lime.  Methyl-parabromophenol  was  then  obtained,  which,  when  acted 
upon  by  methyl-iodide  find  eodium,  gave  methyl-paracresol,  C°H''.CI1^.0CII^,  yielding 
anisic  acid,  CH^.OCH'.CO'-'II,  on  oxidation  with  potassium  dichromate  and  glacial 
acetic  acid. 

Salkowski  (ibid.  1008)  also  found  that  when  the  paradiazoanisol  sulphate  from 
para-amidoanisol,  prepared  as  above  described,  is  heated  v.  itli  water,  hydroquinone  is 
produced.  The  paradiazoanisol  sulphate  and  nitrate  obtained  by  the  action  of  nitrous 
acid  on  para-amidoanisol  sulphate  or  nitrate  in  presence  of  a  small  quantity  of  water 
are  remarkably  stable  substances  ;  on  concentrating  the  solution  by  slow  evaporation 
on  the  water-bath  at  a  low  temperature,  they  separate  in  broad  flat  needles.  They 
are  only  very  slowly  decomposed  when  boiled  \vith  water  or  dilute  acids  ;  the  decom- 
liosition  is  complete,  however,  after  heating  for  some  hours  at  140°  in  sealed  tubes, 
the  greater  part  being  converted  into  a  brown  viscid  substance — probably  a  methyl 
ether  of  hydroquinone — and  only  the  smaller  part  into  hydroquinone.  On  heating 
paranitroanisol  with  aqueous  ammonia  at  170°-200°,  paranitraniline  or  paranitro- 
amidobenzene,  identical  with  that  which  is  obtained  from  acetanilide,  is  formed  (Sal- 
kowski, An7i.  Ch.  Fliarm.  elxxiv.  281).  When  distilled  with  phosphorus  pentachloride, 
paranitrophenol  yields  a-chloronitrobenzene  (m.  p.  85°)  according  to  Engelhardt  a. 
LatschinofF  {Bcut.  Cliem.  Gcs.  Ber.  iii.  200).  On  digestion  with  fuming  sulphuric 
acid,  it  is  converted  into  paranitrophenolsulphonic  acid  (Post,  ibid.  v.  852  ;  vi.  395), 
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Met anitro phenol,  C''H*(NO=)OH  (1  :3),  is  produced  on  heating  the  diazonitro- 
benzene  nitrate  prepared  from  the  nitraniline  from  ordinary  dinitrobenzene  (m.  p.  87°) 
with  water.  The  solution  is  filtered  from  the  resin,  and  shaken  with  ether ;  on  distilling 
off  the  ether,  an  oil  remains,  which  gradually  crystallises  when  exposed  over  sulphuric 
acid.  It  may  bo  purified  by  recrysfciUisation  from  boiling  water  or  alcohol.  Meti- 
iiitrophenol  forms  hard,  compact,  almost  colourless  crystals,  melting  at  95°-96°  ;  it 
is  moderately  soluble  in  cold  water,  and  readily  soluble  in  boiling  water  and  alcohol. 
It  scarcely  volatilises  in  a  current  of  steam.  Metanitrophenol  has  a  great  tendency 
to  remain  liquid  ;  when  only  slightly  warmed  with  water  it  melts,  and  always  sepa- 
rates from  the  aqueous  solution  as  an  oil,  which  may  remain  for  days  under  the  liquid 
without  solidifying,  but  at  once  crystallises  on  the  addition  of  a  trace  of  the  solid. 
Also  when  cold  alcohol  is  poured  on  the  crystals  they  immediately  liquefy,  and  it 
regularly  separates  from  the  alcoholic  solution  as  an  oil  (Fittig  a.  Bantlin,  ibid.  vii. 
179).  Potassium  metanitrophenol  crystallises  in  magnificent  long  glistening  needles, 
which  appear  deep  red  so  long  as  they  are  surrounded  by  liquid,  but  orange  after  dry- 
ing ;  it  is  very  soluble  in  water  and  alcohol. 

Orthonitrophenol,  C*H*(NO-)OH.  (1  :  2). — This  modification,  commonly  known 
as  volatile  nitrophenol,  is  produced  : — 1.  When  the  7-nitrobromobenzene  (m.  p.  37°- 
38°),  formed  simultaneously  with  a-nitrobromobenzene  on  nitration  of  bromobenzene, 
is  heated  -with  potassium  hydrate  solution  in  sealed  tubes  (Zincke  a.  Walker,  iliid.  v. 
114);  and  2.  When  the  corresponding  nitrochlorobenzcne  from  ehlorobenzeno  is  simi- 
larly treated  (Engelhardt  a.  Latschinoff,  iMd.  iii.  423). 

When  the  orthonitranisol,  CIP.NO'^OCH^  from  orthonitrophenol,  is  heated  with 
aqueous  ammonia  in  sealed  tubes  at  about  200°,  it  is  converted  into  nitraniline  (m.  p. 
64°),  identical  with  that  obtained  by  the  action  of  ammonia  on  7-nitrobromobenzeue 
(m.  p.  37°-38°)  (Salkowski,  Ann.  Ch.  Pharm.  clxxiv.  277).  It  furnishes  the  corre- 
sponding nitrochlorobenzene  when  distilled  with  phosphorus  pentachlorido  (Engel- 
hardt a.  Latschinoff,  Dent.  Chem.  Ges.  Ber.  iii.  200).  When  acted  upon  by  nitric 
acid  it  yields  two  isomeric  dinitrophenols  (Huebner  a.  Schneider,  Ann.  Ch.  Pharm. 
clxvii.  89).  Similarly,  when  acted  upon  by  chlorine,  bromine,  and  sulphuric  acid,  it 
furnishes  two  isomeric  chloronitro-,  bromonitro-  and  sulphonitrophenols — -nitrophenol- 
sulphonic  acids  (Armstrong,  Prevost  a.  Brown,  Deut.  Clicm.  Ges.  Ber.  vii.  922);  and, 
according  to  Busch  (ibid.  460)  a  mixture  of  two  isomeric  iodonitrophenols  on  treat- 
ment with  iodine.  When  oxidised  by  permanganic  acid  it  is  converted  into  dinitro- 
dipheuol  (Goldstein,  ibid.  vii.  734): 

2C«ff.N0=.0H  +  O  =  C'=H«(NO')^(OH)-  +  H=0. 

Dinitrophenols .  —  a-Dimtrophenol,  C«H»(N02)=0H  (1:2:  4)*  is  obtained  in 
a  state  of  purity  by  the  action  of  nitric  acid  on  paranitrophenol  (1  :  4),  and  also 
on  warming  dinitroamidophenol  or  picramic  acid  with  ethyl  nitrite,  and  together  with 
/3-di nitrophenol  by  the  action  of  nitric  acid  on  orthonitrophenol  (1  :  2).  It  is 
also  produced  when  dinitrochlorobenzene  (m.  p.  50°)  from  chlorobenzene,  and  dinitro- 
bromobenzene  (m.  p.  72°)  from  bromobenzene,  are  heated  with  potassium  or  sodium 
hydrate  solution  (Clemm,  J.  pr.  Chem.  [2],  i.  145;  Engelhardt  a.  Latschinoff,  Dcut. 
Chem.  Ges.  Ber.  iii.  97).  When  distilled  with  phosphorus  pentachloride,  on  the  other 
hand,  a-dinitrophenol  yieldsidinitrochlorobenzene  melting  at  48°-49°  (Clemm,  Engel- 
liardt  a.  Latschinoff,  loo.  cit.)  The  dinitraniline  (m.  p.  175°)  obtained  by  heating  this 
dinitrochlorobenzene  with  ammonia,  which  is  identical  with  tliat  produced  on  similarly 
treating  a-dinitranisol,  C''II^(NO-)-.OClI*,  is  converted  into  ordinary  dinitrobenzene 
(m.  p.  87°)  by  the  action  of  ethyl  nitrite  (Eudnew,  Detit.  Chem.  Ges.  Ber.  iv.  409  ;  Sal- 
kowski, Ann.  Ch.  Pharm.  clxxiv.  263). 

Pure  a-dinitrophenol  melts  at  113°-114°;  it  crystallises  from  water  in  rectangular 
striated  yellowish-white  plates,  which  are  usually  united  in  fern-like  forms.  Charac- 
teristic of  a-dinitrophenol  is  the  circumstance  that  its  metallic  derivatives  are  capable 
of  crystallising  with  varying  amounts  of  water  (^vide  )3-dinitrophenol).  Ordinary 
trinitrophenol  (picric  acid)  alone  is  produced  when  a-dinitrophenol  is  treated  witli 
nitric  acid  (Huebner  a.  Schneider). 

a-Dinitrophenctol,  C*H'(NO^)-.OC^H*,  from  silver  a-dinitrophonol  and  ethyl  iodide, 
melts  at  84°  (Salkowski,  loc.  cit.) 

P-Di7iitrophenol,  C°H'(NO-)-OH  (1  :  2  :  6),  is  formed,  together  with  a-dinitrophenol, 
on  nitrating  orthonitrophenol  (1:2).  The  following  are  the,  details  of  its  preparation 
'as  given  by  Huebner  a.  Schneider,  by  whom  it  was  first  made  known  (Ann.  Ch.  Pharm. 
clxvii.  80).  The  orthonitrophenol,  in  quantities  not  exceeding  20-25  grams,  is  placed 
in  a  capacious  flask  together  with  an  equal  weight  of  nitric  acid  (sp.  gr.  1'36),  and  the 
mixture  is  carefully  warmed  on  the  water-bath  until  the  reaction  commences,  which 

*  In  thus  representing  the  constitution  of  the  phenol-derivatives  the  OH- group  is  throughout  this 
article  supposed  to  occupy  the  position  1. 
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is  extremely  violent,  but  of  short  duration.  The  product,  which  is  at  first  oily  but 
soon  solidifies,  is  a  mixture  of  the  two  dinitrophenols  with  trinitrophenol  and  un- 
attacked  nitrophenol.  After  being  washed  with  cold  water  until  free  from  acid,  it  is 
introduced  into  a  flask  with  water,  and  heated  in  a  current  of  steam  until  the  ortho- 
iiitrophenol  is  entirely  removed;  it  is  then  boiled  with  water  and  an  excess  of  barium 
carbonate,  the  solution  filtered,  and  the  residue  several  times  extracted  with  boiling 
water.  As  soon  as  the  liquid  has  cooled  to  40°,  the  almost  pure  j3-salt  which  separates 
is  rapidly  removed  by  filtration;  on  further  cooling  the  filtrate  yields  a  mixture^of  the 
o-  and  /3-salt,  which  is  also  filtered  off,  and  the  mother-liquor  then  contains  barium 
di-  and  trinitrophenol.  Barium  )3-dinitrophenol  is  very  slightly  soluble  in  water  at 
30°-40°,  but  somewhat  more  soluble  in  boiling  water  ;  the  a-salt,  however,  is  easily 
soluble  under  those  conditions.  The  two  salts  may  therefore  bo  separated  without 
difficulty  by  treatment  with  warm  water ;  but,  according  to  Huebner  a.  Schneider,  the 
separation  is  greatly  facilitated  by  the  use  of  90  p.c.  alcohol,  which  dissolves  only 
traces  of  the  /3-salt,  but  in  which  the  a-salt  dissolves  with  moderate  readiness.  Sal- 
kowski  (Ann.  Ch.  Pharin.  clxxiv.  270)  converts  the  mixed  barium  salts  into  potassium 
salts  by  potassium  carbonate,  and  removes  the  greater  part  of  the  a-salt  by  crystal- 
lisation ;  the  mother-liquor  is  then  heated  to  40°-o0°,  and  precipitated  by  barium 
chloride,  whereby  only  /3-barium  dinitrophenol  is  thrown  down.  This  may  be  purified 
by  a  single  recrystallisation  after  washing  with  cold  water ;  or,  in  the  case  of  large 
quantities,  it  is  converted  into  potassium  salt,  and  this  is  recrystallised.  Korner 
( Gaszctta  ckimica  itcdiana,  1874,  325)  crystallises  the  potassium  salts  from  water,  and 
then  exposes  the  mixture  to  the  sun's  rays  for  some  days  ;  the  a-salt  crumbles  down 
to  a  powder,  and  may  be  separated  mechanically  from  the  /8-salt,  which  is  purified  by 
recrystallisation. 

)3-Dinitrophenol  crystallises  from  water  in  fine,  short,  pale-yellow  needles,  pointed 
at  the  ends  ;  from  chloroform  it  separates  in  long  coarse  needles.  It  is  more  soluble 
in  cold  water,  though  less  soluble  in  boiling  water,  than  a-dinitrophenol ;  it  is  very 
soluble  in  chloroform,  benzene,  ether,  and  boiling  alcohol.  It  melts  at  63°-64°.  The 
dinitroaniline  (m.  p.  138°)  obtained  on  heating  ^-dinitroanisol,  ^^(NO-y^OCH', 
from  /3-dinitrophenol  with  .aqueous  ammonia  at  130°,  is  converted  into  ordinary  dini- 
trobenzeno  (m.  p.  87°)  when  heated  with  ethyl  nitrite  (Salkowski,  Ann.  Ch.  Pharm. 
clxxiv.  274).  The  dinitroaniline  from  /3-dinitrophenol  is  much  less  readily  decom- 
posed by  ethyl  nitrite  than  that  derived  from  the  a-dinitrophenol;  in  the  latter  case  it 
is  merely  necessary  to  heat  the  substances  together  in  a  flask,  but  in  the  former  they 
must  be  digested  in  sealed  tubes  at  120°  (Salkowski).  Concentrated  nitric  acid  con- 
verts )3-dinitrophenol  into  ordinary  trinitrophenol  (Huebner  a.  Schneider). 

The  metallic  derivatives  of  ;8-dinitrophenol  differ  considerably  in  composition, 
appearance,  and  solubility  from  those  of  o-di nitrophenol ;  this  ■will  be  evident  on  in- 
spection of  the  table  on  page  910. 

fi-DinitranisoI,  C''H'(NO-)^.OCH',  crystallises  from  alcohol  in  colourless  needles, 
melting  at  116°,  soluble  in  64-2  pts.  of  95  volume  p.c.  alcohol  at  21°  (a-dinitranisol 
melts  at  87°,  and  dissolves  in  110  pts.  of  alcohol  at  21°).  fi-Diniirophcnetol, 
CHXNO-^'-'.OC-H*,  also  crystallises  in  colourless  needles  which  melt  at  o7°-58° 
(Salkowski,  Ann.  Ch.  Pharm.  clxxiv.  273). 

Trinitrophe^iol,  C''H'^(NO=)^OH  (1:2:4:  6),  is  obtained  by  nitration  of  both 
o-  and  /8-dinitropheuol.  It  is  also  formed  when  triuitrochlorobenzene  (m.  p.  82°-83°) 
is  boiled  with  sodium  hydrate  or  carbonate  solution  (Engelhardt  a.  LatsehinofF, 
Devt.  Chcm.  Gcs.  Bcr.  iii.  98  ;  Clemm,  J.  pr.  Chcm.  [2]  i.  145).  According  to  E.  a. 
L.  the  conversion  of  trinitrochlorobenzene  to  trinitrophenol  is  effected  by  boiling  with 
water,  but  Clemm  denies  this.  Trinitrochlorobenzene  is  readily  obtained  by  the  action 
of  phosphorus  pentachloride  on  trinitrophenol.  An  intimate  mixture  of  at  most  100 
grams  of  the  latter  with  200  grams  of  chloride  is  very  cautiously  warmed  in  a  large 
retort  or  flask  connected  with  a  wide  reversed  condenser.  As  soon  as  the  mass  begins 
to  liquefy,  tne  source  of  heat  is  removed ;  the  reaction  which  then  takes  place  is  ex- 
ceedingly violent.  The  liquid  product  is  afterwards  gently  boiled  for  some  time  the 
phosphorus  oxychloride  is  then  distilled  off,  and  the  mass  thrown  into  a  large  quantity 
of  water.  AVhen  solid,  it  is  pulverised,  washed  with  ether,  and  recrystallised  from 
alcohol,  and  finally  from  petroleum  spirit,  in  which  it  is  only  very  slightly  soluble, 
liowover.  The  trinitranilinc  obtained  by  heating  trinitrochlorobenzene  (Clemm)  or 
triuitranisol,  C'=H=(N02)'.OCH3  (Salkowski,  Dcut.  Chcm.  Gcs.  Bcr.  iv.  873),  with 
ammonia  is  not  decomposed  by  ethyl  nitrite  even  at  160°  (v.  Meyer,  Ann.  Ch.  Pharm. 
clxv.  187). 

The  chlorodinitrophenol  produced  by  Stenhouso's  reaction  by  heating  trinitrophenol 
with  iodine  chloride  and  water  {1st  Supid.  914)  consists  of  chloro-a-dinitrophenol  (m.  p. 
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Metallic  derivatives  of  a-clinitrophenol 

Metallic  derivatives  of  /3-dinitrophenol 

a.  [0'-ff(NO2)2O]2Ba  +  7H=0 
Golden-yello-w  prismatic  needles. 

b.  [C>H»(N0--)20]'^Ba  +  6H'^0 
Fine  pale-yellow  needles. 

c.  \C"W(SO'JOY'Ba  +  6H-0 

Orange-red  prisms. 
Solubility  1  :  320  at  7°. 

[C«H^(NO^)-0]'Ba  +  H^^O 
Fine  golden-yellow  striated  needles. 
Solubility  1  :  655  at  7°. 

a.  C«H'(NO=)-OK  +  WO 

Dark-yelloTV  prisms. 
h.  C«H3(N0^)=0K  +  iH=0 
Palo-,yellow  six-sided  needles. 
Solubility  1  :  59-2  at  7°. 

C''H3(N0-)=0K 
Plat  red  needles  which  exhibit  mag- 
nificent trichroism. 
Solubility  1  :  o9-8  at  6°. 

C*H^(N02)=0Na  +  H-0 
Fine  pale-yellow  needles. 

C'H-(NO-)ONa  -i-  3H^0 
Brilliant  red  long  needles. 

a.  [C«H»(NO"-)-0]-Mg  +  12H"0 
Coarse  pale-yellow  prisms. 
h.  [C<=H'(NO^)^0]^Mg  -1-  9W0 
Pale-yellow  prismatic  needles. 

[(J'Jd  (WU'j'UJ  iVig  +  0±i-U 
Coarse  red  prismatic  needles. 

C«H3(NO=)-OPbOH  +  2H-0 
Golden-yellow  lance-shaped  needles. 

C«H'(NO=)'''OPbf-. 
CffCNO-j-OPb^ 
Fine  orange  needles. 

110°-111°)  mixed  with  a  relatively  small  quantity  of  Dubois'  parachloro-)8-dinitro- 
phenol  (Petersen,  Bcut.  Cliem.  Ges.  Ber.  vi.  368 ;  Armstrong,  ibid.  650).  When  tri- 
nitrophenol  is  similarly  acted  upon  by  iodine  bromide,  it  yields  brcmo-a-dinitrophenol 
melting  at  117°  (Armstrong,  loc.  cit.) 

By  heating  with  acetic  anhydride  trinitrophenol  is  converted  into  acetyl-trinitro- 
phenol,  C''II-(NO-)'.O.C''H'0;  it  is  a  crystalline  pale-yellow  substance,  which  melts  at 
75°-76°  (Tommasi  a.  David,  Ccmpt.  rend.  Ixxvii.  207). 

Diamidonitrophenol,  C''H2(N0^)(NH2)20H  (1:2:4:  6).— This  compound  is 
obtained  by  reducing  trinitrophenol  with  aqueous  ammonium  sulphide  (Griess,^7!w.  Ch. 
Pharm.  cliv.  202).  To  prepare  it,  pulverised  trinitrophenol  is  mixed  with  a  large 
excess  of  dilute  aqueous  ammonia  and  a  rapid  current  of  hydrogen  sulphide  then  passed 
in,  the  mixture  being  shaken  from  time  to  time.  The  conversion  is  complete,  and  the 
passage  of  the  gas  must  be  stopped  so  soon  as  very  dilute  hydrochloric  acid  fails  to 
produce  a  precipitate  in  a  portion  of  the  solution  which  has  previously  been  concen- 
trated and  filtered  from  the  separated  sulphur.  The  liquid  is  then  concentrated  some- 
what by  evaporation,  filtered  from  the  sulphur,  and  supersaturated  with  acetic  acid. 
The  brownish  needles  of  diamidonitrophenol  which  separata  are  obtained  perfectly 
pure  after  a  single  recrystallisation  from  water  to  which  a  little  animal  charcoal  is 
added.  Diamidonitrophenol  crystallises  in  long  dark -yellow  needles  or  narrow  plates  • 
it  is  somewhat  more  soluble  in  alcohol  than  in  water,  but  very  slightly  soluble  in  ether 
The  air-dry  substance  contains  a  molecule  of  water  of  crystallisation,  which  is  readilj 
given  off  above  100°. 

Diamidonitrophenol  has  far  stronger  basic  properties  than  amidodinitropheuol 
(picramic  acid),  which  dissolves  only  in  concentrated  acids,  the  resulting  compounds 
being  decomposed  on  the  addition  of  water.  Diamidonitrophenol  is  soluble  even  in 
very  dilute  solutions  of  the  mineral  acids,  forming  stable  compounds ;  like  amido- 
dinitropheuol, it  does  not  unite  with  organic  acids,  however.  Diamidonitrophenol 
m'x'hate,  [C«H=(NH-)'(N02)OH]-.H=SO*  +  6ffO,  crystallises  in  long  yellowish  needles 
or  columns,  and  is  difficultly  soluble  even  in  boiling  water.  Diamidonitrophenol 
hydrochloride  forms  delicate  four-sided  plates  usually  of  a  greenish  colour.  It  is  very 
soluble  in  cold  water  and  alcohol,  but  is  separated  from  tho  latter  solution  in  crystals 
by  ether.  Platinum  'ihloride  produces  no  precipitate,  even  in  very  concentrated  solu- 
tions of  this  salt. 

The  metallic  derivatives  of  diamidonitrophenol  are  far  less  stable  than  those  of 
amidodinitrophenol,  and  undergo  oxidation  when  exposed  to  the  air  in  a  moist  state. 
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Thoso  wliich  ai'c  dissolved  by  water  are  more  soluble  than  the  corresponding  amido- 
dinitrophenol  derivatives.  Barium  diamidonitrophenol,  [C'^H^(NH^)'''(NO'-)0]'-Ba  + 
2H-0,  separates  in  ruby-red  needles  on  the  addition  of  barium  chloride  to  a  solution 
of  ammonium  diamidonitrophenol.  If  recrystallised  from  ■water,  in  which  it  is  moder- 
ately soluble,  it  is  obtained  in  almost  black  glistening  prisms.  Silver  diamidonitro- 
phenol separates  as  a  reddish-yellow  precipitate  which  rapidly  blackens  on  the  addition 
of  silver  nitrate  to  a  solution  of  ammonium  diamidonitrophenol.  The  zinc  derivative 
resembles  the  silver  derivative,  but  is  far  more  stable.  Basic  lead  acetate  produces  a 
reddish-brown  precipitate  in  an  aqueous  solution  of  diamidonitrophenol. 

The  formation  of  diamidonitrophenol  is  preceded  by  that  of  amidodinitrophenol, 
according  to  Griess ;  but  his  experiments  show  that,  when  the  reduction  of  trinitro- 
phenol  takes  place  in  an  alcoholic  solution,  as  in  the  preparation  of  amidodinitrophenol 
by  Girard's  method,  it  has  but  little  tendency  to  extend  to  more  than  one  of  the  three 
nitro-groups.  Aqueous  ammonium  sulphide  scarcely  acts  upon  diamidonitrophenol  in 
the  cold,  but  when  boated  to  boiling  converts  it  completely  into  a  blue-black,  neutral, 
amorphous  body,  which  is  insoluble  in  all  the  ordinary  solvents,  but  is  dissolved  by 
strong  warm  sulphuric  acid  (Griess). 

mtrosopbenols.  Paranitrosophenol,G^W(^0)0^  (1  :  4)  (Baeyer  a.  Caro,  Bcut. 
Chcm.  Gcs.  Bo:  vii.  963),  is  produced  when  nitrosodimethylaniline  is  boiled  with 
sodium  hydrate  solution : 

C«H\N0).N(CH')2  +  WO  =  C«IP(NO)OH  +  NH(Cff)2; 

and  by  the  action  of  nitroiis  acid  on  phenol. 

Baeyer  a.  Caro  prepare  nitrosodimethylaniline  by  adding  100  pts.  of  amyl  nitrite  to 
a  mixture  of  50  pts.  of  dimethylaniline  with  100  pts.  of  concentrated  hydrochloric  acid 
and  750  pts.  of  a  mixture  of  1  vol.  of  hydrochloric  acid  with  2  vols,  of  alcohol,  which 
is  well  cooled  with  ice.  After  a  short  time  yellow  needles  of  nitrosodimethylaniline 
hydrochloride  separate ;  as  soon  as  these  no  longer  increase  in  quantity,  the  mass  is 
tlirown  on  a  vacuum-filter,  and  washed  with  ether-alcohol. 

To  prepare  the  nitrosophenol,  a  mixture  of  90  pts.  water  with  10  pts.  sodium 
hydrate  solution  (sp.  gr.  r25),  is  heated  to  boiling  in  a  flask  connected  with  a  reversed 
condenser,  and  2  pts.  nitrosodimethylaniline  hydrochloride  is  gradually  added,  care 
being  taken  each  time  to  await  the  disappearance  of  the  oily  drops  of  the  base  before 
adding  a  fresh  quantity  of  the  salt.  The  boiling  is  continued  until  the  dark  greenish- 
yellow  colour  has  entirely  disappeared  and  changed  to  reddish-yellow.  The  greater 
part  of  the  dimethylamine  passes  over  during  the  boiling,  and  should  be  collected  in 
hydrochloric  acid.  To  obtain  the  nitrosophenol  the  solution  is  well  cooled,  rendered 
slightly  acid  with  sulpliuric  acid,  and  extracted  with  ether ;  on  distilling  off  tlie  ether 
it  remains  in  the  form  of  a  brown  crystalline  mass. 

Phenol  is  converted  into  nitrosophenol  in  the  following  manner: — 5  pts.  of  phenol 
and  20  pts.  of  poUissinm  nitrite  are  dissolved  in  1,000  pts.  of  water,  and  the  solution 
cooled  as  well  as  possible  with  ice-water;  10-12  pts.  of  ordinary  acetic  acid,  diluted 
with  10  vols,  of  water,  is  then  added  little  by  little  and  with  constant  shaking.  After 
12-16  hours  the  brown  liquid  is  filtered  to  separate  a  small  quantity  of  resin,  and 
extracted  with  ether  ;  in  order,  however,  to  avoid  the  action  of  any  excess  of  phenol, 
and  of  the  nitrous  acid  present,  on  the  nitrosophenol,  wliich  would  occur  on  distilling 
olT  the  ether,  concentrated  sodium  hydrate  solution  is  added.  The  mass  of  sodium 
nitrosophenol  which  separates  is  spread  upon  porous  plates  ;  when  dry  it  is  dissolved 
in  water,  the  nitrosophenol  is  separated  by  sulphuric  acid,  and  after  being  slightly 
washed,  it  is  rapidly  dissolved  in  hot  water;  the  solution  is  then  filtered,  cooled,  and 
extracted  with  ether.    On  distilling  off  the  ether,  pure  nitrosophenol  remains. 

Nitrosophenol  crystallises,  on  slow  evaporation  of  an  ethereal  solution,  in  large  brown 
rhombic  plates  which  have  their  braehydiagonal  axis  a,  macrodiagonal  b,  and  vertical 
axis  c  in  the  ratio  a  :  b  :  c  =  0-59264  :  1  :  2-4691  ;  and  the  angle  ooP  ;  ooP  = 
118°  41'  40",  and  P  :  P  =  120°  5'  40".  It  is  moderately  soluble  in  water,  molts 
when  heated,  and  at  120°-130°  decomposes  with  a  slight  explosion.  Nitrosophenol  is 
readily  soluble  in  a  dilute  solution  of  sodium  hydrate  ;  on  adding  a  concentrated  sodium 
hydrate  solution,  sodium-nitrosophcnol  separates  in  reddish-brown  needles.  On 
oxidation  by  nitric  acid,  or  by  an  alkaline  solution  of  potassium  ferricyanide,  it  is 
converted  into  paranitrophenol  (m.  p.  114°).  By  reduction  -with  tin  and  hydrochloric 
acid  it  is  converted  into  para-amidophenol.  When  nitrosophenol  is  dissolved  in  phenol, 
and  a  small  quantity  of  concentrated  sulphuric  acid  is  added,  the  mass  assumes  a  fine 
dark  cherry-red  colour,  which  changes  to  blue  on  the  addition  of  water  and  solution 
of  potassium  hydrate.    According  to  Liebermaun  vii.  1099)  the  blue  colouring 

matter  thus  produced  has  the  composition  C'^H'^NO^  Ijeing  formed  by  the  action  of 
2  mols.  of  phenol  on  1  niol,  of  nitrosophenol.    To  prepare  it  he  nn'xes  5  grams  of 
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phenol  ■with  an  equal  volume  of  concentrated  sulphuric  acid,  carefully  cooling  to  prevent, 
as  far  as  possible,  the  formation  of  sulpho-acids ;  2'0  grams  of  a  5  p.c.  solution  of 
potassium  nitrite  in  concentrated  sulphuric  acid  is  then  added  in  quantities  sufS.cient 
to  maintain  the  temperature  at  40°-o0°  during  the  time  that  the  reaction  is  taking 
place  (about  fifteen  minutes).  The  liquid  is  then  poured  into  a  large  quantity  of  cold 
water,  the  precipitate  filtered  off,  drained  on  a  porcelain  plate,  and  dried  over  sulphuric 
acid.  The  substance  thus  obtained  maybe  dried  at  130'^.  It  is  a  bro^yn  powder, 
easily  soluble  in  alcohol  ;  alkalis  dissolve  it,  forming  a  blue  solution. 

The  resin  which  is  formed  on  acting  upon  phenol  with  dilute  nitric  acid  is  probably 
a  product  of  the  action  of  phenol  on  nitrosoplienol  (Baeyer  a.  Caro). 

CbloronitropSieisols.  Parachlororthonitrophenol,  C^H'C1(N0^)0H  (1  .'2:4),  is 
tlie  sole  product  of  tlie  action  of  dilute  nitric  acid  on  parachlorophenol  (Faust,  Dad. 
Cliem.  Gcs.  Ber.  vi.  132;  Beilstein  a.  Kurbatow,  ibid.  1396);  it  is  also  formed, 
probably  together  with  orthoehlororthonitrophenol,  by  the  action  of  chlorine  on  ortho- 
nitrophenol  (Faust  a.  Saame,  Aim.  Ch.  Pharm.,  Suppl.  vii.  195;  Armstrong  a.  Prevost, 
Dcut.  Chcm.  Ges.  Bcr.  vii.  922).  It  melts  at  85°-87°.  The  properties  and  metallic 
derivatives  of  this  phenol  have  already  been  described  {1st  Siippl.  912).  It  is  con- 
verted by  chlorine  into  dichlororthonitrophenol  melting  at  121°-122°,  and  by  nitric 
acid  into  Dubois'  paraehlorodinitrophenol  melting  at  81°  (Faust  a.  Saame).  The 
barium  derivative  crystallises  with  4H'-0  and  not  with  2H-0,  as  previously  stated 
(Faust,  Ami.  Ch.  Pkarm.  clxxiii.  317). 

OrthochloroparanitropJienol,  C'*H'C1(N0')0H  (1  :  2  :  4  :  ),  is  formed  on  chlorinating 
paranitrophenol  (Armstrong,  Chem.  Soc.  J.  1872, 12;  Faust  a.  Miiller,  ^»«.  Ch.  Pharm.. 
clxxiii.  309);  together  with,  orthoehlororthonitrophenol,  on  treating  orthochlorophenol 
(b.  p.  176°)  with  dilute  nitric  acid  (Faust  a.  Miiller),  and  by  Griess's  method  from  the 
chloronitroamidophenol  obtained  on  reducing  chloro-o-dinitrophenol  (m.  p.  110°-111°) 
with  ammonium  sulphide  (Faust,  Zdtschr.f.  Chem.  1871,  339). 

Orthochloroparanitrophenol  is  slightly  soluble  in  cold  wat«r  and  moderately  sohiblo 
in  boiling  water,  from  which  it  separates  partly  as  an  oil  which  rapidly  solidifies, 
partly  in  white  silky  needles  ;  it  is  very  soluble  in  ether,  chloroform,  and  alcohol.  It 
melts  at  110°-111°,  but  at  a  much  lower  temperature  under  water.  It  is  only  volatile 
to  a  very  slight  extent  in  a  current  of  steam.  Nitric  acid  (sp.  gr.  1'36)  readily  con- 
verts orthochloroparanitrophenol  into  chloro-a-dinitrophenol  (m.  p.  110°-111°);  with 
chlorine  it  furnishes  dichloroparanitrophenol  (m.  p.  125°).  The  potassium  derivative, 
C''H'C1(N0-)0K  +  H^O,  forms  tufts  of  brown-j'ellow  needles  very  soluble  in  water  ; 
the  sodium  derivative  forms  yellow  needles  very  soluble  in  water  ;  the  calcium  deriva- 
tive, (C^H'C1(N0^)0)-Ca  +  4H=0,  crystallises  in  tufts  of  canary-yellow  needles,  easily 
soluble  in  water;  the  barium  derivative,  (C''H'Cl(NO-)0)^Ba  +  7ffO,  separates  from 
hot  water,  in  which  it  is  very  soluble,  in  long  dark -yellow  glistening  needles ;  tlie 
magnesium  derivative  forms  pale-yellow,  very  soluble  needles,  which  contain  a  very 
large  amount  of  water  of  crystallisation  ;  the  silver  derivative  crystallises  from  hot 
water  in  tufts  of  copper-brown,  flattened  needles,  difficultly  soluble  in  water. 

OrtJiochloroparamidcphcnol  hydrochloride  is  obtained  on  reducing  orthochloropara- 
nitrophenol with  tin  and  hydrochloric  acid.  It  crystallises  from  water,  in  which  it  is 
easily  soluble,  in  white  needles  (Faust  a.  Miiller). 

Orthoehlororthonitrophenol,  C«H^C1(N02)0H  (1:2:6),  is  formed,  together  with 
orthochloroparanitrophenol,  wlien  orthochlorophenol  is  added  to  nitric  acid  (sp.  gr. 
1'36)  diluted  with  an  equal  weight  of  water  (Faust  a.  Miiller,  loc.  cit.)  At  first  a  red 
oil  is  produced,  but  after  a  time  this  becomes  solid ;  it  is  allowed  to  remain  for  24 
hours  in  contact  with  the  acid,  then  removed,  washed,  and  boiled  with  barium  car- 
bonate. The  difficultly  soluble  barium  orthoehlororthonitrophenol  is  readily  separated 
from  the  easily  soluble  barium  orthochloroparanitrophenol  by  crystallisation. 

Orthoehlororthonitrophenol  is  but  slightly  soluble  in  water;  it  dissolves  easily  in 
chloroform,  from  which  it  crystallises  in  flat  yellow  imperfectly  developed  needles.  It 
volatilises  readily  in  a  current  of  steam,  and  may  therefore  be  separated  from  ortho- 
ehlororthonitrophenol by  distillation  -with  water.  It  melts  at  70°.  Nitric  acid  con- 
verts it  into  chloro-a-dinitrophenol  (m.  p.  110°-111°).  The  potassium  derivative 
crystallises  in  long  dark-red  glistening  flat  needles,  easily  soluble  in  water;  the  calcium 
derivative,  (C^ffCl(NO-)0)''^Ca  +  H^O,  forms  sliort  red-brown  prisms,  which  are  often 
grouped  in  wart-like  forms,  and  are  somewhat  difficultly  soluble  in  water;  the  barium 
derivative,  (C^H'Cl(NO''')0)^Ba  +  H-0,  forms  short  copper-brown  plates,  which  are 
usually  united  in  little  warts  ;  it  is  scarcely  more  soluble  in  hot  than  in  cold  water, 
very  little  separating  from  the  hot  saturated  solution  as  it  cools.  The  silver  derivative, 
C'*H^Cl(NO-)OAg,  forms  carmine-red  glistening  scales,  difficultly  soluble  in  water. 

Dichloroparanitrophenol  or  Di^rthochloroparanitrophenol,  C'^H-CP(NO^)OH  (1:2: 
4  :  6). — T^he  preparation  of  this  compound  (m.  p.  125°),  which  was  first  obtained  by 
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Seifart  by  ehlorination  of  paranitroplienol  (m.  p.  114°),  lias  prevnously  been  deseribod 
{1st  Suppl.  913);  in  this  case  ortliochloroparanitrophenol  (m.  p.  110°-111°)  is  first 
produced.  It  is  also  formed  on  carefully  treating  dichloroplienolsiilphonic  acid,  pre- 
pared from  phenolparasulphonic  acid,  with  nitric  acid  (Armstrong,  Chem.  Soc.  J.  1871, 
1112  ;  Faust,  Zeiischr.f.  Chem.  1871,  338).  Seifart  states  that  the  barium  derivative 
crysfciUises  in  brown-red  prisms  or  light-red  needles,  according  to  concentration  (1st 
Suppl.  913).  According  to  Faust  a.  Miiller,  it  forms  either  red  flat  needles  with  4H-0 
or  long  yellow  needles  with  SH-O  ;  the  former  separates  first,  the  latter  only  appear- 
ing after  some  hours  ;  both  modifications  yield  both  forms  in  the  same  order  on  re- 
crystallisation  (Ann.  Ch.  Pharm.  clxxiii.  311).  By  the  action  of  dilute  nitric  acid 
dichloroparanitrophenol  may  be  converted  into  cliloro-a-dinitrophenol  (Armstrong, 
loc.  cit.)  When  it  is  heated  above  its  melting  point  it  is  decomposed  with  evolution 
of  nitrogen,  nitric  oxide,  and  nitric  peroxide  ;  a  sublimate  consisting  of  long  yellow 
needles  of  diehloroquinone  and  white  prismatic  crystals  of  an  unknown  body  collects 
in  the  tube,  and  a  brown-red  residue  is  left  (Armstrong  a.  Brown,  Deut.  Chem.  Gcs. 
Tier.  vii.  926). 

A  dicliloronitrophenol,  described  by  Petersen  as  melting  at  106°  (Ann.  Ch.  Pharm. 
clvii.  lC3),lias  since  been  shown  by  him  (Deut.  Chem.  Ges.  Ber.  1873,  370)  to  be  impure 
dichloroparanitrophenol. 

Bichlororthoniti-ophenol  or  Parachlororthochlororthonitrophoiol,  C<^H-C1-(N0-)0H. 
(1:2:4:6),  which  is  produced  on  nitrating  the  dichloropheuol  melting  at  42°-43° 
(\st  Suppl.  913),  is  also  formed  wlien  chlorine  is  passed  into  an  aqueous  solution  of 
orthonitrophenolparasulphonic  acid,  and  by  the  action  of  nitric  acid  on  the  dicliloro- 
phenolsulplionic  acid  produced  by  acting  upon  dichlorophenol  (m.  p.  42°-43°)  with 
sulphuric  chlorhydrate,  which  is  doubtless  identical  with  that  formed  on  chlorinating 
Kekule's  phenol»e«iIrtsulphonic  acid  (phenoloriAosulplionic  acid),  (Armstrong,  Chem. 
Soc.  J.  1871,  1119  ;  1872,  93;  Faust,  Zeiischi:  f.  Chem.  1871,  338).  The  potassiuna 
derivative  of  tliis  dichloronitrophenol,  which  is  usually  anhydrous,  occasionally  crystal- 
lises with  a  molecule  of  water  (Faust,  A7in.  Ch.  Phcmn.  clxxiii.  317). 

Bichlororthamidophaiol  or  Orthochloroparacldororthaiaidoplienol,  CH-CP.NH-.OH 
(1:2:4:  6). — Tho  hydrochloride  of  this  compiound  is  readily  obtained  by  reducing 
dichlororthonitrophonol  (m.  p.  121°)  with  tin  and  hydrochloric  acid  ;  when  the  action 
is  completed  it  is  precipitated  by  the  addition  of  concentrated  hydrocliloric  acid,  re- 
dissolved  in  a  small  quantit;y  of  water,  reprecipitated  by  acid,  and  dried  on  porous 
plates.  It  is  readily  converted  into  dichlorodiazophenol,  C°H-Cr-ON-,  which  is 
obtained  uncombined  with  hydrochloric  acid,  by  the  action  of  nitrous  acid  either  on  an 
aqueous  or  on  an  alcoholic  solution  (Schmitt  a.  Glutz,  Bent.  Chem.  Ges.  Ber.  ii.  52). 

Ofthochloro-a-diiiitrophenolor  Orthochlororthonitroparanitropihenol,  C"H-C1(N0-)^0H 
(1:2:4:  6). — This  compound,  which  is  the  jS-chlorodinitrophenol  of  Faust  a.  Saame, 
molting  at  110°-111°  (1st  Suppl.  914),  is  identical  with  the  chlorodinitrophenol 
(7-chlorodinitrophenol ;  ibid.)  obtained  by  Gricss  (Armstrong,  Chem.  Soc.  J.  1872,  96), 
and  with  that  formed  on  treating  trinitrophenol  according  to  Stenhouso's  method  (1st 
Suppl.  914)  with  iodine  chloride  (Peterson,  Deut.  Chem.  Ges.  Ber.  vi.  368).  It  is 
also  produced  : — 1.  By  the  action  of  chlorine  on  a-dinitrophunol  (Armstrong,  Chem. 
Soc.  J.  1872,  12;  Faust,  Zeitschr.f.  Chem.  1871,  339).  2.  On  nitration  of  orthocliloro- 
paranitrophonol  (Armstrong,  loc.  cit. ;  Faust  a.  Miiller,  Ann.  Ch.  Phar//i.  clxxiii.  309). 
3.  On  nitration  of  orthochlororthonitrophenol  (Faust  a.  Miiller).  4.  By  heating  diazo- 
dinitrophenol  from  amidodinitrophenol  (picramic  acid)  with  liydroohloric  acid  (Faust, 
loc.  cit.)  5.  By  the  action  of  nitric  acid  on  diclilorophenolparasulphonic  acid  (Arm- 
strong, C'he7>i.  Soc.  J.  1871,  119;  Faust,  loc.  cit.)  6.  By  the  action  of  nitric  acid  on 
dichloroparanitrophenol  (Armstrong). 

The  potassium  derivative,  C''H-C1(N0-)=0K  +  H-O,  crystallises  in  short,  fine, 
yellow  needles;  the  sodium  derivative,  C^H-C^NO-l-ONa-f  l^H-0,  also  in  short 
yellow  needles.  The  ammonium  derivative  cvjsiniWfias  with  li^OH-.  and  tho  barium 
derivative  with  0-10OH-.  Calciiimchloro-a-dinitropheml,  [C''H=Cl(NO=)-0]=Ca -h  7H=0, 
forms  long,  fiat,  pointed,  golden -yellov/  needles ;  it  is  one  of  the  most  beautiful  and 
cliaractcristic  of  the  derivatives  of  this  phenol.  The  magnesium  derivative  crystal- 
lises in  long,  capillary,  pointed,  pale-yellow  needles,  which  contain  7-lOH-O  ac- 
cording to  concentration  ;  the  copiper  derivative,  [C''H^Cl(NO^)-0]^Cu  +  SH^O,  forms 
long,  hair-fine,  branched,  silky  needles  of  greenish-yellow  colour,  which  become  dark 
brown  on  drying.  All  these  are  readily  soluble  in  hot  water,  but  difficultly  soluble  in 
cold  water. 

Orthochlororthoamidoparanitrophenol,  C<'H-C1(NH=)(N02)0H  (1:2:4:6),  is  ob- 
tained on  reducing  ehloro-a-dinitrophenol  by  ammonium  sulphide  (Faust,  Zeitschrift  f. 
Chem.  1871,  339  ;  Ann.  Ch.  Pharm..  clxxiii.  315  ;  Armstrong,  Chem.  Soc.  J.  1872, 14).  It 
separates  from  hot  water,  in  which  it  is  moderately  soluble,  in  long,  fine,  brass-yellow 
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needles  of  the  composition,  C^H2C1(NH2)N0=0H  +  J  H=0.  The  dry  substance  molts 
at  about  140°.  The  bariiim  derivative,  [C<'B^C\(T!(R-)(!>(0-'-)OYBa  +  4H=0,  crystallis-s  in 
fine,  black  needles  ;  the  sulphate,  [C«H'C1(NH-)(N0-)0H]'^.H^S0\  separates  from  the 
saturated  solution  in  yellowish,  glistening  plates,  rather  soluble  in  water;  the  //i/- 
drochloride,  C"H-C1NH-N0-0H.HC1,  crystallises  in  short,  yellow  needles,  and  is 
easily,  soluble  in  -water. 

Parachloro-fi-dinitrophenol  or  ParacMorodiorthonitroplienol,  C'H'-Cl(N0-)-01I 
(1:2:4:6).  Thismodification,-whichmeltsat8n°-81°,  is  commonly  known  as  Dubois 
chlorodinitrophenol.  It  is  produced:—!.  By  nitration  of  parachlorophenol  (Dubois). 
2.  By  the  action  of  nitric  acid  on  parachlorophenolsulphonic  acid  (Petersen  a.  Baehr- 
Predari,  Ann.  Ch.  Pharm.  clvii.156).  3.  On  nitration  of  parachlororthonitrophenol 
melting  at  86°-87°  (Faust  a.  Saame).  4.  By  the  action  of  sodium  hydrate  solution  on 
the  a-dinitroparadichlorobenzene  (m.  p.  104°)  of  Jungfleiseh  (Engelhardt  a.  Latschinoif, 
Zeitschr.  f.  Chem.  1870,  234  ;  fiorner,  Gaz.  chim.  ital.  1874,  395). ;  5.  On  chlorination 
of  /3-dinitrophenol  (Armstrong,  Dent.  Chem.  Gcs.  Ber.  1873,  649 ;  Korner.  loe.  cit.) 
G.  In  small  quantity  together  with  chloro-a-dinitrophenol  by  the  action  of  iodine  chlo- 
ride on  triuitrophenol  (Petersen,  Deut.  Chem.  Ges.  Ber.  1873,  369  ;  Armstrong,  ibid. 
650). 

Parachloro-;8-dinitrophenol  crystallises  in  monoclinic  prisms  which  exhibit  the  com- 
binations OP.  — P. -f5oo  .ooP.  oogoo  ;  the  cleavage  being  according  to  cc^co  .  The 
orthodiagonal  axis  (a),  the  klinodiagonal  (6),  and  the  principal  axis  (c)  are  in  the 
ratio'a  :  b  :  c  =  0-59553  :  1  :  0-73070,  and  the  angles  ooP  :  ooP  =  64°  34'; 
OP  :  H-Poo  =  137°  40';  OP  :  coPoo  =  109°  30';  OP  :  a>P  =  100°  17';  OP  :  -  P 
=  132°  0'  (Hessenberg,  Ann.  Ch.  Pharm.  elvii.  158). 

The  potassiwn  derivative,  C"H-Cl(NO-)-OK,  crystallises  in  long,  fine  needles  of 
a  magnificent  red  colour,  which  exhibit  a  metallic-green  lustre ;  it  is  readily  soluble 
in  hot,  but  very  difficultly  soluble  in  cold  water.  The  ammonium  derivative, 
C°H^Cl(NO-)-ONHS  forms  fine,  deep  orange  needles ;  the  sodium  derivative, 
C''II^Cl(N02)-0Na  +  3H'^0,  separates  in  scarlet-red  moss-like  forms,  difficultly  soluble 
in  cold  water  ;  from  alcohol  it  crystallises  in  small  red  needles.  The  barman  derivative, 
[C°H^Cl(NO-)-0]^Ba  +  H-0,  crystallises  in  fine,  glistening,  pale  saffi-on-yellow  needles, 
very  difficultly  soluble  even  in  hot  water ;  the  lead  derivative,  [C''H=Cl(N0-)=0]-Pb  +  H-0, 
is  also  very  difficultly  soluble  in  hot  water,  from  which  it  separates  in  fine,  glistening, 
yellow  needles.  The  copper  derivative,  [C^H-'CKNO-y-OJCu  +  2B.-0,  forms  saffron- 
yellow  needles.  The  silver  derivative,  C'H-Cl(N0^)-0Ag,  which  is  very  difficultly 
soluble  in  water,  separates  from  the  hot  solution  in  fine,  brilliant-red  needles. 

Parachloro-^-dinitrophenetol,  C^H-C1(N0-)^00"H^,  crystallises  from  alcohol  in  almost 
colourless,  glistening  needles,  or  pale  yellow  rhombic  plates.  It  melts  at  64°-55° 
(Petersen  a.  Baehr-Predari). 

Other  Chlorodinitivphenols. — -By  heating  fl-dinitroparadichlorobenzene  (m.  p.  101°) 
with  sodium  hydrate  solution,  Engelhardt  a.  Latschinoff  {Zeit.f.  Chem.  1870,  234) 
obtained  the  sodium  derivative  of  a  dinitroparachlorophcnol  melting  at  70°,  isomeric 
with  parachloro-;8-dinitrophenol.  This  observation  has  recently  been  confirmed  by 
Korner  ((?«?.  chim.  ital.  1874,  395).  According  to  the  latter,  the  potassium  deriva- 
tive of  this  phenol  crystallises  in  small  plates  of  the  same  colour  as  the  silver  derivative 
of  Dubois'  chlorodinitrophenol. 

A  metachlorodinitrophenol  has  been  obtained  by  Korner  {loc.  cit.  375,  400)  by 
treating  the  dinitrowetedichlorobenzene  (m.  p.  103°), formed  on  nitrating  metadiehloro- 
benzene  (1  :  3)  with  potassium  hydrate.  The  potassium  derivative  which  is  thus  pro- 
duced is  yellow,  and  only  slightly  soluble  in  water. 

Petersen  a.  Baehr-Predari  {Ann.  Ch.  Pharm.  clvii.  161)  obtained  a  small  quantity  of 
a,  dinitrochloi-ophenol,  melting  at  114°,  together  with  Dubois' chlorodinitrophenol,  on 
nitrating  the  sulpho-acid  from  chlorophenol  (b.p.  218°).  Whether,  if  a  pure  substance, 
this  was  derived  from  the  parachlorophenol,  or,  which  appears  to  be  more  probable, 
from  metachlorophenol  present  in  the  parachlorophenol  employed,  was  not  determined. 
The  metallic  derivatives  of  this  compound  are  more  soluble  than,  and  not  so  well 
crystallised  as,  those  of  parachloro-;8-dinitrophenol.  The  potassium  derivative, 
C''H'-'C1(N0-)=0K  +  H-0,  crystallises  in  brick-red,  moss-like  aggregates  ;  when  dry  it 
has  a  brilliant  carmine-red  colour.  The  arnawniitm  derivative,  C«H'-Cl(Np-)^ONH^ 
+  H-O,  forms  orange-yellow  needles  ;  the  barium,  derivative,  [C''H=Cl(N6-)=0]^Ba 
-f  2H^0,  crystallises  in  ochre-yellow  needles,  which  become  orange-red  on  drying  ;  the 
silver  derivative  separates  from  hot  water  in  small,  granular,  pale-red  crystals. 

The  dinitrocUorophenol  melting  at  69°  which  Petersen  {loc.  cit.  165)  described  as 
isomeric  with  Dubois'  chlorodinitrophenol,  he  has  since  stated  {Deut.  Chem.  Ges.  Ber. 
vi.  369)  is  identical  with  the  latter. 
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Bromonitrophenols.  PamUromorUtonitrophenol ,  C''H^Br(NO'-)OH  (1:2:  4),  is 
the  first  product  of  the  action  of  nitric  acid  on  parabromopheiiol  (Huebner  a.  Erenken, 
Detit.  Chem.  Qes.  Ber.  vi.  170;  Korner,  Gaz.  cUvi.  ital.,  1874,  388;  Ai-mstrong). 
It  molts  at  87°-88°.  The  sodium  derivative,  C''ffBr(NO=)ONa,  crystallises  in 
small  deep-red  needles,  which  exhibit  a  golden-green  lustre,  it  is  extremely  soluble 
in  water. 

Orthobromoparanitrophonol,  C''II'Br(NO-)OH  (1  :  2  :  4),  is  produced  when  bromine 
acts  upon  paranitrophenol.  It  melts  at  102°  {\st  Suppl.  912).  The  barium  derivative, 
[C'H'Br(NO'^)0]-Ba  +  6H-0,  crystallises  in  tufts  of  orange-yellow  needles,  somewhat 
difficultly  soluble  in  water  (Brmick,  Zeitschr.  f.  Chem.  1867>  204). 

Orthobromorthonitro2)henol,  C'*H^Br(NO-)OH  (1:2:  6),  is  apparently  formed, 
together  with  parabromorthonitrophenol,  by  the  action  of  bromine  on  orthouitrophenol 
(Armstrong  a.  Prevost,  Bcut.  Chem.  Ges.  Ber.  rii.  922),  but  it  has  not  yet  boon  sepa- 
rated in  the  pure  state. 

Bibromoparanitrophenol  or  Biorthobromoparanitrophenol,  C''H-Br-(NO-)OH 
(1:2:4:6),  which  is  the  end-product  of  the  action  of  bromine  on  paranitrophenol 
(Is;;  Suppl.  912),  is  also  formed  by  nitration  of  dibromophenolparasulphonic  acid 
(Armstrong  a.  Brown,  Chem.  Soc.  J.  1872,  857).  When  heated  slightly  above  its 
melting  point  (141°),  it  is  decomposed;  nitrogen,  nitric  oxide,  and  nitric  peroxide  are 
evolved,  and  a  sublimate  of  dibromoquinone  mixed  with  a  second  body  is  obtained 
in  the  tube  in  which  the  decomposition  is  eifected,  and  a  brown  residue  remains 
(Armstrong). 

Bihromoparaiiitranisol,  C'*H-Br2(N0-)0CH^,  crystallises  in  white  prisms  melting  at 
122-6°  ;  it  is  slightly  soluble  in  cold  alcohol,  but  more  soluble  in  hot  alcohol.  When 
digested  with  alcoholic  ammonia  at  180°,  it  is  converted  into  dibromoparanitroaniline, 
melting  at  202'6°,  which,  on  treatment  with  ethyl  nitrite,  furnishes  nitrometadibromo- 
beuzene,  molting  at  104-5  (Korner,  Gaz.  chim.  ital,  1874,  390). 

Bibromorthonitrophenol  or  Barabromorthobromorthonitrophenol,  C''H'-Br-(jSfO-)OH 
(1:2:4:  6). — This  is  formed  by  the  action  of  bromine  in  excess  on  orthonitroplienol. 
It  is  also  produced  by  nitration  of  ordinary  dibromophenol  {\st  Suppl.  912),  by  nitra- 
tion of  dibromophenolorthosulphonic  acid  (Armstrong  a.  Brown,  loc.  cit.  863),  and  by 
the  action  of  bromine  on  orthonitrophenolparasulphonic  acid  {ibid.  870).  It  melts  at 
117°-118°.  The  voluminous  brown-red  precipitate  of  the  silver  derivative  which 
forms  on  adding  silver  nitrate  to  a  dilute  boiling  solution  of  the  potassium  derivative, 
is  converted,  on  .standing  24  hoiu's,  into  red  needles  6-6  ram.  long,  which  exhibit  a 
brilliant  metallic  lustre  ;  in  the  dry  state  these  crystals  resemble  rapidly  crystallised 
potassium  chrysammate  (Kcirner). 

Bibromorthonitranisol,  C''II-Br-(NO-)OCH',  which  is  produced  on  digesting  the 
silver  derivative  with  methyl  iodide,  crystallises  in  long  needles  which  exhibit  a  slight 
yollowish-green  tinge ;  it  melts  at  76-7°.  It  is  converted  by  alcoholic  ammonia  at 
170°  into  dibromorthonitraniline  (m.  p.  127'3°),  which,  on  treatment  with  ethyl  nitrite, 
furnishes  the  same  nitrometadibromobenzene  (m.  p.  104-6°)  that  is  obtained  from 
dibromoparanitrophenol  by  a  similar  series  of  reactions  (Korner,  loc.  cit.  392). 

Orthobromo  -  a  -  dinHrophcnol  or  Orthobremorthonitroparanitrophenol, 
C«H-Br(NO-)-OH  (1:2:4:6),  was  first  obtained  by  Laurent  {Bev.  Scicnt.  vi.  65) 
by  tho  action  of  bromine  on  a-dinitrophenol.  It  is  also  produced  :  1.  On  nitration  of 
orthobromoparanitropheuol  (Korner,  loc.  cit.  394  ;  Armstrong).  2.  On  nitration  of  or- 
thobromophenol  (Korner  ;  Armstrong).  3.  Together  with  parabromo-;8-dinitrophenol 
on  nitrating  the  product  of  tho  action  of  1  mol.  of  bromine  on  orthouitrophenol,  being 
formed  doubtless  from  the  orthobromorthonitrophenol  present  in  the  mixture  (Arm- 
strong a.  Prevost).  4.  On  nitration  of  dibromophenolparasulphonic  acid  (Armstrong 
a.  Brown,  Chem.  Soc.  J.  1872,  861).  6.  On  nitration  of  bromophenoldisulphonic  acid 
(Armstrong,  ibid.  865).  6.  By  digesting  trinitrophenol  with  bromine  iodide  and 
water  (Armstrong,  Bent.  Chem.  Ges.  Ber.  vi.  650).  7.  By  the  action  of  potassium 
hydrate  solution  on  the  bromodinitroanilino  (m.  p.  144°)  obtained  on  treating  ordinary 
dinitroaniline  (1  :  2  :  4)  with  bromine  (Korner,  loc.  cit.  394). 

Orthobromo-a-dinitrophenol  melts  at  118-2°  (Korner).  It  separates  from  boiling 
water,  in  which,  however,  it  is  only  slightly  soluble,  in  short,  fine,  almost  colourless 
needles.  It  is  readily  soluble  in  hot  alcohol,  from  which  it  crystallises  in  long  hair- 
fine  needles.  The  potassium  derivative,  C''II''Br(NO")-OK  +  WO,  forms  brilliant 
yellow  fiat  needles ;  it  also  separates  in  orange  prismatic  needles  containing  1  mol.  of 
water,  and  the  salt  with  \h  mol.  of  water  readily  parts  with  tlie  i  mol.  on  exposure 
to  tho  air.  Both  forms  are  diiBcultly  soluble  in  cold  water,  although  readily  dissolved 
by-  hot  water.  The  barium  derivative,  [C^WBv{^0'fOYBa.  +  4-5H-0,  is  very 
difficultly  soluble  in  water ;  it  crystallises  in  short  needles  of  a  more  or  loss  deep 
yellow  colour,  according  to  the  state  of  concentration  and  temperature  of  the  solution 
from  which  it  separates ;  the  darker  forms  always  contain  more  water  of  crystallisa- 
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tion  than  the  lighter.  The  calcium  derivative,  [C«H-Br(NO'')=0]-Ca  +  7  -  8H=0,  is 
readily  soluble  in  hot  -water,  but  difficultly  in  cold ;  it  separates  from  a  hot  concentra- 
ted solution  in  brilliant  orange-red  rhombic  plates,  and  from  very  dilute  solutions  in 
short  fine  yellow  needles  (Armstrong  a.  Brown).  According  to  Hiiebner  a.  Brenken 
the  yellow  salt  contains  120H-.  The  orange-red  form  is  gradually  converted  into  the 
yellow  if  it  be  allowed  to  remain  in  the  solution. 

The  bromodinitroaniline  (m.  p.  144°)  from  which  this  bromodiuitrophenol  may  be 
obtained  (supra)  is  not  attacked  by  ethyl  nitrite  (Korner). 

Parabromo  -  $  -  dinitropkenol    or   Parahromodiorthonitrc/phenol,    C^H''Br(NO-)-OH  ; 

(1  :  2  ;  4  :  6). — This  compound,  first  obtained  by  Korner  on  nitration  of  crude  bromo-  j 
phenol  {Ann.  Ch.  Pharm.  cxsxvii.  2C5),  is  formed:  1.  By  the  action  of  nitric  acid  on 
parabromophenol  (Korner,   Gaz.  chim.  ital.,  1874,  388;  Armstrong).    2.  By  the 
action  of  nitric  acid  on  pure  parabromorthonitrophenol  (Armstrong),  so  that  it  is 

produced,  together  with  orthobromo-a-dinitrophenol,  on  titrating  the  mixture  of  para-  I 

brom-  and  orthobrom-orthonitrophenol  formed  by  the  action  of  1  mol.  of  bromine  on  j 
orthonitrophenol  (Armstrong  a.  Prevost,  Beut.  Chem.  Ges.  Ber.  vii.  922),    3.  By  the 
action  of  bromine  on  ;8-dinitrophenol  (Korner,  loc.  cit.  327,  397  ;  Armstrong).    It  is 

very  difScaltly  soluble  even  in  boiling  water,  and  separates  on  cooling  in  short  yellow  i 

needles.   From  ether,  in  which  it  dissolves  easily,  it  crystallises  in  large  orange  prisms.  '\ 

It  melts  at  75-6°  (Korner).    When  heated  with  water  and  bromine  on  the  water-  I 

bath,  bromo-j3-dinitroplienol  is  converted  into  bromo-a-dinitrophenol ;   hence  it  is  i 

necessary, .  in  the  preparation  of  bromo-0-dinitrophcnol  from  /8-dinitrophenol  and  I 

bromine,  to  warm  the  mixture  gently  to  50°-60°  (Armstrong).  The  potassium  derivative,  j 

C"II^Br(NO-)-OK,  which  is  very  difficultly  soluble  in  cold  water,  and  far  less  soluble  i 

in  boiling  water  than  potassium  orthobromo-a-dinitroplienol,  crystallises  in  magnificeut  I 

flat  crimson  needles,  which  exhibit  a  beautiful  metallic-green  lustre,  especially  when  li 

viewed  surrounded  by  water.  The  silver  derivative  resembles  most  closely  that  of  the  < 
corresponding  (Dubois')  chlorodinitrophenol,  but  has  a  slightly  deeper  colour. 

Other   Bromodinitrofhenols.    Metahroinodinitroplienol,    C"'H-Br(NO^)''OH.  —  Tlia  |j 

potassium  derivative  of  this  compound  is  obtained  on  heating  the  dinitrometadibromo-  * 

benzene  (m.  p.  n7'4°),  which  is  produced  by  the  action  of  a  mixture  of  nitric  and  [t 

sulphuric  acids  on  nitrometadibromobenzene  (1:3:4)  melting  at  61-6°,  with  an  it 

aqueous  solution  of  2  mols.  of  potassium  hydrate.    It  is  also  formed  on  nitration  of  ;t 

metabromophenol  (1:3;  Korner,  lec.  cit.  389,  398).    It  is  easily  soluble  in  alcohol  11 

and  ether,  from  which  it  crystallises  in  large  transparent,  almost  colourless  prisms ;  'f 

it  is  precipitated  from  a  concentrated  cold  aqueous  solution  by  hydrochloric  acid  in  14 

small  plates,  and  from  a  hot,  less  concentrated,  solution  in  long  needles.    It  is  soluble  i 

in  concentrated  nitric  acid,  but  precipitated  in  plates  on  the  addition  of  water.    It  |lj 

melts  at  91-5°.   The  potassium  derivative  is  dimorphous.    If  crystallised  from  the  )li 

nearly  boiling  solution,  it  separates  in  long  bright  yellow  anli3'-drous  needles,  which  pre-  || 

sent  a  magnificent  setaceous  appearance  ;  and  these,  if  left  in  the  solution,  suddenly  I 

assume  a  paler  colour;  also  if  the  darker  salt  be  heated  to  120°  the  crystals  fall  to  I 

a  powder  consisting  of  minute  crystals  of  the  lighter  salt.    When  crystallised  at  a  | 

very  low  temperature,  the  potassium  derivative  forms  large  transparent  bright-yellow  jl 

rhombic  plates  which  contain  water  of  crystallisation;  these  very  readily  part  with  K 

their  water,  even  when  immersed  in  the  solution,  and  become  opaque.    The  calcium  II 

and  barium  derivatives  are  obtained  on  the  addition  of  calcium  or  barium  chloride  to  J 

a  hot  solution  of  the  potassium  derivative,  in  long  yellow  pointed  needles.    They  i 

detonate  more  violently  than  potassium  trinitrophenol  when  heated.    The  silver  de-  H, 

rivative  is  thrown  down  as  a  bulky  yellow  precipitate  on  the  addition  of  silver  nitrate  \i 

to  a  solution  of  the  potassium  derivative  ;  when  touched  with  a  glass  rod  it  assumes  a  I  I 

magnificent  red  colour  at  the  point  of  contact,  which  soon  extends  to  the  whole  mass.  |W 

When  it  is  dissolved  in  a  large  quantity  of  boiling  water,  and  the  solution  is  cooled,  |»i 
it  separates  in  small  needles  and  laminte,  perfectly  united  in  strawberry-liko  forms,  of 
a  magnificent  dark  crimson-red  colour,  which  rival  velvet  in  softness  and  splendour. 

MetabroinodinUranisol,  C'^II-Br(NO-)^OCH^,  crystallises  from  ether  in  small  prisms,  !i1 

fromalcoliol  in  rhombic  plates  of  a  greenish-yellow  colour ;  it  melts  at  109-4°  (Korner).  '!i 

Zodonitrophenols.    Orthiodoparanitrophenol,  C''H3I(N0=)0H  (1:2:  4),  [{i 

wliich  molts  at  93°--94°,  has  already  been  described  (Isi!  Suppl.  914).    Busch's  state-  .li 

ment  {Deut.  Chem.  Ges.  Ber.  vii.  462)  that  the  iodonitrophenol  obtained  by  the  action  («( 

of  iodine  and  mercuric  oxide  on  non-volatile  nitrophenol  does  not  possess  the  properties  |ii 

ascribed  to  it  by  Korner,  and  that  it  molts  at  164°-155°,  is  incorrect;  the  substance  H 

ho  obtained  was  undoubtedly  diiodoparanitrophenol  (Armstrong).    Orthoiodopara-  ji'l 

nitrophenol  is  readily  converted  into  iodo-o-dinitrophenol  (m.  p.  106°)  by  the  action  W 

of  niti'ic  acid  (Armstrong).                                                                        .  \r. 
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lodorthonitropJienols,  C°H'I(NO-)OII. — According  to  Buseli  the  action  of 
iodine  and  mercuric  oxide  on  orthiodonitrophenol  (volatile  nitrophenol)  dissolved  in 
glacial  acetic  acid,  gives  rise  to  the  formation  of  two  isomeric  iodonitroplienols,  viz: 
a-iodonitrophenol,  which  melts  at  90°-91°  crystallising  in  long  yellow  needles,  easily 
soluble  in  hot  water,  alcohol,  and  ether;  and /3-2Wo?;?7)'op/i«jo/,  which  melts  at66°-67°, 
and  crystallises  in  short  yellow  needles  easily  soluble  in  hot  water,  alcohol,  and  ether. 
The  a-compound  is  difficidtly  volatile  in  a  current  of  steam  ;  the  /3-compound,  how- 
ever, volatilises  readily.  Potassium-a-iodonitrophenol,  C''H=I(NO^)OK,  forms  red 
needles  very  easily  soluble  in  water,  but  difficultly  soluble  in  alcohol;  the  ^-derivative, 
C''H''I(NO=)OK  +  H-0,  crystallises  in  small  golden-red  glistening  plates,  very  easily 
soluble  in  water  and  alcohol.  Busch's  description  of  the  iodonitrophonols  from  ortho- 
nitrophenol  appears  to  be  very  incorrect  (Armstrong).  When  the  product  of  the 
action  of  iodine  and  mercuric  oxide  is  submitted  to  distillation  in  a  current  of  steam, 
orthonitrophonol,  together  with  a  certain  quantity  of  iodorthonitrophenol,  passes  over; 
the  residue  consists  of  iodo-  and  diiodo-orthonitrophenol.  If  the  volatilised  portion 
be  dissolved  in  potassium  carbonate  solution,  the  potassium  derivative  of  an  iodonitro- 
phenol  separates  in  crystals,  such  as,  according  to  Busch,  are  formed  by  potassium 
;S-iodonitropheuol ;  but  the  phenol  from  these,  after  repeated  recrystallisation  from 
ulcohol,melts  at  109°-1 10°,  audfurnislies  a  potassium  derivative,  C''ffI(NO'0OK  -t-  H^O, 
crystallising  in  aggregates  of  somewhat  irregularly  devolopied  rhombic  plates  of  a 
magnificent  garnet-red  colour  by  transmitted  light ;  in  reflected  light  these  crystals 
exhibit  a  beautiful  golden-green  metallic  lustre ;  they  avo  easily  soluble  in  hot,  but 
difficultly  soluble  in  cold  water  and  alcohol.  When  the  mixtiu-e  of  iodo-  and  diiodo- 
nitrophenol  above  referred  to  is  treated  with  potassium  carbonate  solution,  the 
solution  evaporated  to  dryness,  and  the  mixture  of  dry  salts  extracted  with  boiling 
alcohol,  a  considerable  quantity  of  the  potassium  derivative  of  the  phenol  melting  at 
109°-110°  is  likewise  obtained  ;  this  iodorthonitrophenol  crystallises  in  orange  prisms 
or  needles ;  it  is  readily  soluble  in  boiling  alcohol,  but  difficultly  soluble  in  cold 
alcohol;  it  is  only  very  slightly  soluble  in  water,  and  does  not  volatilise  to  any  con- 
siderable extent  in  a  current  of  steam.  Busch's  o-iodonitrophenol  was  probably 
impure  diiodonitrophenol  (ni.  p.  98°). 

Orthiodo-a-dmitrophenol  or  OrtJiiodortlionitropamnitrophenol,  C°II^I(NO-)-OH 
(1  :  2  :  4  :  6). — This  compound  was  first  obtained,  but  in  an  impure  state,by  the  action 
of  iodine  and  iodic  acid  on  a-dinitropheuol  by  Korner.  It  is  also  produced:  1.  By 
the  action  of  iodine  and  mercuric  oxide  on  a-dinitrophenol  (Armstrong,  Detit.  Chem. 
Gcs.  Ber.  vi.  651;  Weselsky,  Ann.  Ch.  Pharm.  clxxiv.  111).  2.  By  the  action  of 
hydriodie  acid  on  diazodinitrophcnol  (Korner  ;  Armstrong).  3.  By  the  action  of  nitric 
acid  on  orthiodoparanitrophenol  (Armstrong).  It  crystallises  from  boiling  water,  in 
which,  however,  it  is  only  sparingly  soluble,  in  long  fine  lemon-yellow  needles  which 
melt  at  106°  (Armstrong),  108°  (Weselsky).  fotassium  derivative,  C«H=I(NO=)^OK, 
forms  deep  orange  coloured  needles,  easily  soluble  in  hot,  but  difficultly  in  cold  water. 
The  calcium  derivative,  [C8H=I(N0=)-'0pCa  +  bWO,  crystallises  in  beautiful  orange- 
red  monoclinic  (?)  plates,  easily  soluble  in  hot  water,  but  difficultly  in  cold ;  the  barium 
derivative  crystallises  in  flat  needles  of  the  colour  of  potassium  dichromate. 

Para.iodo  -  )3  -  dimtrophenol  or  Paraiododiorthoiiitrophenol,  C''H^I(N02)-0H 
(1  :  2  :  4  :  6),  is  produced  by  the  action  of  iodine  and  mercuric  oxide  on  an  alcoholic 
solution  of  iS-dinitrophenol  (Armstrong,  Dfjj^  Chem.  fffs.5ej-.vi.  649).  Thepotassium  deri- 
vative is  obtained  when  iodine  and  iodic  acid  are  added  to  a  solution  of  /8-di nitrophenol 
in  a  large  excess  of  potassium  hydrate  solution,  aad  the  liquid  alternately  rendered  acid 
and  alkaline  (Korner,  Gaz.  chin,  ital.,  1874,  397).  It  crystallises  from  water,  in 
which  it  is  very  sparingly  soluble,  in  short  fine  yellow  needles,  melting  at  113°. 
The  potassium  derivative  forms  magnificent  carmine-red  needles,  which,  however,  when 
viewed  in  certain  directions,  exhibit  the  splendid  metallic-green  appearance  of  mur- 
oxide,  and  in  others  a  golden-yellow  colour;  it  is  very  difficultly  soluble  in  water. 
The  silver  derivative  is  precipitated  liy  silver  nitrate  from  a  dilute  boiling  solution  of 
the  potassium  derivative  in  magnificent  brown-red  small  needles. 

Sulpho-plienols  or  Pbe  nolsuIpUouic  Acids.  Tho  experiments  of 
Faust  (Zeitsehr.  ,/'.  Chem.  1871,  339),  of  Armstrong,  and  of  Armstrong  a.  Brown 
{Chem.  Soc.  J.  1871,  1112;  1872,  12,  857),  do  not  lend  support  to  SolommanoflTa 
statement  ( 1st  Siippl.  924)  that  the  action  of  sulphuric  acid  on  phenol  produces  simul- 
taneously three  isomeric  phenolmonosulphonio  acids,  CH'.OH.SO^H,  but  confirm 
Kekule's  view  that  only  two  are  formed. 

Phcnolorthoiulphcnic  acid.  Kehiles  PlienolmdasidpJwnic  aeid  (13-Phenvl- 
sidpkuric  acid:  1st  Suppl.  923).  C«H'.OH.SO»H  (1  :  2). 

Solommanofl's  experiments  {Zeitsehr.  f.  Chem.  1869,  v.  296)  on  the  action  of  benzoyl 
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chloride  on  potassium  plienolorthosulphonate  do  not  in  the  least  confirm  Engolhardfc  ( 
a.  Latschinoif 's  view  that  the  a-  and  y8-acids  formed  from  phenol  and  sulphuric  acid 
are  related  in  the  same  manner  as  isethionic  acid  and  hydrogen  ethyl-sulphate,  but  are  j 
quite  in  accordance  with  the  view  that  both  are  oxybenzenesulphouic  acids,  since  by  i 
heating  the  potassium  salt  of  the  0-acid  with  benzoyl  chloride,  he  obtained  benzoplienid,  | 
C«H'(OH).CO.C''ff ,  and  not  benzophenone,  C'ff  .CO.CH*  {1st  Suppl.  926) ;  the 
precise  natiu-e  of  the  reaction  which  takes  place  cannot,  however,  be  stated,  as  the  ] 
composition  of  the  product  containing  sulphur  has  not  been  ascertained.  ' 

AVhen  heated  with  water  and  hydrochloric  or  sulphuric  acid  in  sealed  tubes  at  about  ■ 
140°,  phenolorthosulphonic  acid  yields  phenol  and  sulphuric  acid  (Armstrong).  ' 

Aniline-phenolorthosulphonate,  C''H''(OH).SO'(NH^C'*H^),  is  resolved  into  phenol  and 
sulphanilic  acid  when  carefully  distilled  (Kopp,  Dcut.  Chcm.  Ges.  Bcr.  iv.  978) :  , 
C«H'(OH).SO'(NH^C=ff)  =  C^ff.OH  +  CH^NH-.SO^H.  By  the  action  of  nitric  j 
acid  on  potassium  phenolorthosulphonate,  the  potassium  salt  of  a  nitrophenolortho-  j 
sulphonic  acid  is  produced,  which  does  not  appear  to  be  identical  with  that  formed  | 
from  paranitrophenol  and  sulphuric  acid  (Post,  ibid.  vii.  1323).  ' 

Phenolparasidphonic  acid,  Cff.OH.SO'H  (1  :  4). — According  to  Kekule,  potassium 
phenolparasulphonate  yields  resorcin  when  fused  with  an  excess  of  potassium  hydrate, 
although  always  in  small  quantity.  Lincke  (J.  2^)-.  Chem.  [2],  viii.  43)  has  made  a 
series  of  experiments  on  this  subject,  and  also  finds  that  very  little  resorcin  is  pro-  ■ 
duced,  but  at  temperatures  above  300°  a  reaction  occurs  which  results  in  the  formation 
of  a  diphenol,  C'-H''(OH)-,  isomeric  with  that  obtained  by  Earth  on  fusing  phenol 
with  potassium  hydrate,  but  identical  ^vith  the  diphenol  which  Griess  procured  by  , 
heating  tetrazodi phenyl  nitrate  with  water  (iv.  412). 

Aniline-phenolparasulphonate  melts  at  about  170°  and  decomposes  at  180°-190°, 
pure  phenol  distilling  over,  and  a  residue  of  sulphanilic  acid  being  left  (Kopp).  Phe- 
nolparasulphonic  acid  is  decomposed  into  phenol  and  sulphuric  acid  on  heating  with 
water  and  sulphuric  -or  hydrochloric  acid  in  sealed  tubes  at  about  150°  ;  it  is,  however, 
far  less  readily  decomposed  than  the  isomeric  acid  (Armstrong). 

When  potassium  phenolparasulphonate  is  heated  for  some  time  ■with  double  the 
weight  of  phospliorus  pentachloride  in  a  flask  or  retort  connected  with  a  reversed  con- 
denser, and  then  distilled,  a  product  is  obtained  which,  on  rectification,  yields  a  mix- 
ture of  siilphurous  chloride,  SOCP,  and  phosphoric  chloride,  POCP,  boiling  at  60°- 
120°  ;  from  the  higher  portions  of  the  distillate  an  oil  boiling  at  26.5°-267°  may  be 
separated  by  rectification,  and,  when  the  intermediate  portions  are  added  to  water,  a 
considerable  quantity  of  paradichlorobenzene  is  obtained,  together  with  a  solution  | 
containing  hydrochloric,  phosphoric,  and  monochlorophenolphosphoric  acids.    The  i| 
dichlorobenzene  boils  at  173°-174°,  and  melts  at  o3°-54°.    The  oil  boiling  nt  about  j 
265°  has  the  composition  C^H^Cl'PO-  =  P0C1'(0C5H<C1) ;  it  is  converted  by  water  ,| 
into  chlorophenylphosphoric  acid,  P0(0H)2(0C''H'C1),  and  by  heating  with  phos-  'i 
phorus  pentachloride  into  dichlorobenzene.    When  heated  with  water  in  sealed  tubes,  || 
chlorophenylphosphoric  acid  is  readily  converted  intoparachlorophenol  (b.  p.  217°)  and  Ij 
phosphoric  acid.    The  first  action  of  the  pentachloride  appears  to  consist  in  the  form-  ij 
ation  of  phenolparasulphonic-  chloride,  which  then  furnishes  chlorophenol ;  thus :  ij 

{sS.OH  +  =  Cm>  {Ogci  +  POCl^  +  HCl;  j 

The  chlorophenol  is  probably  in  part  at  once  converted  into  dichlorobenzene :  [| 
C«H^C1.0H  -f  PC1»  =  C^H^Cr-  -I-  POCP  +  HCl,  I 
but  IS  mainly  converted  by  the  action  of  the  phosphoric  chloride  into  chlorophenyl-  I 
phosphoric  chloride  :  : 

C'E'CLOH  +  POCP  =  P0(0.C''H<C1)CP  +  HCl, 
which  doubtless  in  part  also  undergoes  conversion  into  dichlorobenzene  (Barbaglia  a. 
Kekule,  Dcut.  Chcm.  Ges.  Bcr.  v.  875  ;  vi.  943). 

Phenoldisulpkonic  acid.  Phenolorthoparadisulplionic  acid,  C'H'.OH.(SO'H)= 
(1:2:  4). — This  compound  (\st  Suppl.  926)  is  produced  when  diazobenzenesuJphonic 
acid  from  sulphanilic  acid  is  warmed  with  fuming  sulphuric  acid  (Ai-mstrong  a. 
Prevost,  Beut.  Chcm.  Ges.  Bcr.  vi.  664). 

Phenoltrisulphonic  acid,  C^K\0'S..{QOmf  {S,m]ioiev,  Ann.  Ch.  Pharm.  clxx. 
110  ;  Annahoim,  ibid,  clxxii.  28).— To  prepare  this  acid,  15  gTams  of  phosphoric  anhy- 
dride and  30  grams  of  concentrated  sulphuric  acid  are  introduced  into  a,  strong  glass 
tube  and  mixed  to  a  thin  paste  with  the  aid  of  a  glass  rod ;  6  grams  of  phenol  is  theu 
added,  care  being  taken  to  mix  the  liquids  as  little  as  possible  ;  the  tube  sealed  ; 
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the  contents  carefully  mixed ;  and  the  tube  heated  for  several  hours  at  180°.  The 
product  is  boiled  with  a  large  quantity  of  -water  until  the  smell  of  sulphurous 
anhydride  is  no  longer  apparent,  an  excess  of  milk  of  lime  is  added,  and  the  pre- 
cipitate separated  by  filtration  ;  the  residue  is  once  or  twice  boiled  with  water,  and 
the  liquid  added  to  the  first  filtrate.  The  filtrate  is  then  treated,  first  with  hydrogen- 
potassium  carbonate,  in  order  to  remove  the  dissolved  calcium  hydrate,  and  afterwards 
with  dipotassium  carbonate  until  the  whole  of  the  calcium  is  precipitated  as  carbonate  ; 
a  solution  containing  basic  and  normal  potassium  phenoltrisulphonato  is  thus  obtained, 
from  which  the  former  is  separated  by  crystallisation.  When,  on  further  evaporation, 
a  pasty  mass  only  is  obtained,  the  whole  is  acidulated  with  acetic  acid  and  evaporated 
to  dryness ;  the  potassium  acetate  is  thou  extracted  by  alcohol  ;  and  the  residue  of 
tripotassium  phenoltrisulphonato  purified  by  several  recrystallisations  from  water.  To 
obtain  the  free  acid,  a  solution  ofeitherof  the  potassium  salts  is  precipitated  with  basic 
lead  acetate,  the  precipitate  is  suspended  in  water  at  100°,  and  decomposed  by  hydro- 
gen sulphide  ;  and  the  filtrate  from  the  lead  sulphide  is  evaporated  on  the  water-bath 
to  a_  syrup,  from  which  the  acid  separates  in  fine  needles  (Senhofer).  Annaheim 
obtained  phenoltrisulphonic  acid  by  heating  oxybenzenesulphone  (oxysulphobenzide), 
(C«H-'.OH)^SO^  with  thrice  its  weight  of  fuming  sulphuric  acid,  at  180°- 190°  for  1  to  2 
hours. 

Phenoltrisulphonic  acid  erj'stallises  in  stellate  groups  of  needles  or  in  short  thick 
prisms,  containing  water  of  crystallisation  ;  it  is  extremely  hygroscopic,  and  rapidly 
deliquesces  on  exposure  to  the  air.  The  crj'stals  dried  at  100°  contain  3^  mols.  of 
water.  It  begins  to  decompose,  with  separation  of  sulphuric  acid,  on  heating  at  105°. 
It  is  not  affected  by  boiling  with  nitric  acid,  but  is  decomposed  by  bromine-water.  A 
solution  of  the  free  acid,  or  of  one  of  its  soluble  salts,  is  coloured  a  deep  blood-red  by 
ferric  chloride.  Barium  phowltrisvlpkonaic,  [C'iH-.OH.(SO')']=Ba'  +  4H-'0,  forms 
white  crystalline  scales,  which  dissolve  in  water  with  difficulty  (Senhofer).  Anniheim 
obtained  a  salt  with  10  mols.  of  water,  crystallising  in  small  glistening  prismatic 
plates.  Tripotassium  pkenoltrisulphonate,  C''H=.OH.(SO'K)'  +  4H^0,  crystallises 
in  rhombic  plates,  easily  soluble  in  water  ;  the  tctrapotassium  salt,  C''H-.OK.(SO'K)' 
-I-  2H^0,  forms  long  flat  concentrically  grouped  needles.  The  silver  salt, 
Cll-.O'a.ifiO^AgY+l^WO,  crystallises  in  fine  needles.  The  basic  lead  salt, 
O^H^S'O'oPb^  2PbII=0- +  4iH=0,  is  obtained  as  a  hea'V'y  white  crystalline  powder, 
almost  insoluble  in  water,  on  the  addition  of  basic  lead  acetate  to  a  solution  of  either 
of  the  potassium  salts.  Sodium  phcnoltristdphonaie,  C''II'S'0"'Na'  +  3H'0,  forms 
very  soluble  colourless  needles.  Cadmium  phcnoltrisidphonate,  C''H-S''0'"Cd'^  +  7H^0, 
crystallises  in  flat  plates;  the  copper  saltiovms  long  fine  green  needles,  which  are  very 
soluble  ;  the  ammonium  salt  forms  crystalline  scales,  very  soluble  in  water. 

PhenoltctrasulpJionic  acid,  C'^H.OH.(SO''H)\— Annaheim  {loc.  cit.)  obtained 
a  potassium  snltcrystallising  in  small  rhombic  prisms,  of  the  composition  of  potassium 
phi'iioltetrasulphonate,  from  the  product  of  the  action  of  500  grams  of  fuming  sul- 
plinrir  ncid  on  125  grams  of  phenol  at  190°-200°. 

Chloropbenoisulplionic  acids. — a-Paracldorophcnoh>dphonic  acid  or  Para- 
cldorophcnolorthosulplionic  acid,  C'lPCl.OH.SO^H:  (1:2:4),  is  prepared  by  heating  a 
mixture  of  parachlorophenol  (1:4)  with  the  equivalent  quantity  of  fuming  sulphuric 
acid  forseveral  hours  on  the  water-bath,  &c.  (Petersen  a.  Bachr-Predari,  Aim.  Ch.  Pkarm. 
clvii.  121  ;  \st  Supipl.  021).  Tt  ri'ystallises  from  the  concentrated  aqueous  solution  in 
large,  colourless,  glisteniii':  ]'l;ilrs,  cdntaining  1  mol.  of  water;  the  pure  acid  melts  at 
76°-76°,  and  begins  to  Jcromi.  ^.^  al  aliont  100°.  The  acid  and  all  its  salts  yield  an 
intense  blue-violet  colour  with  ferric  chloride.  On  fusing  the  potassiiim  salt  with  an 
excess  of  potassium  hydrate  at  160°,  a  small  quantity  of  pyrogallol,  together  with 
traces  of  hydroquinone,  is  obtained.  Nitric  acid  readily  converts  the  acid  and  its  salts 
into  parachloro-;8-dinitrophenol,  melting  at  81°  (Pcter.sen  a.  Baehr-Predari)  ;  the  for- 
mation Of  this  compound  is  preceded  by  that  of  a  nitrochlorosulphonie  acid  (Armstrong, 
Bcwt.  Cliem.  Ges.  Her.  vii.  404).  Potassium  chlorophcnolsulphoiiatc.  CIPC^l.OH.SO^K 
+  2H^0,  forms  flat,  monoelinic  prisms  ;  the  anhydrous  salt  dissolves  at  20°  in  9-2.5 
pts.  of  water,  and  at  lOn''  in  2-24  pts.  On  recrystallising  this  salt  from  strong 
alcohol,  glistening-  ([uadi-ai  ir  plates  containing  1  mol.  of  water  are  obtained  ;  an  anhy- 
drous salt,  cryslallisiiiL!  in  Mnall  needles,  is  obtained  if  absolute  alcohol  be  employed. 
The  sodium  sail.  ( ''  II 't  ISi  )'Na,  forms  colourless  needles,  often  united  in  groups.  The 
lithium  salt,  C'll'i  ISi  )'l.i  t- l[-'0,  crystallises  in  granular  aggregates,  extremely 
soluble  in  water.  'I  lu'  tinouii  hum  salt.  CH^CISO'NH^  forms  long,  glistening  needles. 
The  barium  salt,  (C''ll't'l.SO')-l!a,  crystallises  in  crusts  or  aggregates  of  small  needles, 
difficultly  soluble  in  water  ;  on  adding  barium  hydrate  to  its  solution,  the  dibarium  salt, 
(C°H'C1S0')-Ba- +  4H'^0,  is  precipitated  in  small  glistening  needles,  very  difficultly 
soluble  in  water.   The  calcium  salt,  (C«H'ClS0*)^Ca  +  2H-0,  crystallises  in  easily 
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soluble  needles;  the  magnesium  salt,  (C'H'C1S0^)-Mg+ 6H'-0,  in  small  flat  plates, 
or  pointed  flat  needles.  The  -copper  salt,  {C'^R^CIS0*)-C\i+ 6R-0,  cvyst-cLllises  from 
alcohol  in  small,  greenish-white  needles,  extremely  soluble  in  -water.  Potassium  ethyl- 
faracUorophenolsul'plionate,  CH'Cl.OC-ff.SO^K,  forms  fine,  glistening  needles,  united 
in  stars. 

^-Paraclilorophcnolsulplionic  acid  or  Parachlorophenolmetasulphonic  acid. — The 
potassium  ;3-chlorophenolsulphonate,  OTI''SO'K,  crj-stallising  in  regular  stellate 
groups  of  short  prisms,  which  Petersen  a.  Predari  obtained  (Is;!  Suppl.  924)  in  small 
quantity  from  the  acid  prepared  by  adding  parachlorophenol  t9  fuming  sulphuric  acid, 
and  allowing  the  mixture  to  stand  for  some  days  without  heating,  was  perhaps  de- 
rived from  this  acid.  It  was  not  obtained  when  the  mixture  of  phenol  and  acid  was 
heated.  It  is  somewhat  less  soluble  than  potassium  a-parachlorophenolsulphonate ;  the 
solution  is  a  deep-violet ;  nitric  acid  converts  it  into  parachloro-;8-dinitrophenol  (m.  p. 
81°).    On  fusion  with  potassium  hydrate,  it  furnishes  pyrogallol  in  small  quantity. 

Orthochloropkenolsulphonic  acids. — According  to  Kramers  {Ann.  Ch. 
Pharm.  clxxiii.  331)  the  action  of  sulphuric  acid  on  orthoclilorophenol  (1  :  2)  produces 
two  isomeric  sulpho-acids,  which  he  terms  y-  and  5-chlorophenolsulphonic  acid.  The 
S-acid  is  produced  in  relatively  small  quantity,  together  with  the  7-acid,  when  the 
chlorophenol  is  gradually  added  to  a  carefully  cooled  mixture  of  1  pt.  of  fuming  with 
1 — 2  pts.  of  ordinary  sulphuric  acid  ;  the  7-acid  alone  is  produced  if  the  cooling  be 
omitted,  or  if  fuming  sulphuric  acid  only  is  employed.  To  separate  the  two  acids,  the 
product  is  poured  into  water,  and  milk  of  lime  is  added  to  alkaline  reaction  ;  the  concen- 
trated filtrate  is  placed  over  sulphuric  acid,  when  after  some  days  small  needles  of  the 
S-dicalcium  salt  separate,  and  afterwards,  the  much  more  soluble  dicalcium  salt  of  the 
7-acid  separates  from  the  mother-liquor  in  botryo'idal  masses. 

OrthochloTOflienolparasulphonic  acid  or  y-  Chlorophcnolsul'phonic 
acid,  C=H^C1.0H.S03H  (1:2:  4).  This  acid  crj'stallises  from  the  concentrated 
aqueous  solution  in  small  colourless  plates,  or  from  a  less  concentrated  solution  placed 
over  sulphuric  acid,  in  small  cubes  containing  1  mol.  of  water.  It  begins  to  decom- 
pose at  80° ;  with  ferric  chloride  it  yields  a  magnificent  violet  colour.  Potassium  ortho- 
cMoropheJiolparasulpho7iate,  C^WG\SO'K  + ^H'O,  forms  large,  colourless,  apparently 
triclinic  prisms  ;  one  part  of  the  anhydrous  salt  dissolves  in  7'11  pts.  of  water  at  9°. 
It  is  converted  by  dilute  nitric  acid  into  potassium  orthochlororthonitrophenolpara- 
sulphonate,  which  on  further  treatment  with  nitric  acid  yields  chloro-a-dinitrophenol, 
melting  at  110°-111°  (Armstrong).  The  dipotassium  salt,  C<'W0\B0*1£^  +  Z\WO, 
crystallises  in  deliquescent  leaf-like  forms,  united  together.  The  imnosodium  salt, 
C"II''01SO''Na  +  H-0,  is  so  extremely  soluble  in  water  and  alcohol,  that  it  cannot  be 
obtained  in  the  crystallised  state  ;  the  disodiuinsalt,  CH'CISO 'Na-  +  3H-0,  separates 
in  indistinct  white  crystals,  extremely  soluble  in  water,  but  almost  insoluble  in 
alcohol.  The  monocalcium  salt,  (C''H■'ClSO')''Ca-^Ii-0,  forms  small  white  crystals, 
very  soluble  in  water  and  alcohol ;  the  dicalcium  salt,  (C''H''C1S0*)-Ca-  +  crys- 
tallises in  white  aggregates,  which  soon  eifioresce  when  exposed  to  the  air ;  1  pt. 
of  the  anhydrous  salt  dissolves  in  2'64  pts.  of  water  at  12°  ;  it  is  almost  insoluble  in 
alcohol.  The  monoharium  salt,  (C'*H*ClSO')-Ba-t-  lJH-0,  separates  in  small  white 
crystals  united  in  granular  aggregates.  The  lead  salt,  (C^H*ClSO  ')'Pb  -1-  4H-0,  crys- 
tallises in  small,  hard,  rhombic  crystals,  soluble  in  water  and  alcohol;  it  is  decomposed 
when  heated  above  130°,  with  evolution  of  chlorophenol ;  the  di-salt,  (C'^H'01SO*)=Pb'' 
+  2H-0,  separates  as  a  white  powder  difficultly  soluble  in  cold  water,  and  insoluble 
in  alcohol.  Basic  lead  salts  of  variable  composition  are  also  readily  produced.  The 
copper  salt,  (0"H^ClSO*)'Cu-(- 4H^0,  forms  blue-green  rhombic  prisms,  which  are 
decomposed  when  heated  above  120°. 

S-Cfilorophenolsulphonic  acid,  CH'Cl.OH.SO'H.— The  monopotassiim  salt, 
CH-'ClSOai,  crystallises  in  small  plates.  The  dicalcium _  salt,  (p«H^ClSO<)=Ca= 
•^  4H^0,  forms  small  needles  ;  1  pt.  of  the  anhydrous  salt  dissolves  in  44'58  pts.  of 
water  at  11° ;  it  is  insoluble  in  alcohol. 

Parachlorophe.noldisulphonic  acid.  C«H2C1.0H.(SOTI)^— An  acid  of  this 
composition  was  obtained  by  Petersen  a.  Baelir-Predari  by  heating  parachlorophenol 
with  sulphuric  acid,  but  not  examined ;  the  barium  salt  is  very  difficultly  soluble  in 
water. 

Diorthochlorophcnolparasulphonic  acid,  C^H^Cl-.OH.SO^H  (1:2:4:6), 
which  was  first  prepared  by  Kolbe  a.  Gauke  {1st  Suppl.  924),  may  be  produced  by  tlie 
action  of  sulphuric  acid  on  Seifart's  diorthochlorophenol  {ibid.  908  ;  Armstrong).  The 
.iction  of  nitric  acid  on  this  acid  ,nnd  its  potassium  salt  have  been  investigated  at 
length  by  Faust  {Zoit.  f.  Chem.  1871,  338)  and  by  Armstrong  {Ckem.  Soc.  J.  [2],  ix, 
1112). 
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Orthochloroparachloro'phenolorthosulphonic  acid,  CTPCl- .  OH  .  SO^H 
(1:2:4:  6).— This  compound  is  produced  when  chlorine  acts  upon  phenolorthosul- 
phonic  acid  (Faust ;  Armstrong),  and  by  the  action  of  sulphuric  acid  or  chlorhydric 
sulphate  on  the  dichlorophenol  melting  at  42°-43°  (Armstrong,  Chcm.  Soc.  J.  [2],  x. 
93).  The  metallic  salts  of  this  acid  have  nut  yet  been  examined.  By  the  action  of 
nitric  acid  it  is  readily  converted  into  diehlororthonitrophenol  (m.p.  121°). 

TrichlorojihenolsiUphonia  acid. — Trichlorophenol  dissolves  in  warm  fuming 
sulphuric  acid,  and  the  solution  solidifies  on  cooling  to  a  mass  of  crystals  (Kekule, 
Org.  Chcm.  iii.  233).  When  chlorhydric  sidphate  is  added  to  trichlorophenol,  hydro- 
chloric acid  is  evolved;  the  product  disso.lves  in  great  part  in  water,  but  on  standing, 
trichlorophenol  separates  from  the  solution,  in  consequence,  it  would  appear,  of  the 
gradual  decomposition  of  the  sulpho-acid  (Armstrong). 

Sromophenolsulplionlc  Acids.  Bromopkcnolpcu'asiil^ihonic  acid, 
C«H'Br.OH.,SO-''H.— The  potassium  salt  of  this  acid  is  formed  in  relatively  small 
quantity,  together  with  potassium  dibromophenolparasulphonate,  on  adding  1,  mol.  of 
bromine  to  a  cold  aqueous  solution  of  1  mol.  of  potassium  phenolp)arasulphonate  (Sen- 
hofer,  A7m.  Chcm.  Pharm.  clvi.  102).  Potassium  bromophenolparasulphonate  crystal- 
lises in  prisms  ;  its  aqueous  solution  is  coloured  a  pale  violet  by  ferric  chloride,  and  is 
precipitated  by  basic  lead  acetate. 

Bromofhenolorthosidphonic  acid. — The  potassium  derivative  of  this  compound 
is  formed  in  a  similar  manner  from  potassium  phenolorthosulphonate  (Senhofer)v-an  1 
crystallises  in  pointed  needles  ;  its  solution  is  precipitated  by  lead  acetate.  The  barium 
salt  is  moderately  soluble  in  hot  water,  and  crystallises  in  anhydrous  forms ;  the  copper 
salt  is  also  anhydrous. 

DiorthobromopKenolparasulplionic  acid,  CffBr^.OH.SO^H  (1:2:4:  6).— 
The  potassium  derivative  of  this  acid  may  bo  obtained  in  theoretical  quantity  by  the 
action  of  2  mols.  of  bromine  on  a  cold  dilute  aqueous  solution  of  1  mol.  of  potassium 
phenolparasulphonate  (Senhofer,  loc.  cit. ;  Armstrong  a.  Brown,  Chem.  Soc.  J.  1872, 
857).  The  free  acid  crystallises  in  small  rectangular  plates;  its  solution  is  coloured 
pale  violet  by  ferric  chloride,  and  is  not  precipitated  by  normal  lead  acetate,  although 
it  is  precipitated  by  basic  acetate.  The  potassium  salt,  C"H'Br-SO'K,  crystallises  in 
anhydrous  plates,  or  in  long  needles  with  1  mol.  of  water  ;  it  is  difficultly  soluble 
in  cold  water.  The  dipotassium  salt,  C^ffBr-SO'K^  +  2H^0,  crystallises  from  a 
concentrated  solution  in  elongated  plates.  The  sodium  scdt,  CH'Br-SO'Na  +  2H=0, 
forms  long,  brilliant,  white  needles,  easily  soluble  in  hot,  but  difficultly  soluble 
in  cold  water.  The  barium  salt,  {C<^}21^Bv-S0^)-Ba.  +  2H-0,  crystallises  in  long,  fine, 
silky  needles,  very  difficultly  soluble  in  cold  water  ;  the  dibarium  salt,  (CH^Br^SO  ')-Ba= 
+  8H''0,  forms  long  needles,  more  soluble  in  water  than  the  monobarium  salt. 
Potassium  dibromophenolparasulphonate  yields  potassium  nitrobromophenolparasul- 
phonate,  dibromoparanitrophenol  (m.  pi.  1^1°),  and  bromo-a-diuitrophenol  (m.  p.  117°)i 
on  treatment  with  nitric  acid  (Armstrong  a.  Brown). 

The  dibromophenolsulphonic  acid  which  Schmitt  (^mh.  Chem:  Pharm.  cxx.  161)  ob- 
tained from  dibromosulphanilic  acid  by  Griess's  method  is  probably  diorthobromo- 
phenolsulphonic  acid. 

Parabromorthobromophcnolorthosulphonic  _  acid,  C»H2Br^.0H.S0''H. 
(1:2:4:  6). — Potassium  dibromophenolorthosulphonate  is  produced,  together  with  some 
tribromophenol,  when  bromine  is  added  to  an  aqueous  solution  of  potassium  phenol- 
orthosulphonate (Senhofer;  Armstrong  a.  Brown).  It  is  also  formed  by  the  action  of 
1  mol.  of  bromine  on  a  solution  of  1  mol.  of  potassium  orthobromophenolortlioparadi- 
sulphonate  (Armstrong,  Chcm.  Soc.  J.  1872,  8G7).  The  free  acid  crystallises  in  con- 
centrically-grouped needles;  the  aqueous  solution  iscolourcd  an  intense  violet  by  ferric 
chloride,  and  is  precipitated  by  normal  lead  acetate.  The  potassium  salt  crystallises 
in  fine  anhydrous  needles  ;  the  dipotassium  salt  separates  from  dilute  alcohol  in  long 
glistening  plates.  The  barium  salt  forms  difficultly  soluble  anhydrous  plates  ;  the 
dibarium  salt  is  also  anhydrous.  The  cadmium  salt,  CffBr-SO'Cd  +  l  JH-0,  crys- 
tallises in  very  soluble  yellow  plates.  The  had  salt,  C^H^Br-SO'Pb,  separates  as  a 
white  precipitate  on  the  addition  of  lead  acetate  to  a  solution  of  the  potassium  salt. 

Potassium  dibromophenolorthosulphonate  is  converted  by  nitric  acid  into  dibrom- 
orthonitrophenol  (m.p.  117°). 

Orthobromophcnolortho  p  a  radisu  I  phonic  acid,  C«ll'-Br.0H(S03H)'' 
(1:2:4:  6). — The  potassium  salt  of  this  acid  is  prepared  by  the  action  of  1  mol.  of 
bromine  on  a  cold  aqueous  solution  of  1  mol.  of  potassium  phonoldisulphonate  {1st 
Suppl.  926) ;  it  is  very  soluble  in  hot,  and  moderately  in  cold  water,  and  crystallises 
ie  ueedlcs  or  tufts  of  short  flat  blades,  which  rapidly  disintegrate  to  a  snow-white 
anhydrous  powder  on  exposure  to  the  air.    It  is  not  precipitated,  except  in  very  con- 
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centrated  solutions,  by  barium  chloride.  It  is  violently  acted  upon  by  nitric  acid 
yielding  potassium  bromonitrophenolsulpbonate,  bromo-a-dinitroptTenol.  and  trinitro- 
phenol,  in  proportions  which  vary  -with  the  strength  of  the  acid  employed  (Armstrong, 
Ckem.  Soo.  J.  1872,  865). 

Biiodophenolparasulphonic  acid,  C^H-P.OH.SO^H,  is  formed  by  the  action 
of  iodine  and  mercuric  oxide  on  an  alcoholic  solution  of  phenolparasulphonic  acid 
(Armstrong).  The  potassium  salt,  CH^PSO^K  +  2H=0,  crystallises  in  long  pink 
needles ;  the  barium  salt,  (C''H^I-SO*)-Ba  +  4W0,  forms  long,  flat  needles. 

Sfitrophenolsulphonic  iicids.  Faranitrophenolorthosulphonic 
acid,  CsH^OH.NO^.SO^H  (1:2:  4).— Korner  a.  Post  have  obtained  this  acid  by 
acting  upon  paranitrophenol  -with  fuming  sulphuric  acid  (Deid  Chcm.Ges.  Bir.  v.  852, 
1055  ;  vi.  395;  vii.  163;  Chem.  Soc.  J.  1873,  757).  The  ^je?;/"ec%(^?-y  paranitrophenol 
is  added  to  the  acid  and  the  mixture  heated  several  hours  in  the  -water  bath ;  if  the 
nitrophenol  be  wet,  and  consequently  much  heat  be  evolved  on  adding  it  to  the  acid, 
secondary  products  are  largely  formed.  The  mixture  is  poured  into  water,  neutralised 
with  calcium  carbonate,  and  filtered ;  barium  chlorideiis  then  added  to  the  filtrate, 
whereby  barium  nitrophenolsulphonate  is  precipitated,  from  which  the  free  acid 
and  other  salts  may  readily  be  prepared.  Paranitrophenolorthosulpihonic  acid, 
C«H'.OH.NO-.SO^H  +  3ff-0,  crystallises  in  slender  needles  or  large  well-formpd 
colourless  prisms,  very  soluble  in  water.  The  potassium  salt,  CH'.OH.NO-.SO'K, 
crystallises  in  colourless  prisms,  slighlty  soluble  in  water ;  the  dipotassiiim  salt, 
CH'.OK.NO-.SO^K  +  H-0,  in  orange-coloured  prismatic  needles  which  are  very 
soluble  in  water.  The  sodium  salt,  C'H'.OH.NO^.SO^Na  +  2H-0,  forms  colourless 
crystals;  the  disodium  salt,  C''H^.ONa.NO^SO^Na  +  2W0,  yellow  crystals.  The  di- 
calcium  salt,  (C''II^.NO^.SO')-Ca"  +  6H-0,  crystallises  in  aggregates  of  yellow  needles; 
the  dibarium  salt,  (C«H'.NO-.SO')^Ba-  +  2H-0,  in  yellow  prisms. 

Orthonitrophenolparasulphonic  acid,  CHIOH.NO^.SO^H  (1  :  2  :  4).— The 
potassium  and  sodium  salts  of  this  acid  {\st  Svppl.  925)  are  most  readily  obtained  by 
the  action  of  dilute  nitric  acid  on  potassium  and  sodium  phenolparasulphonate  (Schmitt 
a.  Glutz,  Prut.  Chem.  Gcs.  Bcr.  ii.  51  ;  Korner,  Gazzctta  chimica  italiana,  1872,  ii. 
444).  Together  with  this  acid,  there  appears  to  be  produced  a  small  quantity  of  an 
isomeric  compound  when  it  is  prepared  by  the  action  of  sulphuric  acid  on  orthonitro- 
phenol  (Armstrong  a.  Brown,  Bent.  Che7n.  Ges.  Bcr.  vii.  923). 

Binitrophcnolszilphonic  acids,  C«H-.OH(NO-)^SO'H.  —  According  to  Post 
(ibid.  vii.  1323)  both  the  above-described  nitrophenolsulphonic  acids  maybe  converted 
into  corresponding  dinitrophenolsulphonic  acids  by  careful  nitration.  He  states  also 
that  phenoldisulphonic  acid  yields  a  dinitrophenolsulphonic  acid  on  nitration. 

Ami dophenolsul phonic  Acids.  Paramidopkctiolorthosulphonic 
acid,  C°H\0H.NH^.80'H  (1:2:  4),  is  produced  on  adding  paramidophenol  hj'dro- 
chloride  to  fuming  sulphuric  acid,  in  wliich  it  dissolves  ■snth  evolution  of  heat;  the 
mixture  is  heated  a  short  time  on  the  water-bath,  and  then  poured  into  water,  when 
almost  the  whole  of  the  paramidophenolorthosulphouic  acid  separates  as  a  snow-white 
powder  (Post,  ibid.  vi.  397).  The  same  compound  appears  to  be  obtained  on  reducing 
paranitrophcnolorthosulphonicacid  with  tin  and  hydrochloric  acid  (Post),  and  it  is  also 
formed  by  the  action  of  sulphurous  acid  or  sodium-hydrogen  sulphite  on  dichloropara- 
diazophenol  (Schmitt  a.  Bennewitz).  It  crystallises  in  minute  cubes  and  fine  soft  silky 
needles;  the  cubes,  which  first  separate  from  the  hot  solution,  but  in  a  relatively  very 
small  quantity,  are  probably  anhydrous,  whereas  tlie  needles  contain  1  mol.  of  water. 
It  is  very  slightly  soluble  in  cold  water,  1  pt.  requiring  for  solution  about  2,800  pts. 
of  water  at  16°."  A  slight  decomposition  takes  place  on  boiling  the  solution,  which 
assumes  a  dark-red  coloiu',  but  this  is  entirely  prevented  by  the  presence  of  a  reducing 
agent,  such  as  sulphurous  acid  or  stannous  chloride.  Paramidophenolorthosulphouic 
acid  does  not  combine  with  acids,  but  yields  metallic  salts  ;  these  salts,  however,  are 
readily  decomposed,  and  it  is  not  possible  to  obtain  them  pure  from  the  acid  and  the 
metallic  carbonates.  The  diha.rium  salt,  (C''H''.NH'^.SO')-Ba-,  is  obtained  ou  the  addi- 
tion of  barium  chloride  to  an  ammoniacal  solution  of  the  acid  in  the  form  of  a  crystal- 
line precipitate,  consisting  of  aggregates  of  small  plates. 

Orthoamidophenolparasulphoiiic  acitf,  CH^OH.NH^.SO'H  (1:2:4),  is 
obtained  by  the  action  of  sulphuric  acid  on  orthoamidophenol  hydrochloride  (Post, 
Bennewitz),  and  on  reduction  of  orthonitrophenolparasulphonic  acid  (Post).  It  crystal- 
lises in  large  colourless  crystals  like  those  of  calespar,  containing  mol.  of  water;  it 
is  more  soluble  than  its  isomeride,  water  at  14°  dissolving  about  -01  p.c.  The  aqueous 
solution  decomposes  on  evaporation,  unless  this  be  conducted  in  an  atmosphere  of 
hydrogen. 
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33iazoplienolsulphonic  ilclds.  The  above-described  amidoplienolsul- 
pbonic  acids  arc  converted  into  the  corresponding  diazo-acids  when  suspended  in  water 
and  treated  witJi  nitrous  acid  (Bennewitz,  J.  fr.  Chcm.  [2],  viii.  62).  Paradiaco- 


ing  rhombic  plates;  it  is  difBcultly  soluble  in  cold,  but  more  soluble  in  hot  water; 
and  it  may  be  crystallised  from  the  hot  aqueous  solution,  which,  however,  gradually 
becomes  red  on  boiling.  The  same  compound  is  obtained  on  dissolving  the  amido- 
acid  in  nitric  acid,  and  on  warming  it  with  nitric  acid  and  iirea.  It  is  reconverted  by 
the  action  of  nascent  hydrogen  on  an  acid  solution  into  the  amido-acid.  It  does  not 
unite  with  acids,  but  furnishes  with  bases  a  series  of  highly  unstable  salts  decomposing 
even  in  the  cold. 

The  diazo-acid  from  orthoamidophenolparasulphonic  acid  crystallisas  in  yellowish 
needles ;  it  is  far  more  soluble  in  water,  and  much  less  stable  than  the  para-diazo- 
compound. 

Chloronitiropheuolsulphonic  Acids.  Potassium  par  achl  or  o  7- t/i  o- 
7iitrojih(nulorihosulpho7iatc,  CH-Cl.NO-.OH.SO'K,  is  obtained  by  the  action  of 
dilute  nitric  acid  on  potassium  prtrachlororthosulphonate  ;  it  crystallises  in  yellow 
needles,  difficultly  soluble  in  cold  water.  It  is  converted  by  nitric  acid  into  chloro-j8- 
dinitrophenol  (m.  p.  81°).  The  dipoiassium  salt,  CH^Cl.NO^OK.SO'K,  forms  mag- 
nificent long  red  needles,  easily  soluble  in  water  (Armstrong  a.  Prevost,  Detit.  Chcm. 
Gcs.  Bcr  vii.  404). 

Potassium  orthocklororiltonitropkciwl^mrasu/phoimie,  CH'Cl.NO'.OH.SO^K  +  ^H'-'O, 
is  formed  by  the  action  of  weak  nitric  acid  on  potassium  diorthochlorophcnolpara- 
sulphonate  ;  it  crystallises  in  tufts  of  pale-yellow  silky  needles,  very  soluble  in  warm 
water,  slightly  soluble  in  cold.  It  yields  chloro-a-dinitrophenol  (m.  p.  11()°-111°)  on 
treatment  with  nitric  acid,  and  is  converted  into  dichlororthonitrophenol  (m.  p.  121°) 
by  the  action  of  chlorine  on  its  aqueous  solution.  The  dipotassium  salt, 
C^H'-Cl.NO-.OK.SO'^K,  crystallises  in  orange-red  six-sided  plates,  extremely  soluble 
in  hot  water,  moderately  in  cold  (Armstrong,  Chcm.  Soc.  J.  1871,  1117).  The 
potassium  chlorophenolsulphonate  obtained  by  Armstrong  a.  Prevost,  by  acting  on 
potassium  orthochlorophenolparasulphonatewith  weak  nitric  acid,  is  probably  the  same 
compound.  A  chlororthonitrophenolparasulphonic  acid  is  produced  by  the  action  of 
chlorine  on  an  alcoholic  solution  of  orthonitrophenolparasulphonic  acid,  but  has  not 
yet  been  fully  examined  (Armstrong  a.  Brown,  ibid.  1872,  872). 

Bromonitrophenolsulpbonic  Acids.  The  potassium  salts  of  bromo- 
niti'ophenolsulphonic  acids  have  been  obtained  :  1.  By  the  action  of  nitric  acid  on 
potassium  diorthobromophenolparasulphonato.  2.  By  similar  treatment  of  potassium 
orthobromophenolparaorthodisulphonate.  3.  By  the  action  of  bromine  on  an  alcoholic 
solution  of  the  orthonitroplienolsulphonio  acids.  4.  By  nitrating  the  potassium  salts 
of  parabromo-  and  orthobromophenolsulphonic  acids  (Armstrong ;  Armstrong  a.  Brown ; 
Armstrong  a.  Prevost,  Chem.  Sec.  J.  1872,  857-872;  Dent.  Chcm.  Gcs.  Bcr.  vii.  404, 
024).  5.  By  acting  on  an  alcoholic  solution  of  paranitrophenolorthosulphonic  acid 
(Post,  ibid.  vii.  160)  with,  bromine.  These  compounds  have  as  yet,  however,  been 
comparatively  little  studied. 

Zodonitrophenolsulplionic  Acids.  Orthiodorthonitrophcnolpara- 
sulpkonic  acid,  C-H-I.NO-.OH.SO^H  ( 1  :  2  :  4  :  6),  is  produced  when  iodine  and 
mercuric  oxi<le  are  added  to  an  alcoholic  solution  of  orthonitrophenolparasulphonic 
acid  (Armstrong  a.  Brown,  Chcm.  Soc.  J.  1872,  869).  The  potassium  salt, 
CH-I.NO^OH.SO^K,  crystallises  in  difficultly  soluble  yellow  scales,  much  resembling 
chloranil;  these  consist  of  aggregates  of  short  needles;  it  is  converted  into  potas- 
sium orthobromorthonitrophenolparasulphonate  by  the  action  of  1  mol.  of  bromine. 
The  dipotassium  salt,  CH-I.NO'-.OK.SO'K.  forms  deep  red  prisms  easily  soluble  in 
water.  The  barium  salt,  (C^H-I.NO^SO')'-Ba  +  4H-'0,  is  precipitated  in  the  form 
of  pale  yellow  silky  needles  on  the  addition  of  barium  chloride  to  a  solution  of  the 
potassium  salt. 

Orthiodoparanitrophcnolorthosulphonic  acid,  C^ffl.NO'-.OH.SO'H 
(1  :  2  :  4  :  6),  is  formed,  together  with  diorthiodoparanitrophenol  (m.  p.  167°),  by  the 
action  of  iodine  and  mercuric  oxide  on  an  alcoholic  solution  of  paranitrophenolortho- 
sulphonic acid  (Post  a.  Brackebusch,  Beut.  Chcm.  Gcs.  Bcr.  vii.  167).  The  diccdcium 
salt,  (C''H'-^I.NO-.SO*)-Ca-  +  6II-'0,  forms  coarse  yellow  needles.  The  dibarium  salt 
crystallises  in  long  yellow  needles  ;  the  ammonium  salt  is  difficultly  soluble  in  water ; 
the  lead  salt  is  obtained  as  a  yellow  crystalline  precipitate  on  the  addition  of  lead 
acetate  to  a  solution  of  the  calcium  salt. 


crystallises  i  n  colourless  or  pink  glisten- 
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The  prefix  ortho  was  originally  applied  by  Korner,  in  the  case  of  the  isomeric  di- 
derivatives  of  benzene,  simply  to  denote  the  compound  which  formed  the  chief  product 
of  the  action  of  a  reagent  on  a  mono-derivative  of  benzene  ;  thus  he  found  that  the 
chief  product. of  the  action  of  iodine  on  phenol  was  an  iodophenol  yielding  hydroquiuone 
on  fusion  with  potassium  hydrate ;  to  this  he  gave  the  name  orthiodophenol,  and  it 
became  the  practice  to  term  all  such  di-derivatives  as  could  be  more  or  less  directly 
referred  to  hydroquinone,  ori'Ao-derivatives.  The  iodophenol  which  he  succeeded  in 
obtaining  from  the  so-called  paranitraniliue  formed  from  ordinary  dinitrobenzene, 
gave  resorcin  on  fusion  with  potassium  hydrate,  and  consequently  rcsorcin,  and  all 
bodies  which  were  considered  as  belonging  to  the  same  series  of  isomerides,  were  termed 
para-derivatives.  The  third  iodophenol,  formed  in  small  quantity  together  ^vith 
orthiodophenol,  gave  pyrocatechin  on  fusion  with  potassium  hydrate ;  pyrocatechin 
and  those  di-derivatives  which  could  be  classed  in  a  series  with  it  were  then  termed 
fJieifa-derivatives.  Later  on  it  became  usual  to  associate  with  the  terms  ortho,  para, 
and  meta,  certain  conceptions  as  to  the  relative  positions  occupied  by  the  radicles  which 
had  been  introduced  in  place  of  hydrogen  into  benzene,  Kekule's  theory  of  the  '  con- 
stitution' of  benzene  being  taken  as  the  basis  of  argument,  and  the  'positions'  denoted 
by  figures ;  thus : 


Graebe's  researches  on  naphthalene  (\st  Suppl.  198  a.  212)  led  to  the  assumption 
that  in  phthalic  acid,  C'^H'(COOH)-,  the  two  carboxyls  are  in  the  position  1  .  2,  and 
Baeyer  pointed  out  that  the  formation  of  mesityleue,  C"H'(CH^)^,  from  acetone  neces- 
sitates the  assumption  that  the  three  methyl -groups  occupy  the  positions  1:3:5,  and 
hence  that  isoxylene,  C*H^(CH')^  whicli  yields  isophthalic  acid  on  oxidation,  has  the 
methyl-groups  in  the  position  1:3;  accordingly,  since  phthalic  acid  is  1  :  2,  and  iso- 
phthalic, 1  :  3,  terephthalic  acid  is  of  necessity  1  :  4.  Hydroquinone,  pyrocatechin, 
and  resorcin  were  then  considered  to  belong  respectively  to  the  same  series  as  phthalic 
acid,  isophthalic  acid,  and  terephthalic  ,acid,  and  these  three  acids  have  gradually 
usurped  the  place  of  the  three  dioxybenzenes  as  standards  of  reference,  members  of 
the  phthalic  or  1  :  2  series  being  commonly  termed  orMo-derivatives,  those  of  the  iso- 
phthalic or  1  :  3  series,*  wicte-derivatives,  and  those  of  the  terephthalic  or  1  :  4  series, 
para-derivatives.  Koruer,  however,  is  singular  in  using  these  prefixes  in  an  opposite 
sense:  thus  he  terms  the  1  :4  derivatives  ortho -compounds,  the  1  :  3  derivatives 
para-compounds,  and  the  1  :  2  derivatives  meta-compounds  {Gazzetta  chimicaitaliana, 


All  recent  researches  tend  to  confirm  the  hypothesis  that  the  carboxyls  in  phthalic, 
isophthalic,  and  terephthalic  acids  are  respectively  in  the  positions  1  :  2  or  1:6, 
1  :  3  or  1  :  5,  and  1  :  4  (see  Ladenburg,  Dmt.  Chcm.  Gcs.  Ber.  ii.  140;  v.  322  ;  vii. 
1133  a.  1684),  but  have  necessitated  the  shifting  of  many  compounds  considered  to 
belong  to  one  or  another  of  these  three  series  ;  thus  resorcin  has  been  shown  to  belong 
to  the  isophthalic  (1:3)  series,  and  not  to  the  terephthalic  (1  :  4)  series.  Again, 
hydroquinone,  which  was  long  considered  a  member  of  the  phtlialic  (1:2)  series,  is 
now  placed  in  the  1  :  4  series.  The  proof  that  resorcin  belongs  to  the  isophthalic 
series  is  as  follows.  When  toluene  is  nitrated,  two  nitrotoluenes  are  formed  which  it 
has  been  proved  belong  respectively  to  the  ortho  (1:2)  and  para  (1:4)  series,  and 
both  of  these  yield  the  same  dinitrotoluene  on  further  nitration  ;  this  dinitrotoluene 
consequently  has  the  constitution  1:2:4;  thus : 


1 


1874,  316). 


*  It  must  not  be  forgotten  that  the  ortho-  anJ  mota-positious  are  repeated,  since  the  positions 
2  and  3  correspond  respectively  to  the  positions  6  and  5. 
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I. 


Ortbonitrotolnene. 


N0=' 

Paraniti'otoluene. 


Orthoparadinitrotolaene. 


On  oxidation  dinitroluene  furnishes  a  dinitrobenzoic  acid  which,  on  reduction,  yields 
a  diamidobenzene  identical  with  that  which  is  obtained  by  reducing  dinitrobenzeno  ; 
hence  it  follows  that  the  nitro-groups  in  dinitrotoluene  and  dinitrobenzeno  are  in 
relatively  the  same  positions,  i.e.  1  :  3  (Wurster,  Deut.  Chem.  Gcs.  Ber.  vii.  148). 
Dinitrobenzene  may,  however,  as  Korner  has  shown,  readily  be  converted  into  rosorcin, 
which  consequently  is  also  a  member  of  the  isophthalic  (1  :  3)  series.  The  connection 
of  ordinary  dinitrobenzene  with  isophthalic  acid  is  further  proved  by  the  fact  that  the 
dibromobenzene  (b.  p.  219°),  which  may  be  obtained  from  the  former  by  Griess's 
method  (Korner,  Gazzeta  chimica  italmna,  1874,  331),  is  converted  by  the  action  of 
sodium  and  ethyl  chlorocarbonate,  and  subsequent  saponification  of  the  product,  into 
isophthalic  acid  (Wiu«ter,  Beut.  Chem.  Ges.  Ber.  vi.  1486) : 

C8ffBr=  +  2ClC0'C=ff  +  4Na  =  C«H^(C0=C^H=)2  +  2NaBr  +  2NaCI. 

Nitro'phenols. — One  of  the  three  nitrophenols  is  obtained  from  dinitrobenzene; 
it  therefore  belongs  to  the  isophthalic  (1  :  3)  series. 

The  connection  of  the  non-volatile  nitrophenol  (m.  p.  110°)  obtained  on  nitration  of 
phenol  with  the  tereplithalic  (1:4)  series,  is  proved  in  a  variety  of  ways.  Thus  it 
has  been  shown  that  crystalline  dibromobenzene  (m.  p.  89°)  is  converted  by  the  action 
of  methyl  iodide  and  sodium  into  a  dimethyl-benzene  yielding  terephthalic  acid  on 
oxidation  (v.  Meyer,  Chem.  Pharm.  clvi.  281);  but  crystalline  dibromobenzene 
may  be  formed,  by  Griess's  method,  from  the  bromonitrobenzene  (m.  p.  125°)  produced 
on  nitrating  bromobenzene,  and  from  this  bromonitrobenzene,  nitrophenol  (m.  p.  110°) 
is  readily  produced  by  heating  witli  potassium  hydrate  solution  (v.  Eichter).  Nitro- 
phenol (m.  p.  110°),  as  Salkowski  has  shown,  may  be  converted  into  anisic  acid,  and 
hence  into  paraoxybonzoic  acid,  which,  there  can  be  no  doubt,  is  a  member  of  the  tere- 
phthalic series.  The  connection  of  hydroquinone  with  the  terephthalic  series  is  therefore 
proved  by  the  observation  that  it  may  be  produced  from  paranitrophenol  (Salkowski). 

The  above  considerations  show  that  the  third  nitrophenol  (m.  p.  40°)  must  of  neces- 
sity belong  to  the  phthalic  (1:2)  series  ;  and  direct  proof  of  this  is  afforded  by  its 
conversion  into  the  diamidobenzene  melting  at  99°  (Salkowski),  which  has  been  proved 
to  be  a  member  of  that  series.  Moreover,  this  assumption  is  the  only  one  which  enables 
us  to  account  for  the  formation  of  a-dinitrophenol  from  it  and  from  paranitrophenol, 
and  the  fact  that  both  a- and  iS-dinitrophenol  yield  ordinary  dinitrobenzene  (1  :  3) 
when  the  OH  group  is  removed.  This  is  at  once  evident  on  inspection  of  the  follow- 
ing symbols  : 


Taranitroplaenol,  Orthonitrophenol, 


/3-I)initroi)hcnol. 


The  constitution  of  trinitrophenol  results  from  the  obfcrvation  that  it  is  produced  by 
nitration  of  a-  and  ;8-dinitrophenol : 


Trinitrophenol. 
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Chloro-  and  Bromofhenols. — Two  of  tho  monochlorophenols  have  been  obtained 
from  nitrophenols  by  displacing  the  nitro-group  by  chlorine,  and  thus  the  position  of  the 
chlorine  determined.  The  three  monochloranilines  have  also  been  converted  into  tho 
three  corresponding  chlorophenols,  and  the  monobromophenols  have  been  similarly 
prepared  from  the  three  monobromanilines. 

Tho  constitution  of  the  dichlorophenol  melting  at  42°-43°  is  shown  to  be  1:2:4 
by  its  formation  from  ortho-  and  para-chlorophenol,  and  that  of  the  isomeric  compound 
^m.p.  65°)  to  be  1  :  2  :  6,  because  it  may  be  obtained  from  the  dichloroparanitrophenol, 
"u  hich  it  will  be  shown  later  on  is  1:2:4:6.  Since  both  of  these  yield  trichloro- 
plienol  on  chlorination,  this  becomes  1:2:4:6;  thus : 


Cl  01 

Orthochloropbenol,   Paracblorophenol,  Dichlorophenol 
b.  p.  176°.       b.  p.  218°,  m.  p;  41°,    m.  p.  42°-43°. 


TrichlorophenoL 


Ordinary  dibromophenol  corresponds  with  the  dichlorophenol  melting  at  42''-43°,  and 
tribromophenol  with  trichlorophenol ;  this  conclusion  with  regard  to  tribromophenol 
is  confirmed  by  its  conversion,  when  acted  upon  by  phosphorus  pentabromide,  into  the 
same  tetrabromobenzene  as  may  be  obtained  by  displacing  the  NH^  group  of  ordinary 
tribromaniline  by  bromine  ;  thus  : 


Ordinary  tribromaniline. 


Tribromophenol. 


Tetrabromobenzene. 


Chloronitro;  Bromonitro-,  and  lodoniirophcnols. — Since  the  chloro-  and 
bromc^nitrophenols  have  been  obtained  on  the  one  hand  by  nitrating  tho  chloro-  and 
bromo-phenols,  and  on  tho  other  by  chlorinating  or  brominating  the  nitrophenols,  we 
may  readily  infer  their  constitution,  since  the  constitution  of  the  nitro-,  chloro-,  and 
bromo-phenols  is  knowi.  One  or  two  examples  will  suffice  in  illustration: — Paracbloro- 
phenol yields,  on  nitration,  a  parachloronitrophenol  (m.  p.  86°)  identical  with  one 
that  is  formed  on  chlorinating  orthonitrophenol ;  it  is  therefore  parachlororthonitro- 
phenol.  Paranitrophenol  furnishes,  when  chlorinated,  an  isomeric  paranitrochlorophenol 
(m.  p.  110°),  which  may  be  obtained  by  nitrating  orthochloropbenol,  and  is  therefore 
faranitrorthochlorophenol.  A  third  nitrochlorophenol  (m.p.  70°)  is  obtainable  by 
nitration  of  orthochloropbenol,  and  since  on  further  nitration  it  is  converted  into 
orthochloro-a-dinitrophenol,  which  is  also  obtained  by  nitrating  orthochloroparanitro- 
phenol,  it  must  of  necessity  be  an  orthocMororthonitrophenol  ■  thus  : 


Orthonitroparachloro- 
phenol. 


Ortbocbloropara- 
nitrophenol. 


Orthochlororthonitro-  Orthoohloro-a-dinitro- 
phenol,  phenol. 


Since  the  dichloronitrophenol  obtained  on  chlorinating  paranitrophenol  maybe  con- 
verted, by  displacing  one  of  the  atoms  of  chlorine  by  NO-  by  the  action  of  nitric  acid, 
into  ort^oeliloro-a-dinitrophcnol,  it  follows  that  tho  two  chlorine-atoms  occupy  in  it 
the  pobitione  2  and  6,  and  that  consequently  this  also  is  tho  position  of  the  chlorine- 
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atoms  in  tlie  diehlorophcnol  (m.  p.  65°), -which  is  obtained  on  removing  the  nitro-group 
from  paraniti'odichlorophenol ;  thus  : 

on  OH  071 


NO' 


CI 


Orthochloro-a-dinitrophenol. 


NO" 

Dichloropnranitrophenol, 


Diorthochlorophenol  (m.  p.  G5°). 


The  constitution  of  iodo-a-dinitrophonol  is  given  by  the  folio-wing  observations: 
1.  It  may  be  obtained  by  iodating  a-iliiiiti-(i]ilii'nol,  and  2.  By  the  action  of  hydriodic 
acid  on  diazodinitrophenol  from  aiuiilm  i  i  n  ii  i  i  ipln  nol  or  picramic  acid,  it  being  proved 
that  it  is  one  of  the  nitro-groups  in  tli'-  «<  ///'  -j  n^ilion  which  undergoes  reduction  -when 
trinitrophenol  is  converted  into  amiili)diiiitr(iplicnol,  by  the  fact  that  -when  aniido- 
dinitrophenol  is  converted  into  dinitropheuol  liy  the  action  of  ethyl  nitrite,  a  dinitro- 
phenol  is  obtained  ;  thus  : 


OH 


OH 


OH 


Trinitrophenol.  Ainiaodinitroptienol. 


-Dinitroplienol. 


lodo-a-diniti-ophenol. 


In  the  case  of  iodo-^-dinitrophenol  the  position  of  the  nitro-group  is  given  by  its 
formation  from  3-dinitrophenol  ;  the  position  of  the  iodine  has  not  been  directly 
established,  but  there  can  be  no  doubt  that  it  is  in  the  para-position,  since  the  corre- 
sponding chloro-  and  bromo-dinitrophenols  obtained  by  chlorinating  and  brominating 
j8-dinitrophenol  are  also  produced  by  nitrating  parachloro-  and  parabromophenol : 


OH 


OH 


^-Dinitrophcnol, 


i-^-dinitrophenol. 


The  iodonitrophenol  melting  at  93°  can  onlj'  be  orthiodoparanitrophenol,  since  it  is 
converted  into  iodo-a-dinitrophenol  on  nitration  ;  and  .since  the  isomeride  melting  at 
109°-110°,  produced  from  orthonitrophenol,  also  yields  iodo-a-dinitrophenol  on  nitra- 
tion, it  is  probably  also  an  orthiodophenol  derivative  ;  tlius  : 


Iodonitrophenol  (m.  p.  93°).       Iodonitrophenol  (m.  p.  109° 


lodo-a-dinitrophenol. 


Phenolsulphonic  acids. — Of  the  tv,'o  modifications  of  phonolsulphonic  acid,  the 
unstable  modification  is  apparently  sho-^vn  to  belong  to  the  ortho-series  (1  :  2)  by  its 
conversion  into  pyrocatechin  on  fusion  with  pot;issium  hydrate.  The  isomeric  acid 
(Kekule's  phenolparasulphonic  aciil)  furnishes  resorcin  on  similar  treatment,  but  only 
in  very  small  quantity  ;  tho  conclusion  that  it  belongs  to  the  same  scries  a.s  resorcin 
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is  therefore  not  justified  by  this  result,  especially  as  recent  observations  have  sho'S'n 
that  the  reaction  with  fused  potassium  hydrate  is  not  in  all  cases  a  trustworthy  means 
of  determining  the  constitution  of  a  compound.  Thus  two  isomeric  bromophensls 
yield  the  same  dioxybeuzene  (resorcin)  on  fusion  with  potassium  hydrate,  and,  on  the 
other  hand,  two  different  observers  have  obtained  different  products  from  the  same 
chlorophenol,  Petersen  having  converted  parachlorophenol  into  hydroquinone  1jy 
fusing  it  with  potassium  hydrate,  whereas  Faust  obtained  resorcin.  It  lias  also 
recently  been  stated  that  the  three  isomeric  bromobenzenesulphonio  acids  furnish 
resorcin  on  fusion  with  potassium  hydrate  (Limpricht,  Dent.  Cliem.  Ges.  Ber,  vii. 
1362). 

Kekule's  phenolparasul phonic  acid  is  shown,  however,  to  belong  to  the  terephthalic 
(1  :  4)  series  by  its  conversion  into  parachlorophenol  and  paradichlorobenzene  (m.  p. 
63°-54°),  on  distillation  with  phosphorus  pentachloride  (Barbaglia  a.  Kekule,  ibid.  v. 
875  ;  vi.  943)  : 

CH^.OH.SO'H  +  2PCP  =  C^H^Cl.OH  +  8001=  +  2P0CP  +  HCl. 
CffCl.OH  +  POP  =  C^ffCP  +  POCP  +  HCl. 
Assuming  that  when  the  haloi'd-derivatives  of  the  phenolsulphonic  acids  are  convertel 
into  haloi'd-nitrophenols  by  the  action  of  nitric  acid,  the  sulpho-group,  SO^H,  is  directly 
displaced  by  the  NO--group— and  there  is  every  reason  to  suppose  that  this  is  the 
case — the  fact  that  the  dichlorophenolsulphonic  obtained  from  Kekule's  phenolpara- 
sulphonic  acid  yields,  on  nitration,  a  dichloronitrophenol  identical  with  that  obtained 
on  chlorinating  paranitrophenol,  also  proves  that  the  sulpho-group  in  the  acid  in  ques- 
tion is  in  the  para-position.  Similarly,  since  Kekule's  phenolmetasulphonic  acid  yields, 
when  chlorinated,  a  dichlorophenolsulphonic  acid  which  furnishes  di\a\AoT:ortlionitro- 
phonol  on  nitration,  the  sulpho-group  in  this  acid  may  be  supposed  to  occupy  the 
ortho-  (1  :  2)  position;  thus: 


NO' 

Diohloroparanltro- 
phenol. 


SO'H 
Dichloroplienol- 
parasulphoiiio  acid. 


DichloropheuolorUio- 
snlphouic  iicid. 


Phonoldisulphonic  acid  is  shown  to  be  1  :  2  :  4  by  its  formation  from  phenolortho- 
and  phenolpara-sulphonic  acid. 

The  constitution  of  the  halo'i'd  and  halo'id-nitro-phenolsulphonic  acids  is  inferred 
from  their  formation  from  the  haloid-phenols,  &c.,  and  from  their  conversion  into 
halo'id-nitrophenols.,of  known  constitution  by  the  action  of  nitric  acid._ 

The  various  haloid-,  nitro-,  sulpho-,  haloid-sulpho-,  lialoid-nitro-,  nitro-sulpho-,  and 
haloid-nitro-sulpho-phenols  of  known  constitution,  which  have  been  obtained  from 
phenol,  are  arranged  in  the  following  table  (p.  029).  Each  compound  is  represented 
merely  by  the  radicle  or  radicles,  by  the  substitution  of  which  for  hydrogen  in  phenol 
it  is  formed. 

This  table  contains,  with  one  or  two  exceptions,  all  the  mono-,  di-,  and  tri-derivatives 
as  yet  prepared  from  phenol.  The  number  of  phenol-derivatives  obtained  by  indirect 
methods,  and  not  included  in  the  table,  is  also  extremely  small. 

It  is  at  once  evident  that  the  results  here  tabulated  lead  to  two  remarkable  conclu- 
sions, viz. — 

1.  That  the  action  of  the  halogens,  of  nitric  acid,  and  of  sulphuric  acid,  on  phenol  is 
similar,  inasmuch  as  tlie  same  hydrogen-atoms  are  always  displaced. 

2.  That  the  tendency  of  these  agents  is  always  to  displace  hydrogen  in  the  ortJio- 
positions  (1  :  2  and  1  :  6),  and  the  |)«m-position  (1  :  4),  and  but  rarely  to  produce 
TOfi/a-derivatives.  Thus,  although  it  results  from  Korner's  observations  that  meta- 
bromophenol  may  be  obtained  directly  from  phenol,  its  formation  appears  to  be  depen- 
dent upon  certain  conditions  not  yet  understood.  It  is  also  not  known  at  present 
whether  meta-iodophenol  is  a  constant  product  of  the  action  of  iodine  on  phenol.  It 
appears  not  improbable,  however,  that  the  tendency  to  form  the  meta-derivative  may, 
in  the  case  of  iodine,  be  considerable,  and  thus  always  lead  to  its  production  ;  but  less 
strong  in  the  case  of  bromine,  and  still  less  so  in  the  case  of  chlorine,  so  that  meta-de- 
rivatives  are  not  formed  by  these  in  any  quantity,  except  under  peculiar  _  conditions. 
There  is  no  evidence  at  present  that  with  nitric  or  sulphuric  acid  there  is  any  ten- 
dency to  form  meta-derivatives. 
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Position  of  the  displacing  radicles  relatively  to 

Abbreviated 

the  OH-group  w 

lich  occupico  the  position  1 

symbol  of 

Desori  )tion 
eborip  ion 

compound 

Ortho 

Para 

i  e  a, 

Ortho 

1^10, 

2 

i 

-0 

NO" 

NO" 

NO- 

Arnz  \rA3 

NO- 

NO'- 

iNU  .JNU 

114° 

NO- 

rr^ 

NO- 

^1/^2  "\rr*2  "NTr^'j 
rsU  .J>iU  ,JNU 

122'o° 

NO- 

NO- 

Cl 

~7 

01 

b.  p.  218     ni.  p.  41 

Cl 

rii  Si 

111.  p.  42°— 43° 

CI 

T~ 

Cl 

CI. 01 

66° 

CI 

01 

Cl.Cl.Cl 

67° 

CI 

Cl 

— 

Cl 

Br 

ti'oni  ortliobroniJiniline 

Br 

D.  p.  zZi  — JZy^ 

Br 

Br 

ni.  p.  66° 

- 

Br 

- 

Br.Br 

40° 

Br 

Br.  Br.  Br 

9.5° 

Br 

Br 

Br 

I 

Liquid 

(?)  I 

~ 

I 

^  64°-66° 

~ 

(O  I 

I.I 

150° 

I 

I.I.I 

156° 

I 

I 

SO'H  \ 

Kekule's  phenolmeta- 
sulplionic  acid 

I  SO'H 
J 



— 

— 

— 

SO^H  { 

Kekule's  plienolpara- 
sulphouic  acid 

)  _ 



— 

— 

f 

oU  H.oU'il 

iSO  11 

Cl.NO^ 

111.  p.  70° 

NO- 

Cl 

Cl.NO- 

86° 

N0= 

- 

Cl_ 

- 

Cl.NO^ 

110° 

CI 

^Bi-' 

Br.NO^ 

88° 

NO- 

Br.NO- 

102° 

Br 

- 

NO- 

- 

INO" 

93  -94 

I 

- 

N0= 

- 

NO^.SO^H 

Kekul6  a.  Kolbe 

NO*  SO^H 

Isomer  a.  3?ost 

NO'- 

Cl.SO'H  \ 
( 

Petersen  a.  Baehr- 
Predari 

I  CI 



SO'H 

— 

— 

Kramers 

SO''H 

Ol 

Br.SOTI  i 
\ 

From  orthobromo- 
pheiiol  (Armstrong) 

\  Br 



SO^H 



— 

Br.SO'H  I 

From  parabromophenol 
(Armstrong) 
m.  p.  110°-111° 

1  SO'H 
1 



Br 

— 

— 

Cl.NO-.NC 

Cl 

Cl.NO-.NO- 

80"5° 

]S0- 

Cl 

Br.NO'.NO^ 

117° 

Br 

NO" 

Br.NO'.NO- 

76° 

NO- 

I.NO^.NO- 

106° 

I 

NO- 

- 

NO^ 

I.NO-.NO* 

113° 

NO- 

I 

Cl.Cl.NO^ 

Cl 

— 

Cl 

— 

N02 

C1.C1.N0= 

125° 

CI 

NO- 

— 

Cl 

Br.Br.NO- 

1176° 

Br 

Br 

NO-  i 

Br.Br.NO- 

141° 

Br 



Br  I 

I.I.NO= 

98° 

I 

_ 

I 

- 

NO'  i 

I.I.NO^ 

157° 

J 

I  1 

Br.SO'H.SO'H 

<      From  plicnol- 
l    disulphonic  acid 

[  Br 

SO^H 

som  \ 

1   Cl.Cl.SO'H  ] 

(  '^^ 

Cl 

SO^'H 

Cl.Cl.SO'H  ] 

From  plionolpai-a- 

j.  CI 

Cl 

sulplionic  acid 

27id  Sup. 
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CcjisHtuiion  of  Phcnol-derivafives. 


I  Abbreviated 
I       symbol  of 


Br.Br.SO^H 
Br.Br.SO^H 

I.I.SO'H 
Cl.NO^.SO'H 
CLNO^.SO'H 
Br.NO^.SO^H 
Br.NO'^SO^H 
Br.NO^.SO'H 
LNO^.SO'H 

i.No=.soni 


From  phenolortho- 

sulphonic  acid 
From  phenolpara- 

siilphonio  acid 
From  phenolpara- 
sulphonic  acid 
From  diclilorophenol- 
parasulplionic  acid 
From  parachloro- 
phenolsulphonic  acid 
From  dibromophenol- 
parasulphonic  acid 
From  parabromo- 
phenolsulplionic  acid 
From  paranitroplienol- 

siiiphonio  acid 
From  orthonitrophenol 

parasulphonic  acid 
From  paraiiitrophenol- 
sulplionic  acid 


Position  of  the  displacing  radicles  relatively  to 
the  OH-group  which  occupies  the  position  1 

Ortho, 

ilpta, 
3 

Para, 
4 

Meta, 

Ortho, 
6 

?  -r 

Br 

SO'H 

>  T> 
i 

SO^H 

Br 

t  T 

\  ^ 

SO''H 

I 

f  PI 

SO'H 

NO- 

1  NO' 

CI 

SO^^H 

{  B, 

SO^II 

N02 

Br 

so»n 

'  Bp 

NO- 

SO^H 

[  ' 

SO^II 

N0= 

!  ' 

NO- 

SO'H 

H.  E.  A. 


PHEWOIi,  HOIVXOZiO&ITSS  OF.  The  li3'drocarl)ons  homologous  with  ' 
•which  may  be  represented  by  the  general  formula,  C«H^"'"(C"H'^''+')"' *  are  capable 
of  yielding  two  metameric  series  of  monohydric  alcohols ;  thus  toluene,  C^H^.CH',  is 
convertible  on  the  one  hand  into  the  cresols,  C°H''(OH).CH',  and  on  the  other  into 
benzyl  alcohol,  C''H^.CH^(OH),  which  is  metameric  with  the  cresols.  The  alcohols  of 
the  former  class,  which  are  termed  phenols,  on  account  of  the  resemblance  they  bear 
to  phenol,  the  first  term  of  the  series,  may  be  represented  by  the.  general  expression, 
CGj£5-m(0H)(C°H^"+')'°,  the  alcohols  of  the  latter  class,  which  for  want  of  a  better 
name  may  be  termed  alcohols  of  the  bemylic  series,  being  represented  by  the  general 

formula,  C^H*"""  |  ^J^2^+Jj"„,.    In  the  case  of  the  first  term  of  the  phenol  series,  the 

value  of  n  and  7n  in  the  general  formida  above  given  is  zero,  and  the  highest  possible 
value  of  m  is  doubtless  5  ;  the  limits  within  whieli  n  may  vary  have  not  yet  been 
determined,  and  cannot  be  predicted.  In  the  alcohols  of  the  benzylic  series,  m  in 
the  first  term  equals  0,  and  cannot  exceed  5 ;  the  lowest  value  of  n,  however,  in  the 
C°H^".OH  group  is  1.    The  limit  of  variation  of  n  cannot  be  stated. 

The  following  alcohols  derived  from  liydrocarbons  of  the  benzene  series  are  known ; — 


Phenols,  C«H='-"(OH)(C"IP"+')"'. 

CH-'O     Phenol  or  Oxybenzene    .       .       .  C"H=.OH 

I'  Paracresol  or  Paroxymethylbenzene  ]  . 
Cm«0    \  Metacresol  or  Metoxymethylbenzene  I  C"H».CH'.OH 

)  . 


( Orthocresol  orOrthoxymethylbenzene 
'Metaxylenol  (solid)  or  Oxymetadi-I 

methylbenzeno        .       .       .  I  ricTp//~,TT~i 
Xylenol   (liquid)  or  Oxydimethyl- f  ^  I  CH» 

benzene  .  . 
Ethylphenol  (solid)  or  Paroxyethyl- 

benzene   .       .  .21 

Ethylphenol   (liquid)  or  Orthosy- 1- CH'.O-ff .OH 

ethylbenzene  .  .  .  .  . 
.Phlorol  (?)  Oxyethylbcnzenc  .  .  . 
'  Thymol ;  a-Cymophenol  or  Oxypara- 1 

methylpropylbenzeue      .       .  (  nemn~\V!\  5 
Carvacrol;  /3-Oymophenol  or  O.xy- I  ^ /  G'H' 
paramethylpropylbenzene        .  /  . 
^  The  value  of  m  may  be  0  autl  cannot  exceed  G  ;  when  there  are  several  C"H'"-I-'  g 
hydrocarbon,  the  value  of  ti  may  be  the  same  or  different  iu  each  of  these. 


b.p. 

°182 
200-205 
195-200 
185-186 


215 
212 
-215 


233 
oups  in  the 
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Alcohols  of  the  Bc;u~ylk  series,  C«H=-»'  \  ?,J?;°'n+Mr, 

b.^p. 

CH^O  .Benzyl  alcohol  ....  C'^ff.CH=(OH)  .  .  .207 
fswion  5  Paratolyl  alcohol  .  .  .  C''H\CH5).CH-(0H)  .  217 
^  ^  )  Mpcondary  Phenylethyl  alcoliol  .  C«H\CH(OH).CH'  .  .  203 
rnn-O  J  Primary  Phenylpropyl  aleohn]  .  C«H^CH-.Off  .CH2(0H)  .  235 
^  ^Secondary  Phenylpropyl  alcohol  .  C«ff.CH(OH).CH^CH'  .  211 
rioTinn  <  Guminyl  alcohol  .  .  .  C«H«(C^H').CH-(OH)  .  .  213 
^  ^  ^  ^  Secondnry  Phenylbutyl  alcohol  .  C«ff.CH(0n).CH2.Gn^CIP  — 
CiNj£3oo     Sycoceryl  alcohol  — 

Paraceesol,  C'H*0  =  C''H'(CH^).0II  (]  :  4).  All  the  specimens  of  commercial 
cresol  or  cresylie  acid  (from  coal-tar)  hitherto  examined  have  been  found  to  contain 
more  or  less  of  this  cresol ;  it  is  impossible  to  separate  it  in  a  pure  state,  however,  by 
any  of  the  ordinary  processes,  such  as  fractional  solution  in  alkali,  fractional  pre- 
cipitation from  an  alkaline  solution,  or  fractional  distillation  (Armstrong).  Its 
presence  in  the  coal-tar  product  was  first  demonstrated  by  H.  BufF  {Deut.  CJiem. 
Ges.  Bcr.  1871,  378),  who  on  treating  the  portion  boiling  constantly  at  204°-205° 
with  benzoic  chloride,  obtained  a  mixture  of  crystalline  benzoylparacresol  with  a  liquid 
substance  (probably  benzoylorthocresol).  Tlio  cresol  separated  from  the  benzoyl  de- 
rivative melted  at  34°,  and  boiled  at  about  205°. 

Pure  pnracresol  may  also  bo  prepared  from  crude  coal-tar  cresol  by  heating  this 
liquid  with  an  equal  weight  of  concentrated  sulphuric  acid  for  about  15  hours  to  100°. 
The  resulting  mixture  of  siilpho-acids  is  dissolved  in  water  and  neutralised  with 
barium  carbonate ;  a  concentrated  Iiot  solution  of  barium  hydrate  is  then  added  to  the 
warm  filtered  solution  until  no  further  precipitate  is  formed.  The  precipitate  of  basic 
liarium  paracresolsulphonate  thus  obtained  is  separated  from  tiie  liquid,  decrjmposed 
by  the  necessary  quantity  of  diluted  sidf)huric  acid,  the  solution  is  neutralised  with 
potassium  carbonate,  and  allowed  to  crystallise ;  the  resulting  potassium  paracresol- 
sulphonate is  purified  by  recrystallis.ation,  and  then  heated  in  scaled  tubes  with  hydro- 
chloric acid  for  2-3  hours  to  140°-1.')0°,  whcvcliy  it  is  rcsolvod  into  paraeresol  and 
potassium-hydrogen  sulphate.  It  i:^  .Mih  iiiir.i-viiis  lii-i  (o  I'.i-til  the  cresol  in  a  current 
of  steam  before  distilling  it  aloni' ( -\iiiri  i-o)i;i      Iidd,  r/-,„.  Trios,  xxix.  282). 

Southworth(^;z!!.  Ch.Pharm.  clxviii.  1!(17)  liiuls  tli.ii  ]iure  pnracresol  is  not  converted 
into  chlorinated  quinones  {\st  Suppl.  507)  when  it  is  submitted  to  the  action  of  hydro- 
chloric acid  and  potassium  chlorate,  but  that  it  yields  a  dark-coloured  uucrystallino 
product  which  he  regards  as  being  probably  a  mixture  of  clilorocresols.  Tho  chlo- 
rinated quinones  obtained  by  Graebe  a.  Borgmann  from  coal-tar  cresol  were  in  all 
probability  orthocresol  derivatives. 

Nifroparacrcsols,  C«H=.CH^NO^OH. — When  nitric  acid  (1  mol.)  is  gradually  added 
to  a  cold  glacial  acetic  acid  solution  of  paraeresol  (1  moL),  and  the  mixture  then  poured 
into  water,  a  black  oil  is  obtained,  which  on  distillation  in  a  current  of  steam  furnishes 
nitroparacresol  as  a  yellow  oil.  The  resinous  residue  in  the  flask  yields,  on  extraction 
with  boiling  water,  a  small  quantity  of  a  substance  which  crystallises  in  wliite,  diffi- 
cultly soluble  needles,  melting  at  126°-127°  ;  this  is  probably  an  isomeric  nitropara- 
cresol. The  yellow  oil  solidifies  when  cooled  by  ice,  and  the  solid  may  bo  purified  by 
recrystallisation  from  alcohol  (Armstrong).  This  nitroparacresol  is  identical  with 
that  which  Wagner  obtained  (Dciit.  Chcm.  Ges.  Bcr.  vii.  537,  1269),  by  heating  ortho- 
nitroacetoparatoluidino  with  sodium  hydrate.  Orthonitroparaeresol  (Oil  :  NO^  :  CH^ 
=  1  :  2  :  4)  is  scarcely  soluble  in  water  but  very  soluble  in  alcohol  and  ether,  from 
which  it  crystallises  in  yellow  flattened  needles  ;  it  melts  at  33°-33'5°.  It  possesses 
the  peculiar  odour  of  volatile  nitroplienol.  Orthonitroparaeresol  has  extremely  feeble 
acid  properties,  and  its  metallic  derivatives  are  difficult  to  prepare,  on  account  of  tlieir 
instability,  being  decomposed  when  boiled  with  water.  Tlie  potassium  and  sodium 
derivative  form  clark  red  needles  easily  soluble  in  water  and  alcoliol ;  the  silver  deriva- 
tive separates,  on  addition  of  silver  nitr.ito  to  a.  solution  of  the  sodium  derivative,  as  a 
brick-red  precipitate.  The  lead  dcriraiivr  tonus  an  orange-yellow  very  difficultly  solu- 
ble precipitate.  Tho  harium  dcrir,;! ,  rf  vr\-.\^\\\in^H  from  the  concentr.atcd  solution  in 
pale-red  crystalline  scales.  Tho  ///-///;//  iln-ii'niive,  C^H'.Cff.NO^.OCH^  which  is  ob- 
tained by  acting  on  tho  silver  derivative  ^vith  methyl  iodide,  is  a  yellow  oil,  boiling  with 
partial  decomposition  at  274°  ;  during  the  formation  of  this  compound,  much  metallic 
silver  separates.  It  is  converted  by  heating  with  alcoholic  ammonia  at  160°-180°  into 
orthonitroparatoluidine  (m.  p.  168°)  identical  with  that  from  which  it  maybe  produced 
by  boiling  with  solution  of  sodium  livdrate  ("Wagner). 
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Orthonitroparacresol  is  readily  converted  by  nitric  acid  into  dinitroparacresol 
(m.  p.  84°) ;  tho  (probably)  isomeric  nitroparacresol  yields  a  different  substance  (Arm- 
strong). 

Orthoamidoi-xiracresol,  C<'H3.CH^NH^0H  (Wagner,  Deut.  Chcm.  Gcs.  Ber.  yii. 
1270),  is  prepared  by  reducing  orthonitroparacresol  (m.  p.  33°)  with  tin  and  hydro- 
chloric acid ;  it  is  separated  from  the  hydrochloride  by  ammonia  and  recrystallised 
from  boiling  'water,  and  is  thus  obtained  in  white  glistening  scales  almost  insoluble  in 
cold  water,  but  easily  soluble  in  alcohol  and  ether.  It  separates  from  the  solution  in 
ether  in  large  rhombic  crystals.  The  hydrochloride  forms  long  white  needles,  easily 
soluble  in  water  and  alcohol,  difiB.eultly  soluble  in  ether.  A  platinum  double  salt  could 
not  be  obtained. 

Orthoamidoparacresol  hydrochloride  is  converted  into  orthodiazoparacresol  hydro- 
chloride by  ethyl  nitrite,  but  on  account  of  its  easy  solubility  the  diazo-compound  is 
difficult  to  isolate.  It  yields  with  platinum  chloride  a  double  salt,  C'H'ON^Cl.PtCl*, 
resembling  ammonium-platinum  chloride  in  appearance  (Wagner).  On  dry  distillation 
this  double  salt  furnishes  a  chlorocresol. 

Binitroparacrcsol,  C«H2.Cff.(N0-y^0H  (?  OH  :  NO^  :  GW  :  NO^  =1:2: 
4  :  6). — This  compound,  which  may  be  obtained  by  the  action  of  nitrous  acid  on  para- 
toluidine  {1st  Suppl.  608)  is  also  produced — 1.  Bj  nitration  of  orthonitroparacresol 
(Armstrong  a.  Field). — 2.  By  nitration  of  potassium  paraeresolorthosulphonate  (Arm- 
strong a.  Field ;  Pechmann,  Ann.  Ch.  Pharm.  clxxiii.  205). — 3.  By  heating  dinitro- 
paracetotoluidine  with  sodium  hydrate  solution  (Wagner).  It  crystallises  in  lemon- 
yellow  needles,  melting  at  84°,  slightly  soluble  in  water,  very  soluble  in  alcohol  and 
ether.  When  treated  with  even  the  strongest  nitric  acid,  it  does  not  yield  a  trinitro- 
derivative  (Armstrong,  Deut.  Chem.  Gcs.  Ber.  vii.  406). 

Potassium  diniiroparacresol,  C'H^(NO^)^OK,  crystallises  in  long  carmine-red  flattened 
needles,  easily  soluble  in  hot,  but  much  less  solul^le  in  cold  water.  The  ammonium 
derivative  forms  anhydrous  red  needles.  The  barium  derivative,  [C'II=(NO^)^0]''Ba, 
separates  in  fine  yellow  difiScultly  soluble  needles.  The  lead  derivative  also  forms 
fine  yellow  anhydrous  needles.  The  silver  derivative,  C'ff(NO^)=OAg,  crystallises  in 
beautiful  carmine-red  needles  (Pechmann). 

Paracresolorthosulphonic  acid,  CsH^CmOH.SO'H  (OH  :  SO'H  :  CH»  = 
1:2:4).  Pechmann's  Paracrcsolmctasulphonic  acid,  GTP  '.  SO'H  :  OH  =  1:3:4. 
Paracresolsulphuric  acid  {Ist  Suppl.  566). — According  to  Barth  (Ann.  Chem.  Pharm. 
cliv.  364),  and  Biedermann  {Bent.  Chem.  Ges.  Ber.  vi.  326),  protocatechuic  acid, 
CH^OHj^-CO^H,  is  formed  when  potassium  paracresolsulphonate  from  paracresol 
is  fused  with  potassium  hydrate ;  Pechmann  {Ann.  Ch.  Pharm.  clxxiii.  204)  using 
that  prepared  from  paratoluidinemetasulphonic  acid  (OH'  :  SO'H  :  Nff  =  1:3:4) 
obtained  chiefly  paroxybenzoic  acid,  and  only  traces  of  protocatechuic  acid. 

The  action  of  bromine  on  potassium  paraeresolorthosulphonate  gives  rise  to  the 
formation,  first  of  bromo-  then  of  dibroraoparacresolsulphonate,  which,  by  the  continued 
action  of  the  bromine,  appears  to  be  converted  into  tribromoparacresol.  The  dibromo- 
6ulpho-salt  is  tho  main  product,  however,  even  when  only  1  mol.  of  bromine  is  added 
to  1  mol.  of  the  salt  (Armstrong  a.  Field).  Dilute  nitric  acid  converts  potassium 
paraeresolorthosulphonate  into  nitroparacresolorthosulphonate,  which,  by  the  continued 
action  of  the  acid,  yields  dinitroparacresol  (m.  p.  84°)  (Armstrong  a.  Field).  Little, 
however,  is  at  present  known  of  these  derivatives. 

Paracresolmctasiilphonic  acid,  Cff.CmOH.SO'H  (OH  :  SO'H  :  CH^  = 
1  :  3  :  4).  Jensen's  Paracrcsolorfhostdpho7iic  acid,  {CW  :  SO'H  :  OH  =  1:2:  4).— 
This  acid  is  produced  by  heating  the  diazo-derivative  of  paramidotolueneortho- 
sulphonic  acid  (CH'  :  SO'H  :  NH^  =  1:3:4)  from  paranitrotoluene  and  sidphm'ic 
acid  with  water  (Jensen,  Ann.  Chem.  Pharm.  clxxii.  230).  It  crystallises  from  water 
in  long  white  needles  with  5  mols.  of  water,  which  melt  at  08'5° ;  on  exposure  over 
sulphuric  acid  they  lose  the  water  of  crystallisation  and  then  melt  at  187°-1S8°.  All 
tho  salts  of  this  acid  are  very  soluble  and  could  not  be  obtained  in  a  crystalline  state; 
the  barium  salt  is  not  precipitated  by  barium  hydrate. 

A  nitroparacresolmetasulphonic  acid  is  produced  when  the  nitrodiazo-  acid  formed 
by  the  action  of  fuming  nitric  acid  on  paramidotolueneorthosulphonic  acid  is  heated 
with  water.  An  orthobronioparacresolmetasulphonic  acid  may  be  similarly  prepared 
from  metabromoparamidotolueneorthosulphonic  acid  (Weckwarth,  An7i.  Chcm.  Pharm. 
clxxii.  201). 

Chlorocresol,  CH'Cl.CH'.OH. — By  passing  chlorine  into  heated  cresol  (from 
coal-tar)  and  fractionally  distilling  the  product,  Biedermann  {Betit.  Chcm.  Ges.  Ber. 
tI.  325)  obtained  a  chlorocresol  crystallising  in  long  needles,  which  melt  at  56°,  and 
boil  without  decomposition  at  about  240°.  The  cresol  employed  evidently  contained 
a  considerable  proportion  of  paracresol,  so  that  this  chlorocresol  may  be  a  paracresol 
derivative. 
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By  the  action  of  iodine  and  iodic  acid  in  an  alkaline  solution  on  the  same  cresol  in 
the  proportions  required  to  form  an  iodocresol,  Biedermann  obtained  an  oily  product, 
which  he  decomposed  with  alcoholic  potassium  hydrate  at  250°-300°.  The  product 
■was  an  amorphous  yellowish-red  substance,  which,  on  analysis,  gave  numbers  agreeing 

C^H^  CH^  OH } 

approximately  with  those  required  by  the  formula  ceH^  CH»  OH  [  ^' 

Constitution  of  the  Paracresol  derivatives. — The  constitution  of  tlie  volatile  nitro- 
paracresol  is  given  by  its  formation  from  nitroparatoluidino.  Thus  Beilstein  a.  Kuhl- 
berg  have  shown  {Aim.  Chcm.  I'harm.  civ.  1)  that  the  nitroparatoluidine  procurable 
from  aceto-paratoluidine  by  nitration,  &c.,  yields,  on  removal  of  the  amido-group,  a 
nictanitrotoluene  (1:3),  which  enables  us  to  infer  the  constitution  of  nitrotoluidino, 
and  consequently  of  nitroparacresol,  to  bo  as  follows  : 

Nil'  NH'  OH 


Metanitrotolueno.  Nitroparatolniiliup. 

The  very  great  resemblance  which  nitroparacresol  bears  to  the  volatile  orthonitro- 
phenol  serves  to  confirm  this  conclusion  that  the  nitro-group  is  in  the  ortho-position. 

In  diuitroparacresol  (m.  p.  84°)  the  nitro-groups  probably  occupy  the  ortho- 
positions  :  firstly,  because  of  the  close  resemblance  which  it  bears  to  jS-dinitrophenol ; 
and  secondly,  because,  as  previously  pointed  out,  in  the  case  of  nearly  all  phenol 
derivatives  directly  prepared  from  phenol,  the  para-  and  ortho-positions  are  occupied, 
and  not  the  metapositions  : 

OH  on 


P-Diuitrophouol. 


Dinitroparaciesol. 


The  cresolsulphonic  formed  directly  from  paracresol  has  the  sulpho-group  in  the 
ortho-position.  This  is  shown  by  its  formation  from  paramidotoluenemetasulphonie 
acid,  which,  on  removal  of  the  NH-  group,  yields  toluenemetasulphonic  acid  (Pech- 
mann) ;  thus : 


u 


raramidotoluenemeta- 
sulphoiiio  acid. 


Toluenemetasulphonic  add. 


In  a  similar  manner  the  isomeric  acid  is  shown  to  have  the  sulpho-group  in  the 
meta-position,  by  its  formation  from  an  amidotoluenesulphonic  acid  wliich  yields 
tolueneorthosulphonic  acid  (Jensen) ;  thus  : 

on 


CH' 

Tolueneorthosulplionic 


NH' 

u 

SO'H 

nid(jtolucn 

^OrtllQ. 

Iplionic  acid. 
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Metacebsol,  C'H»0  =  C«H^CH^0H  (1  :  3).— Soutliwortli  (Ann.  Chan.  Pharni. 
clxviii.  267)  recommends  the  use  of  50  grams  of  phosphoric  anhydride  in  place  of  tha 
35  grams  employed  by  Engelhardt  a.  Latschinoif  {\st  Suppl.  507)  to  decompose  100 
gri)ni,s  of  tliymol.  By  the  action  of  potassium  chlorate  and  hydrochloric  acid,  mcta- 
cresol  is  converted  into  dichlorotolumctaquinone,  CH'^Cl-O-  (SoutliAvorth). 

Metacresohulplionic  acid,  C^H^.CH^.OH.SO^H. — When  the  metabromotolueneortho- 
sulphonic  acid,  prepared  by  Griess's  method  from  the  metabromoparamidotoluene- 
orthosulphonic  acid  formed  on  adding  bromine  to  a  solution  of  paramidotolueneortho- 
sulphonic  acid,  is  treated  -n^ith  moist  silver  oxide,  the  bromine  is  displaced  by  OH, 
and  a  metacresolsulphonic  acid  produced,  the  potassium  salt  of  which  crystallises  in 
beautiful  coarse  needles.  Orthobromotoluenemetasulphonic  acid  is  similarly  acted 
upon  (Weckwarth,  Ann.  Cham,  Pharm.  clxxii.  201). 

Oethocresol,  CH^O  =  Cff  .CHIOH  (1  :  2).— Kekule  {JDeut.  Chem.  Ges.  Ber. 
rii.  1006)  has  obtained  pure  orthocresol  by  heating  carvacrol,  the  isomeride  of  thymol, 
with  phosphoric  anhydride,  and  fusing  the  resulting  cresyl  phosphate  \vith  potassium 
hydrate  ;  and  by  Griess's  method  fromorthotohiidine.  It  melts  at  31°-31"5°,  and  boils 
at  185°-186°.  The  benzoyl-derivative  remains  liquid  oven  when  very  strongly  cooled. 
Orthoeresotic  acid,  from  pure  orthocresol,  melts  at  163°-164°,  and  not,  as  stated  by 
Engelhardt  a.  Latschinoff  (Isi-  Suppl.  508),  at  114°. 

The  cresol  obtained  by  Korner  {Ist  Suppl.  507)  from  bromophenol  appears  to  have 
•  been  metacresol  (1  :  3).  Henry's  diclilorocresol  (ibid.),  from  salicylic  aldehyde,  is  an 
orthocresol  (1  :  2)  derivative. 

Commercial  cresol,  from  coal-tar,  appears  always  to  contain  paracresol  and  ortho- 
cresol in  varying  proportions  mixed  with  more  or  less  phenol  (Armstrong  a.  Field). 

Orthocre-wlparasidphonic  acid,  C^H'.CH^OH.SO^H  (OH  :  CH=  :  S0'H  =  1  :  2  :  4), 
is  produced  on  heating  orthodiazotolueueparasulphonic  acid  with  water,  and,  but  in 
a  much  purer  form,  by  adding  the  diazo-compound  to  gently  warmed  fuming  sul- 
phuric acid  (Hayduck,  JiM«.  Chem.  I'hcmit.  clxxii.  204;  clxxiv.  343).  The  barium  salt, 
(C'H^.OH.SO')'-^Ba  +  l  jH-0,  is  extremely  soluble;  it  crystallises  in  aggregates  which, 
under  the  microscope,  are  seen  to  consist  of  monoolinic  prisms.  Tlie  potassium  salt, 
C'H'''.0H.S0'^K+ ^H-0,  dissolves  in  water  in  all  proportions,  and  is  also  very  easily 
soluble  in  alcohol ;  from  a  saturated  solution  in  anhydrous  alcohol  it  separates  as  a 
yellowish  crystalline  powder,  and  from  an  aqueous  alcoholic  solution,  on  slow  evapo- 
ration, in  groups  of  short  needles.  It  yields  salicylic  acid  when  fused  with  potassiiuu 
hydrate. 

Ethylorthocrcsvlparasulphonio  acid,  CH'.CH^.OC-H^.SO^H,  is  formed  when  ortho- 
diazotolueneparasulphonic  acid  is  boiled  with  absolute  alcohol.  The  potassium  salt, 
C'H°(0C^ff)S0^K  +  WO,  crystallises  in  glistening  wliite  needles  united  in  lamella ; 
it  is  very  soluble  in  water.  The  bariuon  salt,  [C'H°(OC-H=)SO^]-Ba+  3H-'0,  separates 
from  concentrated  solutions  in  aggregates  of  microscopic  needles,  and  from  less  con- 
centrated solutions  in  needles ;  it  is  somewhat  difficultly  soluble  in  cold,  but  easily 
soluble  in  hot  water.  The  lead  salt,  [C'H«(OC-ff  )SO»]-^Pb  +  3H-0,  forms  long  hair- 
fine  white  glistening  needles,  united  in  groups  ;  it  is  easily  soluble  in  hot  water.  The 
chloride,  C'H'*(0C-ff)S0-Cl,  prepared  from  the  potassium  salt  and  phosphorus  peu- 
tachloride,  is  a  yellowish  oil,  from  which  rhombic  plates  separate  on  standing  over 
sulphuric  acid ;  ammonia  converts  it  into  the  amide,  C'H''(0C-H=)S0^NH'^,  wliich 
crystallises  in  glistening  plates  melting  at  137°,  difficultly  soluble  in  hot  water  (Hay- 
duck). 

MetM/lorthocresolparasidphonio  acid,  C''H'''.Cn'.0CH''.S0^H,  is  similarly  prepared 
with  the  aid  of  methyl  alcohol.  The  barium  salt,  [C'H''(0CH=)S0=]=Ba  +  2H-0, 
crystallises  in  small  glistening  plates,  somewhat  more  soluble  in  water  than  the  ethyl 
compound  (Hayduck). 

Nitrorthocresolparasulphonic  acid,  CH-.CH^.NO-.OH.SO'H,  is  obtained  by  heating 
nitrorthodiazotolueneparasulphonic  acid  with  water  or  sulphuric  acid.  T)ie  barium 
salt,  [C'H^(N02)OHS03]2Ba  +  5H20,  crystallises  in  hard  yellow  monoclinic  prisms  of 
considerable  size  ;  it  is  easily  soluble  in  water.  The  dibarium  salt,  [C'H*(NO-)SO']-Ba'- 
-f  6|0H-,  forms  tufts  of  orange-red  needles,  easily  soluble  in  hot  water  (Hayduck). 

Biiromorthocresolparasidphonic  acid,  CHBr-.Cff.OH.SO^H.— This  acid  is  obtained 
by  heating  dibromorthodiazotoluenesulphonic  acid,  prepared  from  the  dibromo-acid 
formed  from  bromine  and  orthamidotolueneparasulphonic  acid,witli  water.  The  bariu  m 
salt,  [C'ffBr^OHSO^J-Ba  +  8JH=0,  forms  easily  soluble  glistening  plates.  Tho 
fotassiwm  salt,  C'H^Br-OHSO'K  +  H-0,  crystallises  similarly  (Hayduck). 


PHENOL,  HOMOLOGUES  OF. 


Xtlknols,  C«H'"0  =  C''H'(CH=)-OH  (seo  Isi  Siq'pl.  1128). 

EruviruENOLs,  C'<H"'0  =  C'^H'.C=ff.OI-I.— Tho  crystalline  etliylplicnol  oLtained 
hv  Fitti-  a.  Kiesow  and  by  Beilsteiu  a.  Kuhlberg  (ii/J,  016*)  on  fusing  potassium 
i  tlivUiriiz-insulphonav.e,  C"H.''.C-H^.SO'K,  with  potassium  hydrate,  in  ail  probability 
i'oi-icspuii(ls  with  paracresol,  and  the  liquid  phenol  with  orthocresol.  When  heatetl 
with  phosphoric  anhydride,  solid  ethylphenol  is  converted  into  a  phenylpliosphato 
and  ethylene  is  evolved  (Chrustschoff,  Bciit.  C'l/em.  Gcs.  Bcr.  \a.  llOo) : 

C«Hl.C^H^OH  =  c^H^on  +  C^IP. 

PiiLOROL,  Phlohetol,  C«II'»0  =  (?)C"ff.C-ff.OII  (v.  4D3;  \st  Siqipl.  928).— 
Korner  a.  Corbetta  (Bent.  Chem.  Gcs.  Bcr.Vii.  1731)  have  recently  shown  that  when 
methylphloretic  acid  is  oxidised  it  is  converted  into  anisic  acid,  thus  proving  pliloretic 
acid  to  bo  a  phenolpropioni.-  arid.  C''HXOH).C-H^COOH.  Since  phlorol  is  obtained 
on  distilling  barium  phlurctate  with  caustic  lime,  this  observation  appears  to  prove 
that  phlorol  is  an  ethylphenol  in  which  the  ethyl  and  OH-group  occupy  the  positions 
1:4;  phlorol,  however,  .according  to  Hlasiwetz's  description,  has  very  different  pro- 
perties from  those  of  crystalline  ethylphenol,  which,  there  is  much  reason  to  believe, 
is  a  para- derivative. 

Thymol,  a-CrMOPHEXOL,  Oxypaeamethylpeopylbenzene,  C'H^O  = 

C'ff.OH  l^g^'  I  (OH  :  CH^  :  C^H'  =  1  :  3  :  G).— According  to  Carstunjen  [J.  pr. 

Chem.  [2],iii.  63)  the  thymoi'l  which Lallemand  prepared  by  oxidising  thymolsulphonic 
acid  with  manganic  peroxide  and  sulphuric  acid  (v.  792),  and  to  which  he  gave  the 
formula  C'-H"'0-,  is  in  reality  thymoquinone,  C'"il'"0'',  which  on  reduction  yields 
Lallemand's  thymoi'lol  or  thymohydroquinone,  C'"H'-(OH)^  The  diamidothymol  ob- 
tained from  diuitrothymol  (v.  796)  yields  oxythymoquinone,  C'"H"(OH)0^  on  oxida- 
tion. "When  thymol  is  distilled  with  phosphorus  pcntachloride,  a  chlorocymene, 
C'lI'^Cl.  is  produced,  which,  on  reduction  with  sodium  aTiialL^am.  yii'lds  cymene,  C'"!!" 
(b.  p.  174°-17o°);  this  cymene  is  converted,  on  oxidation,  intu  trrL  phthalic  acid  (Car- 
stanjen).  When  thymol  is  distilled  with  phospliorus  pentasnl  [iliidr,  it  furnishes  cymene 
identical  with  camphor-cymene  .and  the  mercaptan,  0'"11'^.SII  (a-thiocymene).  corre- 
sponding with  thymol  (Fittica,  Bait.  Chrm.  Ges.  Ber.  vi.  938;  Ann.  Chem.  Pharm. 
clxxii.  303). 

Caevaceol,  /S-Cymophewol,  Osypahamethylpeopylbenzene,  C'H'^O 

=  C«H'.Oh|         (OH  :  CH'  :  C'H'  =  1:2:  5).— AVhen  c.arvol  (i.  808)  is  warmed 

with  a  small  quantity  of  orthophosphoric  acid,  much  heat  is  evolved,  and  it  is  con- 
verted intocarvacrol  (Kekule  a.  F'lcischer,  Z'cwi'.  Clicoi.  Ges.  Bcr.  vi.  1087).  Carvacrol 
is  also  produced  when  camphor  is  heated  for  some  time  with  \  of  its  weight  of  iodino 
{ihicl.  93i).  The  compound  thus-  obtained  from  earvol  and  camphor  is  identical  witli 
Post  a.  Miiller's  cvmophenol,  formed  on  fusing  the  potassium  salt  of  cymene-sulphonic 
acid  (from  camphor-cymene)  with  potassium  hydrate  (1st  Siqjpl.  1089). 

Carvacrol  boils  at  232°-232-5°  (at  236-5°-237°  when  the  entire  mercury  column  of 
the  thermometer  is  immersed  in  the  vapoiir) ;  when  distilled  with  phosphorus  trisul- 
phide  or  pentasulphido  it  yields  cymene  and /3-thiocymene,  more  of  the  latter  being 
obtained  if  the  pentasulphide  be  employed.  The  thiocymene  is  isomeric  with  that 
formed  from  thymol.  When  carvacrol  is  heated  with  phosphoric  anliydride,  propylene 
is  evolved;  the  residue  yields  orthocresol  when  decomposed  with  potassium  hydrate, 
&c.    Phosphorus  pentaehloride  converts  it  into  chlorocymene,  boiling  at  214°. 

Carvacrolsulphonic  acid  is  ci  vst:illi!;i'  and  yii'Ms  crystalline  salts;  when  oxidised  by 
manganic  oxide  and  sulj.hiii-i>- ari  i.  il  faniishi  s  tliyniDquinone  identical  with  that  ob- 
tained from  thymol.  The  acid,  (  "ir-.(  lil  '.iJ'lF.Oll.CO-H,  produced  on  treating  car- 
vacrol with  sodium  and  carbonic  anhydride,  melts  .at  133°-134°,  the  isomeric  acid  from 
.thymol  melting  at  120°. 

ConstiiiUion  of  the  Cymophcnols. — Thymol  and  carvacrol  are  both  derived  from  the 
same  methylpropylbenzene  or  cymene.  Tliis  is  proved  by  the  conversion  of  thymol  by 
the  action  of  phosphorus  pentasulphide  into  cymene  identical  with  that  contained  in 
Ptychotis  oil,  and  which  can  be  produced  by  heating  camphor  with  phosphorus  penta- 
sulphide or  pentoxide,  from  which  Midler  a.  Post  respectively  obtained  carvacrol. 
This  methylpropylbenzene  is  shown  to  contain  methyl  and  normal  propyl  in  the  para- 
position,  by  its  formation  from  crystalline  bromotoluene,  normal  propyl  bromide  and 
sodium  (Fittica).  Finally,  the  position  of  the  OH-group  is  determined  by  the  couver- 
sion  of  thymol  into  metacresol,  and  of  carvacrol  into  orthocresol ;  thus  : 
*  The  name  y/iene(o?,  and  the  formula  C°H"'.(C°H=)0,  is  there  wrongly  assigned  to  this  compound. 
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Orthocresol.  C'H' 

Carvacrol. 


Benztl  Alcohol,  C'H«0  =  CTP.CH''(OH).— See  vol.  i.  p.  578,  and  1st  Svppl. 
p.  334;  also  p.  177  of  this  volume. 

Paratolvl  Alcohol,  CH'oO  =  C»HXCH5)CH2(OH).— This  alcohol,  which  is 
described  in  vol.  v.  p.  869,  has  the  methyl  and  CH^(OH)-group  in  the  para-position, 
since  it  is  obtained  by  the  action  of  nascent  hydrogen  on  the  aldehyde  of  ordinary 
or  paratoMo  acid,  C^H^CmCOOH  (CH^  :  COOH  =  1:4). 

Secondary  Phenylethtl  Alcohol,  CWO  =  C«ff.CH(OH).CH^— This 
alcohol  is  produced  by  the  action  of  sodium-amalgam  on  a  dilute  alcoholic  solution 
of  acetophenone,  Cff.CO.CH',  together  -with  the  corresponding  pinacone  (Emmer- 
ling  a.  Eugler,  Deut.  Chem.  Ges.  Ber.  vi.  1005) ;  and  by  saponification  of  the  acetate 
formed  by  the  action  of  bromethylbonzoue,  CH^.CHBr.CH',  on  silver  acetate  (Eadzisz- 
weski,  ihid.  vii,  140).  It  is  a  colourles.s,  highly  refractive  liquid,  possessing  an  ex- 
tremely unpleasant  odour.  It  boils  at  202°-203°.  By  the  action  of  hydrobromic  acid 
it  is  converted  into  brometliylbenzene  ;  and  by  the  action  of  hydrochloric  acid  into 
chlorethylbenzene  boiling  at  about  194°.  The  properties  of  the  chlorethylbenzene  thus 
obtained  agree  fairly  with  the  description  given  by  Fittig  of  the  chlorethylbenzene 
formed  by  chlorinating  ethylbenzono,  but  since  the  latter  furnishes  hydrocinnamic  acid 
■when  the  chlorine  is  replaced  by  carboxyl  {\st  Suppl.  469),  the  two  compounds  must 
be  isomeric  (Emmerling  a.  Erigler). 

Primary  Phenylpropyl  Alcohol,  C'H'^O  =  C»H^CH^CH2.CH^(0H).— 
This  alcohol  is  present  in  storax,  probably  as  cinnamic  ether,  and  is  contained  in  con- 
siderable quantity  in  commercial  cinnamic  alcohol.  It  may  be  produced  by  the  action 
of  nascent  hydrogen  on  cinnamic  alcohol  (Fittig,  Beut.  Chem.  Ges.  Bcr.  vi.  215).  It 
is  a  colourless  thick  liquid,  of  sp.  gr.  1*008  at  18°,  which  boils  at  235°  ;  on  oxidation 
it  yields  hydrocinnamic  acid. 

Fhcnylpropyl  acetate,  C^WKO.C^WO,  is  a  yellowish,  almost  odourless  liquid,  much 
more  mobile  than  the  alcohol ;  it  boils  at  244°-245°.  Like  the  alcohol  it  does  not 
solidify  at  -18°. 

Secondary  Phenylpropyl  Alcohol,  C^H'^O  =  C«H5.CH(0H).CH=.CHs.— 
This  alcohol  is  formed  by  the  action  of  sodium-amalgam  on  a  dilute  alcoholic  solution 
of  propiophenone,  C^H^CO.CH-.Cff.  It  boils  at  210°-211°,  but  is  partially  decom- 
posed (Barry,  Deut.  Chem.  Ges.  Bcr.  vi.  1008). 

CuMic  or  CuMiNYL  Alcohol,  C'°H"0  =  C«H^C3H'.CH'(0H).— See  vol.  ii. 
p.  298.  The  propyl  and  CH-(OH)-group  in  this  alcohol  are  in  the  para-position, 
since  it  ultimately  furnishes  terephthalic  acid  on  oxidation. 

Secondary  Phenylbutyl  Alcohol,  C''H5.CH(0H:).CH2.CH2.CH=,  is  pro- 
duced by  the  action  of  nascent  hydrogen  on  phenylpropyl  ketone,  but  has  not  yet 
lieen  examined  {Beitt,  Chem,  Ges.  Ber.  vii.  1128). 


SYCoeEEYLic  Alcohol,  Cn'oO.    See  vol.  v.  p.  645. 


H.  E.  A. 
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PKEIfOQtTXM-ONE,  C'*H"0'  (see  Quinones). 

PHSIffTl^  (JiX-),  C'-H'".  Formation. — 1.  By  heating  potassium  phenate  v/ith 
potassium  bcuzoatc  (Pfankucli,  J.  pr.  Chcm.  [2],  i.  4,51): — 

C^ffOK  +  C^iPCO^K  =  K^CO^  +  (C"H=)=. 

2.  By  heating  potassium  plienate  with  oxalate  (Pfankuch,  ibid.  iv.  35). 

3.  Together  with  aniline,  acetone,  and  a  small  quantity  of  diphenylamine,  by  heat- 
ing sodium  phenate  -with  aeetanilide  (AVeith,  Bnit.  Chcm.  Gcs.  Bcr.  vi.  066). 

4.  By  heating  phenanthrone-quinone  with  soda-lime  (Graebe,  Ann.  Ch.  Fharm, 
clxvii.  131): 

C'<H«0=  +  4NaOH  =  C'=H'»  +  2Na-C0'  +  H-. 

Preparation. — Engelhardt  a.  LatschinofF  {Zcitschr.  f.  Chcm.  [2],  vii,  2o9)  prepare 
this  compound  by  mixing  780  grams  of  benzene  with  25  grams  of  iodine  and  1.256 
grams  of  bromine.  The  reaction  goes  on  quietly,  but  towards  the  end  the  heat  of  the 
water-bath  has  to  be  applied.  On  distillation,  the  portion  boiling  below  159°  is  col- 
lected separately,  and,  after  drying  and  removing  all  traces  of  hydrobromic  acid,  150 
grams  of  sodium  are  added.  If  the  reaction  does  not  begin  by  itself,  it  is  started  by 
gentle  heating,  but  as  soon  as  it  begins  the  mixture  must  bo  well  cooled.  The  products 
consist  of  excess  of  benzene,  diphenyl  (of  which  120  grams  were  obtained),  and 
a  liquid  having  a  very  high  boiling  point.  In  the  retort  there  remains,  besides  sodium 
iodide,  a  black  solid  which  can  be  volatilised  by  very  strong  heat. 

Reactions. — Diphenyl  is  not  altered  by  passing  through  a  red-hot  tube  3  feet  long, 
filled  with  fragments  of  pumice  (Dreher  a.  Otto,  Ann.  Ch.  Pharm.  cliv.  93). 

By  a  solution  of  chromic  oxychloride  in  glacial  acetic  acid,  it  is  oxidised  to  benzoic 
acid  (Carstanjen,  J.  pr.  Chem.  [2],  i.  79). 

With  formaldehyde  it  produces  a  hydrocarbon  which  separates  from  chloroform  in 
small  crystals  (Baeyer,  Lent.  Chcm.  Ges.  Ber.  vi.  220). 

Bromodiphenyl,  C'^H'Br  or  Cff  .G'H'Br,  is  formed  by  adding  bromine  to  a 
solution  of  diphenyl  in  carbon  sulphide.  It  crystallises  in  laminae  melting  at  89°  and 
boiling  at  310°,  and  yields  by  oxidation  parabromobenzoie  acid,  which  is  also  formed 
by  the  oxidation  of  dibromodiphenyl  (Engelhardt  a.  LatschinofF). 

Chlorodiphcnyl,  C"=ffCl  =  Cff.C^H-'Cl,  is  formed  by  distilling  diphonyl-phenol 
with  phosphorus  pontachlorido.  It  melts  at  75°,  and  is  converted  by  oxidation  into 
parachlorobenzoic  acid  (G.  Schultz,  Detit.  Chem.  Ges.  Bcr.  vii.  52). 

Wltro-,  and  Amido-dlpbenyls  (Sehidtz,  loc.  cit. ;  Osten,  Beut.  Chem.  Ges.  Ber. 
vii.  170).  Mononitrodi'phenijl.  C'-H'NO''  =  C''H^C'^H■'NO■-^  is  obtained  by  treat- 
ing diphenyl  with  excess  of  strong  nitric  acid  in  the  cold,  or  with  the  required  quantity 
in  a  hot  acetic  acid  solution  (Schultz),  or  by  adding  4  pts.  of  fuming  nitric  acid  diluted 
with  44  pts.  of  glacial  acetic  acid  to  40  pts.  of  acetic  acid  in  which  are  suspended  5  pts. 
of  diphenyl ;  the  latter  then  dissolves,  and  after  a  short  time  crystals  of  nitrodiphenyl 
make  their  appearance  (Osten).  It  is  also  produced  by  converting  amidonitrophenyl 
into  a  diazo-compound,  and  boiling  the  latter  with  alcohol  (Schultz). 

Mononitrodiphenyl  crystallises  in  long  colourless  needles,  which  are  insoluble  in 
water,  easily  soluble  in  chloroform,  ether,  and  hot  alcohol.  It  melts  at  113°,  volatilises 
at  a  high  temperature,  and  boils  at  340°. 

Monamidodiphenyl,  Cff.CH'NH^. — The  hydrochloride  of  this  base  is  pro- 
duced by  treating  nitrodiphenyl  with  tin  and  hydrochloric,  acid ;  the  tin  is  then  re- 
moved by  sulphuretted  hydrogen,  and  after  rendering  the  solution  alkaline  with  sodium 
hydrate, the  liberated  base  maybe  at  once  collected  on  a  filter  or  distilled  in  a  current 
of  steam.  It  crystallises  from  dilute  alcohol  in  thin  glistening  scales,  which  melt  at 
48°-49°  (Osten),  at  49°-50°  (Schultz),  and  are  readily  soluble  in  alcohol.  The  hydro- 
chloride, CH^C^H^NH^.HCl,  crystallises  in  colourless  scales  which  are  soluble  in 
water.  The  sulphate,  {C'"-}i?'^W)-WSO*,  likewise  forms  colourless  scales  which  dis- 
solve with  difficulty  in  cold,  more  readily  in  hot  water.  The  oxalate,  (C'^H^NH-)'''. 
jj2q:0»,  crystallises  in  long  white  needles  which  are  soluble  in  water  and  in  alcohol. 
The  nitrate,  Cff.CH'NffUNO^  forms  iridescent  scales  soluble  in  water.  The 
platinochloridc,  2(C'-H»NIP.HCl).PtCl'  -H  2H-0,  forms  yellow  glistening  scales, 
moderately  soluble  in  hot  alcohol. 

The  properties  of  the  base  and  of  its  salts  show  that  it  is  identical  with  Hofmann's 
xenylamine  (v.  1054). 

Acetamidodiphenyl,  C^H^.CH^.NH.COCH^,  prepared  by  the  action  of  glacial  acetie 
acid  on  amidodiphenyl,  forms  long  colourless  needles  which  melt  at  167°  and  dissolve 
easily  in  alcohol  (Osten). 

Dinitrodiphenyl,  C'2H«(N0=)'  (iv.  410),  is  not  oxidised  by  heating  it  with  acetic 
acid  and  chromic  trioxido,  but  amidonitrodiphenyl,  C'-H*'(NO-)(NH'-),  is  thereby 
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ronverted  into  paranitrotenzoic  acid.  When  this  amido-compound  is  converted  into 
hromonitrodiphcnyl  by  means  of  the  diazo-reaction,  and  the  latter  is  oxidised,  it  yields 
paranitro-  and  parabromobenzoie  acid.  The  same  bromonitrodiphenyl  is  obtained, 
together  with  another  compound,  probably  an  isomeride,  by  nitrating  monobromo- 
diphenyl ;  it  is  almost  insoluble  in  cold  alcohol,  sparingly  in  hot  alcohol,  and  crystallises 
from  toluene  in  colourless  needles  melting  at  173°  and  boihng  above  360".  I'rom  this 
it  appears  that  dinitrodiphenyl  is  a  dipara-compound,  and  this  is  further  proved  by  the 
fact  that  by  converting  benzidine  into  dibromodiplienyl,  a  compound  is  obtained  -which 
is  identical  with  common  dibromodiphenyl,  both  yielding  by  oxidation  parabromoben- 
zoie acid.  When  Fittig's  isodinitrodiphenyl  (iv.  410)  is  reduced  with  hydrogen  sul- 
phide, isoamidonitrodiphenylisi  produced,  crystallising  from  alcohol  in  short  reel  prisms 
which  melt  at  92°-93°.  It  ditFors  from  the  para-compound  by  forming  crystalli sable 
salts.  The  hydrochloride,  C'-H*(NO-)(NH").HC],  crystallises  in  long  white  needles 
which  may  bo  dried  at  100°,  and  decompose  only  when  washed  with  a  large  quantity 
of  water  (Schultz). 

Tetranitrodi'phenyl,  C'-ff(NO-)^  is  formed  by  dissolving  dinitrodiphenylin 
fuming  nitric  acid,  or  by  acting  on  diphenyl  with  a  large  excess  of  a  mixture  of  equal 
volumes  of  strong  nitric  and  sulphuric  acids.  On  adding  water  to  the  solution  the 
totranitrodiphenyl  separates  as  an  amorphous  mass,  which  dissolves  sparingly  in 
alcohol  and  more  readily  in  ether,  from  which  solvent  it  separates  as  a  friable  amor- 
phous mass  melting  at  140°.  By  ammonium  sulphide,  or  by  tin  and  hydrochloric 
acid,  it  is  reduced  to  a  mixtui-e  of  amido-compounds  which  have  not  yet  been  separated 
(Lasamtsch,  Deut.  Chcrn.  Ges.  Ber.  iv.  404). 

Oxydiphenyl,  Kydroxyldipbcnyl,  ZSipbenylic  Pbenol,  or  Diphenol, 
QI2JJ100  =  C'-H»OH  =  C"H'— OH^OH.  This  compound  is  formed  by  heating  potas- 
sium diphenylsulphonate,  C'-IT'SO^K,  with  pobissium  hydrate  (Latschinoff,  Deuf. 
Chcin.  Ges.  Ber.  vi.  194),  or  by  the  action  of  potassium  nitrite  on  monoamidodi- 
phenylsulphonate  (Osten,  ibid.  vii.  170).  It  crystallises  in  colourless  glistening  plates, 
volatilises  with  vapour  of  water,  sublimes  easily,  and  gives  a  fine  green  colour  with 
strong  sulphuric  acid  (Osten).  It  dissolves  readily  in  alcohol  of  40  p.c,  in  ether, 
and  in  caustic  potash ;  gives  no  coloration  with  feiTic  cliloride ;  is  not  attacked  by 
ammoniacal  silver  nitrate  even  at  the  boiling  heat ;  gives  with  lead  acetate  a  precipi- 
tate soluble  in  acetic  acid  (Latschinoif). 

Nitric  acid  converts  it  mono- and  dinitro-oxydiphenyl,  the  former  of  which 
melts  at  67°  and  volatilises  with  vapour  of  water,  while  the  latter  melts  at  154°  and 
does  not  volatilise  with  vapour  of  water  (Latschinoff). 

AVith  hcrizoyl  chloride  oxydiphenyl  forms  benzoyl-oxydiphenyl,  C'^H"0^  = 
C'-H''.OC'ffO,  which  melts  at  132°  and  dissolves  with  difficulty  in  alcohol  and  in 
ether  (Latschinoff). 

SlpbenylsulpHonic  A,clds  (Engelhardt  a.  Latschinoff,  Beut.  Chem.  Ges.  Ber.  iv. 
561 ;  Latschinoff,  ihid.  vi.  193).  Diphenyl  heated  with  sulphuric  acid  yields  two 
sulpho-acids  wliich  may  be  partially  separated  by  their  potassium  salts,  the  monosul- 
phonate  being  the  less  soluble  in  water  of  the  two,  but  more  completely  by  means  of 
their  copper  salts,  the  disulphonate  being  but  slightly  soluble  even  in  boiling  water. 

Potasshm  diphenylmonosidphonatc,  C'-H''.SO^K  +  H-0,  prepared  from  the  copper 
salt,  crystallises  from  alcohol  of  40  p.c.  in  flat  needles  or  long  plates  moderately 
soluble  in  water,  easily  in  dilute  alcohol.  The  copper  salt,  (C'-H°S0^)'-Cu  +  6H-0", 
crystallises  in  rhombs  or  prisms  sparingly  soluble  in  water,  more  easily  in  alcohol  of 
40  p.c.  In  absolute  alcohol  all  the  diphenylmonosulphonates  dissolve  but  sparingly. 
The  barium  and  calcium  salts  obtained  by  precipitation  from  the  potassium  salt  are 
anhydrous. 

Bifhenyl-disulphonic  acid,  C'-H'(SO^H)-,  is  the  chief  product  obtained  when 
diphenyl  is  heated  with  excess  of  sulphuric  acid,  and  its  salts  are  produced,  together 
with  a  sublimate  of  diphenyl,  by  the  action  of  heat  on  the  diphenylmonosulphonates  : 
f.(7.— 

2C'=H''S0=K  =  C'^H'"  +  C'-R%SO^K)-. 

The  230tassium  srt?i!  crystallises  in  thick  laminae  containing  2iH-0.  Its  solution  is  pre- 
cipitated by  barium  chloride  in  the  cold,  by  calcium  chloride  when  heated. 

By  distilling  the  disulpho-acivl  with  potassium  cyanide,  and  boiling  the  product  with 
potash,  a  dicarbonic  acid,  C'=H*(C0-H)-,  is  obtained. 

Diphenyl-disulphonic  acid  or  its  potassium  salt,^  fused  with  potash,  yields  first  the 

*  In  the  report  of  Latscliinofl's  paper  (read  before  the  Russian  Chemical  Society)  in  the  Bei-ichle 
der  Deutschen  Chemischen  Oesellsclia/t,  vi.  194,  the  salt  concernecl  in  this  reaction  is  called  'Disulfo- 
fixydiphenylsaures  Kalium,'  whereas  it  is  cle:\rly  the  disulphodiphenate  ;  and  on  p.  IWo  of  the  same 
report  the  axydiphenylmonosulphonatc,  C"H''(SO"K)OH,  is  called  '  Monosutfodiphcuylsaiu'es  Kalimo  ' 
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potassium  salt  of  oxydipheuylmouosulphonic  add,  and  then  diplienol — 

C'=H''(S03K)2  +    KHO  =    K-SO^  +  C'-H8(OH)(S03K) 
C'=H8(S0'K)=  +  2KH0  =  2K-S0'  +  C'=H»(OH)-, 

Oxydipbenylsulpbonic  Acids.  Oxydiphenyl  euutiously  heated  with  sul- 
phuric ;iri.l  yi.  l.l^  ;i  uiixliu'o  of  mono-  and  disulphonic  acid,  C'-H'*(SO'II)OH,  and 
0'-H'(!-^<  )'||  j-(  )Jf.  wh'u-h  \m>  separated  by  means  of  their  potassium  salts,  the 

mono-salts  being-  less  soluble  than  the  corresponding  di- salts.  Ferric  chloride  gives 
no  colour  with  the  mono-salts,  but  a  characteristic  indigo  colour  with  the  di-salts.  The 
mono-acid  and  its  salts  are  converted  by  fiu'ther  heating  \^-ith  sulphuric  acid  into  the 
di-salts. 

Potassium  Oxydi^hcnylraonosiilflionatc,  C'=B['(.SO^K)OH  -f  H=0  or 
C«II<SO^K.C°ii*OH  +  H-0,  dissolves  easily  in  weak  potash-ley,  not  however  form- 
ing a  basic  salt ;  also  in  boiling  water,  sparingly  in  cold  water,  most  easily  in  boiling 
aleohol  of  40  p.c.  By  distillation  it  yields  oxydiphenyl  and  potassium  oxydipheuyi- 
disulphonate— 

2C'=ff(S03K)OH  =  C'^H'OO  -i-  C'2H'(.S0-^K)=0H. 

Tiie  barium,  calcium,  copper,  and  load  salts,  are  convertible  into  ensily  soluble  basic 
salts  ;  crystallise,  some  in  laminse,  others  in  needles  ;  dissolve  sparingly  in  water  and 
in  alcohol,  somewhat  more  readily  in  spirit  of  40  p.c.  Tlie  neutral  barium  salt  contains 
111=0  ;  the  neutral  calcium  salt,  SH^O.  The  potassio-cuprie  salt,  [C'-HSS0'(0H)]^K-C'u 
-t-  6H=0,  crystallises  in  green  laminae. 

Potassium  Oxydiphenyl  -  disulphonatc,  C'^IPOSO^Kf.OH  -f  UH^O  or 
C''H^(SO'K)=.C''II'OH  -v  IJ-H^O,  obtained  as  above  described,  forms  nodular  groups 
of  needles,  easily  soluble  in  water,  precipitated  from  the  solution  by  alcohol.  It.'j  solu- 
tion forms  no  precipitate  with  barium,  calcium,  copper,  or  silver  salts;  with  lead  salts 
a  scanty  precipitate,  probably  of  a  basic  salt,  soluble  in  acetic  acid.  In  presence  of 
amrconia,  basic  salts  are  thrown  down  by  solutions  of  barium,  calcium,  or  lead  salts. 

PHSXarYZi  ETHSR.    See  Phenyl  Oxide. 

PHEinri.  KETOBTES  (Kollarits  a.  Merz,  Bciit.  Clicm.  Ges.  Bcr.  v.  447  ;  vi. 
103,j).  Diphrnyl  krtonc  or  Bcmophenone  (p.  176)  is  formed,  togetlier  with  a 
small  quantity  of  a  substance  of  high  boiling  point,  by  heating  a  mixture  of  benzene 
and  benzoic  acid  with  phosphorus  pentoxide  to  180°-200°  : 

C^H''  -1-  CH^COOH  =  WO  +  C^ff.CO.Cm 

The  benzoic  acid  in  this  process  may  be  replaced  by  benzoic  anhydride,  and  the 
phosphoric  anhydride  by  motaphosphoric,.  and  even  by  pyrophosphoric  acid,  the  yield 
in  the  latter  case  being,  however,  but  small.  Boron  trioxide  and  dry  hydrochloric 
acid  do  not  act  on  benzene  and  benzoic  acid,  even  at  250°. 

Chlorodiphenyl  ketone,  C^H^Cl.CO.CH'*,  is  obtained  in  like  manner  from  chloroben- 
zene.  It  crystallises  from  a  mixture  of  ether  and  alcohol  in  flat  needles  resembbng 
benzoic  acid,  and  from  petroleum-naphtha  in  needles  grouped  in  globular  masses, 
melting  at  75'5°-76°  and  boiling  above  300°. 

Bi-omodiplienyl  ketone,  C"H*Br.CO.C°H^  is  obtained  from  bromobenzene,  and  lias 
great  resemblance  to  the  preceding  compoimd.    It  melts  at  8r5°. 

Binitro-diphcnyl  ketone,  C^Ii^NO^CO.CH^NO^  is  formed  by  boiling  dinitro-di- 
plienylmethano  with  chromic  acid  solution  ;  it  is  also  obtained  by  the  nitration  of 
benzophenone,  and  is  identical  w^ith  that  which  Linnemann  obtained  by  the  action  of 
nitric  acid  on  beuzhydrol.  It  crystallises  from  a  mixture  of  alcohol  and  ether  in 
small,  shining  needles,  melting  at  i29'5°  (W.  II.  Doer,  Beut.  Chcm.  Ges.  Bcr.  v.  795). 

Isodinitro-diphcnyl  ketone  is  not  produced  in  the  nitration  of  benzophenone,  but  is 
formed  by  oxidising  isodinitro-diphenylraethano.  It  is  soluble  in  alcohol,  ether,  ben- 
zene, and  acetic  acid.  From  alcohol  it  crystallises  in  short  straw-coloured  needles  or 
pale-yellow  prisms  ;  it  melts  at  118°  (Doer). 

Biamido-diphcnyl  ketone,  identical  with  Laurent's  and  Chancers  Jiavine  (ii.  G56), 
forms  long,  pale-yellow  needles,  melting  at  1G5°.  The  corresponding  iso-compound 
could  not  be  obtained  in  the  pure  state  (Doer). 

Tolyl-phcnyl  Ketone,  C'lI'.CO.C^H^  is  obtained  by  heating  toluene  with  benzoic 
acid  and  phospiioms  iM  utoxiduto  180°-200°  for  8-10  hours.  It  is  first  obtained  as  .an 
oily  liqviid,  from  which.  iiI'lt  some  time,  long  pointed  plates  separate  out,  which  crys- 
tallise from  a  iiiixlurc  ot  illier  and  petroleum-naphtha  in  large  thick  prisms  resenili- 
ling  ccelestine,  and  melting  at  5G-5°-57°.  It  is  readilj'  soluble  in  ether  and  benzfiie, 
sparingly  in  petroleum-naphtha,  and  little  more  freely  in  alcohol.    By  oxidation  with 
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chromic  acid  it  yields  benzoyl-benzoic  acid,  and  therefore  appears  to  be  identical  with 
Zincke's  tolyl-phenyl  ketone,  although  the  latter  compound  is,  according  to  this  chemist, 
an  oily  liquid.  When  the  solid  ketone  is  heated  with  soda-lime  to  250°-270°,  it  is  re- 
solved into  benzene  and  paratoluic  acid  : 

The  portion  of  the  ketone  which  remains  liquid  on  standing  yields  also  a  large  quantity 
of  paratoluic  acid ;  orthotoluic  acid  could  not  be  detected. 

Cymyl-'phcnyl  Ketone,  C'°H".CO.C''H^  is  obtained  in  small  quantity  only,  by 
heating  camphor  cymeno  with  benzoic  acid  and  phosphorus  pentoxide.  It  is  a  pale 
yellow  oil,  having  a  very  agreeable  odour,  and  boiling  at  about  340°.  It  does  not 
solidify  in  a  freezing  mixture,  but  becomes  very  viscid  (KoUarits  a.  Merz). 

a-  and  ^-Naphthyl-plienyl  Ketone,  C'H'.CO-Cff. — These  two  isomerides  are 
formed  together  by  heating  naphthalene  with  benzoic  acid  and  phosphorus  pentoxide 
for  10-12  hours  to  200°-220°.  The  a-compound  crystallises  from  a  mixture  of  ether 
and  alcohol  in  thick  short  prisms  melting  at  77*5°  ;  the  ;8-compound  forms  needles 
melting  at  82°.  By  separating  the  two  kinds  of  crystals  mechanically  and  recrystal- 
lising  them,  they  may  be  obtained  pure.  "When  a-naphthoic  acid  is  heated  with  ben- 
zene and  phosphorus  pentoxide,  only  a  small  quantity  of  the  a-ketone  is  produced, 
betides  carbon  dioxide,  naphthalene,  and  a.-dina'phthyl  ketone.  The  latter  compound  is 
a  glassy  mass,  "which  by  recrystallisation,  first  from  a  mixture  of  ether  and  alcohol,  and 
then  from  alcohol  alone,  yields  colourless  pointed  needles  melting  at  135°  and  distil- 
ling without  decomposition.  It  is  also  produced  by  heating  naphthalene  with  o-naph- 
thoic  acid  and  phosphorus  pentoxide.  ^-naphthoic  acid  and  benzene  give  a  good 
yield  of  )3-naphthyl-phenyl  ketone,  fi-dinaphthyl  ketone  is  formed  by  heating  /3-naph- 
thoic  acid  with  naphthalene  and  phosphorus  pentoxide  to  200°-220°  for  20  hours. 
It  crystallises  from  hot  alcohol  in  plates,  which  soon  separate  into  needles.  It  is  less 
soluble  in  alcohol  than  the  a-compound,  and  melts  at  134'5°-135°.  According  to 
theory,  three  dinaphthyl  ketones  may  exist.  The  third  modification  appears  to  be 
formed  by  distilling  a  mixture  of  potassium  0-naphthalene-sulphonate  and  oxalate;  it 
melts  at  140°  (Kollarits  a.  Merz). 

Phenyl-mcthyl  Ketone  or  Acetophenone,  CH'.CO.CH',  forms  two  nitro- 
derivatives,  one  solid  and  the  other  liquid,  the  latter  of  which,  when  heated  -with  soda- 
lime  and  zinc-dust,  yields  a  small  quantity  of  indigo-blue  (p.  606). 

When  boiling  acetophenone  is  treated  with  dry  ammonia  and  the  product  is  distilled, 
a  thick  oil  passes  over  first,  and  then  a  crystalline  substance  partially  soluble  in  hydro- 
chloric acid.  Ammonia  added  to  this  solution  throws  down  a  base  called  acetophe- 
nonine,  C-''II'°N,  or  C^H^'^N^  which  crystallises  from  hot  alcohol  in  fine,  interlaced 
needles  molting  at  130°.  It  is  a  very  stable  compound,  not  being  decomposed  by  red- 
hot  soda-lime  or  by  a  boiling  solution  of  chromic  acid.  It  is  not  produced  by  heating 
acetophenone  with  alcoholic  ammonia. 

Acetophenonine  hydrochloride  forms  small,  thin  plates,  and  is  decomposed  by  water. 
Nitro-acetophenonine,  C-''H"'(NO-)'N  [?],  crystallises  from  hot  ether  in  yellowish 
needles. 

The  portion  of  the  product  of  the  action  of  ammonia  and  phosphorus  pentoxide  on 
acetophenone,  which  is  insoluble  in  acids,  consists  of  t  r  i  p  h  o  n  y  1-b  e  n  z  e  n  e,  C^H''(C^ff)'' 
(p.  945),  (Engler  a.  Heine,  Bent.  Chem.  Gcs.  Ber.  vi.  G38). 

Methyl -fhenylmethyl  Ketone,  Benzyl-methyl  Ketone,  or  Phenyl- 
acetone,  CH2(C'*H^).C0.CH^  is  produced,  together  with  acetone,  diphenyl-acetone, 
toluene,  and  an  empyreumatie  oil,  by  the  dry  distillation  of  a  mixture  of  equal  parts 
of  acetate  and  phenyl-acetate  (alpha-toluate)  of  barium : 

QW  CH^CC^H^)  .GW 

I     Ba     +     I      Ba     =    CO^Ba  +  CO^ 
COO^         COO—  ^CH-(C«Hn. 
2  2  ^  ' 

The  ketone,  purified  by  fractional  distillation,  boils  at  215°,  and  has  a  specific 
gravity  of  I'OlO  at  3°.  It  unites  with  sodium  bisulphite,  forming  a  compound  which 
may  be  crystallised  from  dilute  alcohol.  When  it  is  heated  with  phosphorus  penta- 
chloride,  and  afterwards  with  alcoholic  potash,  a  hydrocarbon  ajjpears  to  be  formed 
(K.  Otto,  J.  pr.  Chem.  [2],  i.  144). 

B  [phenyl -methyl  Ketone,  Bihenzyl  Ketone,  or  Biphenyl-aeetone, 
jcHXC^ff) '  ^'^^       distillation  of  barium  phenylacetate.    The  dis- 

tillate, which  solidifies  at  low  temperatures,  may  be  purified  by  pressure  and  crystal- 
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lisatlon  from  alcohol.  It  forms  transparent  flattened  prisms  an  inch  long,  melts  at 
30°  and  boils  at  320°.  The  fused  mass  solidifies  in  stellate  groups  of  long  needles 
(Englor  a.  Heine). 

PHENYIi  OXXBE,  C^WO  =  C«H^0.C«H5.  This  body,  isomeric  with  osydi- 
phenyl,  was  first  obtained  by  List  a.  Limpricht  by  the  dry  distillation  of  cupric  ben- 
zoate  (iv.  417),  and  has  been  more  completely  examined  by  Hofmeister  {Bcut.  CJicin. 
Ges.  Ber.  iii.  747),  who  obtains  it  also  by  the  action  of  diazobenzene  sulphate  on 
phenol.  Aniline  sulphate  is  rubbed  to  a  paste  with  water ;  a  rapid  stream  of  nitrous 
acid  is  passed  through  it;  the  solution  is  mixed  with  phenol;  the  mixtiire,  after 
standing  for  some  time,  is  carefully  heated  till  all  the  nitrogen  has  escaped,  then 
treated  with  caustic  soda  ;  the  undissolved  portion  is  distilled  with  vapour  of  water, 
as  long  as  an  oil  passes  over,  and  this  oil  is  piu-itied  by  rectification.  The  reaction  is 
as  follows : 

CH^N-^HSO*  +  C«H*OH  =  (C'H^-O  +  SO'H^  +  N^. 
In  preparing  phenyl  oxido  by  the  process  of  List  a.  Limpricht,  Hofmeister  mixes 
the  crude  distillate  with  soda-ley,  and  distils  it  over  an  oil-bath  with  addition  of 
water. 

Phenyl  oxide  is  a  colourless  solid  mass  having  an  odour  of  geraniums ;  melting  at 
28°  and  boiling  at  246°  ;  nearly  insoluble  in  water,  easily  soluble  in  alcohol,  benzene, 
and  glacial  acetic  acid,  miscible  with  ether. 

Phenyl  oxide  is  not  decomposed  by  passing  over  red-hot  zinc-dust,  or  by  heating 
with  hydriodic  acid.  Heated  to  220°  for  10  hours  with  pentachloride  and  oxychloride 
of  phosphorus,  it  yields  a  chlorinated  oil  boiling  at  260°-280°.  On  agitating  it  with 
strong  sulphuric  acid,  the  chief  product  obtained  is  a  disulphonic  acid  {infra) ;  if. 
however,  the  phenyl  oxide  is  not  quite  pure,  diphenyl  is  at  the  same  time  produced. 

Bihromoi^hcnyl  oxide,  C'^H*Br-0,  produced  by  the  action  of  bromine  on  phenyl 
oxide  dissolved  in  carbon  sulphide,  dissolves  easily  in  alcohol,  ether,  benzene,  and 
glacial  acetic  acid,  and  crystallises  from  alcohol  in  long,  colourless,  shining  needles 
melting  at  53°-55°. 

Dinitrvphenyl  oxide,  C'^H'(NO-)-0,  produced  by  the  action  of  fuming  nitric  acid 
on  phenyl  oxide,  forms  long  silky  needles  which  melt  at  135°  and  dissolve  easily  in 
alcohol,  ether,  benzene,  and  glacial  acetic  acid. 

Bia^nido  phenyl  oxide,  C'^H"(NH^)-0,  formed  by  the  action  of  tin  and  hydrochloric 
acid  on  the  dinitro-compound,  crystallises  in  nearly  colourless  scales  which  become 
dark-coloured  on  exposure  to  moist  air,  and  melt  at  about  185°.  The  sulphate  crys- 
tallises in  fine  needles. 

Phenyloxidc-disulphonio  acid,  C"H'°S'0'  =  C«H'(SO'H)— 0— C^H^CSCPH). 
— This  acid,  isomeric  with  oxydiphenyl-disulphonic  acid  (p.  939),  is  obtained  by  heat- 
ing phenyl  oxide  with  sulphuric  acid,  as  a  colourless  syrupy  liquid,  which  evaporated 
in  the  exsiccator,  deposits  large  hard  crystals,  deliquescing  in  the  air,  easily  soluble 

in  alcohol,  insoluble  in  ether.  The  barium  salt,  Q624go3 1  •^''■^  (dried  at  120°)  is  a 
crystalline  powder  which  dissolves  slowly  but  abundantly  in  water  ;  it  contains  water 
of  crystallisation.  The  sodium  salt,  (C'-H*SO^Na)^0,  forms  microscopic  rhombic  plates 
containing  water  of  crystallisation.  The  silver  salt  crystallises  in  warty  groups  ;  the 
lead  salt  in  slender  needles  (Hofmeister). 

Fbenyl-allyl  Oxide,  Cff.CO.C^ff.    See  Allyl  Ethers  (p.  66). 

Phenyl. benzyl  Oxide,  C^ff.CO.C'H'.    See  Benzyl  Ethers  (p.  180). 

PHENYIi  SVX.FHXBES.  The  monosulphide,  {C'Wf^,  passed  several  times 
througli  iron  tube  filled  with  nails  and  heated  to  low  redness,  is  converted,  witli 
separation  of  a  large  quantity  of  carbonaceous  matter,  into  an  isomeric  compound, 
paraphenyl  sulphide,  which  may  be  purified  by  distilling  the  crude  product,  cool- 
ing the  distillate  to  a  low  temperature,  and  recrjstallisiug  the  solid  substance  which 
separates  out.  It  is  insoluble  in  water,  moderately  soluble  in  carbon  sulphide,  ether, 
and  benzene.  By  digestion  with  chromic  acid  mixture  it  is  converted,  analogousl.y  to 
phenyl  sulphide,  into  parasulphobenzide,  C'^H^SO-.  This  latter  melts  at  230°, 
and  crystallises  from  hot  alcohol  in  long,  white,  shining  needles,  soluble  in  benzene, 
ether,  and  carbon  bisulphide.  By  hot  concentrated  sulphuric  or  nitric  acid,  it  is  not 
decomposed,  but  simply  dissolved  (Stenhouse,  Proc.  Roy.  Soc.  xviii.  542). 

Phenyl  bisidphidc,  (C''H*)-S-,  is  formed  :  o.  By  the  action  of  cyanogen  chloride  on 
the  sodium  salt  of  thiophenol  (sodium  phenyl-mercaptide) : 

2C«H\SNa  H-  CNCl  =  (C'ff)=S=  +  NaCl  +  NaCiX 
(CIcmm.  ./.  f /•.  Chan.  [2],  i.  147). 
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;3.  By  subjecting  the  mercury-compound  of  tbioplienol  (C^H^)-S-Hg  to  dry  distilla- 
lation  or  heating  it  with,  water  to  180°,  whereby  it  is  resolved  into  mercury  and  phenyl  . 
bisulpliide.    This  compound  forms  small  white  shining  needles,  which  melt  at  60°, 
and  are  converted  by  zinc  and  hydrochloric  acid  into  thiophenol  (Dreher  a.  Otto,  Ann. 
Ckcm.  Pharm.  cliv.  178). 

PHBXST'H-S.AmiN'ES.  1 .  Monopbenylamine.  Aniline,  C«H^iSfH^  SoUdi- 
ftjhig  point.  According  to  E.  Lucius  {Leut.  Chem.  Ges.  Bcr.  v.  154),  whose  results 
are  confirmed  by  Hofmann,  aniline  solidifies  and  remelts  at  —  8°,  not  at  —  20°  as 
commonly  stated. 

Combinations. — a.  With  Metallic  Iodides. — On  mixing  alcoholic  solutions  of 
aniline  and  zinc  iodide,  the  compound  2C''H'N.ZnI^  is  formed,  as  a  crystalline  magma 
which  dissolves  at  the  boiling  heat ;  and  the  solution  on  cooling  deposits  the  compound 
in  strongly  lustrous,  colourless  prisms  and  needles,  which  dissolve  readily  in  alcohol, 
but  are  parlially  decomposed  by  solution  in  water.  It  is  decomposed  by  heat,  giving 
olF  aniline  and  afterwards  vapours  of  iodine.  The  cadmium-compound,  2C*H'N.CdP, 
prepared  in  like  manner,  forms  long  brilliant  needles.  The  mercury-compound, 
20''H'J!T.HgI-,  is  prepared  by  dissolving  mercuric  iodide  in  a  boiling  solution  of  aniline, 
and  separates  on  cooling  in  sulphur-yellow  plates  and  prisms.  It  cannot  be  purified 
by  recrystallisation  from  alcohol,  since  it  decomposes  immediately  on  solution,  with 
separation  of  a  bright  vermilion-coloured  crystalline  precipitate.  The  yellow  salt  is 
insoluble  in  water,  easily  soluble  in  aniline  and  in  alcohol  containing  aniline.  When 
exposed  to  the  air  it  gives  off  aniline  and  acquires  a  vermilion  colom'.  When  care- 
fully melted  in  a  test-tube  it  solidifies  on  cooling  to  a  crystalline  mass,  exhibiting  on 
isolated  spots  beautiful  vermilion-coloured  crystalline  vegetations  (H.  Vohl.  Arch. 
Pharm.  [2],  cxlviii.  201). 

(8.  With  Organic  Kc'iAs.— Aniline  mucate,  C''H"'0'(C''H'N)=,  is  formed  by  boiling 
mucic  acid  with  water  and  aniline:  also  together  with  phenyl-mucamide, 
C'^H^O^(NHC''H*)-,by  heating  mucic  acid  with  excess  of  aniline  (p.  948).  It  forms  faintly 
yellow  crystals,  which  dissolve  in  water  and  lose  aniline  on  prolonged  heating  there- 
with, apparently  without  forming  an  acid  salt.  It  is  insoluble  in  boiling  alcohol,  but 
gives  off  the  whole  of  its  aniline  on  prolonged  treatment  with  the  boiling  liquid. 
When  heated  with  alkalis  it  yields  alkaline  mucates  and  free  aniline.  Heated  in  an 
air-bath  it  loses  water,  and  is  converted  into  phenylmucamide  : 

C''H'°0«(C«H^H-N)--2H-0  =  C»H»0''(C«H=HN)% 
By  dry  distillation  it  is  resolved  into  aniline,  water,  carbon  dioxide,  and  phenylpyrrol 
(Kottnitz,  J.  pr.  Chem.  [2],  vi.  136). 

Aniline  saccharate  forms  a  syrupy  mass  yielding  by  dry  distillation  an  oil  which 
solidifies  to  a  crystalline  mass,  and  is  obtained  in  white  laminae  by  recrystallisation 
from  alcohol  (Kottnitz,  Chem.  Centr.  1870, 143). 

Bcactions. — 1.  Aniline  vapour  passed  over  heated  lead  oxide  yields  a  small  quan- 
tity of  a  base  which  crystallises  in  needles  and  melts  at  70°  (Behr  a.  van  Dorp,  Beut. 
Chem.  Ges.  Bcr.  vi.  755). 

2.  Commercial  aniline  heated  with  ;p/iosjpAon(S  and  a  little  water,  yields  aniline- 
red,  hydrogen  phosphide  being  formed  and  the  aniline  being  oxidised  by  the  liberated 
oxygen  (A.  Stiassny,  Di^jgl.  polyt.  J.  cxcix.  413). 

3.  When  aniline  in  excess  is  boiled  with  sulphur  as  long  as  hydrogen  sulphide  con- 
tinues to  be  evolved,  thioaniline,  C'^H'^N^S-  =  S(C»H•'.NI1'«)^  is  formed,  together 
with  a  large  quantity  of  resinous  matter,  probably  containing  more  highly  sulphu- 
retted anilines  (Merz  a.  Weith,  Beut.  Chem.  Ges.  Ber.  iii.  978). 

4.  When  aniline  is  treated  with  pure  sulphur  chloride,  S-C1-,  diluted  with  carbon 
bisulpliide,  a  reaction  takes  place  in  two  stages,  in  the  first  of  which,  phenylsul- 
phocarbamide  (sulphocarbanilide),  anihne  hydrochloride,  and  free  sulphur  are 
formed,  according  to  the  equation : 

4C''H']Sr  +  S^Cl''  +  CS^  =  N=(CS)H=(C«H»)=  +  2(C''H'N.HC1)  +  S•^ 
and  in  the  second,  the  excess  of  sulphur  chloride  acts  on  the  sulphocarbanihde  in  such 
a  manner  as  to  produce  triphenyl-guanidine  and  phenyl-sulpliocarbimide  : 

2N2(CS)H2(C«H«)2  +  S^CP  =  N'[C"(C»H=)'H;2]  +  N(CS)(C'^ff)  +  2HC1  + 
This  last  reaction  is  exactly  similar  to  that  which  was  observed  by  Hofmann 
{1st  Swppl.  656)  to  take  place  between  sxdphocarbanilide  and  iodine  (Glaus  a.  Krall, 
Beut.  Chem.  Ges.  Ber.  iv.  147). 

6.  Aniline  acetate,  dissolved  in  acetic  acid,  is  violently  attacked  by  chromic  oxy- 
chloride,  and  the  product,  diluted  with  water,  yields  on  distillation  s  very  turbid  yellow 
distillate,  from  which  needle-shaped  crystals  separate;  these,  however,  disappear 
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after  a  while,  and  the  solution  then  no  longer  contains  any  crystallisablo  compound 
(Carstanjen,  J.  pr.  Chcm.  [2],  ii.  82). 

6.  AVith  cyanogen,  aniline  forms,  together  witli  aniline  cyanide,  a  red  crystalline 
r.iass  which,  when  purified,  yields  fine  red  crystals  of  a  mono-acid  base,  having  the  for- 
mula C^'H'"1n^  and  forming  with  hydrochloric  acid  the  crystalline  salt  C-'H"N*.HC1. 
This  body  may  be  regarded  as  triph eny  1 -guani di n e  cyanide,  and  represented 
by  the  formula  N'[C.H'(C"H*)5].2CN.  When  heated  with  weak  spirit  (best  under 
pressure)  this  base  is  resolved  into  diphenylparabanic  acid,  ammonia,  and  aniline  : 

C[N'.H=(C''H^)'].2CN  +  3H-0  =  C0.C-0^N2(C''H^)=  +  2H»N  +  C«ffN. 

On  boiling  the  alcoholic  solution  of  the  base  with  concentrated  hydrocliloric  acid  for 
some  time,  the  diphenylparabanic  is  also  decomposed,  and  ultimately  ammonia,  aniline, 
carbon  dioxide,  and  oxalic  acid  are  produced  (Hofmann,  Bcut.  Chen.  Ges.  Ber.  iii. 
763). 

7.  With  carhoii  tetrabromidc,  aniline  forms  hydrobromide  of  triphenyl- 
gtianidine  (Bolas  a.  Groves,  p.  257): 

3N(C«H=)H2  +  CBr«  =  N5[C(C'iff  )»H-].HBr. 

8.  Aniline,  added  by  small  quantities  to  chloracetijl  chloride,  which  must  be  kept 
cool,  forms  phenyl-chloracctamide,  which  crystallises  from  aqueous  solution  in 
slender  needles  and  from  alcohol  in  plates : 

N(C»H')H2  +  C^H^CIO.Cl  =  II  CI  +  K(C«H*)(C=ffC10)[I 

(Tommasi,  Compt.  rend.  \xv\.  885). 

9.  Aniline,  heated  to  150°-170°  with  cthylidcne-chloridc,  forms  diethylidene- 
diphenyl-diamine  (also  produced  by  the  action  of  aldehyde  on  aniline,  iv.  456) : 

6C«H'N  +  2C=H^CP  =  N-(C^H^)=(C«ff)=  +  4((;«H'N.HC1) 

(II.  SchifF,  Dcut.  Chcm.  Ges.  Ber.  iii.  412). 

10.  AVith  chloral,  aniline  appears  to  form  basic  compounds  (Wallach,  Hid.  iv.  668) ; 
sec  also  Maumen^  {Bidl.  Soc.  Chim.  [2],  siii.  409). 

11.  Aniline  containing  potassium  in  solution  forms,  with  hromobenzenc,  a  compara- 
tively small  quantity  of  diphenylamine,  and  a  larger  quantity  of  triphenylamine 
(Merz  a.  AVeith.  Dent.  Chcm.  Ges.  Ber.  v.  64G). 

12.  AAHien  aniline  hydrochloride  is  heated  to  230°-250°  for  several  hours  with 
methyl  alcohol,  a  yellow  transparent  honey-like  mass  is  formed,  consisting  chiefly  of 
methylanilino  hydrochloride: 

NIP(G^H^).HC1  +  CH'OH  =  ll-O  +  NII(CH»)(C''ff  ).HC1 ; 

and  nn  heating  tlie  contents  of  the  tube  for  a  day,  this  mass  is  converted  by  intra- 
molecular transposition  into  the  crystalline  hydrochloride  of  toluidine  (Hofmann, 
ibid.  v.  720) : 

C6n^_NH(CH')  =  NH^[C''H<(CH')] 

Methylaniline  Toluidine 

13.  A  mixture  of  aniline,  aniline  hydrochloride,  and  furftirol,  all  in  alcoholic  solu- 
tion, solidifies  to  crystals  of  the  hydrochloride  of  f urf ura niline,  C"H'*'0-N2.HC1. 
Other  salts  of  this  base  are  obtained  in  like  manner.  Tlie  base  itself,  separated  by 
triturating  its  salts  with  ammonia  and  kneading  with  water,  forms  a  brown  mass.  Its 
alcoholic  solution  decomposesin  contact  with  the  air,  and  then  no  longer  forms  crystal- 
lisablo salts  with  acids  (Stenhouse,  Proc.  Eny.  Soc.  xviii.  537). 

14.  'With  Jiitrobcnsoic  aldehyde,  aniline  forms  nitrobenzeny  Ian i lid c,*  C'-H"'N-0': 

fC-ir'(XO=) 

C'nXNO=)0  +  C«H*NH=  =  II-'O  +  N  C"1P 
III 

An  isomeric  compound,  bonzciiyl-nitranilidc,  is  formed  liy  tlio  action  of  benzoic 
aldehvde  on  nitranilinc: 

(C'lF 

C'H'^O  +  C''H'(NO-).Nn=  =  ir-O  -!-  N  C«H*(NO^) 


**  Ca'Jcd,  iu  the  originiil  paiicr,  niirohen'.oylanSiic- 
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Nitrobenzoic  aldehyde  and  nitraniline  yield  nitrobenzyl-nitranilide,  C'H'N'O^: 
C'H'(NO=)0  +  C«ff  (NO=)NH=  =  H^O  =  N  J  CH^XO-) 

(h 

Lazorenco  (N.  Petcrsb.  Acad.  Bull.  xv.  372). 

Bromanilines,  NH2(C''ffBr),  (Fittig  a.  Mager,  Deut.  Chem.  Ges.  Ber.  vii.  11751. 
'Farabromaniline  was  prepared  from  the  nitrobromobenzene  obtained  by  nitration  of 
metabromobenzene,  by  reduction  with  tin  and  h3'drochloric  acid,  and  distillation  of  the 
solution  mixed  with  caustic  soda.  When  purified  by  crystallisation  from  aqueous 
alcohol,  it  forms  large  colourless  regular  octohedrons,  melting  at  63°,  decomposed  by 
distillation.  The  monobromophenol  obtained  from  this  bromaniline  by  the  diazo- 
reaction  melts  at  63°-64°,  boils  at  238°,  and  is  converted  by  fusion  with  potash  into 
resorcin. 

Orthobromanilinc,  obtained  in  like  manner  by  nitration  of  orthobromobenzene,  &c., 
melts  at  31°-31'5°,  boils  at  220°,  and  distils  without  decomposition. 

Cbloraniline,  NH-(C"H^C1).  An  alcoholic  solution  of  this  base,  heated  with 
carbon  sulphide,  yields  a  sulphur  ea,  CS(NH.C"H*C1)-,  which  crystallises  from  alcohol 
in  long  white  needles,  melting  at  166°  (Losanitsch,  ibid.  v.  156). 

iritranlline,  NH-XC^H^NO-).  Of  the  three  possible  modifications  of  this  base,  two 
have  long  been  known,  viz.:  orthonitranili  n  e  (1  :  2)  from  acetanilido,  and  meta- 
nitraniline  (1  :  3)  from  dinitrobenzene  (p.  925).*  The  third,  or  paranitranili n o 
(1  :  4),  has  lately  been  obtained  by  Walker  a.  Zincke  {ibid.  v.  114),  by  heating  para- 
nitrobromobenzene  (p.  142)  to  180°-190°  with  concentrated  alcoholic  ammonia,  then 
evaporating  to  dryness,  and  recrystallising  from  water. 

Paranitraniline  is  distinguished  from  the  other  two  modifications  by  its  melting 
point,  solubility,  and  the  colour  of  its  salts.  It  is  much  more  soluble  than  the  ortho- 
and  meta-modifications  in  water  and  in  alcohol ;  its  solutions  are  intensely  yellow,  and 
communicate  this  colour  to  the  skin.  It  volatilises  more  easily  with  vapour  of  water, 
and  the  watery  distillate  has  a  strong  yellow  colour.  The  melting  points  of  the  three 
nitranilines  are  as  follows : 

Oi-tho-  Meta-  Para- 

Melting  point     .       .       .    146°  108°  66° 

Paranitraniline,  heated  between  two  watch-glasses,  yields  a  sublimate  of  oily  drops 
which  become  crystalline.  Like  the  other  two  nitranilines,  ic  forms  unstable  salts 
which,  however,  are  not  colourless,  but  distinctly  yellow. 

Slpbenylamlne,  C''-'H"N  =  NH(C^H*)=.  According  to  Dusarta.  Bardy  {Compt. 
rend.  Ixxiii.  1276),  this  base  is  produced  by  the  action  of  various  phenol-compounds 
on  aniline,  the  reaction  consisting  in  the  substitution  of  phenyl  derived  from  the 
phenolic  ether  for  an  atom  of  hydi'ogen  in  the  aniline  molecule  ;  thus — a.  By  heating 
aniline  to  225°  with  dry  sodium  phenylsulphonato.  /8.  By  heating  a  mixture  of  1  pt. 
aniline  hydrochloride,  2  pts.  phenol,  and  1  pt.  fuming  hydrochloric  acid  to  250° ;  in 
the  absence  of  the  acid  the  reaction  takes  place  only  at  300°,  showing  that  the  acid 
acts  as  an  etherifying  agent.  7.  By  passing  aniline  and  phenyl  bromide  (bromoben- 
zene)  through  a  tube  heated  to  low  redness,  or  by  the  action  of  sodium  on  the  same 
mixture  at  ordinary  temperatures;  also  by  heating  aniline  to  180°  with  phenyl  iodide. 
Girard  a.  De  Laire  on  the  other  hand  {Compt.  rend.  Ixxiv.  811,  1254),  find  that  di- 
phenylamine  is  not  produced  by  heating  dry  sodium  phenylsulphonate  with  aniline, 
iinless  a  small  quantity  of  an  aniline  salt  is  also  present,  in  which  case  its  formation 
is  due  to  the  action  of  the  aniline  salt  on  the  aniline  itself.  Similarly  the  formation 
of  diphenylamine  on  phenyl  bromide  or  iodide  occurs  only  when  this  iodide  or  bromide 
contains  free  acid,  or  when  the  aniline  contains  an  aniline  salt.  Lastly  Girard  a.  De 
Laire  were  unable  to  obtain  diphenylamine  by  heating  aniline  with  phenyl  chloride. 
They  therefore  conclude  that  diphenylamine  is  not  produced  by  the  substitution  of  a 
phenolic  residue  for  an  atom  of  hydrogen  in  aniline.  See,  on  the  contrary,  Merz  a. 
Weith,  infra. 

According  to  Merz  a.  Weith  {Deut.  Chem.  Ges.  Ber.  v.  283)  commercial  diphenyl- 
amine is  pure,  with  the  exception  of  traces  of  aniline ;  it  crystallises  from  ligroi'n  in 
large  plates,  like  naphthalene,  and  melts  at  54°. 

It  is  slowly  acted  upon  by  concentrated  sulphuric  acid  at  150°-160°,  and  converted 
into  a  mixture  of  dvphenylamine-monosulphonic  and  •disidphonio  acid,  which  may  be 
separated  by  fractional  crystallisation  of  the  barium  salts,  since  the  salt  of  the  mono- 
sulpho-acid  is  difficultly  soluble,  while  that  of  the  disulpho-acid  is  easily  soluble  in 
water.  The  action  of  oxidising  agents  on  the  solution  of  these  sulpho-acids.  or  their 
salts,  gives  rise  to  a  variety  of  characteristic  colorations. 

*  Hitherto  regarded  as  paranitraniline  (p.  143),  inasmuch  as  the  dinitrobenzene,  lately  shcmi  to 
have  itg  two  nitro-gronps  in  the  relative  positions  (1  :  3),  was  formerly  regarded  as  a  para-compounrt 
(see  p.  925). 
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Acctt/ldiplicnylamine,  N(C''IP)-C-H'0,  is  oLtaincd  by  the  action  of  acetyl  chloride  on 
dijilioiiylaiiiiiio. 

t'  irliim  di-^ulpliide  lias  no  action  on  diplienylamine. 

('!il'.ir'),MrlMiiiio  etliur  and  diplienylamine  give  the  compound,  N(C"H^)-.COOC'-H^. 

DiphcnyUuainc  as  a  test  for  Nitrous  and  Nitric  acids.~1hQ  reagent  is  prepared  by 
pouring  pure  sulphuric  acid  over  a  few  crystals  of  diplienylamine,  and  adding  a  little 
water,  whereby  the  teraperatiu-e  is  somewhat  raised  and  tlie  crystals  are  dissolved  ;  tho 
solution  is  then  mixed  with  a  larger  quantity  of  pure  acid.  This  clear  colourless 
liquid  at  once  produces  a  beautiful  and  very  permanent  blue  coloration  in  ordinary, 
sulpluiric  acid  of  60°  or  G6°  B.,  or  in  chamber  acid  (52°  B.),  containing  even  traces  of 
nitrous  acid.    Tlie  reaction  is  at  least  as  delicate  as  that  with  ferrous  sulphate. 

The  test  may  be  rendered  quantitative  by  comparing  the  coloration  produced  respec- 
tively by  1  c.c.  of  the  acid  to  be  tested,  and  1  c.c.  of  acid  containing  a  known  amount 
of  nitrous  acid  witli  an  excess  of  the  reagent  (a  solution  of  1  gram  diplienylamine  in 
1  litre  of  pure  sulphuric  acid),  and  adding  pure  sulpliuric  acid  to  one  or  other  of  the 
solutions  until  the  intensity  of  colour  is  alike  in  both  cases.  Altliough  not  absolutely 
accurate,  the  method  is  sufficiently  so  for  most  technical  purposes,  and  is  far  simpler 
tlian  many  of  the  methods  ordinarily  employed  (E.  Kopp,  Bcitt.  Chem.  Gcs.  Her.  v. 
28-1). 

Tripliessylamiiie,  C'^H'^N  =  N(C'^IP/,  is  produced,  together  with  a  compara- 
tively small  quantity  of  diphenylumine,  by  tlie  action  of  bromobenzene  on  aniline.  It 
is  sparingly  soluble  in  alcohol,  more  readily  in  petroleum-naphtha,  and  crystallises  in 
large  thick  plates,  melting  at  126°-127°,  and  boiling  at  a  high  temperature.  With 
different  reagents  it  gives  blue  or  green  colours.  Tripheny'lamine  may  also  be  obtained 
by  tlio  same  reaction  from  diphonylamino  (Merz  a.  Weith,  ihid.  v.  6-16). 

FHSSOTYSi-BEUaSIffES.  Bifhcnyl-hcnzcnc,  C'«H'<  =  C'^H-'(C''H^)=,  is  formed, 
together  with  diphouyl  and  large  quantities  of  yellow  brominated  products,  by  the 
action  of  sodium  on  an  ethereal  solution  of  solid  dibromobonzene,  or  better  of  a  mix- 
ture of  this  compound  with  monobromobenzene.  To  obtain  it  pure,  the  ethereal  solu- 
tion is  mixed  with  water  ;  the  di phenyl  distilled  off ;  and  the  crystalline  residue  dried, 
distilled  in  a  stream  of  carbonic  anhydride,  pressed  between  paper,  and  recrystallised 
from  ligroi'n  and  benzene. 

Diphenyl-benzene  melts  at  201°  (corr.  205°),  sublimes  readily,  and  boils  in  tho 
vapour  of  boiling  sulphur  (440°).  It  is  insoluble  in  boiling  alcohol,  nearly  insoluble 
in  ether,  somewliat  more  soluble  in  ligroi'n,  and  still  more  in  benzene.  From  the  latter 
solvent  it  crystallises  in  tufts  of  flat  needles.  It  does  not  combine  with  picric  acid 
(F.  Eiese,  Zeitschrift  f.  Chem.  [2J,  vi.  192,  735). 

Triphenyl-benzene,  C^'H"  =  C''H^(C'=H^)^  is  formed  by  the  action  of  jihosphorus 
poutoxide  on  acetophenone,  in  the  same  manner  as  mesitylene  (triniethyl-benzeno)  from 
acetone : 

3(CTP.C0.CIP)  -  3IP0  =  S(C«ff.C.CH); 

also,  together  with  acetophenonine,  by  the  action  of  dry  ammonia  and  phosphorus 
pentoxide  on  boiling  acetophenone  ;  in  this  case  it  constitutes  the  portion  of  the  pro- 
duct which  is  insoluble  in  acids  (p.  940). 

Triphenyl-benzene  crystallises  from  ether  in  short,  well-defined  prisms  melting  at 
167°-1C8°.  It  is  but  slowly  attacked  by  oxidising  agents.  With  bromine  and  nitric 
acid  it  forms  substitution-products  (Engler  a.  Heine,  Dcut.  Chem.  Ges.  Ber.  vi.  638). 

PHEEJ-srE-SITTRETS.    See  Btobet  (p.  193). 

PHffiK"S'Si-3ROWW.  This  colouring  matter,  which  possesses  explosive  proper- 
ties, is  formed  Ijy  the  action  of  strong  nitric  and  sulphuric  acid  on  phenol.  From  tho 
experiments  of  Bolley  a.  Hammel  {Binffl.jM/.  J.  cxcv.  150),  it  appears  to  bo  a  mixture 
of  dinitrophenol  with  a  Ijrown  amorphous  substance,  wliich  may  bo  dissolved  out  by 
alkalis  and  precipitated  by  alcohol,  and  is  not  at  all  explosive.  The  explosive  charac- 
ter of  the  phonyl-brown  is  therefore  due  to  the  dinitrophenol.  • 

PHBIT-a-a-SUTY'E.SjXrS,  C'H'-  =  C<H'(C'^H=)  (Aronheim,  Bcut.  Chem.  Ges. 
Ber.  V.  1068).  This  liydrocarbon  is  formed  by  mixing  benzyl  chloride  with  allyl 
iodide  in  ethereal  solution,  the  action  commencing  at  ordinary  temperatures,  but  re- 
quiring the  heat  of  the  water-batli  for  its  completion.  The  liquid  portion  of  the  pro- 
duct, fractionated  in  Linnemann's  apparatus  (p.  436),  yields,  first  diallyl,  and  then 
phenyl-butylone  passing  over  between  176°  and  178°,  tho  residue  in  the  retort  consist- 
ing chiefly  of  dibenzyl. 

Phenyl- butylene  is  a  colourless  aromatic  oil  having  an  odour  like  that  of  unsaturated 
hydrocarbons,  and  a  specific  gravity  of  0-915  at  15'5°.  The  direct  action  of  bromine 
on  it  gives  rise  to  tho  separation  of  Iiydrobromic  acid,  but  on  adding  bromine  to  its 

2nd  Sup.  3  P 


9.i6  PHENYL-URETHANES— PHENTLENE-DIAMINE. 


solution  in  chloroform,  combination  takes  place,  producing  the  bromido  C'oH'^Br-,  in 
the  form  of  an  oil  whicli  distils  without  change.  On  treating  this  bromide  with  potasli, 
hydrogen  bromide  is  separated  ;  but  the  formation  of  the  hydrocarbon,  C'"!!'",  has  not 
been  definitely  established.  By  oxidation  -with  dilute  nitric  acid  phenyl-butylono 
yields  an  oil  -which  smells  like  bitter  almond  oil,  and  a  sublimate  apparently  consisting 
of  benzoic  and  cinnamic  acids. 

FHEN-YIj-CAKBAMIC   STHEIKS,   or   PHEH'YX.-URSTHAK-ES.  On 

Ethyl  Phenylcarbainate  or  Carbanilate,  CO  j  qq2jj5     ,  see  Carbaiiates  (p.  252). 

Isohutyl  Phenylcarbcmafe,  CO  |Q(?i";g9'^  >  produced  by  mixing  ethereal  solutions 
of  isobutyl  ehlorocarbamate  and  aniline.  It  crystallises  in  soft  ■white  needles,  melting 
at  80'^  and  boiling  at  216°,  a  small  portion  being  thereby  resolved  into  isobutyl  alcohol 
and  phenyl-cyanatc.  It  dissolves  easily  in  alcohol  and  ether,  sparingly  in  water 
(E.  Mylins,  Deuf.  Chcm.  Ges.  Bit.  v.  972). 

PHEKTYl.-BIACETii.BiSIBB,  N(C«ff)(C2H''0)^  is  formed  by  heating  phenyl- 
Siilphocarbimide  with  glacial  acetic  acid  to  130°-I40°  ; 

It  resembles  acetamide,  melts  at  111°,  and  is  resolved  by  alkalis  into  aniline  and  acetic 
acid  (Hofmann,  Beut.  Chcm.  Ges.  Ber.  iii.  770). 

SZ-PKENVKEITE  KETOStTE,  C0<;    |      .  On  the  formation  and  constitution 

of  this  hydrocarbon,  and  its  conversion  into  phenylbenzoic  acid,  see  pp.  94,  95, 
435. 

By  distillation  over  zinc-dust,  it  is  easily  and  completely  reduced,  forming  a  colour- 

.C«H' 

less  hydrocarbon — doubtless  diphenylene-methane,  CH-^  I      —  which  dis- 

\C«ff 

solves  easily  in  alcohol,  and  crystallises  in  shining  scales  or  warty  concretions  melting 
at  113°  (Fittig,  ibid.  vi.  287). 

C«Hn 

DX-FHEK'YX.EII'E  OXIBE,  |       \  0  (see  p.  435). 

C«H'  j 

PHEIVVIiEIirE-SXAMXN-E.  Biamidohenzene,  C^WW-  =  C«H;''(NH2)2  = 
■^^1 'G^H')'  ■ — modifications  (a  and  )3)  of  this  base  were  obtained  by  Hofmann, 
by  the  action  of  reducing  agents  on  the  corresponding  nitramidobenzenes(nitranilines), 
C''H\N02)(NH-)  (see  iv.  980  ;  1st.  Suppl.  923).  A  third  modification  (7)  is  obtained 
by  the  following  processes  : — 

1.  By  distillation  of  either  of  the  two  diamidobenzoic  acids  produced  from  iiramido- 
benzoic  acid  {1st  Swppl.  923): 

C'H^(NH=)20-  =  CO^  +  C"HXNH=)= 

(Griess,  J.  pr.  Chem.  [2],  iii.  143). 

Now  these  two  diamidobenzoic  acids  are  derived  from  the  same  amidobenzoic  acid 
(1  :  2),  and  their  isomerism  is  explained  by  the  following  formula : 

1  2  3  4  .5  G 

(1:3:4),  or  0=  CO-H  IJ  NH2  NIP  H  H 
(1:2:  3),    or     C«       CO^H     Nff     Nff        H        H  H 

Consequently  the  phenylene-diamine  formed  from  either  of  them  will  have  the  two 
groups  Nff  in  contiguous  places  ;  that  is  to  say,  it  will  be  an  ortho-compound 
(1  :  2).  Now  ;8-phenylene-diamine  (from  dinitrobenzene)  is  known  to  be  the  meta- 
compound,  and  therefore  a-ijhenylene-diamine  must  be  the  para-compound  (1  :  4). 

2.  By  boiling  paradibromobenzene,  CBrHHBrHH,  with  fuming  nitric  acid,  treating 
the  resulting  nitrodibromobeuzene  (1:2:4)  or  C°Br(NO-)HBrHH,  with  alcoholic 
ammonia,  whereby  it  is  converted  into  nitraniidobromobenzene  (1  :  2  :  4),  that  is, 
either  C''(NH2)(N02)HBrHH,  or  C"Br(NO-)H(NH-)HH  ;  and  reducing  this  last  com- 
pound vnth  tin  and  hydrochloric  acid.  The  j)henylene-diamine  thus  formed  will  have 
its  two  NH'^  groups  in  the  position  1  :  2  or  1  :  3  ;  but  the  identity  of  its  properties 
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■n-itli  those  of  Griess's  base  shows  that  it  is  the  ortho-compound  (Meyer  a.  Wurstor, 
IJcut.  Clem.  Gc.^.  Ber.  v.  362) ;  compare  p.  M4. 

3.  By  heating  nitranisic  acid  witli  ammonia  to  160°,  whereby  the  group  OCH^  is 
rep'aee  1  byNH-',  reducing  the  resulting  nitroparamidobenzoic  acid  with  tin  and  liydro- 
chl(  ric  acid,  and  subjecting  the  diamidobenzoic  acid  thereby  produced  to  dry  distilla- 
tion. Now  since  anisic  acid  is  methyl-paraoxybenzoicacid,  C''(CO-H)ini(OCH')HH,  the 
nitroparamidobenzoic  acid  formed  from  it  must  have  the  constitution  represented  by 
one  of  the  following  formulse : 

Cs  CO-H  H  N02  NH-  H  H 
C         CO'^H        N0=         H  Nil-         U  li 

Consequently  the  diamidobenzoic  acid  and  the  phenyleno-diamino  derived  from  it  will 
have  the  two  NH--groups  either  contiguous  (3  :  4  or  1  :  2)  or  separated  by  one  interval 
(2  :  4  or  1  :  3).  But  this  phenylene-diamine  likewise  agrees  in  properties  with 
Griess's  compound,  and  must  tlierefore  be  regarded  as  the  ortho-modification. 

This  conclusion  is  strengthened  by  the  fact  that  when  the  nitroparamidobenzoic 
acid  is  treated  with  nitrous  acid  in  alcoholic  solution,  it  is  converted,  by  substitution  of 
H  for  NH-,  into  ordinary  nitrobenzoic  acid,  C''H''(NO-).CO=H  (crystallising  in  needles 
which  melt  at  140°-141°,  soluble  in  400  pts.  of  water  at  9.2-b°.  yielding  an  ethylic 
ether  which  crystallises  in  plates  melting  at  40°-41°,  and  reduced  by  tin  and  hydro- 
chloric acid  to  an  amidobenzoio  acid  melting  at  172°).  Now  since,  in  the  formation  of 
this  acid  from  nitroparamidobenzoic  acid,  the  NH^-group  is  replaced  by  H,  whereas, 
in  the  conversion  of  the  same  acid  into  phenylene-diamine,  it  is  the  CO-H-group  that 
is  thus  replaced,  it  is  clear  that  whether  the  nitroparamidobenzoic  acid  be  represented 
by  the  first  or  the  second  of  the  above  formulae,  1  :  3  :  4  or  1  :  2  :  4,  the  phenylene- 
diamine  and  nitrobenzoic  acid  derived  from  it  cannot  have  their  side-chains  in  the 
same  relative  position.  If  the  first  be  a  1:2  compound,  the  second  must  be  1  :  3, 
and  vice  versd.  Now,  according  to  recent  investigations  (p.  133),  ordinary  nitrobenzoic 
acid  (like  its  congeners  amidobenzoic,  oxybenzoic  acid,  &c.)  is  a  meta-compound,  1  :  3, 
and  therefore  the  phenylene-diamine  in  question  must  be  an  ortho-compound,  1  :  2 
(H.  Salkowsld,  Beut.  Chem.  Ges.  Bcr.  v.  722). 

4.  Orthophenylene-diamine  is  also  produced  by  the  action  of  tin  and  hydrochloric 
acid  on  the  nitraniline  obtained  from  the  bromonitrobenzone  which  melts  at  38°, 
which  must  therefore  be  likewise  an  ortho-compound  (Zineke  a.  Sintenis,  ihid.  vi.  123). 

Properties  and  Eeactions.  — Orthophenylene-diamine  dissolves  readily  in  hot  water 
and  crystallises  therefrom  in  white,  or  often  reddish,  quadratic  plates  ;  it  is  also  very 
soluble  in  alcohol  and  in  ether. 

The  melting  and  boiling  points  of  the  three  phenylcno-diamiucs  are  shown  in  the 
following  table  : 

Melting  point   Boiling  point 
Orthophenylene-diamine    .       .       .     99°  252°  (Griess) 

Meta- or  0-phenylene-diamino   .       .    140  267  (Hofmann) 

Para-  or  a-phenylene-diamine    .       .     63  287  (Hofmann) 

Orthofhenylene-diamine  sulphate,  Q'^W(SWy.^O*W  +  l^H-O,  crystallises  in  shining 
scales  easily  soluble  in  hot,  sparingly  in  cold  water,  and  giving  off  their  water  of 
crystallisation  at  a  few  degrees  above  100°.  The  -platinochloride  ia  a  brown-red  pre- 
cipitate. 

On  adding  a  concentrated  solution  of  ferric  chloride  to  a  solution  of  this  diamine  in 
hydrochloric  acid,  ruby-red  needles  separate,  consisting  of  the  hydrochloride  of  a  base, 
C'-H'^N^  which  may  be  obtained  by  adding  ammonia  to  the  solution  of  the  hydro- 
chloride, in  deep  yellow  microscopic  needles,  almost  insoluble  in  all  neutral  solvents. 
The  formation  of  this  base  is  perhaps  represented  by  the  equation  2C"H''N-  +  0'  i= 
3H=0  +  C'=H'»N^  (Griess). 

According  to  Salkowski,  orthophenylene-diamine,  when  oxidised  by  chromic  acid 
mixture,  gives  off  a  strong  odour  of  quinone ;  Meyer  a.  Wurster,  on  tlio  other  liand, 
did  nrit  observe  this  odour.  Metaphenylene-diamine  is  known  to  yield  quinono  by 
Osidat  ion  ;  panipheiiyliiio-di.niiino  does  not  (iv.  481). 

PHEWZ-i-CS-UAM-IUmES.    See  GuANIDINE  (p.  582). 

PHESIYS.-IWETHAWES.  Diphcmjl-metMne  or  Benzyl-henzenc,  C«H*(CH2.C''n*), 
is  formed,  togellier  with  other  products,  by  heating  benzyl  chloride  with  benzene 
and  zinc-dust  (Zincko,  Vmt.  Chem.  Gcs.  Ber.  iv.  298),  also  by  sulphuric  acid  diluted 
with  glacial  acetic  acid,  on  a  mixture  of  benzyl  alcohol  and  benzene  (Meyer  a. 
Wurster,  ibid.  vi.  963).  Eespecting  its  properties,  see  Benztl-benzehb  (p.  183).  On 
its  reaction  ^'Ah.  formaldehyde,  see  p.  533. 

3p2 
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Substitution-derivatives  of  Biphenyl-methane  iyi.  Jl.  lloer:,  JDcut.  Clwm. 
Ges.Ber.  v.  795).  Binitro-diphenylmcthanc,  C"H"'(NO'-)=,  is  produced  by  dissolving  the 
hydrocarbon  in  cold  fuming  nitric  acid  of  sp.  gr.  1-5.  It  is  insoluble  in  -water  and 
alcohol,  sparingly  soluble  in  ether,  and  crystallises  from  hot  benzene  in  long,  brittle, 
iridescent  needles,  melting  at  183°.  By  oxidation  with  chromic  acid  mixtiire,  it  is 
converted  into  dinitro-diphenyl  ketone  or  dinitrobenzoplienone  (p.  939). 

Isodinitro-diphenylmetlume,  C"H'"(NO^)',  is  formed  when  diphenylmethane  is  heated 
on  a  -water-bath  -with  nitric  acid  of  sp.  gr.  It  is  insoluble  in  water,  but  soluble 

in  alcohol,  ether,  benzene,  and  acetic  acid,  and  crystallises  in  small  straw-coloured 
needles,  showing  a  blue  lustre  and  melting  at  172°.  By  oxidation  it  is  converted  into 
isodinitrobenzophenone. 

Tetranitro-di'phenylmethane,  C'^H''(NO-)*,  is  the  chief  product  formed  by  the  action 
of  a  well-cooled  mixture  of  concentrated  nitric  and  sulphuric  acid  on  diphenylmethane. 
It  is  insoluble  in  water,  alcohol,  and  ether,  sparingly  soluble  in  benzene,  a  little  more 
in  glacial  acetic  acid,  from  which  it  crystallises  in  brilliant,  pale-yellow,  hard  prisms, 
melting  at  172°. 

Biamido-di'phenylmetliane,  C"H"'(NH-)-,  crystallises  from  alcohol  in  small  pearly 
scales,  melting  at  86°  and  having  the  greatest  resemblance  to  benzidine.  The  hydro- 
chloride is  very  sohible  in  water  and  alcohol,  and  crystallises  from  dilute  hydrochloric 
acid  in  small  white  plates.  The  sulphate  is  sparingly  solublo  in  alcohol,  and  crystal- 
lises from  water  in  small  brilliant  plates. 

Isodiamido  diphenylmethane  and  its  salts  arc  very  imstablc  compounds  which  could 
not  be  obtained  m  the  pure  state. 

Diphenyhnethane-disulplioiiio  acid  is  formed  by  dissolving  tlie  hydrocarbon  in  an 
excess  of  fuming  sulphuric  acid  on  a  water-bath.  The  potassium  s&It,  C'^H"'(SO''K)- 
+  H-0,  crystallises  from  dilute  alcohol  in  small  shining  prisms.  The  barium  salt  is 
anhydrous,  and  crystallises  from  an  aqueous  solution  in  very  small  scales.  The  copper 
salt,  C'*H'''(SO')^Cu,  is  soluble  in  water  and  crystallises  from  dilute  alcohol  in  small, 
green  shining  plates.  The  free  acid,  C"H"'(SO^H)^,  separates  from  an  aqueous  solu- 
tion in  small  deliquescent  plates,  and  from  alcohol  in  arborescent  needles  melting 
at  59^. 

Bromine  acts  violently  on  diphenyl-methane,  forming  a  viscid  fsxibstance,  which, 
after  standing  for  months,  yields  crystalline  crusts  forming  large  tables  when  recrys- 
tallised  from  ether.  This  body  contains  4  atoms  of  bromine,  but  the  quantity  obtained 
was  not  sufficient  to  decide  whether  it  is  an  addition-  or  a  substitution-product. 

Trlpbenyl-metliane,  OH(OTI'^)',  is  obtivined  by  heating  1  mol.  of  benzylene 
dichlorido  with  2  mols.  of  mercury-diphenyl : 

CHICHCP     2(C'=JP)-Hg  =  OH(C«ff)'  -i-  2C'^H*HgCl. 

It  is  a  solid,  melting  at  92-5°,  and  boiling  q,t  about  335°.  Trom  an  alcoholic  solu- 
tion it  separates  in  brilliant,  well-formed  crystals  ;  it  is  also  readily  soluble  in  ether 
and  benzene,  forming  witli  the  latter  hydrocarbon  the  compound  CH(C''H*)^.C''H^. 
This  compound  forms  large  transparent  crystals,  which  melt  at  76°,  and  at  this  tem- 
perature, or  when  exposetl  to  the  air,  give  off  the  benzene  and  become  white  and  opaque. 
Triphenyl-methane  is  also  soluble  in  toluene,  but  does  not  combine  with  it.  On  dis- 
solving it  in  warm  fuming  sulphuric  acid,  it  is  converted  into  the  sulphonic  acid, 
CH(C'*H^SO'H)^.  the  barium  salt  of  which  is  precipitated  by  alcohol  from  an  aqueous 
solution  in  fine  white  needles.  No  other  salt  could  be  obt<iined  crystallised,  but  a  con- 
centrated solution  of  the  free  acid  solidifies  on  standing  to  a  crystalline  mass  (Kekule 
a.  Franchimont,  Dcut.  Chem.  Gcs.  Bcr.  vi.  136). 

PHENiri-MUCABaSDB,  C''H»0«(NHC«ff)=  (Kottniz,  J.  pr.  Chem.  [2]  vi.  136). 
This  compound  is  formed,  together  with  aniline  mucate,  by  heating  mucic  acid  -with 
excess  of  aniline : 

2C»H'"0«  +  4C«H'N  =  C«H'»08.(C«H'N)2  +  C^n'O^CNHCff  )2  +  2ffO; 

also  by  heating  aniline  mucate  in  an  air-bath  : 

C6H'0O8(C''H'N)2  -  2W0  =  CTI»0«(NHC''H5)% 

It  is  best  prepared,  however,  by  the  action  of  aniline  on  an  ether  of  mucic  acid  ;  ethyl 
mucate,  for  example. 

Phenyl-mucamide  forms  small,  very  thin,  white  laminse,  which  are  quite  insoluble  in 
water,  alcohol,  ether,  benzene,  carbon  sulphide,  glycerin,  and  dilute  mineral  acids. 
It  is  decomposed  by  boiling  with  strong  potash,  phenylamine  being  separated.  Con- 
centrated sulphuric  acid  converts  it  into  a  black  mass.  Fuming  nitric  acid  dissolves 
it,  forming  a  yellow  solution,  from  which  water  tlirows  down  a  yellow  body,  probably 
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a  nitro-derivatiTe.  By  dry  distillation  it  yields  plienyl-pyrrol,  N(C'H*)"(C"H*). 
Soe  Pyekol. 

PHESnrS.-OTAPKTH-5rE.^BSmB.    See  Naphthylamine  (p.  846). 
PHEWTS.  PURPURIC  ACID.    See  PuEPUEiC  AciD. 

PKEWS-S.-TKIEETH2BE,  STASffSfflC,  Sn(C''ff  )(C=H'>)^  See  Stai^nic  Ethides. 
PHE3S"i^I.-TOEAS.    See  Uheas. 

PSIESffYSC-lTKETKAIffE,   C0|qq2jp    .    Seo  Caebajiates  (p.  252). 

PHSM-sri-X-sraiSBSKS,  NH(C''II'*)(CTI»).    See  Xylidines. 

S'lSE.OROeE.U'Caisr,  CE^O'.  This  substance,  treated  with  chlorine  and  water  at 
ordinary  trill  i.cr;aures,  yields  didiloracetic  acid  (Hlasiwetz  a.  Habermann,  Jlwj.  Ch. 
I'harin.  civ.  120). 

PSSOlcSaSTE.  A  mineral  from  India  named  Meerschaumite,  by  Eoss,  has  been 
rceognisod  liy  Maskelyno  a.  Plight  {Chcm.  News,  xxii.  260)  as  pholerite,  and  found  to 
consist  of  43-144  p.c.  SiO"',  41-073  Al'-O-''  and  17*783  -water. 

PHOROBTffi,  G>R'*0  (Kachler.  Ann.  Ch.  P/iarm.  clxiv.  75).  This  body,  the 
ketone  of  camphoric  acid,  obtained  by  distilling  the  calcium  .salt  of  that  acid,  is  like- 
-«'ise  jjroduced  from  acetone  b}'  the  action  of  quicklime  or  of  sodium,  and  by  heating 
cane-sugar  or  grape-sugar  -with  lime  (i.  733).  Sch-^'anert's  campkrcne,  obtained  by 
the  action  of  sulphuric  acid  on  camphor,  and  supposed  by  him  to  be  identical  with 
phorone,  appears  to  have  been  a  mixture  (p.  238). 

Phorone  from  camphoric  acid  (b.  p.  206°-215°),  oxidised  with  chromic  acid  mixture, 
yields  acetic  acid,  and  an  acid  isomeric  with  adipic  acid,  C''H"'0'',  which,  after  the 
acetic  acid  has  been  distilled  off,  may  be  dissolved  out  of  the  residue  by  agitation  with 
ether.    The  reaction  takes  place  according  to  the  equation  : 

C"H"o  +  0'  =  cm^oQ*  +  cm'O-  +  co\ 

Phorone  prepared  from  cane-sugar  yields  the  same  products  liy  oxidation  with  chromic 
acid.  The  acid,  CH^O',  is  likewise  formed,  together  with  oxalic  acid,  by  oxidising 
phorone  with  nitric  acid. 

The  relation  of  phorone  to  camphoric  acid  may  be  represented  liy  the  following 
formulce  (compa-i'e  p.  234) : 

CH-  CIP 
mC<^  ^CH(C=H'-CO=H)  I 


H-C\^CH(CO'-H)  R-C 

cir- 

Caniiihoric  acid. 
PHOSGBTTE.    See  Caebon  OxYCHLonroE  (p.  261). 

PSJOSPZSAMMITE.    This  name  is  given  by  C.  U.  Shcpard  to  ammonium  phos- 
phate found  in  the  guano  of  the  Guanape  islands,  Peru  (p.  584). 
PHGSFHETHY.1.  CTAjJIXBS.    Sec  Phosphines. 

PHOSPHIBES,  MSTAI.I1IC.  These  compounds  arc  formed  in  the  decom- 
position by  heat  of  certain  hypophosphites  (p.  966) ;  also  in  some  cases  by  the  action 
of  phosphorus  on  metallic  solutions  (p.  959). 

Iro7i  rhosphides.—  Trifcrrous  p/iosp/,JrIi\  Fc'P-,  is  formed  by  pouring  a  solution 
of  ferrous  sulphate  into  a  flask  in  whii-h  retted  hydrogen  is  generated  by  heat- 

ing phosphorus  with  potash-ley.    Tli  >  j  i-.  i  of  ferrous  hydrate  produced  in  tho 

first  instance  gradually  turns  grey,  and  linally  iilaek,  byconversion  into  phosphide. 
The  excess  of  phosphorus  is  removed  liy  prolonged  boHingwith  potash;  the  precipitate 
is  boiled  with  strong  hydrochloric  acid  to  remove  oxides  and  salts  of  iron  ;  and  tho 
residual  black  powder  is  washed  and  dried  in  a  stream  of  carbonic  anhydride.  As 
thus  prepared  it  contains  71-74  to  72-17  p.c.  iron  and  28-48  to  27  phosphorus,  agree- 
ing approximately  with  the  formula  above  given. 

Triferrous  phospnide  dissolves  very  slowly  in  lioiling  hydrochloric  acid  alone; 
quickly,  however,  on  addition  of  nitric  acid.  It  is  magnetic,  and  when  recently  pre- 
pared, takes  fire  in  the  air,  even  below  100°  (Schenk,  Ckcm.  Soc.  J.  [2],  xi.  826). 

An  ocioferrous  phosphide,  PeT^,  is  formed  according  te  Sidot  {Compt,  rend.  Ixxiv. 
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1425),  by  heating  iron-wire  in  vapour  of  phosphorus,  and  repeatedly  ignitiTig  the  pro- 
duct in  a  crucible.  It  forms  a  metallic  mass  having  the  appearance  of  pig-iron, 
and  on  breaking  it,  the  interior  is  often  found  to  be  studded  with  beautiful  crystals 
about  half  an  inch  long  and  having  the  form  of  square  prisms.  It  has  a  steel -grey 
colour,  and  is  iridescent  on  the  surface;  is  nearly  as  hard  as  steel,  and  strongly 
magnetic. 

Daubree  (ibid.  1427)  observes  that  Boblique,  some  years  ago,  prepared  a  phosphide 
of  iron  on  the  large  scale  from  the  nodules  of  calcium  phosphate  -which  occur  abun- 
dantly in  the  gault  of  the  Ardennes,  by  smelting  them  in  a  blast-furnace  with  iron. 
The  phosphide  thus  obtained  resembled  that  just  described  in  its  metallic  aspect  and 
state  of  crystalline  aggregation,  and  was  also  strongly  magnetic  ;  its  crystalline  form, 
however,  was  not  determined. 

According  to  C.  Freese  {Deut.  Chcm.  Ges.  Ber.  v.  604)  the  method  employed  by 
Sidot  does  not  yield  a  definite  product,  but  a  mixture  of  phosphides  of  variable  com- 
position. 

Tetranickelous  JPhoaphide,  Ni^P^,  is  best  prepared  by  treating  a  nickel- 
solution  with  phosphoretted  hydrogen  in  the  manner  above  described.  The  black  pre- 
cipitate, parifiedin  the  same  manner  as  the  ferrous  compound,  gaA'e  by  analysis  (mean) 
78-50  p.c.  nickel  and  20'50  phosphorus,  the  formula  Ni'P-  requiring  79'19  Ni  and 
20-81  P.  When  precipitated  nickel  hydrate  was  used  in  the  preparation,  a  partially 
oxidised  product  was  obtained,  the  oxygen  being  apparently  derived  from  water 
retained  by  the  hydrate. 

Tetranickelous  phosphide  is  not  magnetic.  It  dissolves  slowly  in  dilute  hydro- 
chloric acid,  quickly  in  dilute  nitric  acid ;  towards  strong  nitric  acid  it  behaves  like 
iron.  In  sulphuric  acid,  and  in  a  mixture  of  nitric  and  hydrochloric  acids,  it  dissolves 
sometimes  slowly,  sometimes  quickly  (Schenk,  Cham.  Soc.  J.  [2],  xii.  214). 

PKOSPHXTflSS.  PJiosphine  or  Gaseous  Hydrogen  Tliosfhidc,  PH'. — 
The  ordinary  method  of  obtaining  this  gas  by  heating  phosphorus  with  aqueous  potash 
gives  a  mixture  of  phosphine  with  hydrogen,  the  amount  of  the  former  varying  from 
16  to  35  p.c.  Better  results  are  obtained  with  alcoholic  potash,  but  the  gas  thus  pro- 
duced is  still  far  from  pure. 

Calcium  phosphide,  treated  with  water,  gives  off  a  mucli  purer  gas,  containing  only 
about  1 3  p.c.  of  hydrogen ;  and  when  hydrochloric  acid  is  substituted  for  the  water, 
the  evolved  gas  contains  about  7  p.c  of  hydrogen.  The  phosphoretted  hydrogen 
obtained  from  crystallised  phosphorous  acid  contains  about  6  p.c.  of  hydrogen.  Per- 
fectly pure  phosphine  may,  however,  be  obtained  by  the  action  of  water,  or,  better,  of 
potash,  on  the  iodide  of  phosphonium. 

Tliis  substance,  in  pieces  about  the  size  of  peas,  is  placed  in  a  flask  provided  with  a 
delivery-tube,  and  with  a  bulb-tube  having  a  stopcock  passing  through  the  cork  in  the 
usual  manner.  The  bulb  is  filled  with  potash-solution  of  about  the  strength  used  in 
combustions,  and  when  the  gas  is  required  a  few  drops  are  allowed  to  enter  the  tube. 
In  this  way  the  evolution  can  be  easily  stopped  at  any  desired  moment ;  7'3  grams  of 
phosphonium  iodide  yield  about  a  litre  of  gas.  The  gas  thus  obtained  is  perfectly 
pure  if  collected  when  free  from  air ;  it  is  entirely  absorbed  by  a  solution  of  chloride 
of  lime ;  it  is  not  spontaneously  inflammable,  although,  on  account  of  its  purity,  it  is 
more  easily  ignited  than  the  impure  gas  containing  hydrogen,  which  has  been  deprived 
of  its  spontaneous  inflammability.  According  to  Kammelsberg,  however  {Dcut.  Chem. 
Ges.  Ber.  vi.  88),  it  sometimes  takes  fire  spontaneously.  When  brought  in  contact  with 
a  drop  of  fuming  nitric  acid  it  takes  fire,  as  it  also  does  in  contact  with  chlorine  or 
bromine  water  ;  by  passing  the  gas  through  nitric  acid  containing  a  trace  of  nitrous 
acid,  it  becomes  spontaneously  inflammable.  On  passing  a  series  of  electric  sparks 
through  the  gas,  it  splits  up  into  its  components  almost  as  easily  as  ammonia  does 
(A.  W.  Hofmann,  ihid.  iv.  200). 

The  decomposition  of  phosphine  is  also  effected,  though  not  completely,  by  the  silent 
electric  discharge.  The  gas  flrst  becomes  spontaneously  inflammable,  and  then  deposits 
the  solid  phosphide  of  hydrogen.  After  removing  the  undecomposed  phosphine  by 
absorption,  the  further  action  of  the  discharge  splits  up  the  solid  phosphide  into 
phosphine  and  red  phosphorus.  The  latter,  being  a  conductor,  causes  the  silent  dis- 
charge to  change  into  the  spark,  and  stops  the  action. 

A  mixture  of  phosphine  and  ethylene  yields  one  of  the  phosphorus  bases,  various 
complicated  secondary  reactions  going  on  at  the  same  time  (P.  a.  A.  Thenard,  Comjpt. 
raid.  Ixxvi.  1508). 

Phosphine  Hydriodide,  or  Phosjihoniutn  Iodide,  PH'.HI  or  PH^L— This 
compound  is  now  largely  applied  in  the  laboratory  as  a  powerful  reducing  agent,  and 
for  the  preparation  of  highly  concentrated  hydriodic  acid,  phosphoretted  hydrogeii, 
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and  tho  alcoholic  pliosphines.  The  following  method  of  preparing  it  in  quantity  is 
given  by  Hofmann  {Dcut.  Chcni.  Ges.  Bcr.  vi.  291): — 

Phosphorus  (400  grams)  is  dissolved  in  its  own  weight  of  carbon  sulphide  in  a  retort 
of  1  litre  capacity,  and  to  this  solution,  kept  cool,  iodine  (680  grams)  is  added  by  small 
portions.  The  carbon  sulphide  is  then  carefully  distilled  oif  in  a  water-bath,  an  opera- 
tion which  takes  9  or  10  hours.  The  retort  (fig.  25)  is  then  connected  with  a  long 
■wide  condensing-tube,  and  a  two-necked  globular  receiver,  from  which  a  connecting 
tube  passes  to  two  condensiug-bottles,  the  first  containing  weak  hydriodic  acid,  the 
second  water.    Heat  is  then  applied  to  tho  retort,  gently  at  firtt,  and  water  (240 


Fig.  25. 


grams)  is  slowly  added  through  the  drop-funnel.  Phosphonium  iodide  and  hydriodic 
acid  are  then  produced,  the  latter  passing  off  and  collecting  in  the  condensing-bottles, 
while  the  former  sublimes  and  collects  as  a  crust,  chiefly  in  the  tube,  and  in  smaller 
quantity  in  the  globular  receiver,  which,  to  prevent  stoppage,  should  be  connected 
■with  the  long  tube  by  a  wide  tul  o.  To  ]'rrvi'iit  I  lie  liquid  in  the  condensing-bottles 
from  being  forced  back,  in  conficqin  t],c  ..i  iIk  i-d\'\A  .■ibsorption,  a  slow  stream  of  car- 
bonic acid  gas  is  passed  througli  I  lie  ,i |iii,ir:il iis  ihiring  the  whole  operation,  the  first 
condensing-bottle  is  charged  with  (.lihito  hydriodic  acid  instead  of  with  -ivatcr,  and 
the  tubes  connecting  these  bottles  are  blown  out  into  bulbs  of  consideriMr  ili.inicl cr. 
A  well-conducted  sublimation  maybe  completed  in  8  or  9  hours.  AVhen  il  is  lini.slird, 
one  end  of  tho  long  condeusing-tube  is  clo.'ed  with  a  cork,  and  the  phosphuiiium 
iodide,  adhering  in  thick  crusts  to  its  inner  surface,  is  detached  by  means  of  a  stout 
■wire  bent  and  sharpened  at  the  end.  The  hydriodic  acid  obtained  as  a  byc-product  is 
moderately  strong,  but  contains  a  little  phosphoric  acid. 

Ethyl  Pbosphines.  Hofmann  (Dcut.  Chem.  Ges.  Bcr.  iv.  205)  has  obtained  tri- 
ethyl  phosphino  by  the  action  of  hj'drogen  phosphide  on  ethyl  iodide  under  pres- 
sure. When  phosphonium  iodide  (10  grams)  is  iiitrodurod  into  a  strong  glass  tube 
within  which  is  placed  a  narrower  tube  contaiiiiuLi  llin  i'  limes  the  quantity  of  ethyl 
iodide  and  a  little  water,  and  the  sealed  tube  is  Ik  al  rd  in  llio  horizontal  position  to 
160°-180°  for  several  hours,  triethyl-phosphinu  is  loi-inr.l,  but  in  very  small  qiiantity. 
If,  however,  the  tube  be  charged  with  1  mol.  pliiispliniiiinn  i(«lide  and  3  mols.  alcohol 
and  heated  to  180°,  the  contents  solidify  on  coolinir  In  a  s]ilriiilid  snow-white  crystal- 
lino  mass  consisting  of  nearly  equal  parts  of  tho  iodides  of  trietliyl-  and  tetrethyl-phos- 
phoniuni.  The  phosphonium  iodide  and  tlie  alcohol  first  form  ethyl  iodide  and 
hydrogen  phosphide,  and  these  bodies  react  on  one  another  in  tho  manner  just 
stated : 

PH'I  +  C^H^HO)  =  Cm'l  +  PH'  +  H=0, 

and — 

VW  +  3Cm'I       =  SHI     +  P(C-H^)l 

A  similar  reaction  takes  place  very  easily  with  methyl  alcohol.  Allyl  alcohol,  phenol, 
and  glycerin  are  also  strongly  attacked  by  the  phosphoniimi  iodide.  Tliis  reaction 
does  not  yield  primary  or  secondary  phosphines. , 

Drechsel  a.  Finkelstein  {ibid.  iv.  352)  have  obtained  triethyl  phosplionium 
iodide  by  the  action  of  ethyl  iodide  on  a  zinc  phosphide,  probably  ZnHP,  prepared  by 
passing  dry  hydrogen  phosphide  into  a  well-cooled  ethereal  solution  of  pure  zinc-ethyl. 
■This  compound,  which  cont^iins  17'89p,c.  phosphorus,  is  a  white  friable  substance,  smell- 
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ing  of  hydrogen  phosphide.  Heated  to  150°  in  a  sealed  tube  with  5  pts.  of  ethyl  iodide 
and  excess  of  ether,  it  yields,  together  with  zinc  iodide,  a  compound  of  that  hody  with 
the  iodide  of  triethyl  phosphonium,  having  the  composition  ZnP.2(C'H*)'HPI. 

When  a  mixture  of  hydrogen  phosphide  and  vapour  of  metliyl  iodide  v/as  passed 
over  platinum  sponge,  no  combination  took  place ;  but  when  iodide  of  ethyl  or  methyl 
saturated  with  the  gas  was  left  to  itself  for  some  time,  or  heated  to  100°  in  sealed 
tubes,  combination  was  effected.  No  phosphonium  iodide  was,  however,  produced,  as 
the  resulting  crystals  dissolved  easily  in  water  without  evolution  of  gas :  hence 
Drechsel  a.  Finkelstein  conclude  that  the  iodide  of  monomethyl-  or.monethyl-phos- 
phoninm  was  formed  by  the  above  reaction.  They  also  state  that  crystals  of  mono- 
methyl-phosphonixim  iodide,  PH'(CH^)I,  are  obtained  by  heating  a  mixture  of  1  vol. 
methyl  iodide  with  1  vol.  of  a  saturated  ethereal  solution  of  zinc  iodide  which  lias  been 
saturated  at  —10°  with  hydrogen  phosphide. 

Hofmann  {ibid.  iv.  372),  on  repeating  the  experiments  of  Drechsel  a.  Finkelstein, 
finds  that  the  reactions  described  by  these  cliemists  yield  no  primary  or  secondary  but 
only  tertiary  phosphines  ;  moreover  that  the  primary  and  secondary  bases  are  not 
formed  by  the  action  of  alcohol  on  ethyl  iodide  in  any  proportions  whatever.  They 
are,  however,  easily  produced  by  heating  phosphonium  iodide  with  ethyl  iodide  in 
presence  of  a  metallic  oxide,  such  as  zinc  oxide,  the  ordinary  zinc-white  of  commerce 
answering  the  purpose  very  well.  The  best  proportions  are  1  mol.  zinc  oxide  to 
2  mols.  phosphonium  iodide  and  2  mols.  othjd  iodide.  A  mixture  of  1  pt.  by  weight 
of  zinc-white,  4  pts.  phosplionium  iodide  and  4  pts.  ethyl  iodide  is  digested  in  sealed 
tubes  at  a  temperature  not  exceeding  150°  for  6  to  8  hours,  by  which  time  the  tubes 
are  found  to  be  filled  with  a  homogeneous,  almost  colourless,  crystalline  mass.  A 
tube  of  about  60  c.c.  capacity  may  bo  charged  with  40  to  50  grams  of  the  mixture.  In 
filling  the  tube,  it  is  best  first  to  introduce  the  phosphonium  iodide,  then  the  zinc 
oxide,  and  finally  the  ethyl  iodide  ;  thus  arranged  these  bodies  do  not  react  at  ordinary 
temperatures,  and  the  tubes  may  be  sealed  with  safety. 

The  main  product  of  the  reaction  is  ethyl-phosphonium  iodide,  which  unites 
with  the  zinc  iodide  to  form  a  double  salt : 

2Cm'I  +  2(H»P.HI)  +  ZuO  =  2(C=ffH=P.HI)  +  Znl-  -f  R-O. 

Simultaneously,  however,  reaction  takes  place,  but  to  a  less  extent,  between  2  mols. 
«thyl  iodide,  1  mol.  phosplionium  iodide,  and  1  mol.  zinc  oxide : 

2G^K'I  +  H'PHI  +  ZnO  =  (C2IP)2HP.ZnI2  +  WO  +  HI 

with  formation  of  diethylpho  sphine,  which  combines  directly  with  the  zinc  iodide. 
A  small  quantity  of  phosphonium  iodide,  therefore,  always  remains  unacted  upon. 
Together  with  these  reactions,  others  take  place,  especially  when  the  temperature  has 
risen  at  all  high,  which  give  rise  to  the  formation  of  permanent  gases,  perhaps  ethy- 
lene or  even  marsh-gas.  In  these  cases  the  product  is  no  longer  pure  white,  but  has 
more  or  less  of  a  reddish-yellow  colour,  in  consequence  of  the  separation  of  phosphorus 
iodide  ;  tlie  escaping  gases  then  take  fire  only  momentarily,  whereas,  when  hydrogen 
phosphide  is  present,  they  burn  for  some  minutes. 

■  It  is  worthy  of  note  that  the  reaction  above  described  gives  rise  to  the  primary  and 
secondary  phosphines  onli/;  and  since,  as  far  has  as  been  observed,  the  same  appears 
to  hold  good  in  the  methyl  series,  it  follows  that  the  reaction  of  phosphonium  iodide  on 
the  iodides  of  the  radicles  is  complementary  to  its  action  on  the  alcohols,  in  which 
case,  as  above  stated,  the  tertiary  and  quaternary  bodies  only  are  formed. 

The  separation  and  purification  of  the  two  phosphines  present  in  the  product  of  the 
reaction  is  easily  accomplished,  and  is  based  on  the  fact  that  the  salts  of  the  primary 
phosphines  are  perfectly  decomposed  by  water,  in  the  same  manner  as  phosphonium 
iodide,  with  liberation  of  the  phosphine  and  solution  of  the  acid ;  whereas,  the  salts  of 
the  secondary  phosphines  withstand  the  action  of  even  a  large  excess  of  boiling  water, 
but  are  readily  decomposed  by  alkalis.  The  operation  is  as  follows : — The  product 
from  several  tubes  being  placed  in  a  suitable  apparatus  from  which  the  air  is  expelled 
by  a  current  of  hydrogen,  is  acted  on  by  a  slow  stream  of  water,  which  has  been  pre- 
viously boiled  and  again  cooled;  the  monetliyl-phosphine  is  thus  set  free  and  condensed 
in  a  spiral  surrounded  by  ice,  As  some  quantity  of  the  extremely  volatile  phospliine 
is  liable  to  be  carried  away  by  the  hydrogen,  the  gas  is  caused  to  pass,  before  its  entry 
into  the  atmosphere,  through  a  column  of  concentrated  hydriodic  acid.  During  the 
operation,  this  liquid  becomes  gradually  filled  with  magnificent,  dazzling  white  crystals 
of  pure  ethyl-phosphonium  iodide.  When,  by  the  further  addition  of  water,  no  more 
monethyl  phosphine  is  evolved,  even  on  warming,  strong  caustic  soda-sohition  is  added, 
the  operation  being  still  carried  on  in  a  current  of  hydrogen.  The  diethyl-phosphine 
then  distils  over  readily  ou  heating,  and  may  be  condensed  in  the  ordinary  manner. 
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The  liquid  thus  obtained,  after  drying  over  potassium  hydrate,  is  the  chemically  pure 
di  ethyl-phosphin  c. 

Monetliyl  Phosfhinc,  P  J  H     ,  is  a  mobile,  colourless,  transparent  liquid,  boil- 
IH 

iug  at  25°  ;  lighter  than  and  insoluble  in  water  ;  refracting  light  strongly,  and  en- 
tirely -without  action  on  vegetable  colouring  matters.  It  has  a  most  overpowering 
odour,  resembling  that  of  the  formonitrils  ;  and,  similarly,  its  vapour  produces  on  the 
tongue  an  intensely  bitter  taste  which  extends  far  down  the  throat.  Its  fumes  bleach 
cork,  like  chlorine  ;  caoutchouc  is  affected  by  it  in  a  remarkable  manner,  becoming 
transparent  and  losing  its  elasticity.  In  contact  with  chlorine,  bromine,  or  fuming 
nitric  acid,  it  takes  fire.  Sulphur  and  carbon  bisulphide  combine  directl}'  with  it,  but 
the  resulting  bodies  are  liquid,  and  not  crystalline,  like  the  corresjjonding  triethyl- 
phosphine  derivatives.  Concentrated  hydrochloric,  liydrobromic,  and  hydriodic  acid 
unite  with  it  to  form  salts ;  the  solution  of  the  hydrochloride  yields  with  platinum 
tetrachloride  a  double  salt,  crystallising  in  magnificent  carmine-red  needles,  much  re- 
sembling freshly  prepared  chromic  anhydride.  The  hydriodidc,  C^H'H-P.HI,  forms 
white  quadrilateral  plates,  which  may  be  sublimed  unchanged  in  a  current  of 
hydrogen  at  the  temperature  of  boiling  water  ;  the  crystals  are  permanent  in  dry  air. 
It  dissolves  in  water  with  complete  decomposition  ;  also  in  alcohol,  but  with  partial 
decomposition  ;  in  ether  it  is  insoluble  ;  concentrated  hydriodic  acid  is  the  only  sol- 
vent which  dissolves  it,  though  sparingly,  unchanged,  the  addition  of  ether  causing 
the  separation  of  the  salt  in  large,  well-formed  plates,  often  a  centimeter  in  diameter, 
but  of  extreme  thinness. 

Diethyl  rhosphinc,V\  C-W,  is  a  colourless,  transparent,  perfectly  neutral  liquid, 
\^ 

refracting  light  strongly,  lighter  than  water,  and  insoluble  therein.  It  boils  constantly 
at  85°,  or  60°  higher  than  the  primary  base.  It  has  a  penetrating,  persistent  odour, 
different  from  that  of  monethyl  phosphine,  more  resembling,  although  essentially  dif- 
ferent from,  that  of  triethjd  phosphine.  It  absorbs  oxygen  with  great  avidity,  com- 
bination taking  place  with  great  energy,  often  causing  it  'to  take  fire  on  opening  the 
containing  vessel.  Diethyl  phosphine  combines  both  with  sulphur  and  with 
carbon  bisulphide  to  form  liquids,  a  behaviour  wliieh  affords  a  ready  means  of  testing 
its  freedom  from  admixture  of  triethyl  phospliine.  It  dissolves  easily  in  all  acids,  but 
none  of  its  salts  crystallise  readily,  except  the  hydriodide.  The  platinochloride,  which 
is  easily  alterable,  crystallises  in  fine,  large,  orange-yellow  prisms.  The  salts  of  di- 
ethyl phosphine  are  not  decomposed  by  water. 

Tricthyl-pliosphinc  oxide,  P(C^ff)^0. — Carius  {Ann.  Ch.  Pharm.  cxxxvii.  117) 
prepares  this  compound  by  acting  upon  ethyl  iodide  with  phosphorus  in  sealed  tubes 
at  160°,  and  heating  the  product  to  the  same  temperature  with  alcohol.  Crafts  a. 
Silva  {Chcm.  Soc.  J.  [2],  ix.  629)  modify  this  process  as  follows  :  1  pt.  of  phosphorus 
is  heated  to  175°  for  24  hours  with  13  pts.  ethyl  iodide  in  sealed  tubes  laid  horizon- 
tally; the  crystals,  coloured  by  iodine,  which  separate  on  cooling,  are  melted  by  gentle 
heating  and  transferred  to  a  retort ;  the  residual  phosphorus  cake  (cousisting  cliiefly  of 
amorphous  phosphorus)  is  pulverised,  and  likewise  transferred  to  the  retort ;  and  the 
whole  is  boiled  with  alcohol  of  97  p.c.  as  long  as  :iiiy  i  lliyl  iddide  distils  over.  The 
concentrated  solution  then  deposits  white  crystals,  ,i  |i|  i  i  itmi  I  \ consisting  of  compounds 
of  triethjd-phosphine  oxide  and  the  hydrate,  P(C'-J  I  'j'UH,  wilh  iodine  and  the  acids  of 
phosphorus.  On:distilling  these  crystals  with  4  pts.  of  potassium  liydrato,  triethyl- 
phosphine  oxide  is  obtained,  towards  the  end  of  the  operation,  nearly  in  the  pure  state. 

Carius  represented  the  course  of  the  reaction  by  which  this  product  is  obtained,  by 
the  following  equation : 

2P  +      4C^IPI  =  P(C=H->)'I    +  PI^ 
P(C'H*)^I  +       C-H«0  =  P(C^H^)30  +  C-IPI  +  C^H" 
PP  +  SC^H^OH  =  P(OH)-^      +  3C=H^I 

As,  however,  tiie  product  of  the  first  stagb  of  the  reaction  is  nearly  insoluble  in 
water,  whereas  PI'  and  P(C^H*)'I  are  soluble,  and  moreover  not  merely  the  half,  but 
four-fifths  of  the  phosphorus  is  converted  intotriethyl-phosphine  oxide.  Crafts  a.  Silva 
regard  this  view  as  erroneous,  and  suppose  that  the  reaction  represented  by  the  first 
equation  goes  further,  yielding,  as  final  products,  the  iodides  of  triethyl  pliosphiue 
ai.d  tctrethjd-phosphonium,  together  with  free  iodine  ;  thus  : 

PP  +        3C=IPI  =    P(G-'1P)^P  -I-  2P 

PP  +   3P(C=Iin'I  +  P  =  4P(Cqp)H- 
P(C^ff)'P  +  C=H*I  =    PCC-H'')^I    +    P  : 
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In  the  subsequent  decomposition  by  alcohol  and  by  potash,  the  greater  part  of  the 
triethyl-phosphino  oxide  is  produced  from  the  corresponding  iodide,  inasmuch  as  the 
quantity  of  gas  evolved  in  this  reaction  is  comparatively  small : 

P(C-ff)^I=  +  2K0H  =  P(C=IP)'0  +  2KI  +  WO 
P(C-ff)^P  +  2C2ffOIi  =  P(C--H=*)^0  +  2Cm'l  +  H-0 
P(C^H^)^I  +  KOH  =  P(C=H=)'0  +  KI  +  C=H« 
Triethyl-phosphine  oxide  boils  at  242° -243°  (uncorr.),  and  crystallises  at  51-9°.  It 
is  very  hygroscopic  ;  traces  of  water  lower  its  boiling  and  solidifying  points  very  con- 
siderably. It  is  but  slightly  volatile  with  vapour  of  water.  The  oxygen  in  it  is  very 
intimately  combined,  not  being  either  removable  or  replaceable  by  sulphur  (acting  as 
B?S).  It  likewise  offers  great  resistance  to  the  action  of  chlorine,  no  perceptible  re- 
action or  formation  of  hydrochloric  acid  taking  place  below  180°-200°,  and  the  product 
then  formed  being  decomposed  by  distillation.  Heated  to  190°  for  4  hours  with 
bromiue  and  a  little  water,  it  yields  a  product  which  may  be  distilled,  without  decom- 
position, in  a  vacuum.  Hydrochloric  acid  gas  acts  upon  the  oxide  with  the  aid  of  heat, 
forming  (amongst  other  compounds  containing  hydrochloric  acid)  a  substance  having 
nearly  the  composition  P(C^H*)'0.HC1.  This  compound  forms  silky  needles  like 
sulphuric  anhydride,  and  solidifies  after  fusion  at  127'5^.  By  heating  the  oxide  in 
tubes  with  hydrohromic  acid,  a  product  was  obtained  which,  under  a  pressure  of 
2  inches  of  mercury,  boiled  almost  constantly  at  205°-210°.  It  contained  only  32'17p.c. 
bromine,  whereas  the  formula  P(C-H'*)^O.HBr  requires  37'21  p.c.  After  repeated 
distillation  it  contained  still  less  bromine.  Neither  was  any  product  of  definite  com- 
position obtained  by  saturation  of  the  anhydrous  oxide  with  hydrohromic  acid  at  150° 
(Friedol  a.  Crafts). 

Metbyl  Pbosphines  (Hofmann,  Deut.  Chem.  Gcs.  Bcr.  iv.  605).  These  com- 
pounds are  formed  in  the  same  way  as  the  corresponding  ethyl-compounds,  by  heating 
in  closed  tubes  2  mols.  phosphonium  iodide,  2  mols.  methyl  iodide,  and  1  mol.  zinc  oxide. 
A  solid  crystalline  mass  is  thereby  obtained,  from  which  the  phosphines  are  isolated 
by  a  method  similar  to  that  used  for  the  preparation  of  the  ethyl-compounds.  The 
methyl  phosphine,  which  escapes  as  a  gas  on  adding  water  to  the  product  of  the  re- 
action,  is  condensed  in  a  flask  surrounded  by  a  mixture  of  ice  and  calcium  chloride. 
The  residue  in  the  flask,  which  towards  the  end  of  the  operation  has  to  be  heated  in 
order  to  drive  out  all  the  monophosphine,  solidifies,  on  cooling,  to  a  mass  of  large, 
beautiful,  perfectly  white  needles,  a  compound  of  dimethyl -phosphonium  iodide  with 
zinc  iodide,  from  whicli  the  base  is  liberated  by  adding  a  solution  of  caustic  soda;  it 
is  condensed  in  a  vessel  surrounded  by  ice-water. 

Methyl  Phosphine,  PH^(CH^),  is  a  colourless  transparent  gas,  having  even  a  more 
overpowering  smell  than  ethyl  phosphine.  By  cold  or  pressure  it  may  be  condensed 
into  a  liquid  lighter  than  water,  which  boils  at  — 14°.  It  is  insoluble  in  water, 
sparingly  soluble  in  ether,  more  freely  in  alcohol.  In  contact  with  air  it  fumes,  being 
gradually  oxidised,  but  takes  fire  when  gently  heated  or  when  brought  in  contact  with 
chlorine,  bromine,  or  nitric  acid.  With  acids  it  forms  well-defined  salts,  which  are 
all  decomposed  by  water,  and  have  the  remarkable  property  of  bleaching  vegetable 
colours  like  chlorine.  On  holding  in  the  gas  a  strip  of  litmus-paper  partially  moistened 
with  water  and  partly  with  an  acid,  only  the  latter  portion  is  bleached,  showing  that 
the  free  base  itself  has  not  this  property. 

The  hydrochloride,  P(CH^)H^.C1II,  is  obtained  by  mixing  equal  volumes  of  hydro- 
chloric acid  gas  and  methyl  phosphine  ;  both  gases  disappear  completely,  the  salt  con- 
densing in  well-defined  four-sided  plates.  It  is  so  volatile  that  it  volatilises  with 
ether-vapour.  Its  solution  in  concentrated  hydrochloric  acid  gives,  with  platinum 
chloride,  a  double  salt  forming  orange-red  crystals.  The  hydriodide,  PHXCH').HI,_  is 
obtained  in  thick  crystals,  by  passing  the  gas  into  highly-concentrated  hydriodic  acid. 
By  passing  the  gas  into  concentrated  sulphuric  acid,  it  is  absorbed  without  blackening 
of  the  liquid,  and  set  free  again  on  addition  of  water.  The  sidphitc  is  an  amorphous 
white  mass,  obtained  by  mixing  sulphurous  acid  and  methyl  phosphine  over  mercury. 
Carbonic  acid  and  hydrogen  sulphide  do  not  act  upon  it,  but  it  combines  with  sulphur, 
carbon  bisulphide,  and  chlorocarbonic  ether. 

Dimethyl  Phosphine,  PH(CH')-,  is  a  colourless  liquid,  lighter  than  water,  and 
insoluble  therein.  It  boils  at  25°,  or  at  the  same  temperature  as  its  isomeride,  ethyl 
phosphine,  PH-C^H^.  It  takes  fire  at  once  in  contact  with  air,  biu-ning  with  a  bright 
phosphorus  fiame.  Its  salts  are  all  very  soluble ;  the  hydrochloride  forms  with  platinum 
chloride  a  well-crystallised  double  salt.  It  also  combines  with  sulphur  and  carbon 
bisulphide. 

Isopropyl  Phosphines  (Hofmann,  Diut.  Chem.  Gcs.  Ber.  vi.  292).  These  bases 
lire  obtained  by  heating  tlie  corresponding  iodides  with  phosphonium  iodide  and  zinc 
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oxide  to  100°  for  5  or  6  hours.  The  primary  and  secondary  bases  are  easily  sepa- 
rated from  one  another,  like  the  corresponding  methyl-  and  ethyl-compounds,  by  treat- 
ing the  hydriodides  with  water,  which  decomposes  the  primary  compounds,  whereas  the 
secondary  hydriodides  are  decomposed  only  by  alkalis. 

Isofroiiyl  Phosphine,  PH'-(C^H'),  isaliglit,  limpid,  very  refractive  liquid,  boiling 
at  41°,  and  having  a  very  penetrating  odour.  It  unites  with  sulphur  and  with  carbon 
bisulphide,  forming  uncrystallisable  compounds.  It  readily  absorbs  oxygen  and  takes 
fire  on  a  hot  summer  day. 

Biisoprcpyl  Phosphine,  PH(CTI')-,  boils  at  118°.  It  absorbs  oxygen  more 
quickly  than  the  primary  base,  a  drop  placed  on  filter-paper  taking  fire  and  blacken- 
ing the  paper  slightly  without  inflaming  it. 

Triisopropyl  Phosphine,  P(C''H')',  the  hydriodido  of  which  is  obtained  by 
heating  diisopropyl-phosphine  with  isopropyl  iodide  to  120°,  is  a  liquid  forming  a  red 
crystallisable  compound  with  carbon  bisulphide.  The  hydriodicic,  P(C^H')MII,  forms 
large  crystals  readily  soluble  in  water  and  in  alcohol,  but  insoluble  in  ether. 

Tetriso'propyl-phosphoniHm  iodide,  P(C^H')''I,  formed  by  combining  the 
tertiary  base  with  isopropyl  iodide,  crystallises  from  water  in  cubes  or  octohedrons. 

Methyl-isopropyl  Phosphine,  PH(CK^)(CTI'),  is  obtained  as  a  hydriodide  by 
heating  the  primary  propyl  base  with  methyl  iodide  to  100°.  The  free  base  boils  at 
78°-80°. 

Isobutyl  PtaospMines  (Hofmann,  !oc.  cit.)  These  bases  are  prepared  similarly 
to  the  isopropyl  phospliines.  hobutyl phosphine,  P}i-{C'W),  hoWs  at  G2° ;  diisobutyl 
phosphine,  PH(G'II'')-,  at  lo3°.  Both  are  oily  liquids  having  the  general  pi-operties 
of  the  phospliines.  The  secondary  base  combines  with  isobutyl  iodide  at  100°,  forming 
a  beautiful  crystalline  mass  of  triisohufyl-phosphinc  iodide,  P(C^fl^)^I-.  Free  tri- 
isobutyl -phosphine  boils  at  216°  ;  it  unites  with  isobutyl  iodide,  but  the  tetrisobutyl- 
phosphonium  iodide  has  not  been  obtained  in  the  pure  state. 

As  the  tertiary  phosphorus-bases  and  phosphonium-compounds  are  also  produced  by 
heating  the  alcohols  with  phosphonium  iodide,  an  attempt  was  made  to  prepare  the 
corresponding  isobutyl-compouiids  by  heating  isobutyl  alcohol  with  phosphonium 
iodide ;  but  no  phospliines  were  formed,  the  alcohol  being  decomposed  with  formation 
of  hydrocarbons. 

Isopiropyl-isohufyl  Phosphine,  PH^(C-'H')(C''H°),  is  formed,  as  hydriodide,  by  heating 
isopropyl  phosphine  and  isobutyl  iodide'to  130°  ;  it  boils  at  139°-1'10°.  Heated  with 
ethyl  iodide  to  100°  it  yields  ethyl-isopropyl-isohutyl  phosphine,  a  very  oxidisable  liquid, 
boiling  at  about  190°. 

Methyl-triisohutyl-phosphonium  iodide,  P(CH^)(C^H°)^I.  Methyl  iodide  acts  on 
triisobutyl  phosphine  with  explosive  violence.  The  crystalline  product  is  purified  by 
dissolving  it  in  water,  adding  an  alkali,  distilling  oft'  the  volatile  phosphinos,  then 
treating  the  solution  with  carbonic  acid,  evaporating  to  dryness,  and  exhausting  with 
alcohol.  The  crystalline  residue  is  readily  soluble  in  water,  from  which  it  separates  in 
fine  crystals.  A  very  similar  body  is  mcihyl-cthyl-isopropyl-isohidyl-phosphonium  iodide, 
which  is  obtained  by  combining  methyl  iodide  with  ethyl-isopropyl-isobutyl  phosphine. 

Zsoamyl  Pbospliines,  PH'-(C^II").  The  phosphines  of  isoamyl  (ordinary  amyl) 
are  but  slowly  formed  at  100°,  but  readily  at  140°--150°.  The  primary  base  Ijoils  at 
106°-107°,  and  absorljs  oxygen  with  evolution  of  heat.  Diisoamyl  phosphine, 
PH(C='H")-,  boils  at  210°-21o°.  A  drop  placed  on  litmus  paper  is  oxidised,  with  for- 
mation of  dense  white  phosphorescent  fumes,  without  taking  fire.  Triitoamyl  i^hos- 
phine,  P(C^H")',  boils  at  about  300°,  but  has  not  been  obtained  pure.  In  one  experi- 
ment some  tetramyl-phosphonium  iodide  was  formed,  which,  on  addition  of  an  alkali, 
separated  as  a  viscid  liquid,  but  became  crj'stallino  on  standing  for  some  months. 

Triisoamyl-vhosphinc  oxide,  P(C^H")'0,  is  alwaj's  formed  in  small  quantity  in  the 
preparation  of  triisoamyl  phosphine.  It  boils  above  360°,  and  solidifies,  after  the 
phosphine  has  distilled  over,  in  the  neck  of  the  retort,  to  a  crystalline  mass  which  melts 
at  60°-65°.  AVater  precipitates  it  from  an  alcoholic  solution  as  a  crystalline  powder 
(Hofmann,  ibid.  vi.  301). 

When  amyl  alcohol  and  phosphonium  iodide  are  heated  to  150°,  they  yield  amyl 
iodide  and  hydrogen  phosphide,  whilst  at  170°-180°  gaseous  hydrocarbons  are  formed. 

Benzyl  Phosphines  (Hofmann,  ibid.  v.  100).  These  compounds  are  easily  formed 
by  heating  crude  benzyl  chloride  with  phosphonium  iodide  and  zinc  oxide.  On  distil- 
ling the  product  with  steam,  a  heavy  oil  passes  over,  being  a  mixture  of  benzyl  phos- 
phine and  regenerated  toluene,  which  are  separated  by  fractional  distillation. 

Benzyl  Phosphine,  PH-(C'H'),  boils  at  180°.  In  contact  with  the  air  it  quickly 
takes  up  oxygen,  thick  white  fumes  being  formed  and  the  temperature  rising  100°  or 
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more.  The  Jiyiriodide  is  crystalline  and  is  decomposed  by  water.  The  Tiydrobromide 
and  hydrochloride  do  not  crystallise  ;  the  latter  forms  a  yello'w  precipitate  -with  platinic 
chloride. 

Dihensyl  Phosp  hine,  PH(C'H')-,  is  formed,  together  with  the  primary  base,  and  re- 
mains behind  on  distillation.  It  crystallises  from  alcohol  in  large,  scentless,  and 
tasteless  needles,  grouped  in  stars  or  fascicles;  they  melt  at  205°  and  volatilise,  with 
partial  decomposition,  at  a  higher  temperature.  It  is  insoluble  in  all  acids,  permanent 
in  the  air,  eyen  at  rather  high  temperatures. 

The  aromatic  phosphines,  analogous  to  aniline  and  toluidine,  have  not  yet  been  ob- 
tained. 

Formation,  of  Phosphines  by  the  aid  of  Reduction-Processes. 

The  phosphines  of  polygenic  radicles  cannot  be  obtained  by  the  same  reaction  as  that 
by  which  the  phosphines  of  monatomic  radicles  are  prepared,  on  account  of  the  reduc- 
ing action  of  hydriodic  acid.  Zinc  oxide  and  phosphonium  iodide  act  on  ethylene  di- 
bromide  at  160°,  yielding  however  nothing  but  ethyl  phosphine.  Chloroform  is  acted 
on  at  100°,  but  the  product  is  only  methyl  phosphine.  Benzylene  chloride,  C^H*.CIICP,' 
and  the  chloride,  C'H^.CCP,  yield  only  the  phosphines  of  benzyl,  which  therefore  can 
be  readily  obtained  pure  by  employing  the  crude  product  of  the  action  of  chlorine  on 
boiling  toluene.  For  the  same  reasons  crude  isopropyl  iodide  containing  allyl  iodide 
yield  pure  isoprop}'!  phosphine  (Hofmann,  ibid.Y.  301). 

PHOSPHSSffIC  ACXBS  (Hofmann,  ibid.  v.  104  ;  vi.  303).  These  acids  are 
formed  from  the  primary  and  secondaiy  phosphines  by  fixation  of  3  and  2  atoms  of 
oxygen  respectively,  and  may  be  regarded  as  orthophosphoric  acid,  PO(OH)^,  in  which 
one  or  more  of  the  groups  OH  is  replaced  by  an  alcohol-radicle.  They  are  prepared 
by  treating  the  corresponding  phosphines  with  nitric  acid.  The  complete  oxidation  of 
the  phosphorus  to  phosphoric  acid  takes  place  only  when  the  phosphines  are  heated 
with  the  strongest  nitric  acid,  and  at  very  high  temperatures. 

Methyl-'phosphinic  acid,  PH=(CH3)0^  or  P0(H0)-(CH3),  is  formed  by  passing 
gaseous  methyl  phosphine,  evolved  on  treating  with  water  the  crude  product  of  the 
action  of  methyl  iodide  on  phosphonium  iodide  and  zinc  oxide,  into  fuming  nitric  acid. 
To  purify  it  from  a  small  quantity  of  phosphoric  acid  formed  at  the  same  time,  from 
phosphoretted  hydrogen  present  in  the  gas,  the  nitric  acid  solution  is  evaporated  on  a 
water-bath,  and  the  residue  is  dissolved  in  water  and  treated  with  lead  oxide,  which 
gives  a  salt  insoluble  in  water  but  soluble  in  acetic  acid.  The  acetic  solution 
filtered  from  the  insoluble  phosphate,  and  freed  from  lead  by  hydrogen  sidpliide,  leaves 
on  evaporation  an  oily  liquid  which  solidifies  on  cooling  to  a  white  mass  resembling 
spermaceti.  This  substance  is  methyl-phosphinic  acid ;  it  is  easily  soluble  in  water, 
reddens  litmus  paper,  and  has  an  agreeable  acid  taste.  It  also  dissolves  in  alcohol, 
and  to  a  smaller  extent  in  ether.  It  is  remarkably  stable,  not  being  acted  upon  by 
fuming  nitric  acid,  or  even  by  evaporation  with  aqua  regia.  It  melts  at  105°,  and 
volatilises  in  great  part  without  decomposition.  It  is  isomeric  with  methyl-phospho- 
rous acid,  but  differs  greatly  in  its  properties  from  that  compound,  which  is  unerystal- 
lisable,  and  is  resolved  at  a  gentle  heat  into  phosphorous  acid  and  methyl  alcohol. 

Methyl-phosphinic  acid  forms  two  classes  of  salts,  PHE(CH3)05  and  PB=(CH--')0', 
the  former  having  an  acid,  the  latier  an  alkaline  reaction.  The  alkali  salts  are  soluble 
and  only  slightly  crystalline  ;  the  ammonia  salt  loses  ammonia  on  evaporation,  and 
leaves  the  acid.  Many  of  the  heavy  metallic  salts  are  insoluble  or  dissolve  with  diffi- 
cidty. 

The  primary  or  monargcntic  salt,  PHAg(CH')0',  crystallises  in  white  needles,  and 
is  easily  resolved  by  water,  or  even  by  alcohol,  into  the  free  acid  and  the  secondary  or 
diargentic  salt,  PAg''(CH^)0^,  which  is  a  white  insoluble  powder.  The  primary  lead 
salt  is  also  decomposed  by  water;  the  secondary  lead  salt,  P(CH^)PbO',  is  easily 
obtained  pure  as  a  white  precipitate,  almost  insoluble  in  water,  but  soluble  in  acetic 
acid.  The  primary  barium  salt,  P-(CH')-H-BaO'',  is  obtained  in  white  microscopic 
needles  by  adding  alcohol  to  its  concentrated  aqueous  solution,  or  as  a  gummy  mass. 

Bimethyl-phosphinic  acid,  PH{CH')=0=  =  PO(OH)(Cff)=,  is  obtained  by 
mixing  a  solution  of  dimethyl  phosphine  in  hydrochloric  acid  with  fuming  nitric  acid, 
and,  after  the  reaction  is  over,  evaporating  the  liquid,  saturating  with  silver  oxide, 
and  treating  the  solution  of  the  silver  salt  with  hydrogen  sulphide.  On  evaporating 
the  resulting  acid  solution,  dimethyl-phosphinic  acid  is  obtained  as  a  white  crystalline 
mass,  becoming  slightly  brown  in  contact  with  the  air.  It  is  very  soluble  in  water, 
alcohol,  and  ether,  the  solutions  having  an  acid  reaction.  The  crystals  melt  at  70°, 
volatilise  without  decomposition  at  a  higher  temperature,  and  the  distilled  product 
exhibits  an  unchanged  melting  point. 

Dimethyl-phosphinic  acid  forms  only  one  series  of  salts,  having  the  composition 
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P(CIP)-RO''.  Tho  silver  salt,  P(CH^)-AgO\  forms  white  needles  estraorJinai-ily 
soluble  in  water,  but  very  slightly  soluble  in  absolute  alcohol  and  ether.  The  barium 
and  lead  salts  are  neutral,  very  soluble,  uncrystallisable  compounds. 

Meth/l-phosphinic  chloride,  P(CH')0C1-,  is  obtained  by  the  action  of  phosphorus 
pentachloride  on  metliyl-phosphinic  acid.  It  is  a  crystalline  solid,  melting  at  32°  and 
boiling  at  16.3°.  Water,  alcohol,  ammonia,  and  aniline,  act  violently  on  it  as  on  other 
acid  chlorides. 

Bimethyl-phospUnic  chloride,  P(CH'yOCl,  melts  at  66°  and  boils  at  204°.  Water 
and  alcohol  decompose  it,  but  with  less  violence  than  the  preceding  compound. 

Ethyl-phosphinio  acid,  P(C-H^)H^O^,  is  prepared  like  the  corresponding  methyl- 
compound,  which  it  resembles  in  appearance  and  many  of  its  properties.  It  melts  at 
44°.  Its  silver  salt  is  an  amorphous  yellowish  powder,  insoluble  in  water  and  in  alcohol. 

Bicthyl-phospldnic  acid  has  not  been  obtained  in  the  crystalline  state,  but  only  as  a 
liquid  which  does  not  solidify  at  —25°.    The  silver  salt,  P(C-H^)-AgO%  is  crystalline. 

Isoprcpyl-iphosphinic  acid,  P(C^H')HO^,  prepared  like  the  corresponding ethyl- 
and  methyl-compounds,  is  a  white  mass  resembling  paraffin,  and  melting  between  60° 
and  70° ;  it  dissolves  in  water,  and  more  freely  in  alcohol. 

Isobuti/l-phosphinic  acid  is  a  very  similar  body,  melting  at  100°. 

Ainyl-phosphinic  acid,  P(C^H")H-0^,  is  prepared  by  adding  amyl  phosphino  to 
a  mixture  of  equal  volumes  of  fuming  nitric  acid  and  nitric  acid  of  sp.  gr.  1-2  ;  the 
fuming  acid  alone  acts  too  violently  and  sets  fire  to  tho  base.  The  acid  crystallises 
from  hot  water  in  small  pearly  rhombic  plates  melting  at  160°.  The  silver  salts  of 
this  acid  and  of  the  two  acids  last  described  ;iim  whiti'  Miiioriilinns  ]ir(  oipitates. 

The  secondary  phosphines  of  isopropyl,  i-.  :1  ml  \  i,  :i  ii^  1  .miyl,  y'fl<\.  by  oxidation  with 
nitric  acid,  tho  corresponding  phosphinic  ai  i.ls,  wliii'li,  li-nvcvi  r,  li.ivo  not  yet  been 
obtained  in  a  state  fit  for  analysis ;  neitlier  have  any  of  their  salts  been  prepared  in 
the  pure  state.    The  free  acids  are  oily  liquids  insoluble  in  water. 

PHOSPHOCimOBZSTS.  This  name  is  given  by  E.  Hermann  (/.  pr.  Chem.  [2], 
i.  449)  to  a  mineral  from  Boresowsk  in  Siberia,  hitherto  regarded  as  vauquelinite,  to 
which  he  assigns  the  formula  3(2CuO.P=0^)  +  5(3PbO.CrO^)  +  3H=0.  Implanted 
in  listwaonito,  and  accompanied  by  lead  chroniate  and  pyromorphite,  it  forms  a  nodular 
aggregate  exhibiting  small  crystals  on  its  surface  (thin  laminre  with  rounded  end- 
faces).  Blackish-green  ;  yields  a  siskin-green  powder.  IIardness  =  3  ;  sp.  gr.  =5-80. 
Analysis  gave : 

PbO  CaO         FiO  CrO'         P=0=  H=0 

08-33       7-36       2-80        10-13       OOi       MG  =  09'72. 

PHOSPHOPJ[.AT2S8-UaE  COHSPOtTWBS.    Pee  Plat!Nl-m  (p.  087). 
PHOSPnouSTE.    See  Phosphates  (pp.  969,  974). 

PHOSPHORUS.  Quantivalence. — Wichelhaus  (Ann.  Ch.  Pharm.,  Sup2)l.  vi. 
257);  Jahresh.f.  Chem.  1868,  148)  regards  phosphorus  as  a  trivalent  element,  found- 
ing his  opinion  mainly  on  the  action  of  chlorine  on  ethyl -phosphorous  chloride  and  that 
of  phosphorus  bromochloride  on  benzoic  acid.  Geuthor  a.  Michaclis.  however  {Jenaische 
Zeitschrift,  vi.  242  ;  Jahresh.  1870,  276),  have  shown  that  these  reactions  may  be 
better  explained  on  the  generally  received  view  that  tho  maximum  quantivalence 
of  phosphorus  is  5. 

Alloiropic  modifications :  Black  Phosphorus. — This  modification,  originally  obtained 
by  Blondlot,  by  the  sudden  cooling  of  melted  phosphorus  (iv.  503),  may  also  be  pro- 
duced by  distilling  ordinary  phosphorus  with  a  trace  of  mercury,  or  by  heating  it  to 
100°  for  several  hours  with  mercury  under  water.  Tho  product  obtained  by  either 
of  these  two  methods  is  not  homogeneous,  but  owes  its  colour  to  a  large  number  of 
black  specks  more  or  less  irregularly  distributed  ;  on  fusion,  these  specks  disappear, 
and  the  phosphorus  turns  white,  resuming  its  black  colour,  however,  on  cooling.  On 
treating  the  phosphorus  with  carbon  sulphide,  this  black  matter  remains  undissolved 
in  extremely  small  quantity.  The  quantity  of  it  does  not  appear  to  bo  increased  either 
by  prolonged  contact  of  the  phosphorus  with  tho  mercury,  or  by  the  quantity  of  the 
latter  present.  By  repeated  distillation,  whereupon  the  black  substance  passes  over 
first,  a  product  may  be  obtained  free  from  mercury  {Compt.  rend.  Ixx.  856). 

Conversion  of  Ordinary  into  Bed  Phosphorus  in  Sunshine. — Phosphorus  dissolved  in 
carbon  sulphide  behaves  like  sulphur  when  exposed  to  sunshine.  Where  the  sun's 
rays  fall  upon  it,  a  yellow  spot  of  amorphous  phosphorus  is  formed,  quickly  changing 
to  brown-red  ;  the  action  is,  however,  less  energetic  than  in  the  case  of  sulphur,  and 
requires  a  longer  time.  The  traiismittod  light  contains  all  the  luminous  rays,  the 
light  being  merely  fainter  near  tho  lino  H.    The  least  refrangible  of  tho  chemical 
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rays  may  still  be  detected  by  tlieir  effect  on  phosphorescent  bodies  ;  but  beyond  N  all 
the  chemical  rays  have  disappeared  (A.  Lallemand,  Conift.  rend.  Ixx.  182). 

Reciprocal  Transformation  of  Ordinary  and  Eed  Pkcsphoriis. — The  conditions  of  those 
transformations  have  been  investigated  by  G.  Lemoine  {Compt.  rend.  Ixxiii.  797,  837, 
and  990  ;  Chem.  Soc.  J.  [2],  ix.  llo7).  The  experiments -n'ere  made  at  the  boiling  point 
of  sidphur(440°)  in  Deville's  apparatus  (v.  373).  The  flasks  (of  60  to  600  c.c.  capacity) 
were  exhausted  of  air  after  the  introduction  of  the  phosphorus,  then  closed  and  heated 
in  every  part  to  440° ;  then,  after  a  certain  time,  they  were  very  quickly  cooled  with 
warm  water,  to  avoid  the  occurrence  of  intermediate  temperatures ;  the  two  modifications 
of  phosphorus  were  separated  by  carbon  sulphide  and  their  quantities  determined. 
From  a  large  number  of  experiments  Lemoine  concludes  that  the  conversion  of  ordi- 
nary into  red  and  of  red  into  ordinary  phosphorus  is  essentially  dependent  on  vapour 
tension.  The  conversion  is  never  complete,  but  its  rapidity  depends  in  a  great  measure 
on  the  quantity  of  phosphorus  originally  present,  and  diminishes  the  more  nearly  a 
certain  limit  of  transformation  is  approached.  In  fact,  whichever  of  the  two  allotropic 
modifications  is  operated  on,  the  transformation  always  tends  towards  the  same  limit, 
viz.,  the  production  of  about  3'6  grams  of  ordinary  phosphorus  per  litre  of  space. 

According  to  Troost  a.  Hautefeuille  (Compt.  rend.  Ixxvi.  76,  219  ;  Chem.  Soc.  J..[2], 
xi.  599),  the  transformation  of  ordinary  into  red  phosphorus,  like  that  of  cyanic  acid 
into  cyamelide  (Isi  Suppl.  518),  obeys  dilFerent  laws  accordingly  as  the  phosphorus 
is  in  the  liquid  or  the  vaporous  state.  The  liquid  element,  at  280°  for  instance,  is 
analogous  to  liquid  cyanic  acid,  being  wholly  transformed  into  rod  phospliorus.  The 
vapour  given  off  at  260°  is  stable  ;  but  that  formed  at  higher  temperatures  is  slowly 
and  partially  converted  into  rod  phosphorus,  the  production  of  which  ceases  when  the 
tension  has  attained  a  given  minimum ;  the  rapidity  with  which  this  change  is  effected 
is  greater  the  higher  the  temperature. 

Luminosity  of  Phosphorus. — W.  Miiller  (Po^^.  Ann.  cxli.  95)  finds,  in  accordance 
with  earlier  observations  (iv.  503),  that  phosphorus  is  not  oxidised,  and  does  not  shine 
in  pure  oxygen  under  ordinary  atmospheric  pressure,  but  that  on  rarefying  the  oxygen, 
either  by  means  of  the  air-pump,  or  by  admixture  of  foreign  gases,  the  phosphorus 
shines  at  ordinary  temperatures,  and  at  a  lower  temperature  the  greater  the  dilution  of 
the  gas.  Oxidation  begins  at  10°-11°,  when  the  oxygen  is  expanded  by  about  i  of  its 
original  volume,  or  at  17'5°  when  1  vol.  nitrogen  is  added  to  every  1 '5  vol.  oxygen,  or 
at  16°  when  an  equal  volume  of  hydrogen  is  added.  The  volatilisation  of  the  phos- 
phorus is  not  interrupted  by  the  presence  of  substances  which  destroy  the  luminosity. 
Phosphorus  is  slightly  soluble  in  water,  and  when  bubbles  of  hydrogen  containing  air 
are  passed  through  such  phosphoretted  water  (filtered),  they  shine  with  a  bright  light. 

Beaction  with  Ammonia. — According  to  'BlouAlot  {Compt.  rend.  Ivii.  1250),  phosphorus 
left  for  a  long  time  in  contact  with  excess  of  aqueous  ammonia  in  closed  vessels  is 
converted  into  a  black  friable  substance  which,  on  exposure  to  the  air,  turns  yellow 
and  gives  off  a  small  quantity  of  ammonia.  According  to  Commaille,  on  the  other 
hand  {Compt.  rend.  Ixviii.  263  ;  Moniteur  Scieniifique  [3],  i.  701),  the  product  thus 
obtained  is  not  black  but  green,  and  always  has  the  composition  P^H.  "When  boiled 
with  water,  it  does  not  give  off  any  gas,  but  only  a  whitish  fume,  and  the  water  which 
distils  over  is  alkaline,  while  that  which  remains  behind  has  a  faint  acid  reaction.  On 
boiling  the  compound  with  sulphuric  acid,  the  phosphorus  dissolves,  with  separation 
of  sulphur  and  formation  of  phosphorus  trisulphide.  Ordinary  nitric  acid  acts  strongly 
on  the  compound  at  ordinary  temperatures,  whereby  it  is  distinguished  from  ordinary 
phosphorus  and  nitrogen  phosphide.  It  differs  also  from  the  compound  P-H  in  not 
being  set  on  fire  by  nitric  acid.  From  a  solution  of  cuprio  sulphate  it  throws  down 
phosphide  of  copper,  but  not  the  metal,  as  is  the  case  with  phosphorus  and  P^H. 
When  triturated  with  potassium  chlorate,  it  explodes  violently.  It  is  decomposed  by 
potash,  especially  when  heated,  a  character  which  distinguishes  it  from  the  compound 
described  by  Fliickiger  (iv.  505). 

Phosphorus  is  not  acted  on  by  gaseous  ammonia,  and  very  little  by  a  solution  of 
ammonium  carbonate  ;  but  alcoholic  ammonia  left  for  2J  months  in  contact  with 
phosphorus  produced  non-spontaneously  infiammable  phosphoretted  hydrogen  gas,  the 
green  powder  above  described,  and  small  erystiils,  probably  consisting  of  ammonium 
phosphite  or  hypophosphite.  The  alcohol  evaporated  on  the  water-bath  left  a  syrupy 
mass  which  deposited  crystals  of  unknown  composition  (Commaille). 

Action  of  Phosphorus  on  Metallic  Solutions. — When  an  ammoniacal  solution  of  copper 
oxide,  nickel  oxide,  silver  oxide,  or  cadmium  oxide  is  heated  with  phosphorus  and  a 
little  benzene  in  a  vessel  connected  with  a  reversed  condenser,  dark  precipitates  are 
formed,  which  may  be  washed  with  water,  alcohol  and  carbon  sulphide,  and  dried  in 
vacuimi.    The  copper  precipitate  consists  chiefly  of  metallic  copper  and  copper  oxide. 
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Niekol  Rivos  a  Llack  precipitate  consisting  of  a  mixture  of  nickel  phosphide  and  a  salt 
of  oiia  of  the  acids  of  phosphorus.  From  the  silver  solution  metallic  silver  is  reduced 
(Opponheiin,  Di'ut.  Chan.  Gcs.  Bcr.  v.  979). 

Hcaciion  with  Turpentine  Oil. — When  J  oz.  of  phosphorus  is  gradually  added  to 
2  [louiids  <>(  ordinary  nirpontine-oil  (containing  oxygen)  heated  to  40°,  the  liask  being 
rcni'ivrd  in, Ml  I  ho  sand-bath  as  soon  as  the  phosphorus  melts,  and  agitated,  the  liquid 
on  cdolini,' drposils  the  excess  of  phosphorus,  which  quickly  turns  red,  and  a  white 
ery.stalline,  spormaceti-like  mass  consisting  of  turpenti ne-phosphoro us  acid, 
said  to  have  the  composition  CH'^PO".  This  compound  has  an  acid  reaction,  and  is 
converted,  on  oxposui-e  to  the  air,  into  a  resinous  substance,  smelling  like  jjine-rosin, 
inwliicli  phosphoric  acid  can  be  directly  detected.  It  melts  at  50°,  witli  decomposition, 
to  a  yellow  resinous  masa.  and  decomposes  in  a  stream  of  hydrogen  at  40°,  with  evolu- 
tion of  .spontaneously  inflammable  pliosphoretted  hydrogen.  With  earths  and  metallic 
oxides  it  forms  insoluble  .'alts.  The  acid  is  not  poisonous;  doses  of  0'03  to  0-3  gram 
may  bo  given  to  dogs  .ind  rabMts  without  any  other  effect  than  a  lowering  of  the 
bodily  temperature.  Its  ini'inalion  .'iiipcars  to  be  the  cause  of  the  action  of  turpentine- 
oil  as  an  tuitidote  to  poi.^.oning  by  phosphorus  (Kohler  a.  Schimpf,  Binc/l.  j'ol.  J.  cxcix. 
610). 

Halo'id  Cqvi  pounds  of  Phosphorus. 
Chlorides.  1.  Trichloride  ov  Phosphorous  Chloridc,'PC\^.—Puactions.— 
With  Bromine.  According  to  Ishch'MWfi  {Dnct.  Chem.  Cr«. 2?cr.  v.  9),  phosphorous 
chloride  unites  directly  with  bromine,  forming  the  compound  PCPBr- ;  according  to 
Prinvault  {Compt.  rend.  Ixxiv.  868),  the  product  has  the  composition  PCPBr^  (sea 
Chloeobeomides,  p.  9G1). 

2.  With  Water. — The  decomposition  of  phosphorous  chloride  by  water  is  sometimes 
attended  with  separation  of  phosphorus.  From  experiments  hy  Kraut  {Ami.  Ch. 
Pharm.  clviii.  333)  it  appears  that  when  the  chloricle  is  added  by  drops  to  ice-cold 
water,  with  continual  stirring,  only  a  trace  of  phosphorus  is  obtained  ;  but  if  the 
chloride  is  dropped  into  boiling  water,  each  addition  is  attended  by  a  luminous  ap- 
pearance and  considerable  separation  of  amorphous  phosphorus.  The  luminous  appear- 
ance can  be  avoided  by  using  moderately  warm  water,  when  also  phosphorus  is 
obtained.  When  trichloride  of  xjhosphorus  is  distilled  with  a  little  water,  or,  what  is 
tlie  same  thing,  with  phosphorous  acid,  phosphorus  separates  in  reddish-yellow  drops, 
and  the  residue  contains  orthophosphoric  acid.  The  reaction  would  seem  to  be  as 
follows : — 

PCP  +  4PffO»  =  3PffO^  -f  2P  -^  3HC1. 

Tribromide  of  phosphorus  behaves  with  phosphorous  acid  in  a  similar  way  to  the 
trichloride,  but  the  decomposition  takes  place  at  a  somewhat  higher  temperature. 
Geuther  (Jcnaische  Zeitschr.  vii.  122)  finds  that,  with  water  at  80°,  only  a  very  slight 
deposition  of  phosphorus  takes  place  ;  with  water  which  had  been  boiling  for  a  moment 
before  the  experiment,  he  noticed  an  appearance  near  the  mouth  of  the  test-tube 
which  contained  the  water,  nmch  resembling  phosphorescence,  but  no  phosphorus  was 
separated.  By  varying  the  conditions  of  the  experiment,  he  has  been  led  to  conclude 
tliat  it  is  only  in  presence  of  an  excess  of  air,  that  the  phosphorescent  phenomena  are 
exhibited  by  the  phosphorous  chloride  when  dropped  into  water.  Ho  supposes  that 
part  of  the  phosphorous  chloride  is  rendered  gaseous  ;  this  is  decomposed,  giving 
hydrochloric  acid  and  phosphorous  acid,  wliich,  by  the  excess  of  oxygen  present,  is 
oxidised  to  phosphoric  acid  :  a  small  part  of  the  phosphorous  acid  formed  may  be  re- 
duced to  phosphoretted  hydrogen,  and  this  again  decomposed,  giving  water  and  free 
phosphorus,  and  hence  the  small  quantity  of  separated  phosphorus. 

Distilled  with  a  solution  of  phosphoric  acid,  phosphorous  chloride  gives  hydrochloric 
acid,  free  phosphorus,  and  phosphorus  oxychloride. 

3.  With  Anhydrides  and  Chlorides  (Michaelis,  ibid.  vi.  230  ;  vii.  110).  Phos- 
phorous chloride  does  not  exhibit  very  great  affinity  for  oxygen  at  ordinary  tempera- 
tures, but  the  affinity  increases  very  rapidly  with  the  temperature,  so  that  at  high 
temperatures  phosphorous  chloride  is  capable  of  decomposing  very  stable  compounds  ; 
it  belongs  therefore  to  the  class  of  reducing  agents.  When  the  compound  on  which  it 
acts  contains  any  element  which  has  a  powerful  affinity  for  chlorine,  a  large  quantity 
of  phosphoric  acid  is  produced,  with  but  little  oxychloride  of  phosphorus.  Thus  most 
metallic  oxides  form  chlorides  and  phosphates,  witli  but  little  phosphorus  oxychloride. 
The  only  oxide  directly  reduced  to  metal  by  phosphorous  chloride  is  lead  oxide.  Anti- 
moni/  liberates  the  phosphorus  and  is  itself  converted  into  trichloride. 

Liquid  sulphurous  anhydride  mixes  with  phosphorous  chloride  at  ordinary  tempera- 
tures without  evolution  of  heat,  and  the  two  bodies  may  be  heated  together  in  a  sealed 
tube  to  140°,  without  producing  any  sensible  reaction  ;  but  when  passed  together  iu 
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the  state  of  vapour  through  a  red-hot  tube,  they  yield  oxyehloride  and  sulphoehloride 
of  phosphorus,  thus : 

S0=  +  3PCP  =  2P0CP  +  PSC1». 
With  sulphuric  anhydride,  phosphorous  chloride  reacts  energetically,  even  -vvlien 
both  substances  are  cooled,  the  products  being  sulphurous  anhydride  and  phosphorus 
oxyehloride : 

SO'  +  POP  =  SO-  +  POOP. 
With  sul'phuno  cUorhydrate  (sulphuryl-hydroxyl  clilorido)  reaction  takes  place 
in  the  cold,  yielding  disulphuric  (pyrosulphuric)  chloride : 

8S0-(0H)C1  +  2P0P  =  SS^O^Cr-  +  P^O^  +  2S0=  +  8HC1. 
With  disidphiiric  chloride  the  reaction  is  : 

S^0=0P  +  2PCP  =  2S0=  +  POCP  +  POP. 
With  sulphurous  chloride  (thionyl  chloride)  reaction  takes  place  slowly  but  com- 
pletely at  160°  in  sealed  tubes,  yielding  the  preceding  products,  together  with  phos- 
phorus pentachloride : 

SOCP  +  3PCP  =  P^CP  +  POCP  +  PSCP. 
With  sulphur  chloride,  S^CP,  the  products  are  pentachloride  and  sulphoehloride  of 
phosphorus,  the  action  being  more  energetic  than  in  the  last  case  : 

S^CP  +  3PCP  =  POP  +  2PSCP. 
This  is  a  convenient  way  of  preparing  the  sulphoehloride. 
With  arsenious  oxide  the  reaction, 

SAs^O^  +  6PCP  =  3P-05  +  6AsCP  +  As', 
takes  place  directly,  without  previous  formation  of  phosphorus  oxyehloride. 
With  arsenic  oxide  no  reaction  appears  to  take  place  even  at  200°. 
With  chromic  oxyehloride  a  very  energetic  action  takes  place,  accompanied  by  a 
hissing  noise  and  emission  of  light :  hence  the  phosphorous  chloride  must  be  well 
cooled  and  the  chromic  oxyehloride  added  by  drops.    The  reaction  is  : 

4CrO=CP  +  6PCP  =  2Cr=CP  +  POP  +  3P0CP  +  F-OK 
The  phosphorus  pentachloride,  however,  acts  partially  on  the  anhydride,  producing 
an  additional  quantity  of  oxyehloride  :* 

12Cr02CP  +  18PCP       6Cr-0P  -r  14P0CP  +  2F0\ 
When  phosphorous  chloride  was  heated  to  166°  for  two  days  yvith  potassium  dichro- 
mate,  the  latter  was  partly  converted  into  chlorochromate,  apparently  according  to  the 
equation : 

30Cr^O'K2  +  42PCP  =  ISCrO'KCl  +  ISPO^K  +  42Cr02  +  27KC1 
+  27POCP. 

With  antimonious  oxide  phosphorous  chloride  yields  amorphous  phosphorus  and 
antimonious  chloride.  Now,  as  arsenious  oxide  and  phosphorous  chloride  yield  phos- 
phoric anhydride,  arsenious  chloride,  and  free  arsenic  (supra),  it  may  be  supposed 
that  in  the  present  case  metallic  antimony  was  first  set  free  and  then  liberated  phos- 
phorus from  the  chloride  ;  and  this  view  is  confirmed  by  direct  experiment.  Arsenic 
and  bismxith  heated  with  phosphorous  chloride  separate  only  traces  of  phosphorus. 
Hence  it  follows  that  antimony,  at  least  at  high  temperatures,  has  a  greater  affinity  to 
chlorine  than  phosphorus,  arsenic,  or  bismuth. 

Antimonia  oxide  and  bismuth  trioxide  are  decomposed  by  phosphorous  chloride  ac- 
cording to  the  equations : 

Sb=0^  +  2PCP  =  P=0^  +  2SbCP, 
7Bi-0^  +  7PCP  =  2P='0''Br-  +  8BiCr-  +  PCPO  ^-  2BiOCl. 
Lead  oxide  and  phosphorous  chloride  do  not  act  on  one  another  at  160°  ;  but  when 
lead  oxide  is  moistened  with  phosphorous  chloride  and  heated  directly  over  a  lamp,  a 
violent  action  takes  place  attended  with  ignition,  and  a  large  quantity  of  lead  is  re- 
duced : 

6PbO  +  2PCP  =  P=O^Pb  4-  3PbCP  +  2Pb. 
This  experiment  is  very  well  adapted  for  exhibiting  the  reducing  action  of  phosphorous 
chloride. 

Lead  dioxide  acts  on  heated  phosphorous  chloride,  with  ignition,  according  to  tlio 
equation : 

4PbO=  -1-  4PCP  =  P'O^Pb  +  SPbCP  +  2P0CP. 
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Stannic  oxide  and  cupric  oxide  acton  phosphorous  chloride  at  ]  60°,  according  to 
the  cqxuitious ; 

oSnO-'  +  4PCr"  =  'iSnCl-  +  SnCl'  +  2P-'0^  ; 
irCuO  +  oPCP  =  2P-0'^Civ'  +  SCii^Cl^  +  CuCP  +  POCP. 

Cupric  oxide,  moistened  with  phospliorous  chloride  and  heated  rather  strongly  over  a 
Limp,  is  decomposed,  according  to  tho  above  equation,  witli  ignition  and  appearance  of 
tlame. 

Precipitated  mercuric  oxide  acts  on  phosphorous  chloride  even  at  ordinary  tempera- 
tures, in  exactly  the  same  manner  as  cupric  oxide ;  the  crystallised  oxide  acts  only 
when  heated  in  a  sealed  tube  to  160°. 

Molyhdic  trioxide,  in  contact  -witli  phosphorous  chloride,  even  at  ordinary  tempera- 
tures, becomes  heated  and  acquires  a  blue  colour  ;  on  heating  the  substances  together 
in  a  sealed  tube  to  160°,  tho  contents  turn  brown.  Tho  action  probably  takes  place 
according  to  tho  equations  : 

MoO^  +  POP  -  MoO=  +  POCP 
3MoO=  +  2P0CP  --=  3MoO=CP  +  P'-O^ 

Tungstic  trioxide,  heated  with  phosphorous  chloride  even  to  200°,  merely  turns 
green  on  tho  surface  without  undergoing  any  further  alteration. 

Manganese  dioxide  and  ferric  oxide  appear  also  not  to  be  acted  on  by  phosphorous 
chloride. 

Chlorobromlde,  PCPBr-  (Micliaelis,  Dcui".  Chem.  Gcs.  Bcr.  v.  9).  This  compound 
is  formed  by  direct  combination  of  bromine  with  phosphorous  chloride.  According  to 
Wichelhaus,  the  two  bodies  unite,  with  evolution  of  boat,  to  form  a  compound  which 
crystallises  in  a  freezing  mixture,  but  separates  at  ordinary  temperatures  into  two 
liquid  layers  ;  and  he  considers  that  the  compound  is  broken  up  on  liquefaction  just 
as  POP  is  resolved  into  PGP  +  CP  when  vaporised.  Michaolis,  on  tho  other  hand, 
finds  that  it  possesses  considerable  stability,  even  at  ordinary  temperatures.  Tho 
combination  takes  place  but  slowly  ;  and  when  phosphorous  chloride  and  bromine  are 
tirst  mixed,  a  liquid  is  obtiiined  consisting  of  two  layers — solutions  respectively  of 
phosphorous  chloride  in  bromine,  and  of  bromine  in  phosphorous  eliloridc.  In  a  freezing 
mixture  at  —20°  this  liquid  solidifies,  but  separate  s  mlmiii  in!'.  t\v(3  layers  on  fusion. 
If,  however,  the  mixture  bo  allowed  to  remain  urn  li  i;  ■ '  -  - 1  i  '  :  :  rnled  tube  at  winter 
temperature  for  about  a  week,  a  crystalline  mass  is  c  ii  i,  li  does  not  form  two 

layers  again  at  ordinary  temperatures,  but  a  homni:i  ui  n:i -,  i,  lU.  I. 

Phosphorus  ehlorobromide  is  a  yellowish  red  iiiass  resembling  phosphorus  peiita- 
Ijromide.  At  3.5°  it  is  resolved  into  PCP  and  Br-.  Water  has  the  same  action  upon 
it  as  upon  a  mixture  of  phosphorous  chloride  and  bromine: 

3PCPBr'  +  3H-0  =  2P0CP  +  POBr^  +  3HC1  +  3HBr. 

Tho  ehlorobromide  is  decomposed  by  sidphur  dioxide,  yielding  phosphorus  oxy- 
chloride  and  sulphur  tetrabromide : 

2PCPBr^  +  SO^  =  2P0CP  +  SBr\ 

the  latfer,  however,  being  resolved  by  distillation  into  SBr  and  Br^  (Michaolis, 
Jciiaisehc  Zcitscln:  vi.  290). 

When  a  crystal  of  tho  compound  PCPBr-,  or  even  a  portion  of  tho  phosphorous 
chloride  which  covers  these  crystals  at  the  time  of  their  formation,  is  introduced  into 
a  mixture  of  phosphorous  chloride  and  bromine,  the  lower  layer  immediately  solidifies 
to  a  mass  consisting  of  the  compound  PCPBr'.  Michaolis  explain;)  the  formation  of 
this  compound  on  tho  supposition  that  tho  lower  layer  of  liquid  formed  on  mixing 
phosphorous  chloride  w  ii  li  biviminr  is  a  sup  rsnl  urated  solution  of  PCPBr"  in  bromine. 
At  the  moment  win  n  si  :il  1  isiil  ion  is  sd,  v.\t  ],\  tho  introduction  of  solid  PCPBr",  the 
latter  unites  with  lln'  (  ss  of  bi-Miniur  <-rystallises  out  with  it,  just  as  a  salt 
separates  from  aqueous  solution  in  combination  with  water  of  crystallisation.  The 
compound,  PCPBr',  forms  large  fine  crystals  having  a  dark  red  colour  with  a  blue 
reflex.  When  heated  it  melts  to  a  dark  red  liquid,  which  gradually  separates  into  two 
layers,  but  on  solidification  the  original  crystals  reappear.  They  are  decomposed  by 
a  large  quantity  of  water  into  phosphoric,  hydrochloric,  and  hydrobromic  acids  and 
free  bromine ;  by  a  small  quantity  of  water,  into  chloride  and  bromide  of  phosphoryl, 
hydrochloric  and  hydrobromic  acids,  and  free  bromine.  Dry  sulphur  dioxide  decom- 
poses them  in  the  manner  represented  by  the  equation  : 

2PCPBr»  +  SO^  =  2P0CP  +  SBr«  +  2Br=. 

Bromochlorides  of  phosphorus,  containing  still  larger  quantities  of  bromine,  have 
been  obtained  by  Prinvault  {Compt.  rend.  Ixxiv.  368).    AVhen  bromine  is  added  to 
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phosphorous  chloride  till  the  two  layers  first  formed  have  disappeared,  and  the  -whole 
is  heated  in  the  -wator-bath  to  66°  as  long  as  bromine  continues  to  escape,  there  remains 
a  red-brown  oily  liquid  which  solidifies,  at  4"  or  5°  above  0°,  to  brown  metallically 
lustrous  needles  having  the  composition  PCPBr*  =  PBr^3ClBr.  This  compound 
may  be  distilled  without  decomposition  below  90°,  and  its  vapour  is  colourless.  By 
rapid  distillation  above  90°  it  is  decomposed,  yielding  the  compound  PCl^Br',  which 
collects  in  the  receiver  in  fine  prismatic  crystals.  This  last  compound  is  also  formed 
when  phosphorous  chloride  is  dropped  into  bromine  till  two  layers  of  liquid  are  formed. 
Fine  crystals  then  form  after  a  while,  sometimes  2  or  3  mm.  long.  These  crystals 
dissolve  in  phosphorous  chloride  at  ordinary  temperatures,  and,  on  heating  the  solution 
to  the  boiling  point  of  the  chloride,  yellow  crystals  are  deposited  consisting  of  the 
compound  PCI 'Br  or  PCP.C/lBr,  which  is  also  produced  by  the  action  of  bromine 
chloride  on  phosphorous  chloride.  By  means  of  this  compound  Prinvault  has  obtained 
the  tetrabrominated  compound,  PCPBr*,  already  described,  the  formation  of  which  may 
perhaps  be  represented  by  the  equations  : 

PCPBr»  +  PCP  =  PCPBr'  +  PCPBr, 
PCPBr?  +  PCPBr  =  2PCPBr». 

Michaelis  {Beut,  Chem.  Ges.  Ber.  v.  414)  has  repeated  Prinvault's  experiments  with 
somewhat  different  results.  By  adding  bromine  in  excess  to  phosphorous  chloride,  so 
that  about  4  mols.  bromine  should  be  present  for  every  1  mol.  PGP,  he  obtained,  with 
somewhat  considerable  rise  of  temperature,  a  iiniform  oily  liquid  which,  after  a  few 
minutes,  began  to  deposit  a  large  quantity  of  crystals,  and  solidified  completely  after 
about  two  hours.  These  crystals  were  brown  needles  with  a  beautiful  green  metallic 
reflex,  but  so  unstable  that  they  could  not  be  completely  separated  from  the  mother- 
liquor.  They  had  nearly  the  composition  PCPBr^,  and  melted  at  about  25°,  the 
liquefied  mass  solidifying  again  completely  on  cooling.  At  temperatures  below  90° 
its  vapour  is  not  colourless,  but  has  the  colour  of  bromine-vapour. 

Prinvault  regards  the  compounds  above  described  as  compounds  of  phosphorus 
pentabromide  with  bromine  chloride,  ClBr.  On  this  view  the  action  of  sulphur  dioxide 
upon  them  should  give  rise  to  phosphoryl  tribromide,  POBr',  and  bromine  chloride  ; 
this,  however,  is  not  the  case,  the  actual  products  being  phosphoryl  trichloride, 
sulphur  bromide,  and  free  bromine.  This  makes  it  probable  that  the  bodies  in  question 
are  additive  compounds  of  bromine  with  PCPBr-,  namely  PCPBr-.Br%  andPCPBr'.BBr-, 
analogous  in  constitution  to  PCP.ICl,  PCP.FeCP,  &c.  (Michaelis). 

Oxycblorides.  Phosphoryl  Trichloride,  POOP. — This  compound,  cooled 
down  to  —  10°,  remains  liquid  even  when  shaken,  but  when  touehfd  with  a  solid  body, 
such  as  the  end  of  a  glass  rod,  it  immediately  solidifies  to  a  crystalline  mass.  The 
long,  colourless,  leaf-like  crystals  melt  at  — 1-6°.  Below  this  temperatiire  they  are 
permanent,  and  will  lie  upon  ice  for  some  time  without  decomposing.  A  small  crystal 
is  sufficient  to  cause  a  considerable  quantity  of  the  liquid  oxychloride,  cooled  to  —  2°, 
to  solidify  completely  (Geuther  a.  Michaelis,  Beut.  Chein.  Ges.  Ber.  iv.  769).  According 
to  Thorpe  {Chcm.  Soc.  J.  [2]  ix.  1162),  the  melting  point  of  this  compound  is  +  2-5°. 

Phosphoryl  trichloride  unites  very  easily  with  boron  trichloride,  forming  the  com- 
pound PBOCP  =  POCP  +  BCP,  which,  however,  is  completely  resolved  by  sublima- 
tion into  its  components  (see  Boron,  p.  207). 

Phosphoryl  hromodichloride,  POBrCP,  solidifies  at  0°  to  large  colourless  crystals 
which  liquefy  at  -(-11°.  The  crystals  of  this  compound  appear  to  be  isomorphous 
with  those  of  the  trichloride  and  tribromide  of  phosphoryl  (Geuther  a.  Michaelis). 

Pyrophosphoryl  Chloride,  P^O^CP  (Geuther  a.  Michaelis,  Chem.  Ges. 

Ber.  iv.  766). — This  compound,  the  analogue  of  pyrophosphoric  acid,  P-O'(OH)',  is 
formed,  together  with  phosphoryl  chloride,  by  the  action  of  nitrogen  trioxide  or 
tetroxide  on  cooled  phosphorous  chloride.  The  best  way  of  preparing  it  is  to  allow  the 
vapours  of  the  liquefied  tetroxide  (prepared  from  lead  nitrate)  to  pass  into  phosphorus 
trichloride  cooled  by  a  freezing  mixture  (20  grams  NO- to  100  grams  PCi^).  Tlie 
reaction  commences  immediately,  with  evolution  of  nitrogen,  nitrogen  dioxide,  and 
vapours  of  nitrosyl  monochloride  (NOCl).  The  phosphorus  trichloride  becomes  red- 
dened by  the  presence  of  the  last-mentioned  compound,  and  phosphorus  pentoxide 
separates  out.  When  the  whole  of  the  nitrogen  tetroxide  has  been  added,  the  freezing 
mixture  is  replaced  by  lukewarm  water  in  order  to  distil  off  the  nitrosyl  chloride. 
The  liquid  remaining  is  then  rectified.  Much  unattacked  phosphorus  trichloride  at 
first  passes  over,  next  a  considerable  amount  of  phosphoryl  trichloride,  after  which  the 
lioiling  point  rises  rapidly  to  200°,  between  which  temperature  and  230°,  the  new  com- 
pound distils  over.  It  is  advisable  to  prepare  a  large  quantity  of  material  by  repeti- 
tions of  the  above  operation  before  commencing  to  rectify.    350  grams  of  phosphorus 
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trichloride  yielded  232  grams  of  pliosphoryl  tj-icliloride,  and  only  40  grams  (11 '  t  p.c.) 
of  the  pyi'ophosphoryl  chloride. 

Pyropbosphoryl  chloride  is  a  colourless  liquid,  which  boils  between  210°  nnd  21.5° 
and  decomposes  slightly  on  distillation  into  phosphoryl  trichloride  and  phosphorus 
pentoxide:  3P-'0^C1^  =  4P0CP  +  P-0\  It  fumes  in  the  air  and  carbonises  corks. 
Its  specific  gravity  is  1-68  at  7°.  It  does  not  solidify  at  —18°  on  contact  with  a  solid 
body.  It  is  immediately  decomposed  by  water,  producing  hydrochloric  and  ordinary 
phosphoric  acid. 

The  constitution  of  pyrophosphoryl  chloride  may  be  represented  by  the  formula  : 
pvoci-— 0— P'OCP, 

the  two  univalent  groups  POCl-  being  held  together  by  .in  alom  nf  bivali  iit  oxygen. 
This  view  of  its  constitution  is  confirmed  by  ils  rcirilons  | icul ;!clil(ii-ido  and 

pentabromide  of  phosphorus,  with  the  former  of  %\  lii^li  il  yir  NN  :_;  nmls,  jh^.-jilioryl  tri- 
chloride, and  with  the  latter  2  mols.  phosphoryl  bruniudidiluridt' and  1  nml.  phosphoryl 
bromide : 

POCP) 


POCPP  +  PCP  =  2P0CP  +  POCP 
'  0  +  PBr^  =  2P0BrCP  +  POB 


POCl-/ 
POCPj 


With  alcohol,  pyrophosplioryl  chloride  yields  ethyl-phosphoric  chloride,  a  portion  of 
which  is  decomposed  by  the  water  simultaneously  formed,  into  etliyl-phosphoric  acid 
and  hydrochloric  acid : 

2P-03C1*  +  dC^H'^O  =  4.(P0.002H^C1=)  -i-  2H=0 
PO.OC=H^CP  +  2W0  =  P0.0C-H^(0H)2  +  2HC1. 

As  pyrophosphoryl  chloride  when  decomposed  by  water  yields,  not  pjTophosphoric 
but  orthophosphoric  acid,  the  former  acid  should  perhaps  be  represented,  not  by  the 
formula  PO(OH)'— 0— PO(OH)-,  but  by  the  uusymmotrical  formula : 

P(OH)'^  ^PO(OH). 

Attempts  were  made  to  obtain  pyrophosphoryl  clilorido  liy  the  action  of  nitrous  acid 
on  phosphoryl  chloride,  according  to  the  equation  : 

2P0CP  +  N^O^  =  (POCl-)=0  +  2N0C1, 

also  by  the  very  gradual  action  of  phosphorus  pentoxide  on  tlie  pentachlorido ;  but  in 
both  cases  only  with  negative  result. 

The  preparation  of  pyrophosphoryl  bromide  by  the  action  of  N'O'  or  N-0'  on  PBr' 
was  likewise  unsuccessful,  the  products  consisting  merely  of  ordinary  pliosphoryl 
bromide  and  phosphorus  pentoxide. 

Metaphosphoryl  chloride,  P0=C1  (?),  Gustavson  (7a  tif.  CI,,  ,:,.  G,,.  ]'„  ,-.  h:  753), 
by  heating  equivalent  quantities  of  phosphorus  pentoxidr'  .md  ii!i'i.x]hur\  1  (iilm-ide  ina 
sealed  tube  to  200°  for  six  hours,  obtained  a  very  viscid,  transpartnt  inn^s,  probably 
formed  according  to  tlie  equation  P^O^  +  POOP  =  3P0-C1. 

SuIp!iol>romides  (Michaelis,  Ann.  Ch.  Pharm.  clxiv.  9 ;  Dctit.  Chem.  Gcs.  Ber,  iv. 
777,  V.  4). 

1.  Pyrophosphoric  Sulj)hobromide,  P^SW  =  PSBr'— S— PSBr^.— To  pre- 
pare this  compound,  finely-powdered  phosphorus  trisulphide  is  moistened  with  carbon 
sulphide,  and  the  required  quantity  of  broiiiiiie  (dibited  with  about  an  equal  volume 
of  car1)0n  sulphide)  is  uuded  liy  drops,  v,  i(h  re|ii-;il  e,|  shaking  and  continued  cooling  of 
the  vessel.  The  earl  ion  sulihide  is  then  d  i  - 1  i  1 1 1  I  oil',  I  ho  residual  oily  product  is  ex- 
hausted with  ether,  and  llio  clear  decanted  solulioa  is  freed  from  ether  by  distillation 
in  a  stream  of  carbonic  anhydride  at  as  low  a  temperature  as  possible.  The  sulpho- 
bromide  then  remains  as  an  oily  liquid  whicli  is  often  turbid  at  first,  but  soon  becomes 
quite  clear  on  standing  in  a  closed  vessel. 

Pyrophosphoric  sulphobromide  is  a  light  yellow  oily  liquid,  which  in  contact  with 
the  air  fumes  strongly  and  becomes  turbid  from  separation  of  sulpliur.  Its  odour  is 
aromatic  and  pungent.  Sp.  gr.  =^  2-2621  at  17°.  It  is  decomposed  by  distillation 
into  pentasulphido  and  ortliosulphobromide  of  pliosphorus  ; 

3P=S^Br^  =  P=S^  +  4PSBr', 

the  ortho-compound  being  then  further  resolved  into  sulphur,  and  the  compound 
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P^Br^S.  The  ortbosulplioLromide  is  also  produced  by  heating  the  pjTOSuiphobromidQ 
■ffith  the  pentabromide  : 

P-S^Br'  +  PBr^  =  3PSBr^ 

Pyrophosphoric  sulphobromidc  is  decomposed  by  water  into  sulphur,  orthophosphoric 
sulphobromide,  hydrogen  sulphide,  pliosphorus,  and  a  sulphuretted  phosphoric  acid, 
probably  pyrosulphophosphoric  acid,  P=S^(OH)^  The  action  of  alkalis  is  like  that  of 
"neater,  but  more  violent,  and  is  not  attended  with  separation  of  sulphur  or  of  ortho- 
phosphoric  sulphobromide. 

With  absolute  alcohol,  pyrophosphoric  sulphobromide  yields  the  following  ethyl- 
ated  substitution-products. 

Triethyl-pjTophosphorio  Sulphobromide  .       .  P-S'(0C2H*)^Br 

Ethyl  Pyrosulphophosphate    ....  P-S'(OC=ff)^ 
Diethoxyl-diethylsulphyl -pyrosulphophosphoric 

Ether   FSXOC2H5)=(SC^H^)2 

2.  Metaphos]phoric  Sulphobromide,  PS"Br,— This  appears  to  be  the  substance 
insoluble  in  ether  which  is  obtained  in  the  preparation  of  the  pyrosulphobromido. 
Michaelis  attributes  its  production  to  the  presence  of  phosphorus  pentasulphide  in  the 
trisulphide  used,  and  explains  its  formation  by  the  following  reaction  : 

P-S^  +  P=S=  +  4Br  =  4PS=Br. 

With  water  this  compound  behaves  like  the  pyrosulphobromide.  With  alcohol  it 
forms  a  crystalline  ether  having  tlip  composition  P^S^OXC'H^)*  (Michaelis). 

3.  Orthophosphoric  Sulphobromide,  or  Sulphophosphoryl  Bromide,  PSBr'. — • 
This  compound  was  discovered  by  Baudrimont,  who  obtained  it  by  the  action  of 
hydrogen  sulphide  on  phosphorus  pentabromide  (iv.  605).  It  is  also  produced,  as 
above  stated,  by  heating  the  pyrosulphobromide  either  alone  or  with  phosphorus  penta- 
bromide. But  the  easiest  way  of  preparing  it  is  to  add  8  pts.  of  bromine  by  di'ops  to 
a  solution  of  1  pt.  phosphorus  and  1  pt.  sulphiu'  in  carbon  sulphide,  keeping  the  liquid 
constantly  cool.  When  the  action  is  ended,  the  liquid  is  quickly  distilled  over  as 
large  a  flame  as  possible,  and  the  first  portion  of  the  distillate,  which  usually  contains 
carbon  sulphide,  is  collected  apart.  Part  of  the  sulpliobromide  collects  in  the  crystal- 
line form,  in  the  neck  of  the  retort ;  the  rest  passes  over  and  remains  dissolved  in  the 
liquid  contents  of  the  receiver.  This  liquid  is  repeatedly  treated  with  fresh  quantities 
of  water,  till  the  yellow  oil,  which  at  first  collects  at  the  bottom,  has  solidified  to  a 
yellow  crystalline  mass.  The  substance  thus  obtained  is  a  hydrate  of  orthophos- 
phoric sulphobromide,  PSBrMI-0.  It  has  an  aromatic  tear-exciting  odour,  a  specific 
gravity  of  27937  at  18°,  melts  at  35°,  and  is  resolved  at  the  same  time  into  water  and 
the  pure  sulphobromide.  It  does  not  fume  in  the  air,  but  gradually  decomposes,  with 
evolution  of  hydrobromic  acid. 

The  anhydrous  orthosulphobromide  is  obtained  by  treating  the  solution  of  the 
hydrate  in  carbon  sulphide  with  calcium  chloride,  and  remains,  on  evaporating  the 
carbon  sulphide,  as  a  yellow  liquid  which  for  the  most  part  does  not  solidify  till 
touched  witli  a  solid  body;  it  then  forms  a  radio-crystalline  mass.  It  melts  at  38°, 
and  exhibits  in  a  high  degree  the  plienomenon  of  superfusion.  It  dissolves  easily  in 
ether,  carbon  sulphide,  phosphorous  chloride,  and  phosphorous  bromide,  and  crystal- 
lises from  the  last  two  solvents  in  yellow  octohedrons  belonging  to  the  regular  system. 

Orthophosphoric  sulphobromide  is  slowly  decomposed  by  water  in  the  cold,  more 
quickly  when  heated,  but  a  large  portion  passes  over  undecomposed  with  the  aqueous 
vapour.  The  products  of  the  decomposition  are  hydrobromic  acid,  large  quantities  of 
phosphorous  acid  and  sulphur,  and  only  small  quantities  of  phosphoric  acid  and 
hydrogen  sulphide,  whereas  tlie  sulphochloride  of  phosphorus  is  resolved  by  water,  as 
is  well  known,  into  hydrocliloric  acid,  phosphoric  acid,  and  hydrogen  sulphide. 

The  formation  of  phosphorous  acid  and  sulphur  in  the  decomposition  of  the  sulpho- 
bromide is  explained  by  Michaelis  as  follows  : — Sodium  sulphophosphate,  PS(NaO)^ 
decomposed  by  free  acids,  yields  hydrogen  sulphide  and  phosphoric  acid  (Wiirtz).  Ac- 
cording to  Michaelis,  piliosphorous  acid  and  free  sulphur  are  formed  at  the  same  time. 
Now,  when  PSCP  and  PSBr'  come  in  contact  with  water,  either  the  chlorine  (or 
bromine)  or  the  sulphur  may  Jje  removed  by  substitution.  The  former  is  tlie  case  with 
the  sulphobromide,  the  products  of  its  decomposition  being  HBr  and  PS(OH)^,  which 
latter  is  then  resolved,  partly  by  the  further  action  of  water,  into  P(OH)^  S,  PO(OII)', 
and  SH^ ;  whereas  the  sulphochloride  exhibits  the  second  form  of  decomposition,  accord- 
ing to  the  equation : 

PSCP  +  H=0  =  H^S  +  POCP, 
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the  oxycliloride  then  reactiug  with  a  further  portion  of  wafer  to  form  hydrochloric 
and  phosphoric  acids : 

POCP  +  3H=0  =  3HC1  +  PO(OH)». 
With  alcohol,  the  sulphobromido  forms  etiiyl  mouosiilphophosphate,  PS(OCTI^)'. 

Orthophosphorio  sulpliobromide  does  not  volatilise  wholly  without  decomposi- 
tion, hut  ia  resolved  by  slow  distillation  into  sulphur  and  the  compound  P-SBr''  or 
PSBr'.PBr' : 

2PSBr3  =  S  +  P-SBr«. 
The  compound,  P-SBr^,  already  mentioned  as  occurring  amongst  the  products  of  the 
decomposition  of  the  pyrosulphobromide  by  heat,  is  a  yellow  liquid  which,  when 
immersed  in  a  mixture  of  ice  and  salt,  solidifies  to  a  white  mass  melting  at  —6°.  By 
repeated  distillation  it  is  entirely  resolved  into  sulphur  and  PBr-* ;  and  by  repeated 
washing  with  water  it  is  converted  into  the  hydrate  of  orthopliosphoric  sulphobromide, 
PSBrlH-0. 

Sulptaocliloride.  fialplioplwsplwryl  chloride,  PSCP. — This  compound  is  easily  pro- 
pared  by  heating  phosphorus  pentasulphide  with  the  pcntachlorido  at  150''  in  a  sealed 
tube,  in  the  proportions  required  by  the  equation  : 

P^-S^  +  3PCl^  =  6PSCP. 
It  is  a  liquid  boiling  at  126°  under  a  barometric  pressure  of  770  mm.    Its  vapouj  is 
pxtremely  pungent,  but  when  mixed  with  air  it  has  a  pleasant  aromatic  odour  (T.  E. 
Thorpe,  Chan.  News,  xxiv.  135). 

SulpSioohlorobromide,  PS.Cl-Br  (Michaelis,  Bent  Chcm.  Gcs.  Ber.  v.  146). 

To  obtain  tills  compound,  ethylsulphophosphorous  chloride,  PCr-(iSC-H^),  (a  colourless 
liquid  boiling  at  172°-175°),  is  prepared  by  the  action  of  phosphorous  chloride  on 
mercaptan,  and  bromine  is  added  to  it  by  drops  in  a  vessel  which  is  kept  cool.  Tho 
following  reaction  then  takes  place : 

PCF(SC=H^)  +  Br^  =  C^ffBr  +  PCPBrS. 

Tho  resulting  liquid  is  fractionally  distilled  ;  the  portion  boiling  between  150°  and 
180°  is  agitated  with  water  till  no  further  action  is  perceptible  ;  and  the  remaining 
liquid  is  separated  from  the  water,  dehydrated  with  calcium  chloride,  and  freed  by 
gentle  lieating  from  absorbed  hydrochloric  and  hydrobromic  acids. 

Phosphorus  sulphochlorobromide  is  a  faintly  yellow  liquid  having  an  aromatic 
pungent  odour  like  that  of  the  sulphochloride.  It  begins  to  boil  at  150°,  but  tha 
boiling  point  soon  rises,  the  liquid  undergoing  partial  decomposition,  with  separation 
of  sulphur.  It  oifers  considerable  resistance  to  the  action  of  water,  and,  like  tho 
sulphochloride,  may  be  partly  distilled  with  water  without  decomposition.  For  com- 
plete decomposition  it  must  be  heated  with  water  to  150°  in  a  sealed  tube  for  4  hours. 
The  products  of  decomposition  are:  free  sulphur,  hydrogen  sulphide,  phosphoric  acid, 
;uid  phosphorous  acid,  together  with  hydrochloric  and  hydrobromic  acids.  The  quan- 
tity of  free  sulphur  is  exactly  the  half  of  that  which  is  obtained  by  the  decomposition 
of  phosphorus  sulphobromido. 
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Hypoplioapliorous  .acid,  IPPO".  This  acid  is  generally  said  to  be  an  uncrys- 
tallisable  syrup.  J.  Thomsen,  however,  has  obtained  it  as  a  snow-white  crystalline 
mass,  melting  at  17'4:°.  The  dilute  solution,  obtained  by  decomposing  the  barium  salt 
with  sulphuric  acid,  is  first  boiled  down  rapidly  in  a  porcelain  dish,  and  the 
evaporation  completed  in  a  platinum  dish  without  ebullition,  tho  temperature  being 
allowed  to  rise  gradually  to  105°,  at  which  most  of  the  water  can  be  driven  off.  The 
liquid  is  then  filtered  hot,  and  the  heating  continued  gradually  up  to  130°.  After  10 
minutes  at  this  temperature  the  acid  is  transferred  to  a  bottle,  and  cooled  below  0°. 
It  exhibits  strongly  the  phenomenon  of  superfusion,  but  crystallises  when  touched  with 
a  glass  rod,  or  more  readily  by  the  addition  of  a  crystal  of  the  same  acid  {Dcut.  Chcm, 
Gea.  Ber.  vii.  99i). 

Metallic  Hypophosphitcs  (Eammelsberg,  Chcm.  Soc.  J.  [2],xi.  1  ;  DciU.  Chem. 
Gcs.  Ber.  v.  492).— Tho  sodium  scdt,  ffPO^  +  H^O,  forms  small  undeterminable 
deliquescent  crystals  which  become  anhydrous  at  100°.  The  thallium  salt,  H-T1P0-, 
forms  anhydrous  crystals  belonging  to  the  rhombic  system.  The  ammonium  salt, 
IF(NH')PO=,  the  barium  salt,  ffBaP^O'  +  H^O,  and  the  ccdciimi  salt,  Il^CaP^O",  also 
crystallise  in  tho  rhombic  system.  Tho  magnesium,  zinc,  nickel,  and  cobalt  salts, 
wiiich  contain  G  mols.  water,  form  well-developed  crystals  belonging  to  the  regular 
system. 

All  the  hypophosphites,  excepting  those  of  thallium,  calcium,  cadmixim.  and  lead. 
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contain  water  of  crystallisation,  wliicli  they  give  up  completely  and  without  deeonpo- 
sition  at  temperatures  between  100°  and  200°;  the  nickel  and  cobalt  salts,  however, 
cannot  bear  without  decomposition  a  temperature  higher  than  130°-140°. 

The  decomposition  of  hypophosphites  by  heat  does  not  in  any  case  take  place  in  the 
manner  supposed  by  H.  Eose  (iv.  62i),  that  is  to  say,  into  hydrogen  phosphide,  water, 
and  a  pyrophosphate,  but  in  one  of  the  two  following  ways : — 

(1)  .  The  residue  consists  of  a  mixture  of  pyrophosphate  and  metaphosphate, 
and  when  dissolved  in  water  leaves  a  small  quantity  of  red  phosphorus.  The  alkali 
salts  (Na,  Tl,  Li),  leave,  on  ignition,  a  residue  consisting  of  1  mol.  RT'O'  and  1  niol. 
EPO'  (E.  denotingaunivalent  metal),  containing  therefore,  like  the  hypophosphite  itself, 
1  at.  metal  to  2  at.  oxygen.  No  water  is  given  off.  The  liypophosphites  of  magncs- 
mm,  zinc,  and  manganese  yield  a  residue  containing  2  mols.  pyrophosphate  to  1  mol. 
metaphosphate ;  in  those  of  strontium,  calcium,  ccriiim,  and  cadmium,  this  ratio 
=  3  :  1  ;  in  the  load  salt,  4:1;  and  in  the  barium  salt,  6:1. 

These  modes  of  decomposition  are  represented  by  the  following  equations : 

SH^NaPO^  =    Na-iP^O'  +  NaPO^    +    2PH'  +  2H- 

SH^ZnP^O^  =  2Zu=P=0'  +  ZhP^O*^  +  +  4H= 

7H^SrP-'0*  =  SSr^P^O'  +  SrP^O"    +    ePH^  +  4H2  +  WO 

9H^PbP=0*  =  4Pb-P-0'  +  PbP^O"  +    8PH'  +  4H-  +  2W0 

ISH^EaP^O'  =  6Ba-P=0'  +  BaP^O"  +  12Pff  +  4H'  +  4ffO. 

(2)  .  The  hypophosphites  of  niclcel  and  cobalt  leave,  when  ignited,  a  mistiiro  of 
metaphosphate  and  phosphide,  the  latter  of  which  gives  the  residue  a  black 
coloiu',  and  renders  it  almost  insoluble  in  hydrochloric  acid: 

SF'CaP^Oi  =  2CoP20''  +  CoP  +  Pff  +  H'. 

(3)  .  Ammonium  hypopliospldte  and  Vranyl  hypophosphite  differ  from  all  the  other 
salts  ill  their  mode  of  decomposition  by  heat.  The  ammonitun  salt  gixcs  off  ammonia, 
phosphine,  hydrogen,  and  water,  and  leaves  a  residue  consisting  of  1  mol.  pyrophos- 
phoric  and  2  mols.  metaphosphoric  acid  : 

7H^(NH')P0'  =  HT-O'  +  2HP0'  +  H=0  +  7NH'  +  3PH'  +  2W. 

The  uranyl  salt,  which  is  yellow  and  sparingly  soluble,  decomposes  with  inflamma- 
tion and  explosive  violence,  giving  off  hydrogen  and  leaving  a  mixture  of  3  mols. 
uranous  pyrophosphate,  1  mol.  uranous  metaphosphate,  and  1  mol.  uranium  mono- 
phosphide;  thus,  (U  =  240): 

9H<(U0=)"P^0^  =  6U'>P=0'  +  U"P'0'2  +  2UP  +  ISH^. 
The  ratio  of  the  number  of  atoms  of  phosphorus  in  the  residue  to  the  number 
■which  escape  as  gas  in  the  decomposition  of  the  several  salts  is  as  follows: 

6  :  1  in  the  case  of  Ni  and  Co 

3:2  „         Na,  Tl,  Mg,  Zn,  Mn. 

4:3  „         Sr,  Ca,  Ce,  Cd 

5:4  ,  Li,  Pb 

7:6  „  Ba, 

but  never  1  :  1,  as  formerly  supposed. 

■  The  hydrogen  of  the  hypophosphites  behaves  as  follows.  The  sodium,  potassium, 
thallium,  magnesium,  zinc,  and  manganese  salts  give  off  no  water,  the  hydrogen  being 
given  off  f  free,  f  combined  with  phosphorus.  All  the  other  salts  give  off,  together 
with  hydrogen  and  phosphine,  small  quantities  of  water,  the  hydrogen  of  which 
amounts  to  5,  or  ^  of  the  entire  quantity  of  gas.  Whether  the  evolved  gas  is 
spontaneously  inflaminable  or  not,  depends  altogether  on  accidental  circumstances. 

Reducing  Power  of  Hypophosphorous  and  Phosphorous  Acids. — The 
following  experiments  on  the  reducing  power  of  these  acids  and  their  salts  have  been 
made  by  Eammelsberg  {Chem.  Soc.  J.  [2],  xi.  13). 

Phosphorous  Acid  and  Silver  Salts. — With  excess  of  silver  nitrate,  1  mol.  H^'PO'  re- 
duces 1  at,  silver,  while  hydrogen  is  set  free  : 

H'PO^  +  AgNO'  +  ffO  =  ffPO^  +  HNO'  ^-  Ag  -f  H. 

Barium  hypophosphite  and  Silver  Sails. — 1  mol.  H'BaP^O^,  with  an  excess  of  silver 
nitrate,. gave  6Ag,  and  with  silver  sulphate,  6"6  Ag.  Admitting  6Ag,  we  should  have 
H'BaP-0^  +  6AgN03  +  42^0  =  2WeO'  +  iHNO'  +  BaN'O"  +  6Ag  +  2H. 
The  reducing  power  of  the  molecules  H'PO^  and  H'PO-  seems  to  be  as  1  :  3. 

Phosphorous  Acid  and  Copper  Salts.— An  excess  of  H'PO'  decolorises  the  solution, 
cuprous  oxide  being  formed^    When  the  cupric  sulphate  is  in  excess,  metallic  copper 
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5s  separated,  after  boiling  for  some  time,  and  1  at.  copper  is  reduced  for  every  3  at. 
phosphorus : 

+  CuSO*  +  SH'^O  =  3ffP0<  +  H=SO*  +  Cu  +  211\ 
Barium  phosjildte  is  not  changed  by  boiling  ■with  a  solution  of  copper  ;  when  free 
sulphuric  acid  is  added,  a  very  small  quantity  of  the  metal  is  precipitated. 

Hypophosphorous  Acid  and  Copper  Salts. — Hypophosphorous  acid,  heated  with  solu- 
tion of  cupric  sulphate  to  5o°-60°,  forms  a  precipitate  of  cuprous  hydride,  Cu^H^ 
(Wiirtz,  iv.  624).  H.  Eose  {Poffc/.  Ann.  Iviii.  212)  asserted  that  the  reduction  of  copper 
by  this  acid  was  not  attended  with  evolution  of  hydrogen.  Eammelsberg  finds  that 
when  barium  hypophosphite  is  heated  witli  excess  of  cupric  sulphate,  the  precipitation 
of  metallic  copper  takes  place  only  at  the  boiling  point  of  the  liquid,  and  in  the  pro- 
portion 2  at.  copper  to  1  at.  barium  :  consequently  hydrogen  must  be  evolved  ;  further, 
that  when  free  sulphuric  acid  is  added,  reduction  begins  below  100°,  and  the  quantity 
of  metal  reduced  is  only  half  of  what  it  was  in  the  preceding  case.  The  reactions  in 
the  two  cases  are : 

(1)  H'BaP^'O'  +  2CuS0'  +  4H-'0  =  +  BaSO'  +  H-SO' +  Cu=  +  21-P 

(2)  H^BaP=0^  +    CuSO*  +  4II-0  =  2H'P0<  +  BaSO'  +  Cu  +  3H- 

The  hydrogen  is  evolved  with  great  rapidity. 

Sodium  hypophospMta  with  an  excess  of  copper  salt  gives,  Na  :  Cu  =  1  :  1  at.  ; 
but  the  reaction  requires  continued  boiling. 

PbospHoricilcid.  On  the  compound  of  phosphoric  auliydride  with  boric  anhy- 
dride, P'O  '.B'O',  and  on  the  reaction  of  phosphoric  anhydride  with  boric  chloride,  see 
p.  207. 

Estimation  of  Phosphoric  Acid. — The  two  following  methods  are  given  by 
C.  E.  Munroe  {Sill.  Am.  J.  [3],  i.  329). — 1.  To  the  boiling  phosphate  solution  a  weighed 
quantity  of  pure  aluminium  sulphate,  previously  dissolved,  is  added.  A  solution  of 
mercuric  chloride  is  then  added,  and  finally  pure  sodium  hydrate,  until  a  precipitate  of 
mercuric  oxide  is  obtained  which  remains  undissolved.  To  hasten  the  operation  the 
precipitate  is  allowed  to  settle,  and  the  supernatant  liquid  poured  upon  the  filter.  The 
gelatinous  precipitate  is  then  evaporated  to  complete  dryness,  filtered  by  the  aid  of  a 
filter-pump,  ignited,  and  weighed.  The  increase  of  weight  over  that  of  the  alumina 
used  is  phosphoric  oxide.  The  filter  burns  very  slowly.  Test  analyses  performed 
upon  anhydrous  disodio  phosphate  and  crystallised  ammonio-sodic  phosphate  gave 
very  satisfactory  results.  The  method  appears,  however,  to  be  applicable  with  advan- 
tage only  to  the  alkaline  phosphates. 

2._  The  second  method  is  a  modification  of  Eose's  well-known  mercury  process.  A 
boiling  solution  of  the  phosphate  in  nitric  acid  is  precipitated  witli  mercurous  nitrate, 
a  small  quantity  of  mercuric  nitrate  is  added,  and  then  pure  caustic  soda,  till  a  perman- 
ent red  precipitate  is  obtained.  The  filtrate  tested  with  molybdic  acid  does  not  ex- 
hibit a  trace  of  phosphoric  acid.  The  precipitate,  consisting  of  mercurous  phosphate 
and  a  little  free  mercuric  oxide,  is  carefully  separated  from  the  filter,  and  intimately 
mixed  in  a  porcelain  crucible  with  a  weighed  quantity  of  cupric  oxide ;  the  filter  is  then 
laid  upon  the  oxide  and  the  whole  ignited.  The  increase  in  weight  of  the  crucible  and 
cupric  oxide  gives  the  amount  of  phosphoric  anhydride.  By  this  method  phosphoric 
acid  may  be  separated  from  all  bases  except  ferric  and  uranic  oxides.  From  alumina 
the  separation  is  perfect. 

According  to  J.  Konig  (Zcitschr.  anal.  Cham.,  1871,  473)  the  precipitation  of  phos- 
phoric acid  by  molybdic  acid  is  more  or  less  prevented  by  ammonia  salts  when  present 
in  large  quantity,  the  salts  which  act  most  injuriously  in  this  respect  being  the  oxalate 
and  citrate.  E.  Eichters  {ibid.  469)  also  observes  that  certain  salts,  as  well  as  free 
hydrochloric  acid,  interfere  with  the  precipitation,  but  that  ammonium  nitrate  promotes 
it  in  a  very  great  degree  ;  he  therefore  recommends  a  solution  of  this  salt  for  washilig 
the  precipitated  phosphomolybdate. 

J.  Parry  {Ghem.  News,  xxt.  279)  recommends  the  use  of  an  aqueous  solution  of  am- 
monium molybdate,  since  in  a  strongly  acid  solution  the  precipitation  is  very  slow. 

Fresenius,  Neubauer  a.  Luck  {Zeitschr.  anal.  Chem.  x.  133)  have  examined  the 
methods  generally  used  for  the  estimation  of  phosphoric  acid,  with  especial  reference 
to  the  valuation  of  phosphatic  manures. 

1.  Of  the  gravimetric  methods,  they  find  that  the  molybdenum  method  is  the  most 
accurate,  provided  it  be  performed  in  the  following  manner  :  The  solution  of  0-5  gram 
of  the  substance,  in  about  8  c.c.  strong  hydrochloric  acid,  is  evaporated  to  dryness ;  the 
residue,  after  moistening  with  2  c.c.  hydrochloric  acid,  is  dissolved  in  10  c.c.  nitric 
acid  (sp.  gr.  1-2) ;  the  solution  diluted  with  water,  filtered,  and  again  evaporated;  the 
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residue  redissolved  in  5  c.c.  nitric  acid;  and  tlie  liquid  digested  for  12  hours  at  40° 
with  150-200  c.c.  of  a  solution  of  ammonium  molybdate  in  nitric  acid  containing  5  pts. 
molybdie  trioxide.  When  a  sample  of  the  supernatant  liquid  no  longer  givEs  any 
turbidity  with  the  molybdie  acid  solution,  the  precipitate  is  collected  on  a  filter,  -washed 
with  1 00  pts.  of  the  molybdie  acid  solution,  20  pts.  nitric  acid,  and  80  pts.  water, 
then  dissolved  in  the  smallest  possible  quantity  of  aqueous  ammonia  :  the  solution,  ap- 
proximately neutralised  with  hydrochloric  acid,  is  precipitated  with  a  mixture  of  mag- 
nesium sulphate,  ammonium  chloride,  and  ammonia;  and  the  precipitated  ammonium- 
magnesium  phosphate  is  washed  with  ammonia-water,  dried,  and  ignitpd  in  the  usual 
way. 

Tlie  bismuth,  uranium,  lead,  mercury,  and  tin  methods,  are  admissible  only  when 
iron  and  aluminium  are  absent ;  in  the  presence  of  either  of  these  bodies,  the  methods 
in  question  cannot  be  used  without  considerable  modifications,  which  rob  them  of  all 
their  special  advantages.  The  use  of  tartaric  or  citric  acid,  to  keep  iron  and  aluminium 
in  solution  during  the  precipitation  of  phosphoric  acid  by  magnesia,  does  not  yield 
very  satisfactory  results,  since  basic  magnesium  tartrate  or  citrate  is  often  precipitated 
with  the  phosphate,  and  because  the  solubility  of  the  ammouio-magnesium  phosphate 
is  increased  by  the  presence  of  ammonium  tartrate  or  citrate. 

The  volumetric  uranium  method,  as  ordinarily  used,  is  trustworthy  only  when 
alkalis  and  magnesia  are  the  only  bases  present.  If  citric  acid  is  used  to  keep  iron 
and  aluminium  in  solution  during  the  titration,  some  imcertainty  is  introduced,  as  free 
citric  acid  increases  the  solubility  of  uranium  phosphate,  and  thus  tends  to  give  low 
results,  while  ammonium  citrate,  by  diminishing  the  delicacy  of  the  ferrocyanide-test, 
tends  to  give  high  results.  If  lime  is  present,  the  results  are  apt  to  be  low,  since  cal- 
cium phosphate  partially  separates  from  an  acetic  acid  solution  on  heating,  and  thus  a 
portion  escapes  the  action  of  the  uranium.  This  error  may,  however,  be  got  rid  of  by 
reversing  the  process,  and  adding  a  cold  acetic  solution  of  the  phosphate  to  a  hot  solu- 
tion of  uranium,  till  the  ferroe3'anide-test  just  ceases  to  act. 

According  to  W.  Jani  {Chem.  Cenir.  1871,  239)  the  accuracy  of  the  volumetric 
uranium  method  is  not  affected  by  the  presence  of  ammonium  salts,  but  an  excess  of 
acetic  acid  or  an  acetate  seriously  affects  the  result.  It  is  best,  therefore,  to  neutralise 
the  free  acid  present,  not  by  means  of  sodium  acetate,  but  by  carefully  adding  am- 
monia or  soda  till  the  solution  is  slightly  alkaline,  and  then  a  few  drops  of  acetic  acid. 
With  this  precaution  the  results  obtained  by  titration  with  uranium  solution  agree 
with  those  of  the  best  gravimetric  methods. 

C,  Schumann  {Zeitschr.  anal.  Chem.  1872,  382)  uses  a  solution  of  uranic  nitrate  for 
the  titration  in  preference  to  the  acetate,  because  the  appearance  of  the  reaction  with 
potassium  ferrocyanide  is  then  more  sharply  marked  and  the  solution  may  be  kept 
without  alteration,  especially  if  acidulated  with  a  few  cubic  centimeters  of  nitric  acid, 
whereas  the  acetate  is  very  apt  to  deposit  a  basic  salt.  To  avoid,  however,  the  pre- 
sence of  free  nitric  acid,  when  a  large  quantity  of  uranium  solution  has  to  be  added, 
as  in  the  analysis  of  phosphates  very  rich  in  phosphoric  acid,  Schumann  mixes  the 
phosphatic  solution  with  a  sufficient  quantity  of  sodium  acetate,  this  quantity  bearing 
the  same  proportioji  to  the  entire  liquid  as  in  the  titration  (according  to  Schumann,  20 
c.c.  sodium  acetate  to  50  c.c.  of  the  phosphoric  acid  solution).  The  error  arising  in  the 
analysis  of  calcareous  phospliates  from  the  precipitation  of  calcium  phosphate  by  long 
boiling  is  avoided  in  the  method  of  Fresenius,  Neubauer  a.  Luck,  by  reversing  the  pro- 
cess and  titrating  the  uranium  solution  warmed  in  the  water-bath  with  the  phosphoric 
acid  solution  (see  above).  Schumann  avoids  it  by  the  employment  of  the  so-called  prc- 
titration — that  is  to  say,  by  first  determining  the  quantity  of  uranium  solution  required 
for  about  10  c.c.  of  the  phosphoric  solution.  Tliis  renders  it  possible,  in  the  subsequent 
titration  of  a  larger  volume  of  the  same  liquid,  to  add  at  once  the  exact  quantity  of  the 
uranium  solution  required,  within  a  few  cubic  centimeters,  so  that  prolonged  boiling 
may  be  dispensed  with.  The  titration  is  conveniently  performed  in  a  flask  which  is 
heated,  with  frequent  agitation,  over  a  free  flame,  and  the  addition  of  the  uranium 
solution  is  discontinued  as  soon  as  two  drops  of  the  liquid  spread  upon  a  porcelain 
pl-ate,  with  a  drop  of  ferrocyanide  solution  let  fall  as  nearly  as  possible  in  the  middle, 
form  a  distinct  ring  of  uranium  ferrocyanide  which  does  not  disappear  on  renewed 
boiling. 

Among  gravimetric  metheds,  Schumann  finds  that  the  determination  as  anmionio- 
inagnesium  'phosphate  gives  perfectly  trustworthy  results,  provided  the  following  direc- 
tions are  observed.  The  ammonio-magnesium  phosphate  must  be  kept,  both  during 
precipitation  and  during  washing,  in  an  ammoniacal  liquid  containing  at  least  2'o  grms. 
of  ammonia  in  100  cubic  centimeters.  In  an  ammoniacal  liquid  of  this  strength  the 
ammonio-magnesium  phosphate  is  quite  insoluble,  so  that  the  correction  of  O'OOl  grm. 
of  magnesium  pyrophosphate  for  every  64  c.c.  of  liquid,  formerly  recommended  by 
Froscnius,  may  be  dispensed  with. 
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The  exactness  of  the  composition  of  the  precipitated  ammoiiio-magnesinm  phosphate 
was  demonstrated  hy  talking  two  equal  quantities  of  a  sohition  of  disodic  phospliato, 
evaporatint,'  one  to  dryness,  igniting,  and  weighing  the  residue  of  sodium  pjTophos- 
phate ;  then  precipitating  the  other  as  ammonio-magnesium  phosphate,  igniting  the 
precipitate,  and  weighing  the  resulting  magnesium  pyrophosphate.  The  quantities  of 
phosphoric  acid  calculated  from  these  two  determinations  were  almost  exactly  the 
same,  viz.  0-1171  gram  from  the  first  and  0-1167  from  the  second.  A  second  pre- 
cipitation of  the  ammonio-magnesium  phosphate  is  therefore  superfluous,  and  indeed 
injurious,  inasmuch  as  the  dissolved  precipitate  is  not  completely  reprecipitatod  by 
ammonia  alone. 

Tlie  excess  which  sometimes  occurs  in  the  estimation  of  phosphoric  acid  as  magne- 
sium pyrophospliate,  in  consequence  of  the  simultaneous  i>recipitation  of  basic  magne- 
sium talts,  may  be  avoided  by  using  only  a  slight  excess  of  magnesia  mixture,  the 
solution  being  brought  down  to  a  determinate  volume,  and  the  quantity  of  magnesia 
mixture  required  for  each  precipitation  approximately  calculated.  The  liquid  should 
bo  made  ammoniacal  before  the  addition  of  the  magnesia  mixture,  unless  the  ammonia 
used  is  very  dilute,  and  the  precipitate  must  be  washed  with  aqueous  ammonia  of  2'o 
p.c.  till  a  few  drops  of  the  wash-water  do  not  exhibit  the  slightest  turbidity  on  addi- 
tion of  silver  nitrate.  In  case  the  liquid  has  acquired  a  high  temperature,  in  conse- 
quence of  chemical  action  taking  place  within  it — as,  for  example,  when  a  molyb- 
denum precipitate  is  dissolved  in  strong  ammonia,  and  the  ammonia  neutr.alisod  with 
hydrochloric  acid — it  must  be  left  to  cool  before  precipitation.  There  is  no  occasion  to 
boil  tlio  magnesia  precipitate  for  more  than  12  hours,  unless  the  quantity  of  phosphoric 
acid  present  is  extremely  small. 

According  to  L.  Brunner  {Zcitschr.  anal.  Clicm.  1872,  30),  a  solution  of  magnesium 
sulphate  mixed  with  a  certain  quantity  of  sal-ammoniac  gives  with  ammonia  a  precipi- 
tate of  magnesium  hydrate,  when  the  temperature  of  the  solution  exceeds  60°.  This 
circumstance  must  be  taken  into  account  in  the  analysis  of  artificial  manures,  when 
the  pliosphoric  acid  has  to  bo  determined  in  the  filtrate  from  a  precipitate  of  calcium 
oxalate  which  has  l^een  washed  with  boiling  water. 

E.  W.  Parnell  {CJicm.  Nnvs,  xxiii.  145)  points  out  the  insolubility  of  ammonio-mag- 
nesium phosphate  in  an  ammoniacal  liquid  containing  excess  of  magnesia.  He  recom- 
mends that  the  precipitation  bo  performed  in  a  hot  dilute  ammoniacal  solution,  in 
whicli  case  no  magnesia  will  be  carried  down  -with  the  precipitate. 

To  determine  phosphoric  acid  in  presence  of  aluminium  and  iron  (which  preclude 
the  immediate  use  of  the  uranium  method),  G.  Ville  ( Compt.  rend.  Ixxv.  314)  mixes  the 
hydrochloric  acid  solution  with  citric  acid  and  excess  of  ammonia,  and  precipitates  with 
excess  of  magnesium  chloride,  dissolves  the  precipitate  in  a  small  quantity  of  nitric 
acid,  and  estimates  the  phosphoric  acid  volumetrically  with  uranic  acetate.  According 
to  his  observations,  the  excess  of  magnesium  chloride  used  for  the  precipitation  coun- 
teracts the  solvent  action  of  the  ammonium  citrate,  and  more  especially  of  the  calcium 
citrate,  on  the  ammonium-magnesium  phosphate. 

Analysis  of  Phosphorite. — When  nitric  acid  acts  on  a  phosphorite,  the  greater  part 
of  the  iron  remains  undissolved,  and  with  it  a  small  portion  of  the  phosphoric  acid. 
Cold  5  p.c.  sulphuric  acid  dissolves  very  little  iron,  and  all  but  0-1  p.c.  of  the  pho.sphoric 
acid.  Hydrochloric  acid,  however,  takes  up  the  whole  of  the  phosphoric  acid  and 
iron  ;  for  the  analysis  therefore  it  is  best  to  dissolve  the  phosphorite  in  hydrochloric 
acid. 

For  the  determination  of  the  phosphoric  acid,  Fresenius,  Noubauer  a.  Luck  give  the 
preference  to  the  molybdenum  method  in  all  eases  where  scientific  accuracy  is  desired; 
but  for  commercial  purposes,  the  following  method,  which  takes  up  much  less  time, 
and  is  sufficiently  exact,  may  be  advantageously  emplo3'ed. 

110  c.c.  of  5  p.c.  sulphuric  acid  arc  taken  ;  5  grams  of  the  very  finely-ground  phos- 
phorite are  placed  in  a  mortar,  rubljed  slowly  with  some  of  the  acid  till  brought  to  a 
soft  paste,  then  diluted  with  water,  and  the  suspended  matter  is  decanted  into  a  flask 
graduated  for  2.')3  c.c,  the  residue  being  treated  as  before.  When  both  phosphorite 
and  acid  have  been  thus  brought  into  the  flask,  the  whole  is  agitated  from  time  to 
time  during  four  hours.  The  flask  is  next  filled  up  to  the  mark,  and  then  contains 
2.50  c.c.  of  liquid  (the  solid  matter  occupying  3  c.c);  the  solution  is  filtered  ;  100  c.c. 
of  the  filtrat  e  are  placed  in  a  flask  graduated  for  200  c.c,  treated  with  excess  of  caustic 
soda,  and  then  with  acetic  acid,  till  it  ceases  to  diminish  the  precipitate;  the  flask  is 
tlieu  filled  to  the  mark,  and  tlie  solution  after  standing  in  the  cold  is  filtered ;  the  pre- 
cipitate is  weighed,  .and  reckoned  as  ferric  phosphate.  The  phosj^horic  acid  in  the 
solution  is  determined  by  the  improved  volumetric  uranium  method  already  mentioned 
(p.  068).  The  known  quantity  of  uranium  acetate  employed  is  mixed  with  sodium 
acetae  and  acetic  acid,  and  kept  at  a  temperature  of  30°-40°  during  the  titration. 
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Analysis  of  Superpliosphatcs  (Fresenius,  NeuLauer  a.  Luck,  loc.  cit.) — In  lixiviating 
a  superphosphate  for  the  purpose  of  dissolving  out  the  soluble  phosphate,  the  material 
should  not  be  very  finely  divided,  as  in  that  case  the  quantity  of  phosphoric  acid  will 
come  out  rather  too  high.  The  lixiviation  is  best  performed  by  the  method  given  by 
Fresenius  in  his  Anlcitung  zur  quantitativcti  Analyse.  The  phosphoric  acid  may  then 
be  determined  by  the  molybdenum  method  or  by  the  method  last  described. 

Superphosphates  often  contain  '  reduced  phosphates  ' — that  is  to  say,  phosphates  in 
which  part  of  the  soluble  phosphoric  acid  has  returned  to  the  insoluble  state,  in  conse- 
quence, according  to  some  authorities,  of  the  action  of  monocalcic  phosphate  on  oxide 
of  iron  or  alumina ;  according  to  others,  from  the  action  of  the  same  body  on  undecom- 
posed  tricalcic  phosphate.  For  the  estimation  of  these  reduced  phosphates,  sodium  bi- 
carbonate and  ammonium  oxalate  have  been  recommended.  To  test  the  accuracy  of  the 
results  obtained  by  their  use,  experiments  were  made  on  the  precipitate  obtained  by 
adding  excess  of  ordinary  sodium  phosphate  to  calcium  chloride  (chiefly  dicalcic  phos- 
phate), -which  may  be  taken  as  a  type  of  reduced  phosphate.  Prolonged  boiling  •with 
sodium  bicarbonate  removes  only  about  half  the  phosphoric  acid  present  in  this  sub- 
stance ;  half-an-hour's  boiling  with  ammonium  oxalate  removes  nearly  all  the  phos- 
phoric acid  ;  but  as  ammonium  oxalate  also  acts  energetically  upon  natural  phospho- 
rite, the  results  obtained  with  it  cannot  be  depended  upon.  A  solution  of  neutral 
ammonium  citrate,  sp.  gr.  1"09,  was  found,  however,  to  answer  the  purpose  required; 
it  had  i^ractically  no  action  on  natural  phosphorite,  and  decomposed  the  precipitated 
phosphate  almost  completely. 

To  estimate  the  reduced  phosphate,  two  portions  of  the  superphosphate,  each  weigh- 
ing 2  grams,  are  lixiviated  with  water.  In  one  of  the  residues  thereby  obtained,  the 
unattached  and  reduced  phosphoric  acid  are  determined  together  {a) ;  the  other  is 
treated  with  ammonium  citrate,  as  above  described,  to  remove  the  reduced  phosphoric 
acid  ;  and  in  the  residue  thus  obtained  the  amount  of  phosphoric  acid  (i)  is  determined 
after  ignition  with  sodium  carbonate,  in  the  manner  described  for  the  analysis  of  phos- 
phorite. This  gives  tlie  amount  of  unattacked  phosphoric  acid,  and  the  difference  be- 
tween a  and  b  gives  the  quantity  of  reduced  phosphoric  acid  in  the  superphosphate. 

E.  Warington  {Chenu  Soc.  J.  [2],  ix.  .584)  finds  that  the  exhaustion  of  super- 
phosphates with  hot  water  yields,  according  to  circumstances,  sometimes  a  larger,  some- 
times a  smaller,  proportion  of  soluble  phospliates  than  exhaustion  with  cold  water.  If 
the  superphosphate  contains  soluble  aluminium  salts,  it  will  yield  less  soluble  phos- 
phate when  boiled  with  water  than  when  exhausted  with  cold  water :  this  is  shown 
by  the  fact  that  alum  added  to  a  cold  solution  of  superphosphate  produces  no  change, 
but  on  applying  heat  aluminium  phosphate  is  precipitated.  Ferric  salts,  on  the  other 
hand,  give  an  immediate  precipitate  in  the  cold.  Most  superphosphates  contain  traces 
of  soluble  aluminium  salts ;  those  prepared  from  aluminous  phosphates  may  contain  a 
considerable  quantity  ;  the  amount,  however,  depends  much  on  tlie  manner  of  manufac- 
ture.   The  solutions  of  such  superphosphates  in  cold  water  become  turbid  on  boiling. 

It  appears  from  the  above  that  the  soluble  phosphate  should  always  be  extracted 
with  cold  water.  The  residue  then  yields  a  further  trifling  amount  of  phosphoric  acid  on 
boiling,  arising  probably  from  decomposition  of  reduced  phosphates.  The  best  method 
of  extracting  soluble  phosphate  is  to  take  10  grams  of  the  superphosphate  and  elutriate 
them  in  a  mortar  with  1  litre  of  cold  water.  The  Avater  and  suspended  matter  are 
poured  into  a  bottle  and  shaken  at  frequent  intervals  during  three  hours.  100  c.c.  of 
the  solution  correspond  with  1  gram  of  the  superphosphate. 

The  soluble  phosphate  is  usually  estimated  by  precipitation  with  ammonia,  with  or 
witliout  calcium  chloride,  according  to  tho  proportion  of  lime  in  the  solution.  This 
method  is  liable  to  several  errors ;  the  results  should  be  checked  by  some  other 
method. 

The  soluble  phosphate  may  be  accurately  estimated  by  uranium  acetate  if  alumina 
be  absent,  or  if  alumina  has  been  previously  removed  as  phosphate  by  ammonium 
acetate. 

A  method  available  under  all  circumstances  is  to  precipitate  the  Bolution  of  super- 
phosphate with  excess  of  ammonium  oxalate,  and  treat  tlie  filtered  liquor  containing 
the  alumina  and  phosphoric  acid  with  citric  acid,  ammonia,  and  magnesia  mixtiu'e, 
determining  the  phosphoric  acid  as  magnesium  pyrophosphate. 

The  insoluble  phosphates  in  superphosphate  are  generally  estimated  much  above 
the  truth.  It  is  best  to  determine  the  total  phosphate  by  one  operation,  and  then 
estimate  the  insoluble  by  deducting  the  soluble  phosphate.  The  total  phosphate  may 
be  determined  by  solution  in  hydrochloric  acid,  and  precipitation  from  a  cold  dilute 
Bolution  with  a  small  excess  of  ammonia,  just  sufficient  to  turn  turmeric  red.  If,  how- 
ever, the  superphosphate  contains  iron  or  aluminium,  tlie  hydrochloric  solution  should  be 
neutralised  as  far  as  possible  without  producing  a  precipitate,  and  then  treated  with 
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excess  of  ammonium  oxalate,  and  subsequently  ■with  citric  acid  and  magnesia  mixture, 
as  already  described. 

G-.  Ville  (Compt.  rend.  Ixxv.  334)  describes  a  simple  apparatus  for  filtering  pre- 
cipitates under  pressure  in  the  estimation  of  phosphoric  acid  on  natural  phosphates. 

Birnbaum  a.  Ghojuadu  (Zeitschr.  anal.  CAera.  1870,  203)  discuss  the  several  methods 
in  use  for  tlie  estimation  of  phosphoric  acid  in  phosphorites,  and  give  the  preference  to 
a  modification  of  Chancel's  bismuth  method  (iv.  543). 

P.  Griisert  {ibid.  356)  describes  the  process  used  for  estimating  phosphoric  acid  in 
the  Lahn  phosphorites,  which  consists, essentially  in  the  application  of  the  volumetric 
uranium  method, 

_  Joulie  {Monitcwr  Scientifiquc  [3],  ii.  213-232)  publishes  Eesearches  on  the  Estima- 
tion of  Phosphoric  acid  in  all  products  relating  to  Agriculture  and  Physiology. 

Comparative  experiments  on  the  different  methods  of  estimating  phosphoric  acid 
and  separating  it  from  bases  have  also  been  published  by  R.  Schweizer  {Zeitschr.  anal. 
Chem.  1870,  84),  and  by  J.  Janowsky  {ibid.  1872,  162-167). 

A  modification  of  the  method  of  Eeynoso  and  of  Reissig  (iv.  644),  depending  on  the 
use  of  stannic  oxide,  is  described  by  W.  C.  Williams  {Chem.  Soc.  J.  [2],  viii.  383). 

nxetallic  Pnosphates.  Pirparation  of  Crystallised  Pkosjihatcs. — W.  Skey  {Chan, 
l^cirs, -a^u.  61)  has  prepared  several  phosphates  in  the  crystalline  state  by  mixing 
solutions  of  the  corresponding  metallic  salts  with  a  soluble  phospliate,  in  such  pro- 
jiortion  that  the  mixture  shall  retain  an  acid  reaction.  If  the  precipitate  forms  slowly, 
it  may  separate  at  once  in  the  crystalline  state  ;  if  it  appears  immediately,  it  is  gelatin- 
ous, but  becomes  crystalline  after  a  longer  or  shorter  time.  In  this  manner  the  fol- 
lowing crystallised  phosphates  have  been  obtained,  most  of  them  resembling  native 
minerals:  zinc  phosphate  (hopeite),  Zn'P-0"*  +  6H^0,  and  cadmium  phos- 
phate, not  known  as  a  natural  mineral ;  calcium  phosphate,  Ca-ffP-O"  +  3H^0, 
rhombic,  isomorphous  with  pharmacolite,  having  an  acid  reaction;  chromic  phos- 
phate, with  24H-0,  having  the  constitution  of  delvauxin  and  the  colour  of  chrome- 
alum;  silver  phosphate,  crystallised  only  from  solution  in  acetic  acid  ;  bar  i  um 
pliosphate  and  strontium  phosphate.  The  phosphates  of  copper,  nickel, 
cobalt  and  iron  were  not  obtained  in  the  crystalline  state,  but  they  form  double 
salts  with  the  phosphate  of  magnesium  and  ammonium.  Zinc  phosphate  forms 
crystalline  compounds  with  the  phosphates  of  cobalt  and  nickel. 

Action  of  Sulphurous  Acid  on  Phosphates  (Gcrland,  J.  pr.  Chem.  [2],  iv.  97).— Dif- 
ferent pliosphates  are  variously  acted  on  by  sulphurous  acid  in  aqueous  solution  :  some 
are  simply  dissolved,  while  others  are  completely  decomposed,  a  sulphite  being  formed, 
and  phosphoric  acid  going  into  solution.  From  seme  compounds  sulphurous  acid  with- 
draws a  part  of  the  base,  so  that  from  a  basic  compound  a  neutral  or  acid  salt  is 
produced  ;  upon  others,  viz.,  tricalcic  phosphate,  sulphurous  acid  acts  in  a  waydiflferent 
from  any  of  the  foregoing. 

1.  Tricalciuni  fhosphate  is  easily  soluble  in  sulphurous  acid.  Concentrated  solutions 
are  decomposed  at  temperatures  above  18°,  formingmono-anddicalcium-phosphatc  and 
calcium  sulphite.  Both  concentrated  and  dilute  solutions  are  decomposed  into  dical- 
cium-hydrogcn  pliosphate  and  calcium  sulphite  by  alcohol,  when  placed,  at  ordinary 
temperatures,  in  a  vacuum,  or  mora  quickly  when  boiled  under  diminished  atmospheric 
pressure.  But  by  quicldy  heating  and  boiling  at  llie  onlinary  pri  ssure,  crystals  are 
deposited  consisting  of  tricalcium  phos ph n  t  n -  ^  n  1  p  li  i  I  i  .  ( '  i T -i  )''S! )-  +  i;]!-'! ). 

The  same  substance  is  deposited  as  a  white  rrysl:illinr  | in vipii .li c  \\\\r\\  mi]|.1iiii-ous 
acid  is  passed  into  a  watery  solution  in  wlii'-li  I i-ic.i Iciii m  plmsphatc  is  siis[irii(lcd. 
After  complete  solution  of  the  pliM^pli.ii <■  is  ,  ll'n  i-  il.  \\\,-  lii|uid  is  quickly  boiled,  and 
the  precipitate  collected.  It  diii'.  r-  iV^  iii  llic  .il  nvc-ni'  iil  inncd  mixture  of  dicalcium 
phosphate  and  calcium  sulphite  by  il  s  t,'rr.it  .stiiMliiy  ;  it  may  be  heated  to  110°  with- 
out decomposition,  but  at  a  somewhat  higher  temperatiu'e  it  is  broken  up,  and  gives 
off  waterjf  vapour,  mixed  with  sulphurous  and  sulphuric  acid  vapour  and  sulphur.  It 
possesses  disinfectant  properties  in  a  marked  degree ;  it  is  stable,  has  no  smell,  is 
tasteless,  does  not  affect  linen  or  woollen  cloths,  and  is  obtained  in  a  very  convenient 
form,  as  a  heavy,  white,  dry  powder.  A  small  quantity  mixed  with  decaying  animal 
matter  at  once  removes  its  bad  odour.  Although  unchanged  in  pure  air,  it  undergoes 
slow  oxidation  when  placed  in  air  containing  decomposing  animal  matter.  The  cor- 
responding compounds  of  the  other  metals  have  not  been  obtained. 

2.  Bicalciiem-hijdrogcn  phosfhate  dissolves  easily  in  sulphurous  acid,  the  phosphate 
being  again  obtninaMo  from  Ibis  solution,  unchanged.  All  these  solutions  retain  the 
gas  which  they  h.i\-^  al  s-  rlir  1  uith  great  energy,  but  the  basic  do  so  more  energetic- 
ally than  the  uenlial  [limspliai cs. 

3.  Basic  and  nriilnd  iiaiijnesiiim  phosphate  and  magnesium-amrnoniiem  pihosphatc  are 
easily  dissolved  by  water  containing  sulphurous  acid,  the  first  two  without  decomposi- 
tion ;  the  last,  when  in  excess,  gives  neutral  magnesium  phosphate. 
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4.  Basic  and  neutral  manganese  phosphate  tehave  in  a  similar  manner  to  the  mag- 
nesium phosphates.  In  the  cold  the  solutions  yield  crystals  composed  chiefly  of  the 
neutral  phosphate  ;  by  boiling,  the  crystalline  basic  phosphate  is  precipiUited. 

5.  Copper  phosphate  is  only  slightly  dissolved  by  sulphurous  acid  solutions.  At 
ordinary  temperatures  crystals  of  cuproso-cupric  sulphite  are  deposited;  by  boiling,  a 
copper  phosphate,  probably  of  the  same  composition  as  the  original  phosphate,  is  ob- 
tained. 

6.  Uranium  phosphate  is  but  slightly  soluble  in  sulphurous  acid,  being  deposited 
again  unchanged. 

7.  Trisodium  phosphate  takes  up  sulphur  dioxide  very  readily ;  and  alcohol  separ- 
ates sodium  phosphate  from  the  solution.  The  crystals  saturated  with  sulphur  dioxide 
form  a  solution  which,  on  standing,  separates  into  two  distinct  layers,  which  on  being 
shaken,  unite  to  form  a  homogeneous  liquid. 

8.  Bismuihic,  stannous,  stannic,  and  mctastannio  phosphates  are  in  no  "way  acted 
upon  by  sulphurous  acid. 

9.  Silver,  lead,  and  barium  phosphates  are  acted  upon  by  an  aqueous  solution  of  sul- 
phurous acid  in  the  same  way  as  by  other  strong  acids,  sulphites  and  free  phosphoric 
acid  being  formed. 

Aluminium  Phosphates. — Ambli/cfonite  iind  Montebrasitc  (Descloizeaux,  Compt. 
rend.  Ixxii.  306  ;  Ixxiii.  1247  ;  Ixxv.  114;  Ixxvi.  319.  Pisani,  ibid.  Ixxiii.  1479  ;  Ixxv. 
79.  Rammelsberg,  Dcut.  Chcm.  Gcs.  Ber.  v.  78.  See  also  Chem.  Soc.  J.  [2],  ix.  892  ; 
X.  126,  468,  793  ;  xi.  481,  1113).  The  lithio-aluminic  fluo-phosphates  found  atPenig 
in  Saxony,  and  at  Hebron  in  the  state  of  Maine  (U.S.),  have  hitherto  been  regarded  as 
identical,  and  designated  as  amblygonite.  In  1871,  however,  a  mineral  of  similar 
composition,  but  supposed  to  differ  from  amblygonite  in  the  relative  proportions  of  its 
constituent  elements,  and  in  its  optical  properties,  was  found  in  the  stanniferous  strata 
of  Montebras  (Creuse),  and  was  named  montebrasite.  Subsequently  this  mineral 
was  analysed  by  Pisani,  v.  Kobell,  and  Eammelsberg,  who  concluded  that  it  was 
identical  in  composition  with  the  amblygonite  of  Saxony  ;  that  from  Hebron  had  not 
then  been  analysed.  More  recently,  however,  Pisani  has  analysed  the  American 
mineral,  and  finds  that  it  is  a  hydrated  fluo-phosphate  of  aluminium  and  lithium  not 
containing  sodium,  whereas  the  Saxon  mineral  is  an  anhydrous  phosphate  of  aluminium, 
lithium,  and  sodium  ;  and  Descloizeaux  has  shown  that  the  two  minerals  differ  in  their 
optical  properties.  Further,  it  is  now  known  that  both  these  minerals  occur  in  the 
stanniferous  strata  of  Montebras,  though  in  very  ditFerent  quantities,  the  more  abun- 
dant being  identical  with  the  sodio-lichio-aluminic  fluo-phosphate  of  Penig,  the  less 
abundant  with  the  lithio-aluminic  fluo-phosphate  of  Hebron  ;  and  it  is  proposed  by 
Descloizeaux  and  Pisani  to  designate  the  former  by  the  old  name  of  arnbli/gonite,  the 
latter  by  that  of  montebrasite. 

Both  minerals  are  triclinie.  Amblygonite  occurs  in  laminar  masses,  opaque  or 
more  or  less  translucent,  and  having  a  dull  white  or  faint  violet  colour.  It  cleaves 
imperfectly,  but  with  about  equal  facility,  in  two  directions  inclined  at  an  angle  of 
about  105°  44',  the  reflected  images  from  the  two  cleavage-surfaces  ditfering  slightly 
in  brightness  ;  also  in  two  other  directions  making  respectively  with  the  two  former  a 
very  obtuse  angle  of  nearly  152°.  These  four  cleavages  determine  the  faces  of  the 
primary  parallelopiped  p  m  t,  or  OP.  os'P.  ccP',  or  001  110  110,  having  its  right  upper 
edge  replaced  by  a  truncation-face  i.    The  angles  of  these  faces  are — 

mt  =  \b\°  4';  p»r^l05°  44';  pi!  =  95°  20'; 

i'OT  =  96°  16':  «'i:  =  96°  20';  , 

pi=  152°  67'  (calc),  152°  10'  (obs.) 

Montebrasite  occurs  at  Montebras,  in  small  qiiantity,  in  greenish-white  laminar 
masses,  much  more  transparent  than  amblygonite  ;  at  Hebron  also  in  laminar  masses 
and  in  distinct  four-sided  prisms.  Sp.  gr.  of  the  Montebras  mineral  =  3-010  ;  of  that 
from  Hebron,  3'029.  It  exhibits  the  three  principal  cleavages^?,  m,  t,  the  angles  between 
V  hich  are — 

m!l=135°  to  136°;  ^)mj=105°;  ^i!  =  89°  to  89°  11. 

The  angle  pm  is  nearly  the  same  in  both  minerals ;  but  the  other  angles  diiFer  widely 
in  the  two. 

In  amblygonite  the  optic  axes  are  situated  in  a  place  which  divides  into  two  very 
unequal  parts  the  acute  angle  ^OT  =  74°  16'.  In  the  montebrasite  of  Hebron,  on  the 
other  hand,  the  plane  of  the  optic  axes  is  situated  in  the  obtuse  angle  pm,  and  tra- 
verses tlie  edge      but  is  not  quite  normal  to  m,  since  it  gives  angles  of  82°  with  ■;/(, 
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and  2.3°  -witli  p.  The  character  of  the  coloured  rings  shows  that  in  montoljrasito,  Loth 
frora  Montebras  and  from  Hebron,  there  coexists  with  the  horizontal  a  well-marked  in- 
clined dispersion,  and  these  are  peculiar  to  the  crystals  of  the  trielinic  system.  In 
amblygonitc  from  Montebras  the  appearance  of  the  bars  traversing  the  central  ring  of 
each  system  in  liruies  very  distinctly  a  twisted  dispersion,  which  is  also  characteristic  of 
the  tnVlinl.'  sy^t.^m. 

Aiiilily^'iiiiir  mults  easily  in  the  flame  of  a  spirit-lamp,  without  decrepitation,  but 
witli  slight  tumefaction,  to  a  white  opaline  glass.  To  the  blow-pipe  flame  it  imparts 
a  reddish  yellow  colour,  duo  to  the  occurrence  of  sodium  and  lithium  in  about  equal 
proportions.  The  optical  properties  of  tlic  amblygonite  of  Montebras  agree  exactly 
with  those  of  the  Saxon  mineral. 

Montebrasite  melts  before  the  blowpipe  to  a  white  enamel,  and  colours  the  flame  a 
fine  red,  without  any  yellow  tinge.  In  the  spectroscope  it  exhibits  the  lithium  line. 
H'jated  in  a  tube  it  decrepitates  more  or  less  strongly  (especially  that  of  Montebras), 
giving  off  water  which  has  an  acid  reaction  and  corrodes  tho  glass  strongly  (Pisani). 

The  difference  of  chemical  composition  of  amblygonite  and  montebrasite  is  shown  by 
the  following  analyses  : — 


Aniblygonito 

Montebr.isite 

From  Montebras 

From  Penig 

From 
Monte- 
bras 

From 
Hebron 

Pisani 

v.Kobell 

Ram- 

melsberg 

R.immelsberg 

Pisani 

Fluorine  .       .    ^  . 

Phosphoric  anhydride 

Alumina  . 

Lithia 

Soda 

Potash 

Limo 

Manganese  oxide 

Silica 

Water 

8-20 
46-15 
33-82 
8-10 
2-28 

O-'IO 
MO 

10-10 
46-85 
37-60 
9-60 
0-59 

0-14 

9-00 
45-91 
35-50 
6-70 
5-30 

0-50 

0-60 
0-70 

10-06 
48-55 
36-36 
7-06 
0-93 
0-40 

8-11 

47-58 
36-88 
6-68 
3-29 
0-4." 

9-44 
48-00 
36-26 
6-68 
3-29 
0-43 

380 
47-15 
36-90 

9-84 

4-75 

46-65 
36  0( 
0-75 

4-20 

100-05 

105-18 

104-21 

104-26 

102-97 

104-10 

102-44 

101-82 

Von  Kobell  {Jahrhuch  f.  Mineralogie,  1873,  317)  considering  that  there  is  some  confu- 
sion in  tho  use  of  tho  name  montebrasite  applied  by  Descloizeauxtothe  hydrated  lithio- 
aluminic  fluo-phosphate  occurring  at  Montebras  and  at  Hebron,  proposes  to  discard 
this  name  altogether  and  designate  the  mineral  in  question  as  Hcbronite.  He  has 
examined  more  particularly  a  specimen  of  hebronitc  from  Auburn  in  Maine.  This 
variety  colours  the  blowpipe  strongly  reddish-yellow,  the  red  colour  of  the  lithium 
being  altered  by  the  small  quantity  of  sodium  contained  in  tho  mineral.  The  hebron- 
ite  of  Auburn,  and  also  that  of  Paris  in  Maine,  exhibit  a  rather  strong  greyish  phos- 
phorescence when  heated.  The  specific  gravity  of  tho  Auburn  hebronito  is  3-06.  Its 
analysis  gave — 

P=0=  Al'O'  Li  Na  F  IPO 

49-00         37-00         3-44        0-79       5-50         4-50  =  100-23 
agreeing  with  the  formula  :  3(AP0'.P-0^)  +  Li-'F^  +  211-0. 

Calcium  'Phosphates. — 1.  Native,  from  Canada,  occurring  in  a  bed  about  five 
meters  thick,  partly  in  crude  masses  (A),  partly  in  prismatic  crystals  (B),  has  been 
analysed  by  E.  Hutton  {Chcm.  News,  xxi.  150).  Both  varieties  are  partly  green  and 
bluish-green,  partly  red. 

Ca'P'O'      CaF=      CuCP      CaCO^      Fe=0='         H=0        Sand  Sp.  g. 

A.  86-61       7-22      0-06       4-47       —  0  08      0-10  =  98-54.       3  142 

B.  90-82       5-70     0-14       0  38      0-40        0-32      0-10  =  97-86.  3-160 
On  the  wide  diffusion  of  apatite  as  a  constituent  of  eruptive  rocks  and  b.isalts,  see 

F.  Zirkell  {Jahrhuch  f.  Mincralogie,  358,  801  ;  Jahresb.f.  Chcm.  1870,  1343,  1362). 

Francolite.—1\\\s  name  is  given  by  Maskelyno  a.  Flight  {Chcm.  Ncivs,  xxii.  260)  to 
a  mineral  from  Cornwall  allied  to  staffelite  (Isi!  Su2JpI.  1037),  occurring  in  aggregates 
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and  int6rs(?cting  twins  of  tljo  hexagonal  form  coP  .  viP,  wherein  ?)iP  denotes  a  very 
oljtuse  pyramid,  Analysis  gave  mvmbers  agreeing  approximately  with  the  formula : 
oCVPaOlOaCOs.CaF- 

Ca'P=0»      CaF=         CiiCO'        Fe=0',MirO=      Na'O  H?0 

83'2C1      7-683       5a04  0'913         0-69-i      1'593  =  99-248 

On  the  question  "whether  staffelite  is  a  distinct  mineral  species,  see  Jahrcsb.f.  Chem, 
1870,  1317. 

For  analysis  of  phosphatic  concretions  containing  calcium  phosphates  from  various 
localities,  see  Jahrcsb.f.  Chem.  1870,  1316  ;  1871,  1219. 

On  the  occurrence  and  formation  of  the  phosphorite  found  on  the  Dniester  in 
Eussian  Podolia,  Galicia  and  Buckowina,  see  Schwacldiofer  (IVien.  Akad.  Bcr.  Ixiii. 
[2],  809;  Chem.  Soc.  J.  [2],  x.  56).  On  the  great  phosphoritic  zone  of  Russia,  see 
Grewingk  {Jahrbuch.  f.  Mineralogie,  1871,  757  ;  Chem.  Soc.  J.  [2],  x.  68). 

Bone  Phosphates. — To  determine  the  constitution  of  the  calcium  phosphate  of  bones, 
C.  Aeby  {J.  fr.  Chem.  [2],  v.  308  ;  vi.  169)  has  analysed  bones  calcined  by  a  natural 
process,  as  they  occur  in  caves  and  in  the  form  of  fossil  ivory  in  dilmaal  deposits. 
According  to  his  analysis,  such  bones  consist  of  1  mol.  orthophosphate,  3CaO.P-0^ 
\  mol.  water  of  crystallisation,  \  mol.  basic  water,  \  mol.  lime  in  excess,  and  \  mol. 
carbon  dioxide  as  an  essential  constituent.  The  carbon  dioxide  which  exists  in  this 
form  may  be  driven  ofij  together  with  water  of  crystallisation,  by  heating  to  460°,  and 
cannot  be  restored  by  treatment  with  anjmonium  carbonate.  .  After  ignition  and  addi- 
tion of  ammonium  carbonate,  the  -^veight  and  composition  of  the  bone  phosphates  are 
the  same  as  after  six  hours'  heating  to  450°. 

Calcium  Phosphates  formed  by  Precipitation. — E.  Eeichardt  (Zeitsehr.  anal.  Chem. 
1873,  275)  finds  that  when  a  dilute  solution  of  calcium  chloride  is  precipitated  by  a 
small  quantity  of  sodium  phosphate,  a  precipitate  which  dissolves  on  agitation  is  pro- 
duced, the  redissolution  being  apparently  due  to  the  presence  of  carbonic  acid  in  the 
water.  A  farther  addition  of  sodium  phosphate  reproduces  the  precipitate,  and  it  may 
be  again  dissolved  by  passing  a  current  of  carbonic  acid  through  the  mixture.  After 
some  repetitions  of  this  operation,  the  liquid  deposits  shining  crystals,  which  were 
found  to  be  identical  with  Boedeker's  tetra-hydrated  dicalcic  orthophosphate, 
Ca'^ffP^0^4H-^0. 

When  tliis  compound  -is  boiled  with  water,  it  is  partially  decomposed ;  the  portion 
remainingundissolved  gave  results  agreeingwiththe  formula,  Ca'P^0'.Ca^H-P20''.3H^0, 
and  the  solution  yielded,  on  evaporation,  a  residue  which,  after  ignition,  gave 
numbers  corresponding  with  the  formula  4Ca0.3P--0\  This  substance  '  dissolves  in 
3325-5  pts.  of  water.    See  also  W.  C.  Davis  {Chem.  Soc.  J.  [2],  v.  673). 

Solubility  in  Carbonic  Acid  Water. — CP.  Williams  (CVicm.  iVcws,  sxiv.  306)  has 
determined  the  solubility  of  various  calcium  phosphates  used  in  agriculture.  The 
pulverised  material  was  diffused  through  a  very  large  quantity  of  water,  carbon 
dioxide  was  passed  through  the  liqind  for  five  or  six  hours  at  a  temperature  60°  to  70°  P., 
and  the  quantity  of  phosphoric  acid  in  the  filtrate  was  determined  in  the  ordinary  way 
after  supersaturation  with  nitric  acid. 


SCaO.P=0» 
per  cent. 

1  pt.  3CaO.P=0»  re- 
quires of  Carbonic 
Acid  Water 

Apatite  from  Canada  .... 

89-27 

222,222 

The  same,  very  finely  powdered 

140,840 

56-78 

5,678 

92-88 

8,029 

Adulterated  bone-ash  of  commerce  . 

35-06 

4,122* 

South  Carolina  phosphate 

67-89 

6,983 

The  same,  finely  powdered 

6,554 

Guano  phosphate  from  Orchilla 

49-87 

8,000 

E.  Warington  {Chem.  Soc.  J.  [2],  ix.  80)  has  made  experiments  on  the  solubility  of 
bone-ash  when  repeatedly  treated  with  carbonic  acid  water.  The  materials  used  wore 
a  commercial  bone-ash  containing  33-68  p.c.  P^O^,  and  a  pure  bone-ash  containing 
39-65  p.c.  The  ash  was  drenched  with  water,  and  carbon  dioxide  was  passed  into 
the  water  for  16  to  24  hours  on  three  or  more  successive  days,  the  ash  being  stirred 
from  time  to  time.  The  water  was  then  poured  off  and  analysed,  and  the  residue  left 
.each  time  was  treated  in  the  same  manner  for  tho  preparation  of  the  following  solu- 
tion. 

*  This  bone-ash  probably  contained  Ca0.2H=0.P=0% 
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Found  in  10,000  parts  of  each  soliitiou 

Total 

dissolred 
for  101) 

Number 

of 
solution 

II. 

III. 

IV. 

V. 

1  i 
VI.  J  VII.  VIII. 

1  i 

IX. 

X. 

XI. 

XII. 

XIII. 

XIV. 

XV. 

ori-iiially 
IJi-osrut 
in  tlje 

Bone-ash 

ifgo  '. 

I-OIS 
1-5'Jj 

1-473 

1-159 
1-747 

1-07.'! 
1-547 
-118 

1-000 
1-410 
-070 

1  1 

-0701-288  1-173 
1-279  1-789  1-572 
-079  -191  -073 

1-110 
1-433 
-06b 

l-02r 
1-329 
•070 

-900 
1-163 
-053 

Kot 
ana. 
lysed 

•770 

1-009 
•040 

•831 

-951 

11-35 
11-34 
65-79 

II.  Ex-pcriments  on  the  Solubility  of  Pure  Ox  Bone-ash. 


Found  in  10,000  parts  of  each  solution 

Total 
dissolved 
for  100 

originally 

Kumber 

present 

of 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

in  the 

solution 

Bone-ash 

CaO 
MgO 

1-0]  0 

1-  376 

2-  382 

-634 

M88 
•526 

•538 

■943 
■125 

•581 
■910 
■003 

•669 
-956 
■056 

-662 
-892 
•045 

■674 
•874 
■031 

-696 

4-19 

4-63 
96-34 

The  -whole  eifect  produced  by  the  carbonie'acid  water  upon  tlie  pure  bono-ash  appears 
to  have  consisted  in  the  removal  of  but  a  small  quantity  of  the  phosphoric  acid  and 
lime  (the  latter  in  some-what  larger  proportion  than  the  former),  -while  nearly  the 
■whole  of  the  magnesia  -n-as  taken  up.  The  magnesium  salts  in  bone-ash  appear,  indeed, 
to  be  much  more  soluble  than  the  calcium  salts.  Taking  the  mean  of  tlie  last  four 
experiments  in  the  second  table  as  representing  the  permanent  solubility  of  the  phos- 
phates of  the  pure  bone-ash,  -we  have  a  solubility  of  0-675  in  10,000  pts.  of  car- 
bonic acid  -^vatcr ;  and  reckoning  the  pliosphorio  acid  as  tricalcic  pliosphatc,  the  solu- 
bility of  this  phosph^ite  in  carbonic  acid  -svater  is  1  pt.  in  6788. 

Copper  Phosphates.— 'Rw\m(Ashiitg  (Por/cj.  Ann.  Ixviii.  383)  found  that,  on  drop- 
ping 3  mols.  cupric  sulphate  into  a  hot  solution  of  2  mols.  ordinary  sodium  phosphate, 
a  precipit.ito  is  formed  having  the  composition  2[(CuO)-P-0'*]  -f  CuO.P-'O^  4-  3H-0. 
According  to  J.  Weinock  {Ann.  Ch.  Pharm.  clvi.  57),  the  precipitate  thus  formed  con- 
tains soda.  In  the  perfectly -washed  precipitate  dried  at  100'^-110°,  he  found,  as  a 
mean,  38-32  p.e.  P=0^  40-45  CuO,  8-84  Na-O,  and  6-75  H-0,  giving  approximately  the 
proportion  4P-0^  :  9CuO  :  2]Sra-0.*  He  regards  this  substance  as  a  mixture  of  several 
compounds,  and  suggests  that  other  phosphates  obtained  by  precipitation  with  sodium 
phosphate  m.ay  also  contain  soda. 

Magnesium  P/iospAaics.— According  to  0.  '£o-^^{Zeitsohr.f.  Chem.  1870,  305), 
ammonium-magnesium  phosphate,  -when  heated,  always  exhibits  the  well-kno-ivn 
appearance  of  ignition,  provided  it  is  free  from  foreign  admixtures.  The  glo-w  m.ay, 
ho-wever,  be  weakened,  or  may  not  take  place  at  all.  if  the  phosphate  contains  calcium 
salts  or  other  salts  of  magnesium,  and  especially  if  it  contains  a  small  quantity  of 
silica.  The  glo-w  takes  place  at  a  rather  high  temperature  -^vhen  nil  the  water  and 
ammonia  have  been  already  driven  oflF,  so  that  weighings  before  and  after  its  appearance 
show  no  difference.  Tliis  glow-phenomenon  cannot  be  duo  to  the  conversion  of  the  phos- 
phoric into  pyrophosphoric  acid,  since  precipitated  magnesium  pyrophosphate,  Mg-T-0' 
+  5H-0,  likewise  glows  when  raised  to  a  strong  red  heat.  Popp  considers  that  it  is 
caused  by  the  passage  of  the  substance  from  the  crystalline  to  tlie  amorphous  state — in 
fact,  by  fusion ;  and  that  it  must  be  regarded  as  analogous,  though  in  the  contrary 
direction,,  to  that  which  takes  place  when  vitreous  amorphous  bodies  (amorphous 
arsenious  oxide  and  fused  boric  oxide)  assume,  under  certain  conditions,  the  crystalline 

•  *  The  circumstance  that  this  precipitate  contains  11  mols.  base  to  4  mols.  phosphoric  acid,  where.aa 
the  sodium  phosphate  contains  only  8  mols.  base  to  4  mols.  acid,  explains  the  fact  previously  noticed 
by  Eammelsberg,  that  the  filtrate  has  an  acid  reaction .  Weineck  found,  in  contradiction  to  Rammels- 
borg,  that  this  filtrate  is  precipitated  by  a  small  quantity  of  cupric  sulphate  (Jahresb.  1870,  355). 


976 


PHOSPHORUS:  OXYGEN  SALTS. 


form,  Arseuate  of  magnesium  and  ammonium  does  not  glo-w  when  heated,  apparently 
because  the  magnesia  set  free  at  the  same  time  prevents  the  fusion  of  the  arsenate. 
The  incandescence  which  certain  hydrated  metallic  oxides,  as  chromic  oxide,  ferric 
oxide,  &o.,  exhibit  when  heated,  admits  also,  according  to  Popp,  of  a  similar  interpre- 
tation, which  at  the  same  time  serves  to  account  for  the  great  indifference  of  the 
resulting  anhydrous  oxides. 

Silver  P ho S23  7iates.— According  to  E.  N.  Horsford  (American  Chemist,  i.  284) 
triargentic  phosphate,  heated  to  redness  with  pure  sand,  is  converted  into  the  corre- 
sponding metaphosphate. 

Sodium  Phosphates. — When  sodium  pyrophosphate  is  fused  with  1  mol.  of  boric 
oxide,  a  phosphoborate  of  sodium  is  produced,  which,  by  the  action  of  water  or  alcohol, 
is  decomposed  into  boric  acid  and  ordinary  sodium  phosphate.  If  the  pyrophosphate 
be  heated  with  oil  of  vitriol  till  vapours  of  sulphuric  acid  are  no  longer  evolved,  and 
the  product  be  then  dissolved  in  water  acidulated  with  phosphoric  acid,  the  solution  on 
evaporation  yields  brilliant  plates  of  a  salt  having  the  constitution  Na'-'SO  : 

NaT^O'  +  =  2Na2SO^HP03  +  H=0. 

Sodiuia  pliosplio-sulphate. 

An  acid  phospliate  will  give  a  similar  result.  The  phospho-sulphate  is  permanent 
in  air.  It  loses  1  mol.  of  water  at  200°,  and  the  second  only  at  a  red  heat,  when  it  is 
decomposed  into  sulphuric  acid  and  pyrophosphate.  Pure  water  resolves  it  into  phos- 
phoric acid  and  a  sulphate. 

On  treating,  metaphosphoric  acid  with  2  mols.  of  sulphuric  acid,  a  syrupy  uncrystal- 
lisable  liquid  is  produced,  decomposed  instantly  by  water  into  orthophosphoric  and 
sulphuric  acid.  The  solution  is  no  longer  precipitated  by  albumin.  Hence  we  may 
conclude  that  a  double  acid  corresponding  with  sodium  phosphosulphate  has  been  formed 
(Prinvault,  C'ompt.  rend.  Ixxiv.  1249). 

On  the  amount  of  Heat  evolved  in  the  Solution  of  Sodium  Phosphate  containing 
different  Proportions  of  Water  of  Crystallisation,  see  Pfaundler  {Dcut.  Chcm.  Gcs.  Ber. 
iv.  773  ;  Chem.  Soc.  J.  [2],  ix.  1131). 

Thallium  Phosphates. — Observations  on  the  isomorphism  of  these  salts  with 
the  phosphates  of  the  alkali-metals  have  been  made  by  Eammelsberg  (Bent.  Chem. 
Ges.  Ber.  iii.  276).  He  thinks  it  probable  that  acid  thallious  phosphate,  to  which 
Lamy  a.  Descloizeaux  {Ann.  Chim..  Vhys.  [4].  xvii.  310)  assigned  the  formula 
2T1-HP0*.H=0,  has  really  the  compositiou*TPHPO'.H=0,  analogous  to  that  of  the 
sodium  salt,  NaH^P0*.H=0,  with  which  it  is  isomorphous.  Monothallious  orthophos- 
phate,  TIH-PO',  is,  according  to  Eammelsberg,  isomorphous  with  the  ammonium  salt, 
(NH-')-HPO^  Lamy  a.  Descloizeaux  describe  a  compound  of  thallious  phosphate 
with  ammonium  phosphate  containing  (NH')^P0*.(NH'')-T1P0',  and  isomorphous 
with  the  ammonium  salt,  (NH')HTO*.  The  compound  prepared  by  Eammelsberg 
according  to  the  directions  of  Lamy  a.  Descloizeaux  had,  however,  a  different  composi- 
tion, and  Eammelsberg  therefore  regards  the  salt  in  question  as  an  isomorphous  mix- 
ture of  (NH^)H''PO'  and  Tl-HPO''.  He  regards  the  hydrogen  in  phosphates  as  a  so- 
called  isomorphous  constituent,  and  supposes  that  phosphoric  acid  itself  is  isomorphous 
with  the  phosphates  H=E'PO\  HE^PO\  E^PO'. 

Tin  and  Titanium  Phosphates. — Gustav  Eose  {Berl.  Akad.  Monatsher.  Juli, 
1867),  by  crystallising  titanic  acid  from  fused  microcosmic  salt,  obtained  flat  plates 
which  he  regarded  as  anatase.  W.  Knop,  however  {Ann.  Ch.  Pharm.  clvii.  363),  found, 
by  examination  with  polarised  light,  that  they  belonged  to  the  rhombic,  not  to  the 
quadratic  system.  Tliey,  moreover,  had  a  specific  gravity  of  only  2'9,  whereas  that 
of  anatase  is  3-890°-3-927°.  Turther,  on  fusing  them  with  potassium  carbonate, 
dissolving  in  liydrochloric  acid,  and  precipitating  witli  ammonia,  the  filtrate  was  found 
to  conbiin  phosphoric  acid,  and  quantita,tivo  analysis  gave  results  from  which  Knop 
deduced  the  formula  STiO^.P^O-':  he  therefore  inferred  that  tlie  crystals  consisted  of 
phosphotitanic  acid.  Stannic  acid  crystallised  in  like  manner  from  microcosmic 
salt,  yielded  pyramidal  crystals  consisting  of,  according  to  Knop's. analysis,  2SnO-.P-0^, 
and  two  kinds  of  cubic  crystals,  SnO^.P^O^  and  SSnO'-.P^O^  according  to  the  propor- 
tions of  the  materials  employed  {ibid.  clix.  36). 

G.  WuTidor  {J.pr.  Chem.  [2],  iv.  339)  finds,  on  the  other  hand,  that  all  these  com- 
pounds are  double  phosphates  of  tin  or  titanium  and  sodium. 

Stannic  oxide,  fused  with  a  mixture  of  borax  and  microcosmic  salt,  yields  quadratic 
pyramids  having  the  composition  SnNa'(PO^)-.  Crystallised  from  microcosmic  salt 
alone,  it;  yields  microscopic  crystals  which  might  bo  mistaken  for  cubes  were  it  not  for 
their  action  on  polarised  light;  they  have  the  composition  Sn^]Sra(PO')-',  and  are  some- 
times accompanied  by  the  quadratic  prisms  just  mentioned.  A  goniometric  examina- 
tion of  larger  crystals  of  this  species  showed  that  thoy  were  not  really  cubes,  but 


PPITHALEINS-PHTHALIC  ACID. 


977 


i-hnmljehcclrons,  tlio  angles  difFuriiig  from  a  right  angle  by  somewhat  more  than  2°. 
Tlio  I'ljrmation  of  the  qiiadratic  prisms  is  facilitated  when  the  stannic  oxide  is  in  rola- 
livi  ly  largo  quantity,  or  whoa  borax  is  present.  This  is  owing  to  the  formation  of 
trisoilic  phosphate,  as  was  proved  by  direct  experiment,  the  rhombohedrons  being  con- 
verted into  the  quadratic  prisms,  and  vice  versa,  according  as  the  flux  contained  less  or 
more  phosphoric  acid : 

Sn=Na(P0^)3  +  NaTO'  =  2[SnNa2(PO'y-]. 
Rhombohedrons  Quadratic  pyramids 

AVunder  attrilmtes  Knop's  results  to  the  fact  of  his  having  treated  his  crystals  wdth 
fused  phosphoric  acid,  whereby  they  wore  partly  decomposed  and  the  sodium  removed. 

The  compound  designated  by  Knop  as  phosphotitanic  acid  likewise  contains  sodium, 
and  has  a  composition  exactly  analogous  to  that  of  the  rhombohedrnl  tin  salt,  viz. : 
Ti-Na(PO')'.    The  crystals  are  rhombohedrons,  differing  but  very  slightly  from  cubes. 

Attempts  to  prepare  the  compound  TiNa-(PO')-,  by  adding  basic  sodium  phosphate 
to  the  required  flux,  were  unsuccessful  (Wundor). 

PHTHAiEms  and  PHTHAims.  The  name  xihthalein  is  applied  by  Baeyer 
{Bout.  Chcm.  Ges.  Bcr.)  to  certain  colouring  matters  produced  by  the  combination  of 
phthalio  anhydride  and  phenols,  monatomic  or  polyatomic,  with  eUmination  of  one  or 
more  molecules  of  water.  By  the  action  of  nascent  hj'drogcn  the  phtbaleins  are  con- 
verted into  colourless  compounds  called  phthalins,  which,  by  oxidation  in  the  air, 
are  reconverted  into  phthaleins.  Similar  colouring  matters  are  formed  by  the  action 
of  mellitio,  pyromellitic,  and  oxalic  acid  on  phenols  in  presence  of  sulphuric  acid. 

The  phthaleins  of  resorcin,  pyrogallol  and  naphthol  have  already  been  described  : 
see  Fluorescein  (p.  524),  Gallbin  (p.  634),  Naphtuol  (p.  839). 

Phcnol-phthalcin,  C-°H"0'. — When  a  mi.xture  of  10  pts.  phenol,  6  pts.  phthalic 
anhydride,  and  4  pts.  strong  sulphuric  acid  is  heated  to  120^-130°,  for  several  hours, 
a  red  mass  is  obtained  which,  when  treated  with  boiling  water,  yields  a  resin,  and  this 
resin  is  converted  by  boiling  with  water  into  a  yellowish  powder,  which  dissolves  in 
potash,  yielding  a  fiichsine-coloured  solution,  from  which  hydrochloric  acid  precipitates 
the  phenol-phthalein  in  white  resinous  flocks.  The  formation  of  this  body  is  repre- 
sented by  the  equation : 

C^H^O^  +  2C=H<'0  =  WO  +  C2«n"0^ 

Phenol-phthalein  is  isomeric  with  phenyl  phthalate  : 

C«H'(CO.OC''JI^)=  Cm\CQ.Cm'OWf ; 

Phenyl  phthalate  Fhenol.phthalein 

and  these  two  isomeric  compounds  appear  to  be  formed  simultaneously  by  the  action 
of  phenol  on  phthalyl  chloride. 

Tho  solution  of  phenol-phthalein  in  potash  is  decolorised  by  zinc-powder,  and  on 
adding  sulphuric  acid  to  the  solution  phenol-phthalein,  C="H'"OS  is  precipitated 
in  white  granules.  This  compound  forms  with  potash  a  colourless  solution,  which 
turns  red  on  exposure  to  the  air. 

PHTHASrC  ACZB,  C"IPO'  =  C''IIi(COOII)^  This  acid  is  formed  by  oxida- 
tion of  naphthaquinone  with  nitric  acid  (Lieberraann  a.  Dittler,  Dent.  Chcm.  Gcs.  Bcr. 
vi.  945). 

Electrolysis. — Tho  aqueous  solution  of  phthalic  acid  conducts  the  current  slowljs 
pure  oxygen  being  evolved  at  the  positive  pole.  Potassium  phthalate  is  easily  decom- 
posed, hydrogen  being  evolved  at  the  negative  pole,  and  the  solution  becoming  alka- 
line, while  at  tho  positive  pole  phthalic  acid  is  separated,  only  a  small  portion  of  it 
being  oxidised  to  carbon  monoxide  and  dioxide,  which  escape  with  the  oxygen  (Bour- 
goin,  Ann.  Chcm.  Phys.  [4],  xxii.  361). 

Bromophthalic  acid,  C<^ffBr.(COOH)-,  is  formed  by  heating  phthalic  acid  with 
bromine  (in  the  proportion  4  :  5)  and  water  to  180°-200°.  A  great  part  of  tho 
phthalic  acid,  however,  remains  unaltered,  and  may  be  separated  by  recrystallisatiou 
from  water,  the  Ijrominated  acid  remaining  in  the  mother-liquor.  The  latter  is  con- 
verted into  potassium  salt,  which  is  purified  by  repeated  crystallisation  from  90  p.c. 
alcohol,  and  tho  bromophthalic  acid  is  separated  by  sulphuric  acid  and  dissolved  out 
by  agitation  with  ether. 

Pure  bromophthalic  acid  is  a  white  powder  easily  soluble  in  water,  alcohol  and 
ether.  The  fotassiiim  salt,  C^H^BrO'K-  2H^0,  crystallises  from  hot  alcohol  in 
white  shining  deliquescent  needles.  The  barium  salt,  C^H'ErO^Ba  +  2.H-0,  is  ob- 
tained from  it  by  double  decomposition.  The  lead,  copper,  and  silver  scdts,  obtained 
in  like  manner,  are  anhydrous.  Tho  ethylio  ether  is  an  oil  having  a  faint  yellow 
colour  (A.  Faust,  Ann,  Ch.  Pharm.  cl.  56). 
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BicllorojihthaUc  acid,  C°H-CP(COOH)^  is  obtained  by  boiling  dichloronapb- 
thalene  tetrachloride,  C"'H''CP.CP,  with  ordinary  nitric  acid,  and  purified  by  repeated 
crystallisation  from  water.  It  dissolves  easily  in  alcohol,  etlier,  and  hot  water,  and  sepa- 
rates from  the  hot  concentrated  aqueous  solution,  sometimes  not  till  after  a  day  or  two, 
in  faintly  yellowish  prisms,  often  intergrown.  It  melts  at  183°-185°,  and  by  repeated 
sublimation  is  wholly  converted  into  dichlorophthalic  anhydride,  C"iI-C^-■0^ 
which  melts  at  187°,  and  resembles  benzoic  acid  in  appearance. 

Barium  dicMoropMhalate,  C*H-Cl-0'Ba  +  H^O,  separates  on  mixing  an  ammoniacal 
solution  of  the  acid  with  barium  clilorido,  in  prisms  which  are  sparingly  soluble  in 
water.  The  calcium  salt,  C^H-Cl-O'Ca  +  4H-0,  prepared  in  like  manner,  forms 
yellowish  prisms,  sparingly  soluble  in  water  (Faust). 

Nitrophthalic  acid,  C''H''(NO-).(C0OII)^  is  obtained  by  digesting phthalic  acid 
for  24  hours  with  a  mixtiu'e  of  equal  parts  of  red  nitric  acid  and  sulphuric  acid,  and 
precipitating  with  water.  It  crystallises  from  ether  in  pale  yellow  prisms,  which  melt 
at  208--210°,  being  partly  converted  at  the  same  time  into  the  anhydride.  It  dissolves 
easily  in  water  .ind  in  etlier.  By  the  action  of  tin  and  hydrochloric  acid,  it  is  con- 
verted into  ordinary  amidobenzoic  acid,  melting  at  173°-17o°  : 

C«HXN02)(COOH)2  +  3H=  =  CO^  +  2W0  +  C«HXNff).COOH. 

Neutral  i^otassiuni  nitrophthalate,  C^II'(NO^)O^K'^  +  H-O,  is  precipitated  from 
aqueous  solution  by  alcohol  in  yellowish  needles,  permanent  in  the  air,  and  easily 
soluble  in  water.  From  hot  90  p.c.  alcohol  it  crystallises  anhydrous.  The  acid,  salt, 
C*HXNO^)0'K  +  H-O,  is  precipitated  on  mixing  a  strong  solution  of  the  neutral  salt 
■with  nitrophthalic  acid,  in  white  needles,  less  soluble  in  water  than  the  neutral  salt. 
The  ammonium  salt,  C*H^(NO-)0''(NIi')-,  is  formed  in  large  rhombic  prisms  on  mixing 
a  solution  of  the  acid  in  strong  ammonia  with  absolute  alcohol,  till  a  turbidity  is  pro- 
duced. It  dissolves  easily  in  water,  and  crystallises  therefrom  wdth  difficulty.  The 
acid  ammonium  salt,  C'H^(N02)0'(NH^),  separates  on  mixing  the  alcoholic  solution  of 
the  neutral  ammonium  salt  with  nitrophthalic  acid,  in  slender  yellowish  white  needles, 
less  soluble  in  water  than  the  neutral  salt.  The  barium  salt,  C"H^(NO'^)0'Ba  +  xH-O, 
crystallises  from  its  supersaturated  aqueous  solution  in  shining  yellowish  laminae, 
containing  a  variable  amount  of  crystallisation-water.  It  is  but  slightly  soluble  in 
water.  The  zinc  salt,  C^H'(NO-_)0*Zn  +  fffO,  prepared  by  boiling  an  aqueous 
solution  of  the  acid  with  zinc  oxide,  is  a  yellow  crystalline  powder.  The  lead  salt, 
C'H^(NO-)0'Pb  +  |II-0,  is  a  wliite  slightly  soluble  precipitate.  The  silver  salt, 
C^H'(NO^)0'Ag-,  is  a  white,  sparingly  soluble  powder. 

The  neutral  ethylic  ether,  G*ff(NO^)0'.(C-H^)-,  is  easily  formed  by  passing  gaseous 
hydrogen  chloride  into  the  warm  solution  of  nitrophthalic  acid  in  absolute  alcohol. 
It  is  a  faintly  yellow,  scentless  oil,  which  boils  with  rapid  decomposition,  at  a  tempe- 
rature above  300°  (Faust). 

The  acid  ethylic  ether,  C*II''(NO-)O^C-H^,  is  formed  on  passing  gaseous  hydrogen 
chloride  into  the  cold  alcoholic  solution  of  tho  acid,  and  remains  on  evaporating  the 
alcohol,  as  an  oil  which  gradually  crystallises.  By  boiling  its  aqueous  solution  with 
barium  carbonate,  a  barium  salt  is  obtained  which  crystallises  from  water  in  stellate 
groups  of  easily  soluble  prisms. 

Dinitrophthalic  acid,  C*H''(NO-)-0''. — An  acid  having  this  composition  is  obtained  by 
the  action  of  a  mixture  of  nitric  acid  and  sulphuric  acid  on  nitranisic  acid.  It  is  very 
sparingly  soluble  in  cold  water,  and  crystallises  from  boiling  water  in  colourless  rhombic 
tablets.  The  ammonium  salt  dissolves  easily  in  water,  and  crystallises  therefrom  in 
stellate  groups  of  thin  yellow  needles.  The  bariimi  salt,  C''H''^(NO-)-0''Ba,  is  also  nearly 
insoluble  in  boiling  water  (Engelhardt  a.  Latschinolf,  Zeitschr.f.  Chem.  [2],  vii.  262). 

Xsopbthalic  iLcld.  V.  Meyer  {A7in.  Ch.  Pharm.  clvi.  265;  clix.  1)  prepares  this 
acid  by  the  action  of  sodium  formate  on  potassium  sulphobenzoate  : 

C"H'lsS3??  +  S.COOXa  =  HKS03  +  C^H^  {g^gi. 

The  isophthalic  acid  thus  prepared  dissolves  easily  in  alcohol  and  ether,  is  nearly  in- 
soluble in  cold  water,  sparingly  soluble  in  boiling  water,  and  separates  therefrom  on 
cooling  in  flocks  which  melt  above  300°.  The  methylic  ether  melts  at  64°-65° ;  the 
barium  salt  contains  3  mols.  water. 

According  to  Storrs  a.  Fittig  {ibid,  cliii.  283)  isophthalic  acid  (from  xylene)  dis- 
solves in  460  pts.  of  boiling  water,  and  in  7,800  pts.  water  at  25°.  The  ethylic  ether, 
Gm\COOC'Wf,  is  a  colourless  liquid  boiling  at  285°,  and  solidifying  at  0°  to  a 
radio -crystalline  mass. 

Nitro-isophthalic  acid,  C^H3(N0-).(C00H)'',  is  prepared  by  boiling  isophthalic 
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acid  for  three  or  four  Iiours  with  fuming  nitric  acid,  evaporating  to  dryness,  and  re- 
crystallising  from  water  ;  or  it  may  be  piirified  by  conversion  into  the  calcium  salt. 
It  forms  thin  shining  laminae  which  dissolve  easily  in  water  and  in  alcohol,  and  melt 
at  248°-2-19°.  Together  with  this  acid  thero  is  formed  a  small  qiumtity  of  another 
acid  melting  at  10°-15°  lower. 

Calcium  nitro-isophthalate,  C"HXN02)0*Ca  +  3iH-0.  is  sparingly  soluble  in  cold 
water,  and  turns  reddish  on  exposure  to  light.  The  barium  salt,  C'*H^(NO-)0<Ba 
+  2^11^0,  exhibits  similar  properties.  The  ethylic  ether  is  unafFoctcd  by  light,  easily 
soluble  in  hot  alcohol,  sparingly  soluble  in  cold  alcohol,  and  in  water.    It  melts  at 

Amido-isophthalic  acid,  Cm\^W){COO'E)-,  crystallises  from  boiling  water 
in  lamina;,  from  solutions  containing  acetic  acid,  and  from  alcohol,  in  prisms  slightly 
soluble  in  cold  water  and  in  aleoliol.  It  sublimes  undecomposed  when  cautiously 
heated,  but  di  i'oni|H.-.    w  Ih  h  im i    II v  heated.    It  forms  very  stable  salts  both  with 

acids  and  v.iih  li  :  .         I   ^ roMondc,  C«ff (NH-)0^._HCT  +  H-0,  is  easily 

soluble  in  ^^.ltir,  n  ,  '  .  .  !  in  strong  hydrochloric  acid.  The  sidphatc, 
[C*'H^(NH'-)0'|-.,SU'11'  +  JMi,  dissolves  e:isily  in  water,  and  crystallises  therefrom 
in  concentrically-grouped  prisms.  Ciipric  aiiado-isopldhalate  is  formed  as  a  green 
precipitate  of  variable  composition,  when  the  hydrochloride  of  amido-isophthalic  acid 
is  mixed  with  cupric  acetate  (Storrs  a.  Fittig). 

Terephthalic  iS-cid  may  be  formed  from  solid  dibromobenzene  by  treating  the 
latter  in  ethereal  solution  with  sodium  and  methyl  iodide,  distilling  off  the  methylic 
ether  and  the  resulting  hydrocarbon  alter  the  action  is  finished,  and  oxidising  the 
latter,  after  it  has  been  purified  by  fractional  distillation,  -with  potassium  chromato 
and  sulphuric  acid  (V.  Meyer,  Deut.  Chem.  Ges.  Ber.  iii.  753). 

PHTHiS.X,IC  CHS>OK2BE,  CHVO'^-GV,  is  readily  obtained  l)y  boiling  gently 
for  several  days  a  mixture  of  1  niol.  plillialic  acid  and  2  mols.  phosphorus  peiita- 
chloride  to  which  a  little  oxychloride  is  added.  As  soon  as  the  evolution  of  hydro- 
chloric acid  ceases,  the  product  is  distilled  from  an  oil-bath,  and  the  chloride  boiliug 
at  270°  is  collected  separately.  It  is  a  yellowish  oily  liquid,  which  is  heavier  than 
water,  and  deconaposed  by  it  but  slowly.  When  exposed  to  moist  air,  it  is  gradually 
converted  in  beautiful  monoclinic  crystals  of  phthalic  anhydride,  boiling  at  275° 
(Ador). 

PHTHAaYS.,  or  BIPETHA3«YX-,  C'^HsQ'  =  (C«H'0"-)=,  (Ador,  Ann.  Cli. 
Fharm.  clxiv.  22'J).  Phthalic  chloride  is  very  readily  acted  upon  by  silver  dust ;  by 
gradually  adding  14  pts.  of  the  latter  to  10  pts.  of  the  chloride,  a  solid  mass  is  obfciined, 
■which,  in  order  to  finish  the  reaction,  may  be  heated  for  some  time  in  an  oil-batli  to 
150°.  The  products  consist  of  phthalic  anhydride,  a  portion  of  which  sublimes  during 
the  latter  operation,  a  resinous  body  soluble  in  alcohol,  and  diphtlialyl,  which  is 
isolated  by  exhausting  the  product  repeatedly  -with  boiling  water  and  with  alcohol. 
The  dried  residue  is  then  heated  in  a  combustion-tube,  through  which  a  slow  current 
of  dry  carbon  dioxide  passes,  the  diphthalyl  subliming  as  a  light,  orange-coloured 
crystalline  mass,  which  may  bo  purified  by  dissolving  it  several  times  in  hot  phenol, 
and  reprecipitating  it  by  alcohol.  The  pure  compound  has  a  pale  yellow  colour;  it  is 
insoluble  in  water,  scarcely  soluble  in  alcohol  and  ether,  sparingly  soluble  in  chloro- 
form, carbon  sulphide,  and  liquid  hydrocarbons.  Phenol  and  cold  concentrated 
sulphuric  acid  are  the  only  liquids  which  dissolve  larger  quantities  of  it.  It  melts  a 
little  above  300°,  subliming  at  the  same  time  in  soft  felted  needles.  The  formation 
of  diphthalyl  is  explained  by  the  equation  : 

^COCl  ^CO— CO 

2C«H<  +  2Ag=  =  4AgCl  +  CH^  '^CH'. 

^COCl  \co— co--''^ 

When  diphthalyl  is  licated  in  a  current  of  air,  a  sublimate  is  obtained,  consisting  of 
phthalic  anhydride,  a  red  resinous  body,  and  unaltered  diphthalyl. 

Biphthalyialdehydic  Acid,  C"*I1"'0^  is  produced  by  dissolving  diphthalyl  in 
hot  caustic  alkalis  ;  on  the  addition  of  hj'drochloric  acid  to  the  solution,  a  bulky 
precipitate  of  the  new  acid  is  obtained.  After  drying  it  is  a  white,  bulky,  indistinctly 
crystalline  powder;  it  is  insoluble  in  water,  very  sparingly  soluble  in  alcohol,  ether, 
chloroform,  petroleum-naphtha,  and  benzene,  but  dissolves  readily  in  hot  phenol,  cold 
caustic  soda,  and  solutions  of  alkaline  carbonates. 

When  rapidly  heated  it  melts  only  above  300°,  but  on  heating  it  for  six  hours  to 
180°  it  becomes  perfectly  liquid,  and  then  consists  of  a  mixture  of  phthalic  acid,  a 
little  diphthalyl,  and  an  acid  which  has  the  composition  C"''H"'0^,  and  molts  between 
200°  and  225°. 

3  s  2 
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Noifcher  the  free  acid  nor  any  of  its  salts  could  be  obtained  in  the  pure  state  ;  tho 
solutions  of  tho  latter  soon  deposit  mieroscopio  needles  of  diphthalyl;  this  decomposi- 
tion takes  place  quickly  on  heating,  and  the  yield  is  tho  larger  the  better  the  air  has 
been  excluded,  whilst  in  contact  -with  air  much  less  diphthalyl  is  obtained.  On  adding 
hydiochlorio  acid  to  tho  remaining  solution,  a  mixture  of  two  acids  is  preeifiitated ; 
one  of  them  appears  to  bo  identical  witli  the  acid  C'^H'"©' ;  it  is  soluble  in  absolute 
alcohol  and  a  large  qi^antity  of  boiling  water,  from  which  it  crystallises  in  prisms  ; 
the  second  acid,  which  is  much  less  soluble  in  alcohol,  is  diphthalic  acid,  C"'H"'0'^; 
it  is  also  formed  by  boiling  the  sodium  salt  of  diphthalylaldehydic  acid  with  silver 
nitrate,  and  by  heating  diphthalyl  with  concentrated  nitric  acid. 

33iplitiialie  Acid,  forms  microscopic  needles  or  plates  ;  it  is  almost  insoluble  in 
water,  alcohol,  and  ether ;  sparingly  in  chloroform,  carbon  sulphide,  and  ether,  but 
readily  in  solutions  of  the  caustic  alkalis  and  their  carbonates  and  in  phenol.  It  melts 
at  266°. 

Barium  diphthalate,  G^H^BaO"  +  2W0,  crystallises  in  small  colourless  plates. 
Silver  diphthalate,  C'^H^Ag-O",  crystallises  from  boiling  water  in  small  needles.  A 
zinc  salt  of  constant  composition  could  not  be  obtained ;  the  salts  of  the  alkali-metals 
are  very  deliquescent,  and  form  indistinct  crystals ;  the  copper  salt  is  a  bulky,  bluish- 
white  precipitate,  and  the  lead  salt  a  dense  white  precipitate.  It  is  very  difficult  to 
obtain  diphthalic  acid  and  its  salts  perfectly  pure,  as  they  readily  absorb  oxygen.  By 
boiling  their  alkaline  solution,  even  in  closed  vessels,  resinous  acids  and  plithalic  acid 
are  formed,  whilst  when  the  operation  is  performed  in  open  vessels  only  the  latter  acid 
is  produced.  Phthalic  acid  is  also  formed  by  heating  diphthalic  acid  for  some  time 
with  nitric  acid,  and,  together  with  diphthalyl  and  phthalic  anhydride,  when  diphthalic 
acid  is  heated  a  few  degrees  above  its  melting  point. 

The  formation  and  constitution  of  diphthalylaldehydic  acid  and  diphthalic  acid,  and 
the  decomposition  of  the  latter  by  heat,  may  bo  explained  as  follows  : — 


(1)  .  CH^r  >C«IL'  +  HONa  =  C°H'<  >C«ff. 

\CO-CO-^  \C0  00^ 

I  I 
ONa  H 

DipMhalio  acid 

CO— CO.  /CO— CO, 

(2)  .  C«H'C  >C''HHNaOH  +  Ag-0  =  C«H'<  ^CH'  +  H-O  +  Ag^ 

--CO    CO^  ^CO  CO^ 

II  II 
ONa  H  ONa  ONa 

CO— CO^  ,C0— CO.  .CO. 

(3)  .  2C«H<  >C''H'  =  C'=H'Cr  ">C«H^  +  2C=ff<        yO  +  iWO. 

^CO    CO-"  ^CO— CO^  ^CO-^ 

I         I  Diphthalyl  Plithalio 

OH    OH  anhycU-itlo 

SSielilorodipSitiialyl,  C'^H^CPOS  is  produced  by  heating  diphthalyl  with  phos- 
phorus pentachloride  and  some  oxychloride  in  sealed  tubes  for  five  hours  to  160°. 
It  crystallises  from  hot  benzene  in  rhombic  plates  melting  at  248°,  and  solidifying 
again  at  196°.  It  is  almost  insokible  in  alcohol,  but  readily  soluble  in  alcoholic  potash, 
with  formation  of  potassium  chloride,  and  a  compound  crystallising  in  hexagonal  plates, 
probably  a  dioxydiphthalyl. 

Diphthalyl  dissolves  in  cold  bromine,  apparently  without  change,  but  on  heating 
the  mixture,  hydrobromic  acid  is  given  off,  and  monobromodiphthalyl,  C'H'BrO*, 
is  formed,  together  with  a  compound  containing  more  bromine.  Monobromodiphthalyl 
is  easily  obtained  pure  by  heating  diphthalyl  with  bromine  and  water  in  sealed  tubes 
to  100°.    It  is  soluble  in  benzene,  and  crystallises  in  small  hexagonal  plates. 

The  bye-products  obtained  in  the  preparation  of  diphthalyl  always  contain  diphthalic 
acid ;  the  formation  of  this  acid  may  be  explained  by  assuming  that  the  phthalic 

dicliloride  used  contained  some  phthalic  monochloride,  C^H'  |cOCl^' 

2C^H<  +  Ag=  =  C«H*<f        ^^^yC^W  H-  2AgCl. 

IGOOl  ^CO  CO-^ 
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In  order  to  oLtain  this  monocbloride,  plithalic  anhydride  was  heated  with  some- 
what less  than  1  iiiol.  of  ]5hosphorus  pentachloride.  The  product  consisted  of  un- 
altered plithalic  anhydride,  phthalic  dichloride,  and  the  compound  C'"H"CPO^,  pro- 
bably a  combination  cf  C«ff  {qq^i  ^^-itt  j^ogf"  •  It  crystallises  in  long 
plates,  melting  at  17°.  On  heating  it  with  silver-dust,  it  yields,  besides  phthalic  anhy- 
dride and  diphthalyl,  a  considerable  qiiantity  of  diphthalic  acid. 

The  resinous  bye-products  contain,  besides  diphtlialic  acid,  several  other  compounds  ; 
of  tliese,  one  having  the  composition  C"^H'°0'  crystallises  from  boiling  water  in  small 
wiiite  needles  melting  at  2-10'^,  with  formation  of  phthalic  anhydride.  It  is  soluble  in 
ammonia ;  silver  nitrate  produces  in  the  neutral  solution  a  wliite  precipitate  having 
the  composition  C"'II"'Ag-0^ ;  the  corresponding  barium  salt  is  obtained  by  dissolving 
tlie  acid  in  b.aryta  water,  and  evaporating  the  solution  in  a  vacuum.  It  crystallises 
in  small  plates  having  the  composition  C^H'^BaO'  +  Il-O.  When  the  ammonium 
salt  is  boiled  with  silver  nitrate,  reduction  takes  place,  and  a  compound  having  the 
properties  of  diphthalic  acid  is  formed.  The  compound  C'"H"'0  '  is  therefore  an  anhy- 
dride, either  C^H'  {^Jj,"  ^q}  CIP,  or  CH'  {*^^'_o.C(?}  P^'o^^^^'y 
formed  by  the  action  of  diphthalic  acid  on  diphthalyl : 

C"'H'»0°  +  C"=H«0*  =  C'»H'"0'  +  2Cm'0\ 

3>j:COE.IIifSS,  C^H'N.  On  tlie  occurrence  of  this  base  and  its  homologues  in 
tobacco-smoke,  sec  Tobacco. 

Picoline  is  formed  by  heating  allyl  tribromide  with  ammonia,  dibromallylamino 
lieing  formed  in  the  first  instance,  and  subsequently  resolved  into  liydrobroniic  acid 
and  picoline  (Ador  a.  Baeycr,  Jahrcsb.f.  Chcm.  1870,  807)  : 

2C^H5Br«  +  NH^  =  4HBr  +  NH(C^H'Br)2 

and  lNH(G^H<Br)2  =  2HBr  +  C»H'N. 

The  formation  of  picoline  from  acrolein-ammonia  is  noticed  in  the  \si  SujipL 
(p.  944).  According  to  Glaus  {Ann.  Ch.  IViarm.  clviii.  222),  it  is  not  a  direct  product 
of  the  decomposition  of  acrolein-ammonia,  biit  results  from  the  secondary  decom- 
position of  a  non-volatile  base,  which  is  formed  in  the  first  instance  and  partly  distils 
over  xmaltered. 

Oxidation-products. — Picoline  is  not  acted  ou  by  nitric  or  chromic  acid,  even  at  high 
temperatures,  but  permanganic  acid  and  the  potassium  salt  act  upon  it  with  consider- 
able energy.  When  150  grams  of  potassium  permanganate,  25  grams  of  picoline,  and 
]  h  litre  of  water  were  heated  nearly  to  the  boiling  point  in  a  flask  with  reversed  con- 
denser, a  violent  action  took  place,  rendering  it  neces'sary  to  remove  the  source  of  heat ; 
the  reduction  of  the  permanganate  was  completed  in  half  an  hour. 

The  products  of  this  reaction  are  ammonia,  probably  a  small  quantity  of  pyridine, 
carbonic,  nitric,  acetic,  oxalic,  and  a  mixture  of  acids,  amongst  which  dicarbo-pyri- 

donic  acid,  C'H'N |  qq,^^  ,  predominates;  this  body,  after  several  recrystallisa- 

tions  from  water,  was  obtained  in  colourless  plates  resembling  naphthalene.  It  is  a 
bibasic  acid  ;  the  neutral  ammonium  salt  is  extremely  soluble  in  water  ;  the  acid  salt 
is  less  soluble  and  crystallises  in  fine  silky  needles.  The  mercury,  copper,  cadmium, 
and  zinc  salts  are  also  readily  soluble.  The  barium  and  calcium  salts,  which  are  also 
soluble,  were  obtained  in  minute  prismatic  needles  by  adding  the  respective  chlorides 
to  a  solution  of  the  neutral  sodium  or  ammonium  salt.  The  silver  salt  is  specially 
characteristic ;  it  is  obtained  as  a  white  gelatinous  precipitate,  insoluble  in  boiling 
water,  and  not  visibly  affected  by  exposure  to  light. 

The  oxidation  of  picoline  likewise  yields  another  acid  of  higher  molecular  weight, 
which  still  remains  solid  at  220°  (Dewar,  Chcm.  News,  xxiii.  38). 

Small  quantities  of  picoline  and  its  homologues  have  been  found  by  Kramer  a. 
riuuer  {Deut.  Chcm.  Ges.  Bcr.  iii.  75)  in  the  '  first  runnings  '  of  spirit  distillation. 

PlCStSC  ACSB,   On  the  Thermic  Relations  of  this  compound,  see  Heat  (p.  620). 

Dctidion  in  Beer. — According  to  Sorby  {Qu.  J.  of  Micros.  Soc.  1869,  358)  picric 
acid  may  be  very  distinctly  recognised  in  beer  by  means  of  its  spectrum.  The  picric 
acid  extracted  by  ether  shows  an  absorption  band  at  the  blue  end  of  the  spectrum. 

On  the  use  of  Picric  Acid  as  a  Precipitant  for  Alkaloids,  see  p.  43. 

PSCKOTOXIW.  According  to  J.  Gaabe  {Buss.  Zcitschr.  Pharm.  x.  449,  481) 
piciN^toxin,  treated  witli  aqueous  potash  or  baryta,  yields  compounds  formed  from  it  by 
addition  of  water  and  oxygen.  Tho  quantities  of  oxygen  taken  up  varied  in  individual 
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experiments,  and  seemed  to  be  greater  the  longer  the  mixtures  of  alkali  and  picrotoxin 
were  heated  in  contact -with  the  air.  From  the  experiments  of  Earth  (1st.  Suppl.  643) 
and  his  own,  Gaabe  infers  that  picrotoxin  is  neither  an  acid  nor  a  glucoside;  and  that 
it  unites  with  bases  only  after  having  taken  up  water,  or  sometimes  water  and  oxygen. 
Some  of  the  expei^iments  indicate  the  existence  of  acetyl-derivatives  of  picrotoxin  and 
of  its  hydrates  and  oxygen-compounds. 

PHa-ACOSlC  AiCOHOS.,  C«Hi'0  =  {CH3)=C0H— CH(CH3)^  (Friedel  a.  Silva, 
Compt.  rend.  Ixxvi.  220).  This  alcohol,  isomeric  with  hexyl  alcohol,  is  produced  by 
treating  pinacolin  witli  sodium  in  presence  of  water,  agitating  the  white  substance 
thereby  formed  with  water,  and  distilling  the  resulting  liqiiid.  Pinacolic  alcohol  then 
passes  over  as  a  liquid  having  a  camphorous  odour,  boiling  at  120'5°,  and  of  sp.  gr. 
0  8347  at  0°.  It  solidifies  at  low  temperatures  to  a  mass  of  long  silky  needles  melt- 
ing at  4°.  Treated  with  phosphorus  iodide,  or  hydriodic  acid,  it  yields  the  iodide, 
C^H'-I,  a  liquid  boiling  at  140°-144°,  and  having  a  sp.  gr.  of  1-4739  at  0=.  Heated 
with  water  it  partly  decomposes,  yielding  a  hexylene  which  boils  at  70°.  With  silver 
acetate  it  yields  pinacolic  acetate,  boiling  at  140°-143°,  besides  much  hexylene. 
The  chloride,  obtained  by  the  action  of  hydrochloric  acid  on  the  alcohol  at  100°  in 
closed  tubes,  boils  at  112-5°-114-5°,  and  has  a  density  of  0-8891  at  0°. 

By  careful  oxidation  of  the  alcohol  with  potassium  dichromato  and  sulphuric  acid, 
pinacolin  is  reproduced.  Pinacolin  itself,  when  submitted  to  oxidation,  yields  a 
volatile  crystalline  acid  melting  at  20°. 

The  crystalline  residue  left  in  the  retort  after  the  removal  of  the  pinacolic  alcohol 
by  distillation,  melts  at  69°,  and  is  a  pinacone  of  pinacolin: 

The  molecular  complication  does  not  stop  at  pinacolin,  so  tliat  by  starting  from 
acetone  it  may  be  possible  to  obtain  a  series  of  these  compounds  by  successive  dupli- 
cation. 

PSTTACOWB,  C^H'^O-.  When  hydriodic  acid  gas  is  passed  over  pinacone  con- 
tained in  a  retort  connected  with  a  reversed  condenser,  the  gas  is  absorbed,  with  great 
evolution  of  heat  and  liberation  of  iodine.  The  saturation  is  completed  by  gently 
warming  the  liquid;  the  contents  of  the  retort  are  distilled;  the  distillate  washed  with 
aqueous  potasli  and  water — no  organic  acid  being  thereby  dissolved  ;  and  the  product 
is  dried  with  phosphoric  anhydride  and  distilled.  The  liquid  begins  to  boil  at  40°, 
impure  isopropyl  iodide  passes  over  at  88°-96°,  and  there  remains  only  a  very  small 
quantity  of  a  residue  boiling  at  a  higher  temperature.  By  heating  the  crude  isopropyl 
iodide  for  16  hours  with  ten  times  its  volume  of  water,  fths  of  it  is  dissolved,  a  heavy 
oil  remaining  undissolved.  The  aqueous  solution  contains  isopropyl  alcohol, 
which  when  separated  and  dried  boils  at  80^-82°. 

When  the  portion  of  the  crud?  product  of  the  action  of  hydriodic  acid  on  pinacone 
which  boiled  below  88°  was  heated  to  100°  for  sixteen  hours  with  ten  times  its  volume 
of  water,  a  small  quantity  of  a  colourless  very  volatile  hydrocarbon  was  obtained,  which 
distilled  betweeen50°  and  72°  (the  greater  part  at  70°),  and  gave  by  analysis  numbers 
agreeing  with  the  formula  of  hexane,  C'H". 

It  appears,  then,  that  pinacone  is  converted  by  hydriodic  acid  (as  by  dilute  acids) 
into  pinacolin,  which  is  further  resolved  into  isopropyl  alcohol  and  hexane  : 
H'C,  CH-  H^G. 

2  HO  \C-C:^        +  3H-  =  2  HO  -^CH  +  C'H'^ 

Pinacolin  Isopropyl  2exaue 

alcohol 

(Linnemann,  Wien.  Akad.  Ber.  [2  Abth.]  Ixili.  255). 

TfTKOJiTN.    A  light  oil  obtained  in  the  distillation  of  '  rosin-oil.' 

PXPEROITAI.,  C'H''0^  and  PXPSROBrVX.IC  ACZB,  C»H«0^  These  bodies, 
which  stand  to  one  another  in  the  relation  of  aideliyde  and  acid,  are  formed  by  the 
oxidising  action  of  potassium  permanganate  on  piperic  acid.  They  wore  first  obtained 
by  Fittig  a.  Mielck,  who  studied  many  of  their  properties  and  reactions,  and  the 
examination  has  been  continued  by  Fittig  a.  Eemsen.  The  principal  results  of  these 
researches  have  been  detailed  in  the  First  Supplement  (pp.  947-949).  The  following 
are  additional  results  obtained  by  Fittig  a.  Eemsen  (Ann.  Ch.  Pharm.  clix.  129; 
Chem.  Soc.  J.  [2],  ix.  936). 

Action  of  Baryta-water,  Hydrcchloric  acid  and  Water,  on  Piferonylic  acid. — A  boil- 
ing aqueous  solution  of  barium  hydrate  does  not  act  on  piperonylic  acid.  Dilute 
hydrochloric  acid  decomposes  it  at  170*^  into  protocatechuic  acid  and  free  carbon : 
C^H-O'  =  C  +  CH'^O^. 
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Water  acts  in  a  similar  manner,  but  the  decomposition  does  not  take  place  below  210'', 
at  ■which  temperature  the  protocatcchuic  acid  is  resolved  into  carbon  dioxide  and  pyro- 
catechuio  acid  : 

Cm<'0*  =  G  +  CO'-  +  C"H«0^ 

Pipcronylic  Pyro- 
acid  catecbui 

In  like  manner  piperonal  heated  to  200^  with  very  dilute  hydrochloric  acid  (10  or  12 
vols,  -water  to  1  vol.  of  the  concentrated  acid)  is  resolved  into  carbon  and  protocatcchuic 
aldehyde  :  C«H«0^  =  C  +  C'H«0^ 

Action  of  Phosphorus  pentachloridc  on  Pipcronylic  acid. — The  action  is  similar  to 
that  which  takes  place  with  piperonal  {\st  Sitppl.  948).  When  1  mol.  piperonylic  acid 
is  heated  with  3  mols.  PCP,  hydrochloric  acid,  phosphorus  trichloride  and  oxychloride 
are  formed,  together  with  an  oil  which,  when  treated  -with  water,  yields  dichloro- 
piperonylic  acid,  C'H'Cl-O'',  and  this  when  Jieated  is  completely  resolved  into 
hydrochloric  acid,  carbon  dioxide,  and  protocatcchuic  acid : 

Cm^CVO'  +  2B.-0  =  2HC1  +  CO"-  +  C'H«0', 

affording  a  proof  that  the  compound  formed  in  like  manner  from  dichloropiperoual  is 
really  protocatcchuic  aldehyde. 

The  experiments  abovo  mentioned,  together  ->Tith  those  described  in  the  First  Supple- 
ment, show  that  in  piperonal  the  two  oxygen-atoms  not  belonging  to  the  aldehydic 
group,  CHO,  occupy  a  peculiar  position,  and  that  the  formula  previously  assigned  to 
this  body  must  be  rejected.  The  structural  formula;  of  piperonal  and  piperonylic  acid 
most  in  accordance  with  the  reactions  of  these  bodies  are  the  following : 


C«H^ 


(0. 

[CIIO  I  COOH 


representing  piperonal  as  the  methylcnic  ether  of  protocatcchuic  aldehyde,  and  piper- 
onylic acid  as  methylene-protocatechuic  acid.  When  these  bodies  are  subjected  to  the 
action  of  phosphorus  pentachloride,  the  aldehyde-group,  CHO,  of  the  one,  and  the 
carboxyl  of  the  other,  are  first  attacked,  yielding: 

Cm^L^^^^         and  C^H^  Q^^^ 

[cHcr-  icoci 

Piperonal  chloride  Piperonyl  chloride 

These  bodies  can  lose  no  more  oxygen  by  the  action  of  pentachloride,  and  consequently 
any  further  action  must  result  in  the  replacement  of  hydrogen  by  chlorine,  producing: 

0>CC1^  and  C'B3L>CC1= 

CHCl-  COCl 


C<=H^ 


which  are  exceptionally  unstable  bodies,  the  chlorine  last  introduced  being  analogous 
to  that  of  carbouyl  chloride,  COCl^.  These  compounds,  in  presence  of  water,  exchange 
their  CI-  for  0,  producing  : 

C'wIq^^^'  and  Cff-Q^^^ 

icHCP  icOCl 

wluch  immediately  split  up  on  contact  with  water,  yielding  respectively  protocatcchuic 
aldehyde  and  protocatcchuic  acid. 

Synthesis  of  Pipcronylic  acid. — That  this  acid  really  has  the  constitution  of  methy- 
lene-protocatechuic acid  is  proved  by  the  fact  that  it  may  be  formed  synthetically  by 
heating  1  mol.  protocatcchuic  acid,  3  mols.  potassium  hj'drate,  and  1 J  mol.  methylene 
iodide  in  a  sealed  tube  for  several  hours,  first  at  the  heat  of  the  water-bath,  and  finally 
to  140°  in  an  air-bath.  On  treating  the  nearly  black  contents  of  the  tube  with  alcohol, 
heating  the  extract  thus  obtained  with  potash  for  some  time  to  decompose  any  methy- 
lene-ether  of  the  methylene-protocatechuic  acid  that  may  have  formed,  then  adding 
hydrochloric  acid,  filtering  from  the  In'own  amorphous  precipitate  thereby  produced, 
and  evaporating  the  filtrate,  crystals  are  obtained  which,  after  recrystallisation,  treat- 
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ment  sntli  animal  eliareoal,  and  sublimation,  exhibit  the  melting  point  (227°)  and  all 
the  other  characters  of  piperonylic  acid  (Fittig  a.  Eemsen,  Zeitschr.  f.  Chcm.  [2],  vii. 
280). 

In  a  precisely  similar  manner  ethylene-protocatechuic  acid,  C^H^-  ' 

[cOOH 

inay  be  prepared  by  heating  protocatechuic  acid  with  ethylene  bromide  and  potassium 
hydrate  (Fittig  a.  Maealpine,  ibid.  291).    See  Peotocatechuic  Acid. 

PITTICITS.  A  specimen  of  this  mineral  from  Kedruth  in  Cornwall,  analysed 
by  A.  H.  Church  {Chem.  News,  xxiy.  99),  exhibited  the  composition  given  under  A ; 
and,  assuming  thiit  all  the  water  driven  oif  at  100°  is  hygroscopic,  these  numbers  may 
be  reduced  by  calculation  to  those  under  B  : 

n=OatlOO°    H=Oatl75°  Jf^^^^^ 
A.       ,    8-76  7-53  8-63         32-54       33-99       1-27       7-28  =  100 


P»0= 

SO' 

32-54 

33-99 

1-27 

35-67 

37-25 

1-39 

B.       .     —  17-71  35-67       37-25       1-39       7-98  =  100 


W.  Giimbel  {Munch.  Alad.  Bcr.  1870,  i.  105)  has  analysed  an  iron  sinter  resembling 
pitticite,  imbedded,  in  lumps  of  the  size  of  a  man's  head  and  having  a  pitchy  lustre, 
in  a  crumbling  brown  hjematite  which  fills  np  a  cleft  in  the  fresh-water  limestone  in 
the  Spitzberg  in  the  Eies.  From  its  mode  of  occurrence  Giimbel  infers  that  it  has 
been  deposited  from  a  spring,  and  he  remarks  that  arsenic  is  found  in  many  vitreous 
deposits  from  still  active  springs.  '  The  deposit  contained  phosphoric  acid  and  2-28  p.c. 
calcium  carbonate.    A  complete  analysis  by  Putz  gave  : 

As=0=       Fe=0'        CaO         MgO        BaO         H^O         X*  Yf 
31-3       28-0       10  0       0  08       3  15       26  3       2-6       1-8  =  98-63 
*  Insoluble  in  hydrochloric  acid,  amounting  in  some  specimens  to  G  p.c,  and  consisting  chiefly  of 
ferruginous  clay,   t  Loss  and  CO-. 

PIATKUITM.  Fusibility.— W.  Skey  {CJmn.  News,  xxii.  268)  observed  that  plati- 
num in  the  form  of  fine  wire  may  be  fused  in  an  ordinary  blow-pipe  flame  if  the  loss 
of  heat  by  conduction  be  prevented.  E.  J.  Chapman  (ibid,  xxiii.  33)  remarks  that  this 
fact  has  long  been  known,  being  mentioned  in  Plattner's  '  Probirkunst,'  p.  16,  in  Lenz's 
'  Lotlirohrschule,'  and  Bruno-Kerl's  '  Leitfaden.' 

H.  Violette  {Coinpt.  rend.  Ixxv.  1027)  states  that  he  has  fused  platinum  in  an  ordi- 
nary furnace  without  the  aid  of  a  blast,  and  describes  the  furnace  in  which  the  fusion 
was  effected.  Dumas  {ibid.  1028)  suggests  that  the  platinum  may  have  contained 
traces  of  carbon,  silicon,  or  sulphur,  all  which  substances  are  known  to  lower  its  melt- 
.ing  point  considerably. 

Action  of  Hydrogen,  sitlphide  and  Alkalis. — Skey  finds  that  platinum  immersed  in 
aqueous  sulphydric  acid  or  ammonium  sulphide  becomes  covered,  like  gold  (p.  573), 
with  a  layer  of  sulphide  which  protects  it  from  the  action  of  mercury ;  the  film  may, 
as  also  in  the  case  of  gold,  be  removed  by  chromic  acid.  Platinum,  immersed  in  a 
solution  of  ammonia  or  a  fused  alkali,  becomes  coated  -vidth  a  film  of  oxide  which  like- 
wise completely  jJrotects  it  from  amalgamation. 

Plaiinum-Black. — E.  Smith  (American  Chemist,  1872,  ii.  291)  prepares  platinum- 
black  by  reducing  potassium  platinochloride  with  hydrogen,  dissolving  out  the  potas- 
sium chloride  -with  water,  and  drying  the  residue  at  a  temperature  not  above  100°. 

On  the  Separation  of  Platinum  from  Iridium,  see  Iridium  (p.  684). 

On  the  Alloys  of  Platinum  and  Lead,  see  Lead  (p.  729). 

CMorides.  According  to  Mather  (Sill.  Am.  J.  [2],  xxxii.  262),  platinic  chloride, 
crystallised  from  aqueous  solution,  has  the  composition  PtCl*  -f  lOH'O;  according 
to  a  more  recent  analysis  by  Bodecker  (Jakresb.  f.  Chem.  1872,  p.  277)  it  contains 
■PtCl'  +  8H20.  H.  Lawson  (Zeitschr.  f.  Chcm.  [2],  vii.  615)  states  that,  according  to 
.analyses  by  Protopopew,  the  chloride  separated  in  large  prismatic  crystals  from  an 
aqueous  solution  evaporating  in  the  exsiccator,  has  the  composition  PtCl'  +  lOH-0. 
It  is  remarkable  that  these  crystals,  in  spite  of  their  large  amount  of  water,  deliquesce 
.yery  quickly  on  exposure  to  the  air. 

A  new  hydrate  of  platinic  chloride  is  described  by  S.  A.  Norton  (J.  pr.  Chem.  [2], 
ii.  469).  When  1  mol.  platinic  chloride  in  aqueous  solution  is  mixed  with  a  solution 
of  2  mols.  silver  nitrate,  the  double  chloride  AgCl.PtCP,  described  by  Commaille 
(\st  Siippl.  952),  separates  out.  The  filtrate,  which  is  free  from  silver,  gives  off  acid 
on  evaporation,  and  if  then  left  over  sulphuric  acid,  deposits  large  well-defined  red 
crystals  which  appear  to  be  monoclinic,  and  contain  nothing  but  chlorine  and  platinum 
in  the  proportion  to  form  thcj  tetrachloride  together  with  water.  This  hydrated  clilorida 
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does  not  deliquesce  in  the  air;  when  mixed  with  sal-ammoniac  it  gradually,  after  long 
standing  or  on  heating,  deposits  ammonium  platinochlorido.  It  is  not  produced  by 
evaporating  a  solution  of  platinic  chloride  containing  excess  of  hydrochloric  acid. 

A  compound  of  platinic  chloride  with  alcohol,  PtCr'.aC-ffO,  is  obtained  by  evapor- 
ating a  solution  of  the  chloride  in  absolute  alcohol  in  a  dry  vacuum.  It  then  remains 
as  a  crystallinu  ruddish-yellow  mass,  which  is  extremely  deliquescent,  and  decomposes 
at  50'=  (Scliiitzcnbergcr,  "Cowpif.  rend.  Ixx.  1134). 

Platosocklorostilphites  (Birnbaum,  Ann.  Ch.  Fharm.  clix.  116). — The 

formation  of  platosochlorosulphurous  acid,  Pt"  j^^g^jj)  by  the  action  of  sulphurous 

acid  on  ammonium  platiuochloride,  is  noticed  in  the  \&t  Sup]}l.  (p.  1066),  where  also  its 

ammonium  and  potassium  salts  are  described.  The  sodium  salt,  Pt  |  ^q3-j^^^.2NH^C1 

+  H-0,  obtained  by  neutralising  the  free  acid  with  sodium  carbonate,  forms  shining 
orange-coloured  needles.  The  calcium  and  magnesium  salts,  prepared  in  like  manner, 
are  extremely  deliquescent,  so  that  they  cannot  be  obtained  in  distinct  crystals,  but  only 
as  felted  masses  of  fine  needles.  The  magnesium  salt  especially  has  a  beautiful  satiny 
lustre.  The  analyses  of  these  salts  (disregarding  accidental  admixtures  of  NH'Cl 
and  H^O)  led  to  the  formulse: 

CI— Pt— SO^  CI— Pt— SO' 

^Ca,  and  >Mg. 

Cl-Pt— SO^'  Cl-Pt— SO^-^ 

On  neutralising  the  acid  with  caustic  baryta,  barium  sulphite  is  first  formed,  and 
afterwards  small  reddish-yellow  crystalline  leaflets  having  tlie  composition  : 

CI— Pt— sov 

^Bi       BaCI^  -f  6NH'C1  +  3ffO. 

CI— Pt— SO^''' 

By  acting  on  ammonium  platiiiordiloride  or  platosochlorosulphurous  acid  with  acid 
ammonium  sulphate,  both  the  chlorine-atoms  of  platinous  chloride  may  be  replaced  by 
the  group  SO'H.  In  the  former  case  Ijeautiful  colourless  prisms  are  obtained  which, 
when  neutralised  with  potassium  carbonate,  yield  a  salt  having  the  composition 

PtjgQjj^  -t-  iSO^I^^^  +  3H-0;  the  original  acid  compound  probably  had  the  com- 
position Pt|  gQ3j-j-  +  SO' l^''^  -f  lIPO,  which  indeed  was  conih'med  by  the  platinum 

determination.  The  salt  Pt(S0'H)^2Nn^Cl  -I-  WO,  formerly  described  by  Birnbaum 
{\st  Siippl.  1066),  he  was  not  al)le  to  reproduce.  By  treating  platosochlorosulphurous 
acid  with  acid  ammonium  siilphit.-.  colourless  prisms  are  obtained  represented  by  the 
formula  Pt(SO'NH'') -.2X11 '( '1,  .nid  agreeing  very  nearly  in  percentage  composition 
with  the  salts  forniei-ly  . I.  >  ri ! n  d.  When  sulphurous  anhydride  is  passed  for 
some  time  into  an  aqueous  sohition  of  ammonium  platinochlorido,  and  the  liquid 
is  neutralised  with  sodium  carbonate,  the  salt,  S0'l?t.3S0'Ka^,  first  described  by 
Litton  a.  Sclmederman  (v.  649),  is  produced.  Birnbaum  regards  this  salt  as 
Pt(S0'I'ra)'.3S0'Na'-. 

Platinocarbonyl  Chlorides  (Schiitzenberger,  Ann.  Chim.  Phi/s.  [4],  xxi. 
350).  Platinous  chloride  unites  with  carbon  monoxide,  forming  the  following  com- 
pounds : 

Ck 


Platinocarbouyl  chloride,  ^Pt  CO 

Cl-"^ 

CI  ^CO^, 
Platinodicarbonyl  chloride,  ^Pt:^ 

Cl-^     ^CO  ^ 

Cl^  CO— PtCl= 

Platinotricarbonyl  tetrachloride,        ^PtC^  j 

ci-^  ^CO-CO 


When  .spongy  platinum  is  heated  to  240*^-250°  in  a  glass  tube  about  half  an  inch 
wide,  placed  in  an  oil-bath,  and  dry  chlorine  is  passed  over  it  till  it  is  wholly  con- 
verted into  dichloride,  that  is  to  say  as  long  as  the  chlorine  continues  to  be  absorbed, 
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and  the  stream,  of  chlorine  is  then  replaced  by  carbon  monoxide  or  a  mixture  of  tliat 
gas  with  the  dioxide,  the  cold  part  of  the  tube  becomes  coated  with  a  mixture  of  the 
second  and  third  compounds  above  mentioned,  and  from  this  mixture  the  pure  com- 
pounds may  be  prepared. 

Platinocarbotij/l  Chloride,  Cl-Pt.CO  {Qclmizmhtrgev's  Carbonylchloroplatinite), 
is  obtained  by  heating  the  crude  product  to  150°,  the  di-  and  tri-carbonyl  compounds 
then  giving  off  carbon  monoxide.  Heated  to  240°  in  a  stream  of  carbon  dioxide,  it 
sublimes  in  long  golden-yellow  needles  which  melt  at  105°  to  a  transparent  orange- 
yellow  liquid.  It  dissolves  in  hot  carbon  tetrachloride,  and  separates  in  needles  on 
cooling.  Water  decomposes  it  into  platinum,  carbon  monoxide,  and  hydrochloric  acid, 
but  the  reaction  is  not  definite,  and  part  of  the  platinum  remains  in  solution.  With 
alcohol  it  yields  ethylic  chlorocarbonate.  At  300°-400°  it  is  resolved  into  platinum 
and  carbonyl  chloride,  part  of  it,  however,  subliming  undecomposed.  Heated  in  a 
stream  of  carbon  oxide  to  160°,  it  is  converted  into  platino-dicarbonyl  chloride,  and  at 
260°  the  tricarbonyl  compound  is  also  formed  in  considerable  quantity. 

Platino-dicarbonyl  Chloride,  CPPt=C-0-  {Bicarbonyl  chloroplatinitc),  is  ob- 
tained by  heating  the  original  crude  product  in  a  stream,  of  carbon  oxide  to  150°.  It 
sublimes  slowly  at  that  temperature  in  an  atmosphere  of  the  same  gas,  in  white 
needles  which  melt  at  142°  to  a  yellow  transparent  liquid  solidifying  in  long  needles. 
It  is  decomposed  by  water  into  platinum,  hydrochloric  acid,  carbon  dioxide  and  carbon 
monoxide;  gives  off  carbon  monoxide  at  210°,  and  is  converted  into  platino-tricarbonyl 
tetrachloride;  and  when  heated  to  150°  in  a  stream  of  chlorine,  gives  off  carbonyl 
chloride,  and  yields  a  dark  red  liquid  which  solidifies  at  120°  to  a  red  translucent 
amorphous  mass  containing  66  4  p.c.  platinum  and  22'4  chlorine. 

Platino-tricarbonyl  Tetrachloride,  CPPt'CO^  {Scsquicarbonyl  chloroplati- 
nite). — This  compound  is  obtained  in  the  pure  state  when  the  crude  product  is  treated 
with  boiling  carbon  tetrachloride,  and  the  first  crystallisations  are  collected  apart ;  it 
is  much  more  soluble  in  that  liquid  than  the  dicarbonyl  compound,  and  crj'stallises 
therefrom  in  slender  yellow  needles  which  melt  at  130°,  and  are  converted  at  260°, 
with  loss  of  carbon  monoxide,  into  platinocarbonyl  chloride,  Cl-PtCO.  Water  and 
alcohol  separate  platinum  from  it,  in  the  former  case  according  to  the  equation  : 

Cl<Pt=C'0'  +  2W0  =  4HC1  +  Pt^  +  CO  +  200=. 
Heated  in  an  atmosphere  of  carbon  monoxide,  it  is  permanent,  like  the  dicarbonyl- 
compound,  even  at  temperatures  at  which,  in  an  indifferent  gas,  it  would  be  converted 
into  Cl-PtCO. 

Platino-ethylenc^cttrbonyl  Chloride. — Ethylene-carbonyl  chloroplatinite  {Chlo- 
roplatinite  d' ethylene  carbonylc).  When  dry  ethylene  gas  is  passed  over  platino-monocar- 
bonyl  chloride  heated  to  95°,  it  is  absorbed,  and  ayellow  liquid  is  formed,  probably  having 
.CO 

the  composition  CPPtC  •:.    If  the  heat  be  raised  a  little  above  95°,  hydro- 

^^c=ir^ 

chloric  acid  is  formed,  and  at  the  end  of  the  reaction  there  remains  a  dark-coloured 
product  insoluble  in  water  and  not  decomposed  thereby.  Its  analysis  led  to  the 
formula  C^H'Cl.Pt.CO,  whence  it  should  be  formed  according  to  the  equation  : 

CPPtCO  +  C=H^  =  HCl  +  C^H^ClPtCO. 

Platinocarbonyl  Diamines  (Schiitzenberger,  loc.  cit,)  The  mono-  and  di- 
carbonyl chlorides  above  described  are  attacked  by  dry  ammonia  even  at  ordinary 
temperatures,  but  the  alteration  is  incomplete  and  merely  superficial ;  if,  however,  the 
temperature  be  raised  to  the  melting  point,  a  thorough  decomposition  takes  place, 
attended  "with  formation  of  sal-ammoniac  and  separation  of  platinum.  If  the  reaction 
be  moderated  by  passing  dry  ammonia-gas  into  a  solution  of  platinocarbonyl  chloride 
in  carbon  tetrachloride,  the  liquid  becomes  decolorised  and  deposits  light  yellow  flocks 
consisting  of  plat i nocarbonyl-di amine  hydrochloride,  (NH»)=PtC0.2HCl. 
Platino-dicarbonyl  chloride,  treated  ina  similar  manner,  yields  plalino-dicarbonyl- 
diamine  hydrochloride,  (jSlH-)=PtC20^2HCl. 

Both  these  compounds  melt  when  heated,  and  are  resolved  into  platinum,  sal- 
ammoniac,  nitrogen,  hydrogen,  and  a  pungent-smelling  liquid  which,  when  treated 
with  water,  yields  hydrochloric  acid  and  a  volatile  acid  which  reduces  silver  salts,  and 
is  therefore  probably  formic  acid.  Schiitzenberger  supposes  that  the  volatile  liquid 
is  formyl  chloride,  CHO.Cl.  It  is  produced  in  a  small  quantity  only,  and  often 
does  not  appear  at  all,  being  resolved  into  hydrochloric  acid  and  carbon  monoxide. 
Its  formation  may  perhaps  be  represented  by  the  equation : 

(Nff)-PtC0.2HCl  =  JSfH^Cl  +  N  -f  H  -h  Pt  +  CHO.Cl. 
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Water  decomposes  tlio  liydrocliloridc  of  platinoearbonyl  diamine,  according  to  the 
equation : 

(Nn=)=PtC0.2HCl  +  H^O  =  2NH<C1  +  C0=  +  Pt. 

Phosphoplatinic  Compounds  (Schiitzenberger,  Bull.  Soc.  Chim.  [2],  xiv. 
178  ;  xvii.  482  ;  xviii.  101,  148).  Bandrimont  observed  that  platinum  is  attacked  at 
about  200°  byphosphoruspentaehloride,  forming  a  brown  substance  -which  lie  regarded 
as  a  compound  of  phosphoric  chloride  and  platinic  chloride,  2PCP.PtCP  (iv.  612). 
Schiitzenberger,  however,  has  shown  that  this  body  is  really  a  compound  of  phosplio- 
rous  chloride  and  platinous  chloride,  formed  according  to  the  equation  : 

Pt  +  POP  =  PtCP.PCP. 

This  compound,  analogous  in  constitution  to  platinocarbonyl  chloride.  PtCl-.CO,  is 
capable,  like  the  latter,  of  taking  up  diatomic  groups  such  as  PCP,  CO,  C^H^,  CI-,  &c., 
and  forming  compounds  such  as  PtCP.P^CP,  PtCl'^.PCP.CO,  &c. 

Schiitzenberger  designates  the  compounds  PtCP.PCP  and  PtCP.P-'CP  as  phospho- 
flatinous  chloride  and  phosphoplatinic  chloride;  but  as  the  platinum  in  both  of  them 
is  tetratomic,  it  is  better  to  name  Xham  pihosphoplati7iic  and  diphosphi'pliif  iiiu-  t  hl'-riclc. 

These  two  chlorides  easily  exchange  the  chlorine  which  is  united  ti'  I  In'  iili'  spliorus 
for  hydroxyl,  the  tirst  yiehling  a  tribasic  and  the  second  a  sexbasic  aci  I  ;  Iml  tin  two 
chlorine-atoms  united  with  the  platinum  resist  the  action  of  water,  and  l)chave  like  the 
chlorine  of  metallic  chlorides,  being  replaceable  by  acid  radicles. 

In  accordance  with  these  facts  the  composition  of  these  chlorides  maybe  represented 
by  the  following  structural  formulje,  in  botli  of  which  the  platinum  is  quadrivalent 
and  the  phosphorus  quinquivalent : 

/PCP 

CPPt=PCP  CPPt::^  I 

^PCP 

Phosphoplatinic  Diphosphoplatinio 
chloride.  chloride. 

When  phosphoplatinic  chloride  takes  up  a  bivalent  group,  tlie  double  linking  between 
the  phosphorus  and  platinum  is  severed,  the  bivalent  group  thus  introduced  satisfying 
the  platinum  by  one  of  its  atomicities  and  the  phosphorus  by  the  other,  e.g.  in  the 
formation  of  diphosphoplatinic  chloride  by  addition  of  PCP. 


Mo  11  op  h  0  sp  h  oplat  in  i  c  Co  mp  ound  s. 

Chloride,  CPPtzrPCP.  This  compound  is  formed  by  heating  thoroughly  dried 
spongy  platinum  and  phosphorus  pentachloride  in  molecular  proportion  to  250°  in  a 
long-necked  flask,  continuing  the  heat  for  half  an  hour  after  the  first  action  is  over, 
and  then  decanting  the  fused  mass  to  separate  a  small  quantity  of  uncombined  platinum. 
On  cooling,  a  red-brown  crystalline  mass  is  obtained  made  up  of  felted  needles  If 
the  liquid  portion  be  decanted  before  the  whole  has  solidified,  the  flask  will  be  found 
lined  with  a  druse  of  splendid  large  needles  grouped  in  tufts.  The  compound  may 
also  be  purified  by  crystallisation  from  chloroform  or  benzene. 

Phosphoplatinic  chloride  crystallises  in  beautiful  maroon-coloured  needles  which 
melt  at  170°,  and  dissolve  with  aid  of  heat  in  carbon  tetrachloride,  chloroform, 
benzene,  and  toluene,  the  last  two  liquids  dissolving  it  in  considerable  quantity.  When 
cautiously  heated  it  is  gradually  resolved  into  platinous  chloride  and  phosphorous 
chloride  ;  when  quickly  heated  it  gives  oif  phosphoric  chloride  and  leaves  a  residue  of 
platinum,  a  small  portion  also  volatilising  unaltered. 

Phosphoplatinic  chloride  gently  heated  in  a  stream  of  chlorine,  takes  tip  2  atoms  of 
chlorine,  and  forms  a  yellow  powder  which  has  the  composition  CPPt — PCP,  and  is 
resolved  at  a  heat  below  200°  into  phosphorus  trichloride  and  platinum  tetrachloride. 

Phosphoplatinic  chloride  dissolves  rapidly  in  water,  forming  a  solution  which  con- 
tains hydrochloric  acid  and  tribasic  phosphoplatinic  acid  : 

CPPt=:PCP  +  3H=0  =  3HC1  +  Cl-Tt=:P(0H)3 

the  water  removing  only  three-fifths  of  the  chlorine.  Alcohols  act  in  the  same  manner, 
forming  phosphoplatinic  ethers;  e.g. 

Cl'-Pt=PCP  4-  3(C-H\0II)  =  3HC1  +  CPPt=P(OC^H^)'. 

Glycerin  is  likewise  attacked  by  phosphoplatinic  chloride,  with  evolution  of  hydro- 
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chloric  acid  and  formation  of  a  syrupy  substance  soluble  in  water.  AVith  acetic  acid, 
the  products  are  acetyl  chloride  and  phosphoplatinic  acid  : 

Cm^PCP  +  3(C2ffO.OH)  =  SC-H^OCl  +  CI=Pt=P(OH)'. 

Ammonia  and  alcoholic  amines  unite  directly  with  phosphoplatinic  chloride,  forming 
complex  bases  which  will  be  described  further  on. 

Phosphoplatinic  chloride  unites  directly  with  phosphorus  trichloride,  forming  di- 
phosphopiatinic  chloride,  Cm=P2CP. 

Shospiioplatinic  Acid,  Cl^Pt=P(OH^).  This  tribasic  acid  is  obtained  by  dis- 
solving phosphoplatinic  chloride  in  water,  and  evaporating  the  solution  in  a  vacuum. 
It  forms  orange-red  prismatic  crystals,  very  deliquescent,  and  having  a  taste  both  acid 
and  metallic.  Silver  nitrate  produces  in  its  solution  a  yellowish-white  precipitate,  not 
of  constant  composition,  but  probably  containing  CPPt:=P(OH)(OAg)'^.  Witli  neutral 
lead  acetate  it  gives  a  light  yellow  precipitate  which,  when  washed  with  -svater  and 
dried  in  a  vacuum,  contains  (01-Pt=P0^)"Pb'  +  8H^0  ;  it  is  decomposed  by  heat, 
giving  off  a  considerable  quantity  of  water.  Basie  lead  acetate  forms  a  yellow  pre- 
cipitate which  has  the  composition  (Cr^Pt=PO^)-Pb'.2PbO  +  iWO,  and  detonates 
slightly  when  heated. 

The  alkali  salts  of  phosphoplatinic  acid  have  not  beftn  prepared ;  on  saturating  the 
acid  with  an  alliali  or  alkaline  carbonate,  the  liquid  quickly  blackens,  and  on  addition 
of  alcohol  yields  a  precipitate  not  containing  chlorine. 

Phosphoplatinic  Ethehs.  The  acid  allyl  ether,  CPPt=P(0H)2(0OTI^),  is 
formed  by  the  action  of  allyl  alcohol  on  the  chloride  ;  it  is  crystallisablc  and  soluble 
in  water. 

Amyl  Vho  sfhoflatinate . — When  3  mols.  amjd  alcohol  are  added  to  a  solution 
of  1  mol.  phosphoplatinic  chloride  in  benzene,  and  the  product  is  washed  with  water 
and  evaporated  at  a  gentle  heat,  a  thick  highly  coloured  residue  is  left  which  does  not 
crystallise.  A  similar  product  is  obtained  by  treating  the  chloride  directly  with 
amylic  alcohol.  The  viscid  substance  treated  with  ammonia  yields  a  glutinous,  yellow- 
brown  insoluble  mass,  and  a  colourless  solution  which,  on  evaporation,  leaves  a  hydro- 
chloride crystallising  in  white  nacreous  leaflets  ;  this  salt  is  analogous  to  a  diamylic 
ether,  and  contains  (C''*H"0)=(OH)P==Pt.N*H-'.Cl. 

Ethyl  Phosphoplatinate,  CPPt::^(OC"-H^)^— Phosphoplatinic  chloride  dissolves 
in  absolute  alcohol,  with  rise  of  temperature  and  elimination  of  hydrochloric  acid.  On 
diluting  with  water  and  exactly  neutralising  the  solution  with  sodium  carbonate,  a 
yellow  crystalline  mass  separates  whicb  is  easily  purified  by  crystallisation  from  alcohol. 
It  is  better,  however,  to  leave  the  alcoholic  solution  of  the  chloride  to  evaporate  in  a 
vacuum,  wash  the  crystallised  residue  with  water,  and  purify  it  by  slow  crysUxllisa- 
tion  from  alcohol. 

Ethyl  phosphoplatinate  forms  large  yellow  triclinic  prisms,  insoluble  in  pure  water, 
but  soluble  in  water  acidulated  with  hydrochloric  acid,  also  in  alcohol  and  in  benzene. 
It  melts  at  83°,  and  decomposes  at  about  180°,  giving  off  ethjd  chloride,  ethylene, 
hydrochloric  acid,  and,  towards  the  end,  marsh-gas  and  carbon  monoxide,  and  leaving 
a  grey  residue  containing  platinum  and  metaphosphoric  acid.  Ethyl  phosphoplatinate, 
treated  in  alcoholic  solution  with  silver  nitrate,  exchanges  part,  or  the  whole,  of  its 
chlorine  for  the  nitric  residue  NO',  forming  red  syrupy  uncrj'stallisable  compounds 
represented  by  the  formula? : 

(N03)ClPt— P(0C^H=>)3    and  (NO')=Pt=P(OC=H=)'. 

The  alcoholic  solution  of  ethyl  phosphoplatinate  immediately  turns  brown  on  addi- 
tion of  alcoholic  potash-solution,  depositing  potassium  chloride ;  and  water  added  to 
the  liquid  throws  down  brown  flocks  which,  in  the  dry  state,  take  flre  spontaneously 
in  contact  with  the  air  ;  on  redissolving  these  flocks  in  alcohol  and  evaporating  the 
solution  in  a  vacuum,  a  black  amorphous  mass  is  left  possessing  much  greater  stability. 
The  analysis  of  this  compound  agrees  approximately  with  the  formula  PtPO(C-H*0)-. 

The  alcoholic  solution  of  ethyl  pliosphoplatinate,  treated  with  shic  at  common  tem- 
peratures, turns  brown,  and  yields,  after  some  hours,  on  addition  of  water,  a  brown 
flocculent  precipitate  approximating  in  composition  to  the  formula  [PtP(OC-H')']-Zn. 
If  the  action  of  the  zinc  takes  place  at  higher  temperatures,  an  analogous  compound  is 
obtained  having  a  darker  colour,  free  from  zinc,  and  agreeing  approximately  with  the 
formula  PtP-(OC^H*)«.  ... 

Ethyl  phosphoplatinate  unites  direcily  \v\th.  ]phosphorus  trichloride,  the  combination 
being  attended  with  evolution  of  heat,  and  resulting  in  the  formatiou  of  ethyl  di- 
p h  o s p h o p la, t i n a t e ,  Cr-P t=P=CP( 0 C--H5)^ 

An  alcoholic  solution  of  ethyl  chloroplatinate  saturated  with  ethylene  yields,  after 
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evaporation  of  tlie  alcohol,  a  liglit  yellow  oily  liquid  insolublo  iu  alcohol,  and  having 
the  composition  : 

,P(OC=n^)' 

ciTt=P(oc=n=)H  ci-Pt<  I 

This  additive  compound  gives  off  its  ethylene  in  contact  with  phospliorous  chloride  or 
ammonia. 

Ethyl  phosphoplatinate  likewise  unites  directly  with  carbon  monoxide  when  this  gas 
is  passed  into  its  solution  iu  anhydrous  ether,  yielding  a  light  yellow  oily  compouud 
P(OC-ff)' 

having  the  composition  Cl-Pt'     |  .    This  compound  is  soluLlo  in  alcohol, 

^CO 

ether,  and  benzene,  but  insoluble  in  water,  and  decomposes  gradually  in  contact  with 
water,  yielding  carbonic  and  hydrochloric  acids,  together  with  a  yellow  viscous  body, 
ClPt— PH(OC-Ii'')^  formed  according  to  the  equation  : 
,P(OC=fff 

Cl-Pt^  I  +  H-0  =  IICl  +  C0=  +  ClPt— Pn(OC=IP)'. 

Action  of  Ammonia  on  Ethyl  PhospJioplatinalc. — This  ether  combines  directly  with 
ammonia,  forming  bases  of  complex  constitution.  Its  solution  in  ammonia  yields,  by 
evaporation,  colourless  deliquescent  prismatic  crystals  of  a  salt  very  soluble  in  water 
and  in  alcohol.  The  same  salt  is  more  easily  obtained  by  passing  ammonia  gas  into 
a  solution  of  ethyl  phosphoplatinate  in  benzeue,  the  liquid  after  a  while  solidifying  to 
a  mass  of  white  crystals.    This  salt  is  the  hydrochloride  of  a  diamine,  containing: 

(C-'H=0)'P=Pt(Nff.HCl)=,    or   (C^ffO)»P=PtCP+ 2Nff. 

The  flatinochloride  of  the  same  base  is  a  light  yellow  precipitate  which  dissolves 
in  hot  water  and  crystallises  on  cooling  in  yellow  prisms  having  tho  composition 
(C-H^O)'P=Pt(NH-.lICl)-.PtCl'. 

When  a  solution  of  ethyl  phosphoplatinate  in  absolute  alcohol  is  saturated  with 
ammonia  gas,  the  liquid  becomes  colourless,  and  gradually  deposits  colourless  crystals 
less  deliquescent  than  tho  former.  The  compound  thus  formed  is  a  complex  double 
salt  represented  by  tho  formula  : 

(C-IPO)T=Pt(NIP.HCl)-  +  I  >Pt(NH-.HCl)= 

the  first  term  of  which  is  the  hydrochloride  above  described. 

This  double  hydrochloride,  treated  with  strong  aqueous  potash,  gives  off  ethyl- 
amine,  and  yields  an  oily  product  which,  under  the  influence  of  very  strong  potash,  is 
transformed  by  simple  dehydration  into  a  crystalline  mass.  This  product  is  soluble 
in  pure  water  and  in  alcohol,  but  very  slightly  soluble  in  potash-ley.  Its  solution 
evaporated  over  the  water-bath  leaves  an  amorphous  colourless  transparent  residue, 
having  the  composition  : 

ll>^       ^  /|> 
Pt— NH2  H^N— Pt— NH- 

This  substance  is  probably  a  mixture  of  two  bases  differing  from  the  original 
alkaloids  by  containing  a  molecule  less  of  ethylamino. 

The  double  hydrochloride  above  mentioned  melts  at  150°,  and  decomposes,  giving 
off  ammonia  and  ethyl  chloride,  and  leaving  a  brittle,  vitreous,  colourless,  transparent 
mass,  very  soluble  in  water  and  in  alcohol.  This  body,  which  has  tho  composition 
(O-ffO)-PPtON-H'^Cl,  may  bo  regarded  as  the  monohydrochloride  of  a  diamine,  or  as 
the  hydrochloride  of  an  ammoniated  monamine,  viz. : 

(C-^IPO)T. 

either     (C=H=^0)=(OH)P:zPt.N'H*.HCl,    or  /  |  ^  ^ 

H^N— PtCkH-.HCl 

The  chloroplatinato  is  a  yellow  precipitate  containing  48'5  p.c.  platinum,  which 
agrees  with  the  preceding  formute. 

On  attempting  to  crystallise  this  body  from  boiling  water,  or  on  adding  chlorine  or 
a  large  excess  of  platinic  chloride  to  the  solution  of  the  vitreous  salt,  a  crystalline, 
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slightly  yellowish  deposit  is  obtained,  -which  dissolves  in  boiling  water,  and  crystal- 
lises therefrom  in  light  yellow  needles.  This  compound,  which  contains  neither  carbon 
nor  phosphorus,  is  represented  by  the  formula  : 

PtONH'CP,    or   NH^H.PtCP  +  H^O. 

Ethyl  phosphoplatinate  combines  also  with  solid  toluidine.  When  an  alcoholic 
solution  of  the  ether  is  heated  with  an  excess  of  this  base,  the  liquid  becomes  decolor- 
ised, and  yields  on  cooling  a  crystalline  deposit  which,  when  washed  with  dilute  hydro- 
chloric acid  and  repeatedly  crystallised  from  boiling  alcohol,  yields  colourless  prismatic 
needles  easily  soluble  in  alcohol,  very  slightly  soluble  in  water  and  in  ether,  and  having 
the  composition  (C-H'*0)3P(C'H»N)PtCP.  This  compound,  treated  in  alcoholic  sohi- 
tion  with  potash,  yields  potassium  chloride  and  a  colourless  product  which  crystallises 
in  fine  silky  needles  insoluble  in  water,  and  less  soluble  in  alcohol  than  the  preceding. 
Dried  at  100°  it  has  the  composition  (C2H'iO)3P(C'H»N)Pt(OH)-. 

Methyl  Phosphoplatinate,  Cl-Pt3:P(0CH-^)'.— Phosphoplatinic  chloride  acts 
strongly  on  methyl  alcohol ;  and  the  resulting  liquid  evaporated  in  a  vacuum  yields  a 
crystalline  mass  which  may  be  purified  by  repeated  crystallisation  from  alcohol,  or  by 
solution  in  benzene.  The  methylic  ether  separates  by  slow  evaporation  in  slender 
orange-yellow  needles,  slightly  soluble  in  pure  water,  soluble  in  water  containing 
hydrochloric  acid,  also  in  alcohol,  ether,  and  benzene  ;  it  melts  and  decomposes  when 
heated. 

Diphosphoplaiinic  Comjiounds. 
,PCP 

Chloride,  C'l-Pt  .—This  compound  is  easily  prepared  by  dissolving  phos- 

\PCP 

phoplatinic  chloride,  with  aid  of  heat,  in  excess  of  phosphorus  trichloride.  The  solution 
on  cooling  deposits  crystals  which  may  be  washed  with  a  small  q_uantity  of  benzene 
or  chloroform,  and  desiccated  at  100°  in  dry  air.  Or  phosphorus  tricliloride  may  be 
added  in  equivalent  proportion  to  a  solution  of  phosphoplatinic  chloride  in  benzene, 
the  diphosphoplatinie  chloride  then  crystallising  out  on  cooling.  Lastly  it  is  formed, 
with  evolution  of  carbon  monoxide,  by  the  action  of  phosphorus  trichloride  on  either 
of  the  platinocarbonyl  chlorides,  Cl-PtzrCO  or  CPPt=C-0-  (p.  985). 

Diphosphoplatinie  chloride  forms  beautiful  canary-yellow  crystals  arranged  in 
funnel-shaped  groups  with  rectangular  section.  It  melts  at  160°,  and  decomposes  at 
a  higher  temperature,  giving  off  phosphorus  trichloride.  It  dissolves  in  phosphorus 
trichloride,  carbon  tetrachloride,  chloroform,  benzene,  and  toluene.  Water  attacks  it 
strongly,  eliminating  hydrochloric  acid  and  forming  diphosphoplatinie  acid  : 

CFPt— P^Cl"  +  6W0  =  6HC1  -t-  CPPt=P2(0H)s. 

If  the  temperature  rises  during  the  reaction,  another  acid  is  obtained  having  the  com" 
position  ClPtP=0(OH)^  and  derived  from  the  former  by  loss  of  a  molecule  of  hydrogen 
chloride  {infra). 

Ethylio  alcohol  and  methylio  alcohol  dissolve  the  chloride,  forming  the  corresponding 
ethers,  e.g. : 

CPPtnP^CP  +  eOffOH  =  6HC1  +  CPPt=rP=(OCH^)^ 

Amylic  alcohol  reacts  in  a  similar  manner.  With  glycerin,  hydrogen  chloride  is  evolved, 
and  a  thick,  nearly  colourless  mass  is  formed. 

P(0H)3 

Slphosplioplatiziic  Acid,  CPPtZlPVOH)*,  or  Cl-Pt<r    |  .     The  pre- 

\P(0H)3 

paration  of  this  compound  succeeds  only  at  a  low  winter  temperature.  Diphospho- 
platinie chloride  is  exposed  to  moist  air,  and  as  soon  as  it  has  deliquesced,  the  light 
yellow  syrupy  liquid  is  evaporated,  also  at  a  low  temperature.  The  diphosphoplatinie 
acid  is  thus  obtained  in  light  yellow  extremely  deliquescent  needles. 

If  during  this  operation  the  temperature  rises  to  10°  or  12°,  a  colourless  crystal- 
lisablo  acid  is  obtained,  less  deliquescent  than  diphosphoplatinie  acid,  difioring  from 
it  by  containing  1  mol.  less  of  hydrogen  chloride,  and  represented  by  the  formula : 

/   \  .P(0H)3 
ClPt  =  P=(OH)^  or  ClPt/  j 

0_P(OH)= 

This  acid  is  much  more  stable  than  diphosphoplatinie  acid.    When  heated  to  150°, 
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it  gives  off  water  and  is  converted  into  a  light  yellow  non-deliquescent  pomler,  soluLla 
in  water,  and  having  the  composition: 


The  solution  of  the  acid,  ClPtOP-(OH)*,  gives,  with  silver  nitrate,  a  white,  slightly 
yellowish  precipitate  containing  6-83  P,  2'19  CI,  23-33  Pt,  and  51-25  Ag,  numbers 
agreeing  nearly  with  the  formula  ClPtOP-(OH)(OAg)^  supposing  half  the  chlorine  to 
bo  replaced  by  the  residue  NO^.  The  precipitate  in  question  is  probably  a  mixture  of 
two  salts. 

The  acid  dehydrated  at  150''  forms  with  silver  nitrate  an  analogous  precipitate 
containing5'o  CI.  and  41-8  Ag.,  numbers  which  agree  with  the  composition  of  amixture 
in  equivalent  proportions  of  the  di-  and  tri-argcniiu  salts : 


Ethi/l  Bi'pho sipTioplatinatc ,  Cl-Pt~Pt=(OC■-H')^  is  easily  formed  by  the  action 
of  absolute  alcohol  on  diphosphoplatiuie  chloride.  Water  added  to  the  resulting  solu- 
tion separates  a  light  yellow  oil  which,  when  cooled  to  a  low  temperature,  solidifies  to 
a  mass  of  jDrismatic  crystals  (mono-  or  tri-clinic).  This  ether  sometimes  remains  for 
a  long  time  in  a  state  of  superfusion.  When  decomposed  by  heat  it  yields  ethylene, 
ethyl  chloride,  platinum  and  phosphoric  acid. 

Ethyl  diphosphoplatinate  dissolves  in  aqueous  ammonia,  and  the  solution,  evaporated 
in  a  vacuum,  leaves  a  white  crystalline  mass,  deliquescent  and  soluble  in  alcohol.  The 
body  thus  formed  is  the  hydrochloride  of  a  raonamine : 


derived,  not  from  ethylic  dipho.sphoplatinate,  but  from  a  compound  containing  1  mol. 
less  of  ethyl  chloride. 

Platinum  Xodides.  Topsoo  {Chcm.  Ccntr.  1870,  683)  confirms  the  observation 
made  by  Clementi  {Cimento,  ii.  192)  that  the  platinic  iodide  prepared  by  precipitating 
platinic  chloride  with  potassium  iodide  (iv.  071)  contains  excess  of  platinum,  and  adds 
that  it  is  obtained  in  greater  purity  by  the  action  of  hydriodic  acid  on  platinic  chloride 
at  ordinary  temperatures.  It  gives  off  iodine  at  130°.  It  dissolves  in  hydriodic  acid 
and  in  solutions  of  metallic  iodides,  forming  dark  crimson  solutions.  Many  of  the 
double  iodides  are,  however,  more  readily  obtained  by  mixing  solutions  of  metallic 
iodides  with  platinic  chloride,  and  leaving  them  to  crystallise.  They  have  a  brown 
colour,  and  metallic  lustre,  and  their  solutions  deposit  platinic  iodide  on  standing,  and 
more  quickly  on  boihng.  Sulphurous  acid  and  alkaline  sulphites  decolorise  their 
solutions,  forming  platinous  sulphite. 

Hydroplatinic  Iodide,  PtI-'.2HI  +  9H-0,  forms  large  monoclinic  deliquescent  crystals. 
Potassio-  and  Avi7nonio-])Iatinic  iodides  are  anhydrous,  and  crystallise  in  the  mono- 
metric  system.  Sodio-platinic  iodide,  PtI-'.2NaI  +  6H'0,  is  monoclinic.  The  calcium 
salt,  Ptl^Cal-  -f  12H-'0,  crystallises  in  rhombohedrons  of  106°  31'  in  combination 
with  an  acuter  rhombohedron.  The  compounds  of  platinic  iodide  with  the  iodides  of 
magnesium,  manganese,  zinc,  iron,  cobalt,  and  nickel,  are  represented  by  the  general 
formula  Pt^.R!-  -i-  9H^0,  and  crystallise  ill  hexagonal  prisms  comljined  with  a 
rhombohedron  of  76°  17'  to  76°  27'.    At  a  higher  temperature  a  nickel  salt,  PtI'.NiP 

6II-0,  crystallises  in  hexagonal  prisms  with  a  rhombohedron  of  127°  40'. 

Flatinic  Oxide.  Topsoe  finds  that  the  hydrated  platinic  oxide  prepared  by 
Dobereiner's  method,  of  evaporating  a  solution  of  platinic  chloride  with  excess  of  sodium 
carbonate,  and  treating  the  residual  mass  suspended  in  water  with  acetic  acid,  is  iden- 
tical with  that  which  Wittsteiu  obtained  by  precipitating  platinic  nitrate  with  calcium 
carbonate  (iv.  671).  and  has  the  composition  PtO-  +  '2W0.  Fremy's  platinic  acid 
(Aim.  Chim.  Phys.  [3],  xxxi.  478),  prepared  by  boiling  platinic  chloride  with  a  A-ery 
large  excess  of  sodium  carbonate,  and  decomposing  the  resulting  sodium  platinato  with 
acetic  acid,  and  easily  soluble  in  dilute  acids,  even  in  acetic  acid,  has,  when  dried  over 
calcium  chloride,  the  composition  PtO-+  4H^0,  and  gives  off  2  mols.  H'-'O  at  100°. 

Platinutcs  of  Barium  and  Calcium. — By  boiling  a  solution  of  platinic  chloride  with 
a  quantity  of  baryta-water  sufficient  to  render  the  liquid  alkaline  after  boiling,  Topsoe 
(Zeitschr.  f.  Chem.  1870,  652)  obtained  from  dilute  soluuons  yellowish-white  scales 
having  a  silky  lustre,  and  from  concentrated  solutions  a  dense  straw-yullow  precipi- 


or 


ClPtOP=0(OH)(OAg)2,    and  ClPtOFO(OAg)'. 


(CnPO)=>P'-  =  Pt.NH^.HCl, 
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tate  made  up  of  feathery  and  stellate  groups  of  microscopic  crystals.  This  precipitate 
is  extremely  difficult  of  solution  in  water,  baryta,  and  soda,  easily  soluble  in  dilute 
acids,  with  the  exception  of  cold  acetic  acid;  hot  acetic  acid  separates  platinic  oxide 
from  it.  According  to  Topsoe's  analysis  this  compound  consists  of  barium  plati- 
nate,  BaPtO^  +  4H-0,  and  gives  off  3  mols.  (about  10  p.c.)  water  at  about  300°. 
"When  an  insufficient  quantity  of  baryta  is  used,  so  that  the  liquid,  after  boiling,  has 
a  neutral  or  acid  reaction,  precipitates  are  obtained  which  must  be  regarded  as  mix- 
tures or  loose  combinations  of  platinic  acid  with  barium  platinate  (Topsoe).  Accord- 
ing to  Johannsou,  on  the  other  hand  (Ann.  Chem.  Pharm.  civ.  204),  the  precipitates 
obtained  by  boiling  platinic  chloride  with  baryta-water  all  contain  elilorine,  the  yellow 
precipitate  formed  when  the  baryta  is  in  excess  containing,  according  to  eight  analyses, 
4271-43'68  p.c.  Pt,  4-75-6-44  CJ,  33-18-34-26  BaO,  and  10-92-n-58  0  ;  with 
excess  of  platinic  chloride  the  precipitate  is  richer  in  platinum  and  chlorine,  poorer  in 
water  and  baryta.  Johannsen  also  finds  that  a  solution  of  platinic  chloride  mixed 
with  excess  of  baryta-water,  and  exposed  to  sunshine,  immediately  deposits  a  pure 
yellow  precipitate  which,  in  diffused  light,  forms  more  slowly  and  separates  in  hard 
warty  crystals;  analysis  gave  the  atomic  relation  4Pt  :  4Ba  :  4C1  :  lOO  :  llH-0. 
With  excess  of  platinic  chloride  there  is  formed  a  darker-coloured  salt  exhibiting  the 
atomic  relation  5Pt  :  6Ba  :  GCl  :  120  :  13H=0. 

To  prepare  Herschel's  '  sun-salt '  (iv.  672),  Johannsen  used  an  excess  of  lime-water 
more  than  sufficient  to  precipitate  all  the  platinum,  and  obtained  a  nearly  white  salt 
of  constant  composition,  answering  to  the  atomic  relation,  2Pt  :  2Ca  :  2C1  :  50  :  7H-0. 
On  heating  platinic  chloride  with  lime-water,  precipitates  are  formed  richer  in  plati- 
num and  chlorine,  and  poorer  in  lime  and  water  in  proportion  as  the  excess  of  platinic 
chloride  used  is  greater.  Whether  the  chlorine  in  those  compounds  is  directly  asso- 
ciated with  the  platinum  or  with  the  barium  or  calcium  has  not  yet  been  determined 
(Johannsen,  loc.  cit.) 

PX.ATIBTU'flS-COmPO-U'ia'BS,  AMSaOTiriACAS..  A  large  number  of  new 
compounds  belonging  to  this  class  have  been  prepared  by  Cleve  (Bull.  Soc.  Ghim.  [2], 
vii.  12  ;  XV.  161  ;  xvi.  203  ;  xvii.  289  ;  Beut.  Chcm.  Gcs.  Ber.  iv.  70,  673  ;  vi.  1469  ; 
Svons/ca  Vetenslcaps  Alcadcmiens  Handlingar,  1872,  x.  No.  9),  and  a  new  theory  of 
their  constitution,  founded  in  great  part  on  Clove's  researches,  has  been  proposed  by 
Blomstrand  {BeiU.  Chcm.  Ges.  Ber.  iv.  40;  Ckem.  Soc.  J.  [2],  ix.  189). 

The  platinum  in  some  of  these  compounds  is  bivalent  (plato  or  plaioso),  and  ex- 
changes two  of  its  combining  units  with  the  bivalent  groups  NH^  or  N-H^,  each  of 
which  retains  one  combining  unit  free.  In  others  the  platinum  is  quadrivalent  (plaiino), 
and  exchanges  some  of  its  combining  units  with  ammonia  or  diammonia,  the  remain- 
ing units  being  satisfied  by  combination  with  electro-negative  radicles.  In  others, 
again,  the  platinum  accumulates  in  such  a  manner  as  to  form  compounds  containing 
(Pt-)",  (Pt"— Pt")",  (Pt"— Pt"— Pt"— Pt")",  &c.  The  bivalent  groups  NH',  N^IP, 
always  go  by  pairs,  excepting  in  the  semi-diammoniums,  in  which  half  or  a  quarter  of 
the  combining  units  of  the  platinum  is  satisfied  by  once  N-H°. 

The  names  and  constitution  of  the  several  groups  are  given  in  the  following  table, 
the  unsaturated  combining  units  being  denoted  by  dashes : 


1. 

Platosammonium  (Eeisct's  second  base) 

.  Pt" 

(NH'— 

2. 

|Nff(Nff)— 

4. 

Platosodiammonium  (Eeiset's  first  base) 

.  Pt" 

(NH^(NH-')— 

iNH-'(NH«)— 
INH-(NH^)— 

Platinammonium  (Gerhardt's  base) 

=Pt" 

(NIP— 
jNH'— 

6. 

Platinosemidiammonium  .... 

rzPt" 

jNiF(NH^)— 

7. 

Platinomonodiammonium  .... 

=Pt" 

<NIP(NH^)— 
I  NH=— 

8. 

Platinodiammonium  (radicle  of  Gros'  and) 
Eaewsky's  bases)     ....  J 

=Pt" 

fNH=(NHO— 
I.NH-(Nff)— 
fNH'— 

9. 

=(Pt=)" 

NH'— 
NH»— 

Inh'— 
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10.  Diplatoso-diammonium        ....  (^'t')"{NH'^NH'''~ 


(NH')- 

11.  Diplatinodiammonium         ....  s(Pt=)"{^2'(Nn^)Z 

NH-'(NH')— 
NH-(NH^)— 
NH-(NI-P)-. 
NH-(NH^)— 


12,  Diplatinotetradiammonium  ....  ~(Pt=)'' 


Tho  following  is  an  enumoration  of  all  the  ammoniacal  platinum-compounds  at 
presoiit  known.  Somo  have  been  already  described  (iv.  673-678,  and  I*;;  8up2)l. 
"Jo2-055);  and  of  these  only  the  names  and  formulae  are  here  given.  The  rest,  nearly 
all  of  which  have  been  diF.covered  by  Cleve,  will  be  shortly  described. 

.NIPR 

1.  Platosammonium  Compounds,  Pt''cf  (E  in  this  and  all  the  follow- 

^NIPR 

ing  formula?  denoting  an  clectro-negativo  univalent  radicle). 


Chloride,  Ptc 
Iodide,  Pt" 
Cyanide,  PtC 


,NIPC1  . 

-^NH^Cl 

'NH^I 

-mp(CN) 

-NH3(CN) 


Ozide,  Pt<^^3^0 

Nitrate,  Pt\ 

Sulphate,  Pt<;^^^^^^SO' 


Bromide,  PtN-H^Br". — Crystalline,  very  slightly  soluble  precipitate  obtained  by 
double  decomposition  with  the  nitrate. 

Platocyanide,  PtN2H''.(CN)'.Pt". — Orange-coloured,  amorphous  precipitate. 

Sulfhocyanate,  PtN=H"(CNS)-. — Thin  yellow  crystals.  Its  solution  gives  with 
silver  nitrate  a  yellow  precipitate  containing  PtN-II°.Ag*.(CNS)°.  Yellow  crystals, 
isomeric  with  those  just  mentioned,  are  obtained  on  adding  ammonia  to  a  solution 
of  potassium  platosulphocyanato. 

Nitrite,  Pt"N-II''(NO-)-. — Obtained  by  double  decomposition.  It  is  a  white  crys- 
talline powder,  very  slightly  soluble  in  cold  water,  easily  soluble  in  boiling  water. 
Decomposes  violently  when  lioatod.  Nitric  acid  converts  it  into  nitroso-nitrato  of 
platinammonium,  (NO'')=PL"'(N=H'*)(NO^)-.  It  unites  with  chlorine  and  bromine, 
forming  tho  bromo-  and  chloro-nitrites  of  platinammonium,  e.g.  CPPt"(N=iI°)(NO'-)-. 

Sulphite,  PtN-H^CO^. — Obtained  by  passing  sulphur  dioxide  into  a  boiling  solu- 
tion of  the  nitrite.  The  solution,  which  at  first  turns  green,  is  filtered  as  soon  as  it 
becomes  colourless,  and  evaporated  over  the  water-bath,  and  the  residue,  after  washing 
with  alcohol,  is  redissolved  in  water.  Tho  solution  yields  by  spontaneous  evaporation 
delicate  colourless  crystals. 

Chlorosulphite,  PtN-H''(SO'H)Cl.— Obtained  in  needles  by  treating  a  boiling 
solution  of  platosammonium  chloride  with  sulphurous  acid,  and  leaving  it  to  evaporate. 
Peyrone,  by  treating  the  chloride  with  ammonium  sulphite,  obtained  a  compound 
probably  containing  PtN-H''(S03NH')Cl. 

Doiible  Sulphites. — These  salts  are  analogous  to  tho  unknown  acid  sulphite, 
PtN-H''(S0'II)-.    Peyrone  obtained  the  ammonium  salt  by  treating  the  chloride  with 
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ammonium  sulphite  in  excess.  It  forms  colourless,  well-defined  crystals.  The  follow- 
ing salts  are  obtained  from  it  by  dcmblo  decomposition  (Cleye) : — 


PtF^H''(S0'Ag)2  +  H-0  , 

PtN2H«(S0^)=Ba 
PtN=ff(S03)2Mn 

PtN2H'=(SO^)2Zn  +  6W0  . 

PtN2H''(S0=)=Ni  +  7W0  . 


PtN2H«(SO')=Co  +  6H-0  . 
PtN=H«(SO^)^Cu  +  5H=0  . 
PtN2H''(S0')-(U0=)"  -1-  2mo 


Barium  salt, 
Manganous  salt, 

Zinc  salt, 

Nickel  salt, 

Cobalt  salt, 
Cupric  salt, 
Uranyl  salt. 

Load  salt  ...... 

2.   Platosemidiammonium  Compounds, 


AYhito  crystalline 
powder 

Crystalline  powder 

Dense  crystalline 
precipitate 

Flattened  microsco- 
pic prisms 

Bluish  crystalline 
powder,  which 
does  not  give  off 
its  water  at  100° 

Small  rose-coloured 
crystals 

Bluish  -  green  flat- 
tened prisms 

Yellow  crystalline 
powder,  giving 
off  1  H-0  at  100° 

Amorphous  precipi- 
tate 


These  compounds, 

isomeric  with  the  platosammonium  compounds,  are  formed  by  addition  of  ammonia  to 
a  platinous  salt,  whereas  the  platosammonium  salts  are  formed  by  abstraction  of  am- 
monia from  the  platosodiammonium  (tetrammonio-platinous)  compounds  (iv.  673). 

Chloride,  ^^^q]^  •  This  is  the  yellow  salt,  isomeric  with  platosammonium 
chloride  (Eeiset's  salt),  and  with  the  green  salt  of  Magnus  (iv.  674),  which  Peyrone 
obtained  by  adding  ammonia  to  a  cold  solution  of  platinous  chloride  in  hydrochloric 
acid,  filtering  after  24  hours,  and  treating  the  yellowish-green  residue  with  boiling 
water,  which  dissolves  the  yellow  and  leaves  the  green  salt  formed  at  the  same  time. 
Tlie  solution  on  cooling  deposits  the  platosemidiammonium  salt  in  small  yellow  prisms, 
which  appear  to  differ  in  form  from  platosammonium  chloride.  They  are  more  soluble, 
requiring  only  387  pts.  of  cold  and  26  pts.  of  boiling  water.  This  salt  is  decomposed 
by  silver  salts,  yielding  corresponding  salts  of  platosemidiammonium.  Soda  removes 
hydrochloric  acid  from  it,  leaving  a  dingy- coloured  powder  which  probably  has  the 


composition  ■P'''||^^5^2 


H=0  (Cleve). 


Bromide,  Pt"|^j,"^      — Obtained  on  adding  hydrobromic  acid  to  the  solution  of 

the  corresponding  nitrate,  in  bulky  yellow  needles,  quickly  changing  to  a  brick-red 
crystalline  mass,  which,  by  recrystallisation  from  boiling  water,  is  again  converted  into 
yellow  crystals. 

The  iodide  crystallises  in  slender  yellow  needles.  It  unites  with  iodine  to  form  a 
black  periodide. 

Cyanide.—ColouvlesH  needles.  The  i)latinocijanide,  Ptj^^-^'^y.PtCy^  +  3H=0, 
is  a  sulphur-yellow  powder. 

The  sulphocyanatc,  isomeric  with  Buckton's  platosammonium  sulphocyanate 
(v.  513),  forms  golden-yellow  fiattened  prisms,  the  solution  of  which  is  decomposed  on 
boiling.  It  appears  to  react  with  nitromuriatic  acid  differently  from  the  isomeric 
aonium  sulphocyanate. 


The  nitraie^Tti^^Q^)^      ',  obtained  by  decomposing  the  chloride  with  silver 

nitrate,  forms  whitish  crusts  made  up  of  ill-defined  crystals.  Its  solution  mixed  with 
hydrochloric  acid  deposits  the  corresponding  chloride. 

Nitrite,  Pt|^^        \ — Lang  obtained  this  salt  by  adding  ammonia  to  platinous 

nitrite.  It  may  also  be  prepared  by  double  decomposition.  It  forms  long  silky 
needles  which  detonate  when  heated.  Hot  hydrochloric  acid  converts  it  into  the  cor- 
responding chloride.  Sulphurous  acid  converts  it  into  an  amorphous  substance(Clcve). 

Sulphate,  Tt\\       .—Yellowish-white  crystalline  crusts. 
SO' 
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Chlorosulphitc,  P'^lgQajj;*^^- — Colourless,  moderately  soluble  needles,  obtained 
by  passing  a  current  of  sulphur  dioxide  through  a  boiling  solution  of  the  chloride,  and 
ev^aporating  over  the  water-bath. 

Double  Sulphites. — T\\e  ainmonium  salt,  ('-0^)^  ||pf^-i|j6y'>  obtained  by  dis- 
solving the  chloride  in  excess  of  ammonium  sulphate.  On  adding  alcohol  the  salt  is 
precipitated  in  oily  drops  which  soon  crystallise.  By  recrystallisation  it  is  obtained  in 
slender  needles. 

IliQ  chlorinated  ammonium  sul-phite,  (SO^)m  (PtN-'H^Cl)',  is  jirepared  like  the  pre- 
( (PtN=H°)" 

ceding,  excepting  that  the  chloride  must  be  kept  in  excess.  It  forms  bulky,  prismatic, 
very  soluble  crystals  (Peyrone ;  Cleve). 

The  ammonium  salt  forms  with  barium  and  silver  salts  precipitates  containing — 

(«0^)1?£Nqi»)"  (SOT  {^^.j^y  . 

Oxalates. — The  neutral  oxalate  obtained  by  the  action  of  ammonium  oxalate  on 
platosemidiammonium  nitrate  forms  colourless  microscopic  crystals  containing — 

C^O'.PtN^H"  +  2H=0. 

3.  Platosomonodlammoraium  Compounds,  I't"  j^jp^,  or  '•'^  ^  "^''^  jj!  |  N-.I 

NH'Cl  ■ — ^"''•^  soluble  colourless  needles  or  nacreous  scales,  ob- 
tained by  the  action  of  hydrochloric  .acid  on  tlio  nitrate.  Its  solution  mixed  with 
potassium  chloroplatinite  yields  the  following  salt : 

Chloroplatinitc,  2j^Pt"  j^j^'^^^^J  .  Pt"Cl-.— This  salt,  polymeric  with  platos- 

ammonium  chloride,  [  =  3PtN^H"Cl-],  constitutes  the  brown-red  salt  described  by 
Peyrono  (iv.  674).  It  is  always  formed  in  small  quantity  when  ammonia  is  added  to 
platinous  chloride.  It  is  slightly  soluble  in  cold,  more  soluble  in  boiling  water.  Treated 
with  silver  nitrate  it  yields  silver  chloroplatinite  and  platosomonodiammonium  nitrate; 
with  potassium  permanganate  and  hydrochloric  acid  it  yields  rhombic  tables  of  platino- 
monodiammonium  chloride. 

Nitrate,      j  ^j^^j^^^^ — Ill-defined  crystals,  grouped  in  yellowish  crusts  ;  very 

soluble,  and  decomposing  with  violence  when  heated. 

Sulphate,  Ptj^-^  |S0^ — Moderately  soluble  snow-white  crusts. 

4,  Platosodiammonium   Compounds,  Pt" .  ,  or    N-  /  vur-Di."  ( 

"-N^IPR  liN-llltJ 
This  group  includes  Rciset's  first  chloride  (tetrammonio-platinous  chloride,  iv.  C75), 
and  its  analogues.  The  chloride,  treated  with  a  solution  of  potassium  chloroplatinite, 
yields  the  chloroplatinite  of  the  series,  which  is  the  green  salt  of  Magnus.  This 
latter,  treated  with  chlorine,  yields  platinodiammonium  chloride  (Gros'  chloride), 
PtCr-.(N2H'')-^.CP ;  and  with  nitric  acid  the  chloronitrate,  Pt(N03f  .(N2H«)2.CP. 

Platosodiammonium  chloride  forms  double  salts  with  certain  metallic  chlorides, 
especially  with  the  chlorides  of  platinum.  Such  compounds  have  been  obtained  by 
Buckton  and  fcy  Thomsen  {\st  Siippl.  053,  95i).  The  copper  salt,  PtCl-(N''H«)-'CuCr-, 
described  by  Millon  a.  Commaille  (iv.  675),  may  also  be  included  in  the  same  group. 

Eeiset  described  two  salts  as  compounds  of  the  chloride  of  this  group  with  platinuni 
tetrachloride,  viz. :  Pt(N-H'')-Cl-.Pt01',  and  [Pt(N=H'')=Cl-]2.PtCl*  (iv.  675);  but  accord- 
ing to  Cleve  these  salts  do  not  contain  the  tetrachloride  of  platinum,  this  compound 
being  in  fact  reduced  by  Reiset's  chloride.  The  first,  which  is  red,  gives,  when  digested 
with  silver  nitrate,  chloroplatinite  of  silver,  together  with  Raewsky's  chlorodinitrate  ; 
it  is  therefore  the  chloroplatinite  of  platinodiammonium,  Pt(NH')''Cl''.PtCr-.  The 
second  is  nothing  but  the  green  salt  of  Magnus,  which  is  formed  when  the  solu- 
tions used  are  dilute  and  boiling ;  in  this  case  the  solution  contains  Gros'  chloride, 
PtCP.(N'-H»y-.GP. 

Platosodiammonium  Bromide,  Pt(N-H'^)-Br^,  obtained  by  decomposing  the 
sulphate  with  barium  bromide,  crystallises  in  colourless  flattened  prisms  (in  cubes 
3  s  2 
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according  to  Eeiset),  very  soluble,  and  containing  3  mols.  H-0,  wliioh  they  lose  at 
100°.    The  salt  is  not  decomposed  by  boiling  -water  (Cleve). 

The  iodide,  Pt(N-H^)-P,  obtained  like  the  bromide,  crystallises  in  cubes.  At  the 
boiling  heat  it  gives  off  2]SfH^  and  is  converted  into  iodide  of  platosammonium. 

Nitrate,  |  jqsgo^jJos^  ■ — Obtained  in  colourless  or  yellow  needles  by  the  action 
of  nitric  acid  on  the  chloride.  It  is  slightly  soluble  in  cold  water ;  deflagrates  like 
gunpowder.  It  unites  directly  with  chlorine,  bromine,  and  iodine,  also  with  nitrogen 
tetroxide,  with  which  it  forms  crystals  of  a  fine  indigo-colour.  Strong  nitric  acid 
converts  it  into  a  trinitro-derivative  (Cleve). 

Hydroxide,  Pt(N-H'')-(OH)-. — Described  in  vol.  iv.  p.  675,  as  oxide. 

Sulphates. — The  neutral  sulphate,  Pt(N-H'')-SO',  crystallises  in  transparent  rec- 
tangular octohedrons,  wliich,  according  to  Peyrone,  are  very  slightly  soluble  in  cold 
water,  and  dissolve  in  50-60  pts.  of  boiling  water.  It  unites  with  chlorine,  &c. 
Nitrous  acid  converts  it  into  nitroplatinammonium  nitrate,  N-H"Pt''(NO-)-(NO^)-. 

The  acid  sulphate,  {WBffYtm'  +  2(N''H")2Pt(SO^H)=  +  8H=0,  is  precipitated 
in  nacreous  scales  on  adding  sulphuric  acid  to  a  solution  of  platosodiammonium 
chloride  (Cleve).  Another  acid  sulphate  was  accidentally  obtained  by  Cleve  in  colour- 
less, very  fragile  prisms  containing  2[(N=H'=)=.Pt.S0^]  +  (N=H'i)2.Pt.(S0-'H)2. 

Sulphite. — Acid  sodium  sulphite  forms,  with  platosodiammonium  chloride,  a  pre- 
cipitate made  up  of  colourless  needles  having  the  composition  3(N-H'')TtS0^ 
2PtS0^  +  4H^0.    Its  solution  in  hydrochloric  acid  gives  the  green  salt  of  Magnus 
(Cleve). 

Carbonates . — The  neutral  carlonate,  Pt(N^H^)-.CO'  +  H-O,  is  formed  by  decom- 
posing the  chloride  with  sodium  carbonate  or  by  exposing  the  hydrate  to  the  air.  On 
further  expo.'ure  it  absorbs  an  additional  quantity  of  carbonic  acid,  and  passes  into 
the  acid  carbonate,  -2i{WWf{C0m)\ 

Chromates. — The  neutral  salt,  Pt(N^H*)-CrO'',  is  a  lemon-yellow  nearly  insoluble 
powder  (Cleve).  The  dichromate,  Pt(l!^^H")-.Cr"0^  is  a  yellow  precipitate  slightly 
soluble  in  water,  insoluble  in  alcohol,  crystallising  from  boiling  water  in  small  cubes. 
Its  ammoniaeal  solution,  v/hen  left  to  evaporate,  deposits  crystals  of  the  neutral 
chromate.  By  calcination  it  is  resolved  into  chromic  oxide,  ammonia,  water,  nitrogen, 
and  platinum  (Buckton). 

Phosphate,  Vt.^WWy-.VQ-^'S.  +  2iH=0.— Flattened  colourless  prisms,  soluble 
in  water,  precipitated  by  alcohol.  Treated  with  bromine  it  yields  the  bromide, 
PtBr-.(  N=H«  )^Br^  and  the  brominated  phosphates,  (  W-B.''  f  (  PtBr  )P0^  and 
(N2H'')-(PtBr-)(P0*H)'^  -t-  4H-0,  It  appears  to  form  compounds  with  ammonium 
phosphate  (Cleve). 

Organic  salts.— The  acetate,  (WS.'')-2t(G'R^0-y-,  is  colourless,  very  soluble,  and 
crystallises  in  flattened  prisms.  The  benzoate,  (N-II")^Pt(C'II'^0-)-,  forms  colom-less 
scales.  Theneutral  tartrate,  (N2H")-Pt.C^H^0'*  +  2^0,  is  soluble  and  crystallisable. 
The  acid  tartrate,  (N-H'')"Pt(C^H^O'')-,  crystallises  in  slender  needles  soluble  in  hot 
water.  The  neutral  oxalate  crystallises  in  small  needles;  the  acid  oxalate  forms 
colourless  soluble  needles  (Cleve), 

5.  Platinartimonmm   Compoujsas,  ~Pt,  .    The  chloride  of  this 

series,  discovered  by  Gerhardt,  is  obtained  by  the  action  of  chlorine  on  platosammonium 
chloride.  The  same  chemist  likewise  obtained  tlie  hydrate,  the  nitrate,  the  neutral 
sulphate,  and  the  basic  oxalate  of  the  series  (iv.  676). 

The  bromide,  Br-Pt(NII^)^.Br2,  is  a  heavy  crystalline  orange-red  powder,  composed, 
like  the  chloride,  of  quadratic  pyramids  with  truncated  summits. 

The  iodide,  I-Pt(NH^)2.P,  is  a  black  non-crystalline  powder  obtained  by  digesting 
platosammonium  iodide  with  tincture  of  iodine.  With  ammonia  it  forms  a  crystalline 
powder  containing  Pt-(NH-*)'I''.  Treated  with  boiling  potash-solution  it  furnishes 
a  yellow  powder  of  variable  composition,  which  gives  with  hydriodie  acid  a 
black  amorphous  powder  consisting  of  diplatinammonium  iodide,  (Pt-)''(NII')''P, 
This  last  compound,  treated  successively  with  potash  and  with  hydriodie  acid, 
gives  (Pt*)='(]SfiI^)'*I"',  which  in  its  turn  furnishes  a  still  more  condensed  iodide, 
(Pt*)"'"  (N'H')"*I".  These  iodides — whoso  existence,  however,  is  not  quite  estab- 
lished— would  form  a  homologous  series,  Pt°(NII')-"I-°+ ^,  the  first  term  of  which 
is  the  iodide  of  platinammoiiium  (Cleve). 

Hydroxide,  (0H);Pt(NH3)-(0H)=.— Described  (iv.  676)  as  oxide.  Obtained  by 
treating  platinammonium  nitrate  with  excess  of  ammonia. 
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Nitrates. — A  basic  nitrate,  (HO)=rt(NII^)=(NO^)-  +  211=0,  is  obtained  from  the 
cHorido  by  double  decomposition.  Nitric  acid  converts  it  into  the  normal  nitrate, 
(N03)=Pt(NH^)XN0^)-  (iv.  676). 

Nitrites.— Nitronitritc,  (NO^);Pt(Nff)=(NO=)=.  Obtained  by  the  action  of  boiling 
nitric  acid  on  platosammonium  nitrite,  and  separates,  on  evaporation,  in  large  colour- 
less plates.  With  potassium  iodide  it  yields  a  precipitate  of  platinammonium  iodide 
(Cleve). 

Chloronitric  Nitrite,  (N03)ClPt(NII3)2(N0=)2.— Precipitated  in  rhombic  scales 
on  adding  hydrochloric  acid  to  a  solution  of  the  preceding  salt  (Cleve). 

Bichloronitrite,  CPPt(NH^)-.(NO')^. —  Deposited  in  shining  scales  on  adding 
hydrochloric  acid  to  the  boiling  solution  of  the  nitronitritc.  Its  solution  is  not  pre- 
cipitated by  silver  nitrate;  but  on  adding  silver  nitrite  to  its  liot  solution,  small 

{(Nll^)-PtCl" 
^g.,  '  (Cleve). 

The  dibromonitrite  forms  microscopic  rhombic  plates  very  slightly  soluble  in 
■water. 

Bichlorinated  Cliloronitritc,QX'Vt^^^j^^^^'\~^m{iX\  yellow  crystals  de- 
posited on  adding  potassium  chloroplatinite  to  the  nitronitritc. 

The  sulphate,  SO^Pt(]SIH^)^SO^  is  a  yellowish  mass  which  by  solution  in  water  is 
converted  into  the  basic  sulphate,  (OH)-Pt(]>fH')'-'SO^  +  ffO,  which  is  deposited  in 
sparingly  soluble  crusts. 

Oxalates.— neutral  oo:alatc  contains  C-0'Pt(NH')=C=0'.  The  basic  oxalate, 
(OH)=Pt(NH^)^C^O\  is  a  yellow  precipitate  which  crystallises  in  lamince  from  boiling 
water  and  detonates  by  heat  (Gerhardt). 

(N=H")E* 

G.  Platinosemldiammonium  Compounds,  R-Pt''-^  . — Those  com- 

-R 

pounds,  isomeric  with  those  of  the  last  group,  have  been  described  I  >y  Blomstrand  and 
by  Cleve  {Bull.  Soc.  Chim.  [2],  xvii.  105). 

N^H-'Cl 

Chloride,  Cl'-Pt^  . — Obtained  by  the  action  of  chlorine  on  the  chlorida 

^Cl 

of  platosemidiammonium  (p.  09-1).  It  crystallises  in  six-sided  rhombic  leaflets,  yellow 
and  anhydrous,  soluble  in  300  pts.  of  cold  water,  and  in  65  pts.  of  boiling  water.  At 
160°  it  becomes  olive-green.  It  is  not  decomposed  by  strong  sulphuric  acid.  Potash 
dissolves  it  with  evolution  of  ammonia.  Sulphurous  acid  reduces  it  to  chlorosulphito 
of  platosemidiammonium. 

^N=H«Br 

The  bromide,  Br'Pt:^  ,  is  red,  but  in  other  respects  resembles  tho 

^Br 

chloride. 

I'olyiodide,  PPtj^"-^'^''-'"'-^  =  Pt(N^IP)I«.— Obtained  by  the  action  of  iodine  on  the 

iodide  of  platosemidiammonium  (p.  991).  Octohedral  crystals  forming  a  nearly  black 
powder;  soluble  with  purple  colour. 

i\''j7r«(;e,  (OH)=Pt|Qg'^'''"^''^\— On  treating  the  chloride  with  silver  nitrate,  and 

adding  alcohol  to  the  filtered  liquid,  a  precipitate  is  obtained  whicli  appears  to  have 
this  composition.    Tho  normal  nitrate  has  not  been  obtained. 

Chloronitrite,  Cl'Pt|^JJ  '^'^  . — Long,  pale-yellow,  xavy  fragile  needles,  ob- 
tained by  the  action  of  chlorine  on  the  nitrite  of  platosemidiammonium  (Blomstrand). 
Silver  nitrate  removes  only  half  the  chlorine. 

Tho  corresponding  bromonitrite  forms  orangc-eoloujcd  needles  which  react  in  liko 
manner  in  silver  salts. 

A  basic  chloronitrite,  Cl-Pt|Qj^  ""^"^  ,  is  obtained  by  boiling  tho  normal  shloro- 
nitrite  with  silver  nitrite.    It  crystallises  in  pale-yelldtv  needles. 

*  The  gronps,  N=n«  =  NH-(X! '        '     -    ••••  i-i  .  !I  t< .  ,•  r...-  ■  i.iv.ilcnt,  as  in  the  series 

2,  3,  ami  4.    One  of  theirnitropen  i  li  the  platinum,  on  the 

other  with  the  nitrogen,  of  a  groin  i  .;i  .  i  ,  i  i,  i.,  .-n  m,.  r  :  m  •,  ii  '  m-.t  not  be  confounded 
with  the  group  (NH')^  wliich  esists  lu  luu  l  uuipuiuidv  ul  ii!,uij.:,ciumu:iiiii;i  ,i:ai  platinammoaiuia. 
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Sulphate,  {ORVFt^  \  . — Yellow  viscous  mass  obtained  by  double  decom- 
position. 

7.  Flatinomonodiammonium  Compounds,  BrVt^":^ 

Chloride,  CPPt;^  . — Pormed  by  the  action  of  nitromuriatic  acid  on  clilo- 

^NH'Cl 

ride  of  platosomonodiammonium.    Ehombic  or  hexagonal  scales, 
(N2ff)(N03) 

Basic  Nitrate,  (OH)-Pt:^  +  H^O.— Microscopic  crystals  deposited 

\(Nff)(NO') 

on  concentrating  the  solution  obtained  by  boiling  the  following  salt  with  silver 
nitrate. 

(N-iI'')(N03) 

Dibromonitrate,  Br-Pt<^  +  H'^O. — Soluble  yellow  crusts  ob- 

^(NH')(N03) 

tained  by  adding  bromine  to  platosomonodiammonium  nitrate  (p.  995).  The  mom- 
broTTionitrate  is  obtained  by  boiling  this  salt  with  a  quantity  of  silver  nitrate  just  sufiS- 
cient  to  remove  half  the  bromine. 

Bromosulphate,  Br^Pt^^^  J^SO^— Bright-yellow  crusts  obtained  by  adding 

bromine  to  platosomonodiammonium  sulphate  (Cleve,  Bull,  Soc.  Chim.  [2],  xvii. 
107). 

^NH2(NH<)E 

8.  Platinodiammonium     Compounds,     E^Pt'^c;^  or 

\nh^(nh<)e 

^(N2H'')E 

E-Pt'V-f'^  .    Several  of  these  compounds  were  discovered  by  Gros  and  by 

Eaewsky  (iv.  675)  and  numerous  others  have  been  obtained  by  Cleve.  They  are 
formed  by  addition  of  an  electrouegiitive  element  to  the  platosodiammonium  compounds, 
or  by  the  oxidation  of  the  latter.  One  half  of  the  electro-negative  element  or  radicle 
contained  in  these  compounds, — that  half,  namely,  which  is  directly  united  to  the 
platinum — is  difficult  to  remove,  or  cannot  be  removed  at  all  by  double  decomposition ; 
such,  for  example,  is  the  case  with  the  chlorine  in  Gros'  salts,  which  can  only  be  par- 
tially replaced  by  the  action  of  silver  salts. 

Chloride,  Cl-Pt<  .—This  is  Gros'  chloride  (iv.  676),  obtained  by  trcat- 

~^N-H«.C1 

ing  the  corresponding  nitrate  with  hydrochloric  acid,  or  by  passing  chlorine  into  a 
solution  of  platosodiammonium  chloride. 

A  basic  chloride,  (OH)ClPt.(N-iI^)^Cl-,  is  obtained  in  microscopic  insoluble  needles 
by  adding  sal-ammoniac  to  a  solution  of  the  basic  monochloronitrate. 

Raewsh/s  <7A?m'c?«,PtCP0(N-H'')-Cl-(?). — Obtained  by  decomposing  the  basic  chloro- 
iiitrate,  Pt2(CTO)(N2H:«)^0=.(NO^)^  (iv.  677),  with  excess  of  hydrochloric  acid.  It  is 
moderately  soluble  in  cold  and  much  more  soluble  in  boiling  water ;  less  soluble  in 
hydrochloric  acid,  which  renders  its  aqueous  solution  turbid. 

The  cUoroplatiniie  and  ch/oroplaiinate  are  formed  by  adding  sodium  chloroplatinite 
or  chloroplatinate  to  platinodiammonium  dichloronitrate. 

Bromide,  Br'Pt(N2H^)2Br2. — Slightly  soluble  microscopic  needles  precipitated  on 
adding  a  soluble  bromide  to  the  nitrate  of  dibromoplatinodiammonium.  When  boiled 
-with  solution  of  silver  nitrate  it  yields  silver  bromide,  and  a  solution  which  on  cooling 
deposits  yeUow,  slightly  soluble  crystals,  probably  a  basic  bromonitrate  (Cleve). 

The  basic  bromide,  (OH)BrPt(N-H'')Br-,  obtained  like  the  basic  chloride,  is  a  pale- 
yellow  crystalline  precipitate. 

Iodide,  I-Pt.(N2H^)-I'^. — Graphitoidal  powder  converted  by  ammonia  into  a 
yellow  crystalline  powder  containing  Pt(  Nff  )'(NH')r-  -i-  H'-O,  or  more  probably, 

J-C-Ltj  j(N-H«)-0' 

Chlorohr amide,  BrClPt.(N-H'')-BrCl.  —  Eaewsky  obtained  this  salt  by  treating 
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platosodiammonium  chloride  with  bromine  (iv.  676).  It  may  also  be  formed  by  double 
decomposition,  either  between  ammonium  chloride  and  platinodiammonium  dibromo- 
nitrate,  or  between  ammonium  bromide  and  platinodiammonium  dichloronitrato.  It 
is  a  yellow  precipitate  which,  when  treated  with  hydrochloric  acid,  exchanges  part  of 
its  bromine  for  chlorine,  and  gives  with  silver  nitrate  a  mixture  of  silver  chloride  and 
bromide,  and  of  the  two  salts,  (0H)BrPt.(N=H'^)-.(N03)'-  and  (OH)ClPt.(N-H'')2(NO_3)=. 
A  compound  containing  1  at.  bromine  to  S  at.  chlorine  is  obtained  by  precipitating 
the  basic  bromonitrate  with  hydrochloric  acid  (Clove). 

The  cMoriodidcs,  formed  under  similar  conditions,  do  not  appear  to  be  of  constant 
composition.  One  containing  (ClIPt)Pt(N-I-P)-Cl-  is  obtaijied  in  small  brown  octo- 
hedrons  by  the  action  of  hydriodic  acid  on  the  iodonitrato  of  diplatinotetradiammonium 


The  basic  clilorobromidcs,  (0II.CI)Pt(N=IP)2Br-  and  (OH.Br)Pt.(N=IF')'CP,  are  crys- 
talline precipitates  (Cleve). 

Fcrrocyanidc. — Gros'  nitrate,  Cl-Pt(N^H'')'(NO')-,  treated  with  solution  of  potas- 
sium ferrocyanide,  yields  a  violet  precipitate,  which  appears  to  have  the  composition, 
(FeCy'K)-[PtO.(N=H'')-Cy-]'.  The  mothor-liquorF,. yield  the  platosammonium  cyanide 
analogous  to  the  green  salt  of  Magnus. 

The  chlorosulphocyanatc,  Cl-Pt(N=H'')-.(CNS)-,  is  an  orange-coloured  crystalline 
precipitate. 

Nitrates --Tho  normal  nitrate,  (N03)=Pt.(N2H«)=(NO')=,  is  not  known. 

The  basic  nitrate,  (OH.NO»)Pt(N'-Hs)=(NO»);  (Gerhardt's  oxynitrate,  iv.  677),  is 
formed  by  the  action  of  nitric  acid  uu  platosodiammonium  nitrate ;  also  by  the  action 
of  silver  nitrate  on  the  iodonitrato.  It  is  a  white  very  soluble  crystiilline  powder. 
Treated  with  ammonia  it  yields  the  bibasic  nitrate,  (6H)^Pt.(N'-H'')-'.(N0^)%'which 
forms  a  white  amorphous  powder  detonating  when  heated  and  turned  blue  by  sulphuric 
acid.    Hydrochloric  acid  converts  it  into  Gros'  chloride. 

Dinitronitrate,  (NO-)-Pt.(N-H'')-.(NO')^.— This  salt  is  formed  under  various  circum- 
stances, especially  by  the  action  of  nitrous  vnpoiu-s  on  platosodiammonium  sulphate. 
It  is  precipitated  in  small  well-defined  octohedrons  of  an  indigo-blue  colour,  which  de- 
compose when  dissolved  in  water,  giving  off  nitrous  vapours. 

Chloronitratcs:  a.  (Cl.N03)Pt.(N2H«)^(NO')2.  —  AVhito  crystalline  precipitate 
formed  on  adding  nitric  acid  to  the  solution  of  the  following  salt.  Decomposed  by 
water  into  acid  and  the  basic  salt  h. 

b.  (0H.Cl)Pt.(N''H«)^_(N03)^— White  microscopic  slightly  soluble  crystals,  obtained 
by  the  action  of  silver  nitrate  on  the  salt  c.  Prolonged  boiling  with  silver  nitrate  is 
required  to  remove  the  chlorine.  Cleve,  who  prepared  this  salt,  regards  it  as  identical 
with  one  of  Eaewsky's  nitrates  (iv.  677). 

c.  Cr-Pt.(N-H<'y-(NOs)-  (Gros'  nitrate,  iv.  677).— Obtained  by  boiling  the  green  salt 
of  Magnus  with  strong  nitric  acid  ;  also  by  the  action  of  chlorine  on  nitrate  of  platoso- 


d.  (NO^)-Pt.(N'''H»)^.Cl''. — This  salt,  isomeric  with  the  preceding,  is  distinguished 
from  it  by  the  fact  that  its  chlorine  is  easily  precipitated  by  silver  nitrate,  whereas 
the  group  (NO")-,  which  is  united  with  the  platinum,  is  not  removed  by  double  decom- 
position ;  Gros'  nitrate,  on  the  contrary,  gives  scarcely  any  precipitate  with  silver 
nitrate,  even  after  a  long  time.  The  salt  d  is  obtained  by  the  action  of  hydrochloric 
acid  on  a  boiling  solution  of  the  basic  nitrate  of  platinodiammonium.  It  is  then  de- 
posited as  a  white  powder  made  up  of  small  right  prisms  ;  when  reci^stallised  by  slow- 
evaporation  it  forms  large  crystals  containing  H-O.  With  platinic  chloride  it  forms 
an  orange-red  double  salt  containing  (N0")'-Pt.(N-H'')^CI-  +  PtCl^  +  2F-0  (Cleve). 

EaewsJcy's  Nitrates. — By  boiling  the  green  salt  of  Magnus  with  a  large  excess  of 
nitric  acid,  Eaewsky  obtained  two  salts  whose  composition  he  represented  by  the 
formulee : 


The  fii'st,  which  is  but  slightly  soluble  in  nitric  acid,  separates  in  small  shining 
crystals,  and  the  second  crystallises  with  difficulty  from  the  mother-liquor.  These 
salts  form  the  points  of  departure  of  two  series,  a  few  members  of  which  were  obtained 
by  Eaewsky.  Their  constitution,  supposing  the  analyses  to  be  correct,  is  very  diffi- 
cult to  determine.  Gerhardt  supposed  them  each  to  contain  2  at.  oxygen  less,  and  re- 
garded them  as  sesqui-acid  salts  of  diplatinamine  (iv.  677).  They  probably  belong  to 
the  diplatinodiammonium  group. 

Bromonitraics  (Cleve,  loc.  cit.)—a.  (Br.N03)Pt(N=H'')-(N0')-.  Orange-coloiu-ed 


(Cleve). 


diamnionium. 


Pt^' 
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crystalline  powder,  decomposible  by  water,  obtained  by  the  action  of  nitric  acid  on  the 
boiling  solution  of  the  following  salt. 

b.  (Br.0H)Pt(N2B:«)'^(N0')%  Pale  yellow,  slightly  soluble  granular  salt,  obtained 
by  the  action  of  silver  nitrate  on  the  salt  c. 

c.  Br-Pt(N2H«)2(N03)2  {Brominatcd  salt  of  Gros).  Prepared  like  the  corresponding 
chloronitrate.  Crystallises  in  lemon-yellow  soluble  flattened  prisms.  When  boiled 
with  silver  nitrate  it  gives  up  half  of  its  bromine  and  is  converted  into  the  salt  b. 

lodonitratc,  I^Pt(]Sf^H'^)-(NO')-.  —  Prepared  by  the  action  of  iodine  on  platos- 
ammonium  nitrate.  Nearly  black  crystals  of  the  same  form  as  the  chloronitrate. 
Silver  nitrate  at  the  boiling  heat  removes  half  the  iodine,  forming  the  basic  iodo- 
nitrate.  Ammonia  precipitates  from  its  solution  a  dingy  yellow  powder  formed  of 
microscopic  needles,  and  constituting  perhaps,  according  to  Cleve,  the  oxyiodonitrate 
of  diplatinotetradiammonium. 

Nitro-iodonitrate,  (N0^I)Pt(N2ff)^(N0')''. — Orange-brown  crystals  obtained  by  the 
action  of  nitric  acid  on  the  oxy-iodide  of  diplatinotetradiammonium  (Cleve). 

Carbonates.— a.  [(NO^)Pt(N=H<')-]-(CO^)'  (?).  White  crystalline  powder  obtained 
by  adding  ammonia  sesquicarbonate  to  the  basic  nitrate. 

b.  ['BvVt{WWf']-{CO^f  +  4H-0.  Yellow  crystalline  powder  obtained  in  the  same 
way  as  the  dibromonitrate.  It  unites  with  the  dibromonitrate,  forming  a  double  salt 
which  crystallises  in  yellow  microscopic  prisms. 

c.  A  compound  of  the  monochlorocarbonate  with  Gros'  chloronitrate  is  obtained  by 
pouring  a  solution  of  the  latter  into  a  boiling  solution  of  ammonium  carbonate. 

d.  (0H.Cl)Pt(N2H''/C0'.  Formed  by  adding  Gros'  nitrate  to  excess  of  sodium 
carbonate  (Cleve). 

e.  Raewsky's  Carbonate,  (O.C12)Pt=(N-H'')^02.(CO')^— White  granular,  very  soluble 
precipitate  (iv.  678). 

Sulphates. —The,  neutral  sulphate,  (SO<Pt)(N=II'*)'SO'  +  2H20,  is  a  white  amor- 
phous powder  formed  by  the  action  of  sulphuric  acid  on  the  basic  nitrate. 

A  basic  sulphate,  +  3H=0,  is  obtained  by  precipita- 

ting a  hot  solution  of  the  neutral  bromonitrate  with  silver  sulphate,  and  evaporating 
the  filtrate.  Colourless  flattened  prisms,  soluble  in  water.  Barium  chloride  throws 
down  from  its  solution  only  a  third  of  the  sulphuric  acid,  showing  that  part  of  this 
acid  is  contained  in  the  radicle  (Cleve).  This  salt  yields,  by  double  decomposition,  a 
series  of  salts,  the  hydroxi/l-sulphoplaiodiammonium  salts,  containing  non-precipitable 
sulphuric  acid  {infra). 

Another  basic  sulphate  is  formed,  according  to  E.  Davy,  on  boiling  a  solution  of 
platinic  sulphate  neutralised  with  ammonia.  It  is  precipitated  as  a  light  brown  powder, 
slightly  explosive,  insoluble  in  water,  soluble  in  acids. 

CMorosidphate,  CPPt(N2H«)-S0'  (see  iv.  677). 

Monochloro-trisidphate,  ptoi}^'-*^)(N-H''j-SO''' — -^^^i'^''^''®  prisms  obtained  by  treat- 
ing Gros'  chlorocarbonate  with  sulphuric  acid  (Cleve). 

Bromosidphate,  Br-Pt(N^II°)-SO^ — Lomon-yellow,  very  soluble,  crystalline  powder. 
Its  solution,  mixed  with  a  quantity  of  silver  nitrate  sufficient  to  precipitate  only  half 
the  bromine,  yields  a  solution  which  deposits  yellow  needles  having  the  composition 

PtBi'l  '^'^^  {(N^ffj^SO'"  l^arium  chloride  throws  down  two-thirds  of 

the  sulphuric  acid. 

lodosulphate,  I-Pt(N^H'')'SO^ — Brown  crystalline  powder  slightly  soluble  in  water. 

Chloronitric  and  Bromonltric  Sulphates. — These  salts  are  obtained  in  the  crystalline 
state  by  dissolving  the  monochloro-  or  monobromo-nitrate  in  sulphuric  acid,  and 
pouring  the  solution  into  water.  The  former,  (Cl.N03)Pt(N*H;'')=S0*  +  H^O,  is  white ; 
the  latter,  which  contains  Br  in  place  of  CI,  is  yellow  (Cleve). 

Hydkoxylsuiphoplatinodiamjiokium  Compounds  (Cleve,  Bull.  Soc. 
Chim.  [2],  XV.  162).  These  compounds  are  derived  from  the  basic  sulphate, 
SO'[Pt(OH)(N-H'')-SO']-  -I-  3H-0,  above  described,  which  contains  the  group  SO'  in 
direct  combination  with  platinum,  and  not  removable  by  double  decomposition  with 
barium  salts.    They  may  be  supposed  to  contain  the  univalent  radicle : 

(SO^^ 

(WW)^         or  [PtOH.SO*.(N2H«)=r. 

N-IP— 
OH 
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Chloride,  [PtOH.SO'.(N=H'')=]'Cl  +  2H-0.— Obtained  by  decomposing  tho  basic 
Bulpliate  above  mentioned  with,  barium  chloride.  Forms  colourless  truncated  prisms 
soluble  in  -water.  The  solution  mixed  with  hydrochloric  acid  deposits  the  salt  in  the 
anhydrous  state.  The  chlorine  of  this  salt  is  precipitated  by  silver  nitrate,  but  the 
sulphuric  acid  is  not  precipitated  by  barium  chloride. 

The  corresponding  chloroplatinate  forms  orange-coloured  flattened  crystals,  contain- 
ing 2H=0. 

Bromide. — Obtained  like  the  chloride,  and  likewise  contains  2H-0.  Flattened 
crj'stals,  colourless  or  yellowish. 

Nitrate,  [PtOH.SO«.(N'-H«)2]'NOl— White  crystalline,  slightly  soluble  powder. 
(SeJjji/iaitf.— Already  described  (p.  1000). 

Chromatcs.—1\\o  neutral  scdt,  [PtOH.SO'(N=H'')=]=OrO^  +  2H=0,  obtained  like 
the  chloride,  forms  rounded  groups  of  yellow  crystals.  The  dichromate  is  an  orange- 
coloured,  sparingly  soluble  precipitate. 

Oxalate,  [PtOH.SOXN2H«)2]=C=0*+  2H=0.— Crystalline  precipitate. 

On  attempting  to  prepare  the  corresponding  h/droxidc,  [PtOH.SOXN=H'')-]OH,  by 
the  action  of  baryta  on  the  sulphate,  a  colourless  alkaline  solution  was  obtained,  which, 
on  evaporation,  suddenly  yielded  colourless  sparingly  soluble  crystals,  consisting  of 
an  isomerido  of  this  hydroxide,  viz.  :  tho  basic  sulphate,  S0^Pt(0H)^(N2ff)-. 

Platinodiamnioniuni  Chromates. — Glove  has  examined  the  following  chromatcs, 
all  of  which  form  yellow  or  orange-coloiu'ed  crystallisable  precipitates.  Tney  are 
obtained  by  double  decomposition : 

Pt(N05)=(N=ff)=.CrO'  I  Pt(N03nN2H6)2.Cr=0' 

PtCP(N-H«)^.CrO'  PtCP(N=H«)-.Cr20' 
Pt(0H.Cl)(N-H<=)%Cr0'  |  PtBrXN2H'^)^Cr20' 

Platinodiammotiium  Phosphates. — Gros,  by  adding  an  alkaline  phosphate  to 
tho  dichloronitrate  of  this  series,  obtained  small  shining  transparent  crystals,  very 
slightly  soluble  in  water.    Cleve  has  obtained  the  followng  salts : 

a.  Pt(N0')(K-H«)=.P0*  +  ffO 

b.  PtCl(N--H'=)-.PO^  +  2H-0 

c.  PtBr(N-ff)-.P0'  +  211-0 

d.  PtBr-(N-H«)^(P0'H=)=  +  2H--0 

e.  [Pt(N0^)(0H)(N2H'')-]-P-0'  +  H=0. 

Tho  salts  a  and  c  are  obtained  by  adding  disodic  phosphate,  or  the  pyrophosphate, 
to  the  basic  nitrate  of  platinodiammonium  ;  b  and  c  in  like  manner  from  the  chloro- 
or  bromo-nitrato  of  Gros.  They  are  crystalline  and  slightly  soluble.  Lastly  d  is 
obtained  by  adding  bromine  to  the  phosphate  of  platosodiammonium ;  it  is  moderately 
soluble  aud  crystallises  in  lemon-yellow  flattened  prisms. 

EaewsJcj/'s  Phosphate,  Pt-(CPO).(N■■'H«)^0^(PO'H)^  separates  in  crystalline  tufts 
on  mixing  hot  strong  solutions  of  the  corresponding  chloronitrate  and  trisodic  phos- 
phate (iv.  677). 

Platinodiammonium  Oxalates  (iv.  677,  678).— Gros'  oxalate,  PtCP(N=H«)-C=OS 
is  a  white,  crystalline,  very  soluble  puwdcr,  obtained  Iiy  double  decomposition  with 
Gros'  nitrate  and  ammonium  oxalate.    The  corresponding  brominated  salt  is  yellow. 

Ea,cwsk^s  Oxalate,  Pt=(Cl-0)(N=II<')^0=(C=0*)^  is  a  white  crystalline  precipitate 
nearly  insoluble  in  boiling  water. 

Tho  mononitrio  oxalate,  Pt(0H.N0')(N=ff  )-C=0',  is  obtained  in  white  flocks  on  add- 
ing ammonium  oxalate  to  basic  nitrate  of  platinodiammonium.  It  detonates  when 
heated  (Gerhardt). 

ACETIIYDEOXYL  -  PLATINODIAMMONIUM    COMPOUNDS     (Clovc).  —  ]]rOmO- 

sulphato  of  platinodiammonium,  decomposed  by  basic  lead  acet;ite,  yields  a  basic  aceto- 
sidphatc — 

Pt(OH,C=ffO^)(N^H'')=SO<  +  \\W0, 

in  which  tho  group  SO'  may  be  replaced  by  double  decomposition.  It  may  accordingly 
be  supposed  to  contain  the  radicle  [Pt(OH.C-ffO=)(N=Ii'')-]",  which  for  shortness  may 
be  represented  by  the  symbol  R. 

Chloride,  2RCl--,'-H-0. — Small,  colourless,  moderately  soluble  needles.  Silver 
nitrate  removes  the  whole  of  tho  chlorine.  Tho  chloroplatinate,  PtCPE  +  2H^0, 
crystallises  in  orange-red,  moderately  solnblo  needles. 


1002 


PLATINUM-BASES. 


Nitrate,  E(NO')-  +  WO. — "White  crystalline  powder,  slightly  soluble  in  cold  water, 
Sulphate,  2(S0'.E)  +  3H=0.— This  salt,  whose  formation  is  given  above,  is  de- 
posited on  evaporation  in  rather  large,  well-defined,  colourless  crystals. 

Dichr  ornate,  Cr^O'.R  +  H-O. — Orange-coloured  precipitate,  which  gives  oif  its 
water  at  100°. 

9.  Biplatinammonium,  =;(Pt°-)'''(NH^)<.  —  The  only  known  compound  of  this 
radicle  is  the  iodide  PPt-(NH')^I-',  which  is  a  crystalline  powder  obtained  by  the  action 
of  ammonia  on  the  iodide  of  platinammonium,  I'Tt(NH^)-I=  (p.  996). 

^(NH^NH^) 

10.  Siplatosodiammonlum,  ZZ.i^'iFi'ns.'^Wf,  or  =:Pt2<f  (Cleve, 

Bull.  Soc.  Chim.  [2],  svii.  100). — When  the  chloride  of  platosemidiammonium  is  boiled 
with  soda,  a_  greyish,  pseudomorphic,  crystalline,  insoluble  powder  is  obtained,  which 
detonates  violently  when  heated.  This  powder,  which  forms  black  compounds  with 
acids,  constitutes  the  hydroxide  of  diplatosodiammonitm  or  of  diplatinosemidiammo- 
nium : 

Pt^  +  WO,  or  (OH)Tt=<  +  WO. 

[WW.O'R  ^(NH'.NH^)' 

The  first  of  these  formulae  was  proposed  by  Blomstrand,  the  second  by  Cleve,  who 
discovered  this  base  and  its  salts.  The  difference  of  H'^  between  the  two  formulae  is 
too  small  to  be  detected  by  analysis.  Clevo  bases  his  opinion  on  the  formation  of  this 
hydroxide,  which,  if  Blomstrand's  view  were  correct,  should  take  place  according  to  the 
equation : 


2Pt 


g;2^Cl  ^  ,j,^Ho  ^  (Pt^{S:gi  +   H=0)  +  4NaCl  +  0. 


Conversely,  the  action  of  hydrochloric  acid  on  the  hydroxide,  which  ultimately  produces 
the  chloride  of  platosemidiammonium,  ought  to  be  attended  with  disengagement  of 
hydrogen.  Cleve,  however,  has  never  observed  either  oxidation  or  disengagement  of 
oxygen  in  the  first  case,  or  disengagement  of  hydrogen  in  the  second.  Nitromuriatit 
acid  transforms  the  hydroxide  into  diplatinodiammonium  chloride,  (Pt-)'''(N^H*)^C1''. 

Biplatinosemidiammoiiium  Chloride,  Cl-Pt^(]SfHlNH'^)^. — The  hydroxide 
just  described  is  converted  by  hydrochloric  acid  into  a  yellow  powder  which  boiling 
water  converts  into  a  black  powder,  while  chloride  of  platinoseniidiammonium  passes 
into  solution.    The  black  substance  is  the  chloride  of  platinosemidiammonium. 

Nitrate,  (]SfO')Tt-(JSIH^.NH^)^. — Black,  amorphous,  insoluble  powder,  which  deto- 
nates violently  when  heated. 

Sulphate,  SO<.Pt=(Nff.NHn%— Black  insoluble  powder. 

/  Nff(NH-) 

11.  Slplatiuodiammocium  Compounds,  E^Pt-)"'.  .    The  only 

^NH3(NH=) 

compound  of  this  series  yet  obtained  is  the  cA/oWc/c,  Cl^Pt=(NH'.NH-f  + 11=0,  which 
is  a  yellow  amorplious  powder  formed  by  the  action  of  nltromuriatic  acid  on  the 
hydroxide  of  the  preceding  series  (Cleve). 

12.  Diplatino tetradiammonium  Compounds,  E2(Pt')''(N'H«)^R<  (Cleve, 
Bidl,  Soc.  Chim.  [2],  Xv.  168).  EaeWsky's  salts  (iv.  677)  may  be  included  in  this 
series. 

Iodide,  PW{WWyl*.— 'Black  powder  obtained  by  adding  potassium  iodide  to  the 
iodonitrate. 

Nitrates:  Iodonitrate,  l2Pt=(N''H'')XN05)*.— Produced  by  the  action  of  nitric  acid 
on  the  oxyiodo-nitrate  of  diplatino-tetradiammonium  {itifra),  according  to  the  equa- 
tion : — 

/N^ff.NO' 

-Rwmw) 

IWJ  ^0  +  2N03H  =  H^O  +  PPt2(Nqi«)XN0')'. 

NH2.(NH')  ^ 

\wwm^ 

It  is  an  orange-coloured  powder  which  dissolves  in  hot  water  and  crystallises  in  small 
prisms,  It  contains  3  or  4  mols.  of  water  which  it  gives  off  at  100°.  Its  solution  is 
not  precipitated  by  silver  nitrate  in  the  cold,  but  on  heating  the  liquid,  silver  iodide  is 

*  The  formula  NH'.NH=  is  tliat  of  ammonium  in  whicli  1  at.  of  hydrogen  is  repl.accd  by  amid- 
ogen. 


PLATINUM-BASES.  1003 

slo-sriy  deposited.  Witli  ammonia  it  gives  a  precipitate  of  tlio  oxyiodonitrato.  Hydro- 
chloric acid  converts  it  into  a  brown  crystalline  powder  consisting  of  chloriodoplatiuo- 
diammonium  chloride,  Pt(ClI)(N-H'*)=Cr-.  Bromine  decomposes  the  iodonitrate, 
liberating  the  iodine  and  forming  several  products,  and  amongst  others,  yellow 
microscopic  prisms  having  the  composition  (PtI)"'(NH')^(NO')Br^ 

The  iodonitrate  yields,  by  double  decomposition,  the  three  following  salts  : — ■ 
lodosulphatc,  I-(Pt=)(N-H'')'(SO')-. — Yellow,  amorphous,  insoluble  powder. 
lodophosphate,  P(Pt^)(N-H'')'(PO^H)-. — Yellow  precipitate,  formed  of  microscopic 


lodoxalate,  l\Vf){^m^)\C-0*)-.—B\\\ky  yellow  powder. 
_  Basic  Nitrate,  (H0)-(Pt-)(N2H«)*(N0^)'.— Formed  by  boiling  the  oxyiodonitrate  with 
silver  nitrate,  and  deposited  gradually  from  the  colourless  solution  as  a  white  crystal- 
line powder,  very  slightly  in  cold  water,  detonating  violently  when  heated.  It  contains 
2  mols.  H^'O,  which  it  gives  off  at  100°. 

The  neutral  nitrate,  (NO^)-(Pt")(N=H«)i(NO')' -I- 4H-0,  is  formed  by  adding  nitric 
acid  to  the  basic  nitrate.    Resolved  by  water  into  nitric  acid  and  the  basic  nitrate. 

The  basic  nitrate  yields  by  double  decomposition  the  following  salts  : — 

Chloride,  (OH)2(Pt2)(N'''H«)'Cl<  +  White  microscopic  needles  very  slightly 

Soluble,  completely  decomposed  by  silver  nitrate. 

Sulphate,  (OH)=(Pt-)(N=H'')XSO')-  +  2H'^0.— White  amorphous  powder. 

Orthophosphate,  (Pt-)(N-H'^)XPO')-  +  2H^0.— Bulky  white  powder. 

Bichromate,  (OH)'(Pt^)(N=H'=)XCr-0')-.— Orange-coloured  precipitate. 

Oxalate,  (HO)XPt=)(N=H'')i(C=0')=  +  2H-0.— White  precipitate. 

Bromonitratc,  Br-(Pt-)(N-H«) '(NO') ' -h  2H-0.— Formed  by  adding  bromine  to 
the  basic  nitrate.  Small  yellow  crystals  moderately  soluble  in  hot  water.  The  solu- 
tion does  not  precipitate  silver  nitrate.  Ammonia  throws  down  from  it  a  yellow  crys- 
talline powder  consisting  of  a  bromodinitrate.  The  bromonitratc  yields  by  double  de- 
composition the  three  following  salts  : — 

Bromochloride,  Br2(Pt)-(N2H'')^Cr'.— Yellowish-white  precipitate,  formed  of 
microscopic  needles. 

Bromosulphatc,  Br-(Pt-)(N-H'')<(SO^)- +  211=0.— Ycllowish-whito  precipitate, 
giving  off  its  water  at  100°. 

Acid  Bromoxalate,  BrXPt)=(N2H«>' .—White  precipitate  composed  of 

microscopic  noodles. 

NH-.NH^ 

lododiplatinoietfadiammoniiim  Oiujiodide,  I-(Pt')" 

N-H».I 

This  is  the  yellow  powder  formed  by  the  action  of  ammonia  on  platinammonium  iodide 
(p.  096).  Nitric  acid  attacks  it,  giving  off  vapours  of  iodine,  and  forming  the  nitro- 
iodonitrate  of  platinodiammonium,  Pt"(NO-.I)(N=IP)-(NO')-' 

'N'^I-P.NO' 
NH-.NH^^ 

Oxyiodonitrate  of  Piptatinotctradiammonium,  P(Pl-)-{  ^0  . 

NH^.NH'  ' 
N-^H^NO' 

— Y'ellow  microscopic  needles  obtained  by  the  action  of  ammonia  on  the  iodonitrate  of 
platinodiammonium  (p.  1000).  Nitric  acid  converts  it  into  the  iodonitrate  of  diplatino- 
tetradiammonium  above  described. 

To  these  oxidised  compounds  probably  belong  Eaewsky's  salts  (iv.  677)  678), 
although  they  are  said  to  contain  2  or  3  atoms  of  oxygen,  wliich  is  dotibtful. 


Ammoniacal  Platinum' Compounds  containing  Organic  Radicles. 

The  methylamine  and  ethylamine  salts,  PtCP.(CH=N)<.PtCl^  and  PtOl2.(C=H''N)'PtCl, 
analogous  to  the  green  salt  of  Magnus,  were  discovered  in  1850  by  Wurtz  (iv.  C79), 
who  likewise  obtained  the  corresponding  chlorides  and  sulphates.  Other  ethylamine 
platinum-compounds  have  been  obtained  by  Gordon  (Dciit.  Chem.  Gcs.  Bcr.  iii.  174) 
and  by  Cleve  {Bull.  Soc.  Cldm.  [2],  xvii.  294),  who  has  also  studied  especially  the 
ammoniacal  platinum-compounds  containing  phenyl. 
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PLATINUM-BASES. 


1 .  Platosomcthylammonlam.  The  chloride  of  this  base,  Pt(CH'N)2Cl=,  appears 
to  be  obtained  by  heating  the  ehlorido  of  platosodimethylammonium  and  dissolving 
the  residue  in  boiling  water  (Wurtz). 

2.  Platosodimetliylamraoisiiim.  The  cJiloroplatinite  of  this  base, 
Pt"[N=(Cn3)=H<]'-Cl^PtCl-,  analogous  to  the  green  salt  of  Magnus,  is  formed  by 
the  action  of  a  strong  solution  of  ctliylamino  on  platinous  chloride,  the  mixture 
becoming  hot  and  the  chloroplatinite  being  deposited  in  the  form  of  a  chrome-green 
po-wder.  On  treating  it  with  excess  of  methylamine  in  sealed  tubes  heated  in  the 
water-bath,  it  gives  the  chloride,  Pt''[N=(OH^)^H'']^Cl-,  which  solidifies  to  a  crystalline 
mass  when  its  solution  is  evaporated  to  a  syrup.  This  chloride  is  less  soluble  in 
alcohol  than  in  water.  On  heating  it  to  160°  and  treating  the  residue  with  boiling 
water,  a  solution  is  obtained  v.-hich  deposits  small  shining  crystals,  probably  consisting 
of  the  chloride  of  platosomethylammonium.  The  green  methylic  salt  treated  with 
nitric  acid  yields  crystals  of  a  nitrate,  (N0^)^[N2(CH')=II'']-.PtCl-,  analogous  to  Gros' 
nitrate  (p.  999)  (Wurtz). 

N(C-H^)H2— 

3.  P!atosethylammoiiium,  Pt"^  .    Only  one  compound  of  this 

^N(C2H^)H2— 

base  is  known,  viz.,  the  iodide,  the  formation  of  which  will  be  mentioned  further  on. 

N^H"—  .NIP.N(C=H^)H^ 

4.  Platosodiethylammoniums,  Pt  ;  Pt^^ 

^N-(C2ff)=ff—  ^Nff.N(C2ff)H3 

and  Pt^ 

The  chloride  of  the  first  of  these  bases,  Pt:^  ,  is  formed  by  boil- 

^N=(C2H^)H^.C1 

ing  platosemidiamommonium  chloride  (p.  994)  with  aqueous  ethylamine  (Cleve); 
also  by  the  action  of  ammonia  on  the  ethylated  green  salt  of  Magnus  (Gordon).  It  is 
not  produced  by  the  action  of  ethylamine  on  the  ordinary  green  salt.  It  is  a  very 
soluble  crystalline  mass,  the  solution  of  which  forms,  with  platinous  chloride,  a  com- 
pound analogous  to  the  groon  salt  of  Magnus  (Cleve). 

NH=.N(C^H^)H'.C1 

Its  isomeride,  the  chloride,  Pt^  ,  is  formed  by  the  action  of 

\NH2.N(C2H^)HIC1 

ethylamine  on  platosammonium  chloride.  It  is  much  less  soluble  than  the  preceding 
modification,  and  crystallises  in  beautiful  white  needles.  Its  solution  forms,  with 
potassium  iodide,  white  nacreous  scales,  Pt[NH-.N(C-H^)II^]-I-,  which,  when  boiled, 
give  off  ammonia,  and  are  converted  into  a  yellow  crystalline  powder. 

The  cJdoroplatinitc,  Pt[NH^N(C2ff)H']2CP.PtCl%  forms  green  shining  sparingly 
soluble  needles.  The  sulphate,  Pt[NH=.N(C-^H'*)H=']=.SO^  +  6H=0,  is  very  soluble, 
and  crystallises  in  fine  colourless  prisms  which  give  off  their  water  at  100°  (Cleve). 

The  cloLoroplatinite  of  the  tetrethylated  base,  Pt(NH-C2H^)iCP.PtCl-,  or 
(C'H'N)'Pt-'Cl-',  is  the  chamois-coloured  salt  which  AVurtz  obtained  by  the  action  of 
ethylamine  on  platinous  chloride  (iv.  679). 

5.  Platosodibutylammonlum.  The  chloroplatinite,  Aualoffms  to  the  green  salt 
of  Magnus,  is  a  green  powder  formed  by  the  action  of  butylamine  on  platinous  chloride. 
Treated  with  excess  of  butylamine,  it  yields  the  chloride  Pt"[N-(C*H")-H'']-Cl-,  and  with 
ammonia  it  yields  the  chloride  of  platomonohutyldiammoniwm,  Pt''[NH^.N(C^II°)H']^Cl- 
(  Gordon). 

.N(C«ff)H2— 

6.  fflatosopbenylammoiaium,    Pt^  .     The  chloroplatinite, 

^N(C«ff)H=— 

PtCl".N2(C"H^)^H^.PtCF,  analogous  to  the  green  salt  of  Magnus,  is  easily  formed 
by  the  action  of  aniline  on  platinous  chloride,  but  is  not  altered  by  aniline;  it  dissolves 
in  water  when  boiled,  and  crystallises  therefrom  in  yellow  needles  which  are  insoluble 
in  water,  alcohol,  and  ether,  and  are  not  altered  by  hydrochloric  or  dilute  nitric  acid 
(Gordon). 

The  corresponding  toluidine  salt,  PtCP.N=  (C'H')-H'.PtCl-,  is  a  yellowish  powder 
similar  in  its  properties  to.  the  aniline  salt.  The  xylidine  salt,  PtCr-.iSi-(C''H*)^H''.PtCl-, 
forms  whitish  needles  (Gordon). 
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7.  Platosodipbcnylammoniums  (Cleve,  loc.  cit.),  Pt/^  ,  and 

,NH■^N(C'iff)IP— 

a.  The  chloride,  Pt  ,  obtained  by  heating  platosomidiammo- 

\N-'(C<=ff)-H^Cl 

nium  chlorido  in  a  sealed  tube  -vvitli  excess  of  aniline  mixed  with  dilute  alcohol, 
is  a  white  crystalline  powder  which  may  be  freed  from  coloured  products  by 
washing  with  alcohol.  With  potassium  chloroplatinito  it  forms  a  bulky  precipitate, 
PtCr-[N-H°.N-(C-'IP)-H'].PtCl-,  analogous  to  the  green  sal£  of  Magnus. 

Cleve  thinks  it  x^robable  that  there  exists  also  a  chlorido  having  the  composition 

"'^''{(C-H'N)'^!^^"'  "'^  ^^'^  ^^^'^  obtained  a  chlorido  intermediate  in  composition  between 
this  and  the  one  above  described. 

The  nitrate,  Pt<f  ,  is  prepared  by  the  action  of  aniline  on 

^N=(C'=ff)ri'.N05 

platosemidiammonium  nitrate.  It  crystallises  in  very  brilliant  rhombic  scales  often 
having  a  faint  rose  tint,  duo  to  the  presence  of  small  quantities  of  resinous  matter. 
It  dissolves  easily  in  hot  water,  and  the  concentrated  solution  solidifies  in  crystals  on 
cooling. 

The  oxalate,  Pt^  C=0'  +  H=0,  obfaiined  by  treating  the 

nitrate  with  ammonium  oxalate,  is  a  crystalline  powder  containing  37"8.5  p.c.  platinum 
(calc.  37-77). 

When  the  chloride,  Pt|j^jp2  (C^IP)H^  CI '  ^^^^  solution  formed  by  boiling  plato- 
somidiamine  with  aniline,  water,  and  a  little  alcohol,  is  evaporated  on  the  water-bath, 
a  strongly  coloured  residue  is  obtained  ;  and  this  residue,  when  washed  with  alcohol, 
leaves  a  whitish  crystalline  powder,  the  solution  of  which  in  a  small  quantity  of  water 
deposits  crystals  which,  when  purified  by  repeated  crystallisation,  have  the  composition 
■^''{N(0'ff)H-[  '^^^^  chlorido  is  analogous  to  the  chloride  of  platomonodi- 
ammonium,  and  is  formed  by  the  abstraction  of  1  mol.  aniline  from  the  chlorido, 

When  the  chlorido,  ^'tjj^QG^s^  jj2|  CP,  is  treated  with  potassium  iodide,  ammo- 
nia is  given  off,  and  a  yellow  powder  is  precipitated  having  the  composition 
Pt  I  >J^6fi[5)  JJ2 1 1"'  analogous  to  iodide  of  platosammonium. 

The  radicle  of  this  iodide  may  he  supposed  to  bo  derived  from  the  radicle, 
''^  l\(C''"lP)H- N(C°H^H-)' abstraction  of  the  tw9  external  molecules,  NH'  and 
N(C''ff)H-,  just  as  platosamine  is  derived  from  platosodiamine  by  loss  of  the  two  ex- 
ternal molecules  NH'.  The  isomeric  chloride,  Pt  |  ^J^.'-^l^'^'^j^! ,  to  be  presently 
described,  behaves  differently  with  potassium  iodide,  the  two  external  molecules  of 
aniline  being  given  off,  and  platosammonium  iodide,  Ptj  jjjja'p  being  produced. 

The  chloride,  ^'t  j^^Qs-y-s-j jpj  CP,  unites  with  platiuous  chlorido,  forming  the  double 
salt : 

p,fN(C«H»)ff.Cl 
^"^IN-H«.C1.C1  )p, 
p,  fN^H-'.CLCl    J  -^^' 
^''|N(C''H^)H--.C1 

analogous  to  chloroplatinito  of  platomonodiammonium  or  to  the  brown  chloride  dis- 
covered by  Peyrone  (iv.  074).  This  double  salt  forms  chamois-coloured  scales  having 
a  brilliant,  almost  mot<allic  lustre. 

The  sulphate,  Vl^^i^^^^j^^O*,  is  formed  by  dissolving  anilino  in  a  boiling 
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solution  of  platosemidiammonium  sulphate,  and  separates  on  cooling  in  colourless  pris- 
matic crystals,  which  easily  give  off  part  of  their  aniline. 

/3.  The  chloride,  ^^^^^■i^^^y^t'Qi  <  formed  by  heating  platosammonium 
chloride,  Pt(NII')-.Cl-,  with  water,  aniline,  and  a  little  alcohol,  and  separates  from  the 
resulting  solution  on  cooling  in  thin,  nacreous,  very  light  and  shining  plates.  Heated 
with  nitromiiriatic  acid,  it  j'ields  ydlow  crystals  having  the  form  of  platinamnionium 
chloride.  With  potassium  iodide  it  forms  a  yellow  precipitate  of  platosammonium 
iodide. 

The  chloroplatinitc,  PtCr'[NH^N(C^H=')H=]^PtCP,  is  immediately  precipitated 
as  a  very  sparingly  soluble,  chamois-coloured,  crystalline  powder. 

The  nitrate,  Pt(NH:'.C''H'N)-(N0=)2  obtained  by  the  action  of  aniline  on  platos- 
ammonium nitrate,  crj-stallises  in  thin  very  brilliant  scales,  freely  soluble  in  hot,  spar- 
ingly in  cold  water. 

The  stilphate,  Pt(NIP.C«H'N)''SOS  forms  slightly  coloured,  very  thin  plates. 

POXiKESr.  The  following  analysis  of  this  substance  has  been  made  by  W.  v. 
Schneider  {Ann.  Ch.  Fharm.  clvii.  235 ;  Chem.  Soc.  J.  [2],  x.  175). 

Water   29-89  p.c. 

Ash  (chiefly  alkaline  phosphate)   3-08  „ 

Albumin  and  peptones   17'81  ,, 

Sugar   25-12  „ 

Fat,  fat  acids,  cerotic  acid,  myriein,  oleic  acid    .       .       }  q.qo 

Colouring  matter  /  " 

Cell-membrane   7-56  ,, 

Pectin   7-42  „ 


The  proportion  of  -was  appears  to  be  very  small,  whence,  as  well  as  from  experi- 
ments on  the  consumption  of  food  consumed  by  bees,  in  comparison  with  the  wax 
which  they  produce,  Schneider  concludes  that  bees  secrete  wax,  and  that  it  is  not 
brought  into  the  hive  with  the  pollen  which  they  collect. 

pOXiYCKASB,    See  Tantaiates. 

POTASSIUMC.  On  the  solubility  (}f  this  metal  in  liquid  ammonia,  see  Ammonia 
(p.  60). 

On  the  amalgam  of  potassium,  see  Meecuey  (p.  786). 

Separation  from  Sodium. — For  this  purpose  T.  Schlosing  {Coynpt.  rend.  Isxiii. 
1269)  recommends  the  use  of  ammonium  perchlorate,  prepared  by  boiling  a  concen- 
trated solution  of  sodium  perchlorate  with  sal-ammoniac,  whereby  it  is  obtained  in 
fine  crystals.  The  solution  of  this  salt  boiled  with  nitromuriatic  acid  is  instantly  re- 
solved into  a  mixture  of  perchloric,  nitric,  and  hydrochloric  acids,  the  perchloric  acid 
decomposing  the  chlorides  and  nitrates  of  the  alkalis,  and  converting  them  into  per- 
chlorates. 

To  apply  this  reaction  to  the  separation  of  potassium  and  sodium,  the  solution  of 
the  bases,  having  been  concentrated  in  a  tared  platinum  crucible,  is  mixed  with  the 
perchloric  acid  solution  prepared  as  above.  The  whole  is  then  evaporated  to  dryness, 
or  till  white  fumes. begin  to  appear;  the  precipitated  potassium  perchlorate  is  washed 
several  times  with  alcohol,  and  dissolved  in  a  small  quantity  of  water  to  separate  a 
little  adhering  sodium-salt;  the  solution  is  evaporated  to  dryness;  the  residue  again 
washed  with  alcohol ;  and  the  pure  potassium  perchlorate  dried  at  250°  and  weighed. 
Test  experimsnts  shov.-  that  this  method  gives  very  exact  results. 

Bromide.— On  impurities  in  the  commercial  salt,  see  Jahrcsh.f.  Chem.  1870,  300. 
On  the  method  of  testing  it,  see  Falieres  {Chem.  Centr.  1872,  425;  Chem.  Soc.  J.  [2], 
xi.  191). 

Hydrate. — For  the  preparation  of  pure  potassium  hydrate  by  Wohler's  method (iv. 
700),  E.  Polhicci  recommends  the  use  of  iron  instead  of  copper,  as  the  potash  pre- 
pared with  copper  always  contains  cupric  oxide, 

PH.SH2JITS.  On  the  crystalline  form  of  this  mineral  from  the  Eadauthal,  sea 
A.  Stveng  {Jahrbuch.f.  Mineralogic,  1870,  314;  Jahresb.f.  Chem.  1870,  1303). 

PREHOTITIC  ACI35,  C'lPOs,  and  PREH3JOiaA3.IC  ACXD,  0'»H«0'. 
Acids  obtained  by  heating  hydromellitic  acid  with  strong  sulphuric  acid  {Ist  Suppl. 


PROPANE— PROPABGYL. 
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PROPASJE,  C^H^.    On  dihromo-  and  dichloropropanc  or  mdlijilhromacetol  and 
methylchnracctol,  soo  PKOpyr-ENE  Bromides  and  Chloiudes  (pp.  1016',  1017). 
On  Jiifropi-opiuics,  suu  Paraffins  (p.  895). 

PROPABGYI.  COnsPOITSTBS.  Ethyl  propargylate  or  propargjlic  ether, 
CH^OC-H',  was  discovered  in  186,5  by  Liebermann,  who  obtained  it  by  the  action  of 
potassium  ethylate  on  bromallj'lene,  and  of  boiling  alcoholic  potash  on  allyl  tribromide 
( 1st  Stippl.  9.58).  This  ether  has  been  further  investigated  by  Liebermann  and  Kretsch- 
ner  {Aim.  Ch.  Pharm.  elviii.  230  ;  Chcm.  Soc.  J.  [2],  ix.  527) ;  and  propargylie 
alcohol,  C^H^O,  has  been  discovered  by  L.  Henry,  who  has  likewise  examined  several 
of  its  derivatives  {Dent.  Chem.  Gcs.  Ber.  v.  274,  449,  669  ;  vi.  728  ;  vii.  20,  761). 

Propargyl  Alcohol,  C^WO  or  CH  =  C— CH=OH,  is  obtained,  together  with 
nionobromallyl  oxide,  by  the  action  of  aqueous'  potash  on  monobromallyl  alcohol, 
C^H'BrO.  It  is  a  colourless  liquid  of  peculiar  odour,  boiling  at  114°-115°  ;  sp.  gr.= 
0'9628  at  21°.  Vapour-density  =  1-88  (cale.  1-93).  It  is  easily  decomposed  by  elec- 
tronegative chlorides,  bromides,  &c.,  and  unites  with  Br-,  HBr,  and  HCl.  It  precipitates 
ammoniacal  silver  and  copper  solutions,  forming  the  compounds  C^Il^AgO  and 
C''H«(Cu-)"0-.  With  anhydrous  baryta  it  forms  the  compound,  (H0C^H=)-Ba.C3H'0, 
which  crystallises  in  small  plates  (Henry). 

Ethyl  Propargijlate,  C^IPO  or  CH  =  C—CH2(0C-ff).— Liebermann  a.  Kretschner 
find  that  allyl  tribromide  is  better  adapted  for  the  preparation  of  this  ether  than  tri- 
chlorhydrin,  as  it  is  more  easily  decomposed  and  yields  a  larger  product.  At  the  com- 
pletion of  the  reaction,  which  took  five  hours  in  the  case  of  the  tribromide  of  allyl  and 
seven  with  the  trichlorhydrin,  the  alcohol  was  distilled  olf,  and  the  first  portions,  which 
contained  the  ether,  collected  apart,  the  receiver  being  changed  as  soon  as  the  distillate 
ceased  to  give  a  precipitate  with  silver  nitrate.  This  last  fraction  was  again  rectified 
in  a  similar  manner.  A  concentrated  solution  of  silver  nitrate  was  now  cautiously 
added  to  the  alcoholic  solution  of  propargylie  ether,  and  on  agitation  it  became  filled 
with  crystalline  plates  of  the  silver  compound.  On  adding  ammonia  to  the  filtrate,  a 
small  additional  quantity  of  silver  propargylie  ether  was  generally  obbiined  in  the  amor- 
phous state.  The  behaviour  of  dilute  alcoholic  solutions  of  propargylie  ether  towards 
silver  nitrate  was  probably  the  cause  why  Linnemann  {Ann.  Ch.  Pharm.  cxxxix.  19) 
failed  to  detect  it  amongst  the  products  of  the  action  of  alcoholic  potash  on  trichlor- 
hydrin. In  order  to  prepare  the  pure  ether  from  the  silver  compound,  it  was  first 
treated  with  ammonia  to  render  it  amorphous,  and  then  thoroughly  washed.  On  dis- 
tilling this  compound  with  dilute  sulphuric  acid,  drying  with  calcium  chloride,  and 
rectifying,  the  ether  was  obtained  pure.  The  ether  is  likewise  obtained  by  the  action 
of  boiling  alcoliolic  potash  on  dichloroglycide,  C^H^CP,  and  on  allyleno  dibromide, 
O'H'Br-. 

According  to  Henry  {Bnit.  Chem.  Ges.  Ber.  v.  274),  it  is  best  prepared  by  heating 
bromallyl  oxide,  C^H^OG'H^Br,  with  an  equal  weight  of  potassium  hydrate,  the  yield 
being  nearly  equal  to  the  calculated  quantity.  The  greater  part  separates  as  an  oil  on 
addition  of  water,  and  the  remainder  may  bo  obtained  as  a  silver  compound  in  tho 
manner  above  described.  To  remove  the  last  traces  of  alcohol  and  water  it  must  be 
treated  with  sodium-amalgam. 

Ethyl  Propargylate  is  a  mobile  liquid  lighter  than  water,  and  boiling  at  80°  (L.  a. 
K.),  at  81°-85°,  and  has  a  specific  gravity  of  0-83  at  7°  (Henry).  It  has  a  penetrating 
odour,  is  somewhat  soluble  in  water,  and  in  all  proportions  in  alcohol.  Bromine  com- 
bines directly  with  it  without  evolution  of  hydrobromic  acid,  forming  tho  compound 
C^H'Br-O.C-H\  which  is  heavier  than  water.  This  compound  is  not  acted  upon  by 
sodium-amalgam  in  aqueous  solution,  but  in  an  alcoholic  solution  the  ether  is  regene- 
rated. It  exhibits  the  reactions  assigned  by  Markownikoff  (t7«A>rs/<.  /.  C7/c)».  1865, 
492)  to  the  dibromide  of  allyl  ether,  and  by  ToUens  {Ann.  Ch.  Pharm.  c'lvi.  167)  to  tho 
dibromide  of  allyl  alcohol  (L.  a.  K.) 

With  sodium  it  forms  a  white  solid  compound,  containing  C^H-Na-OC-H''  (Henry). 

The  crystalline  silver  compound  of  propargylie  ether  has  tho  composition, 
2(C'H-Ag.0C-H^)  +  AgNO^ ;  on  treating  it  with  ammonia,  silver  nitrate  separates, 
and  an  amorphous  silver  compound  is  formed.  An  alcoholic  solution  of  propargylie 
ether  mixed  with  an  ammoniacal  solution  of  silver  chloride  jields  a  white,  curdy  pre- 
cipitate, 2(C'H'Ag.0C''H^)-(- AgCl,  which  gradually  gives  up  silver  chloride  to  am- 
monia, and  is  resolved  by  nitric  acid  into  propargylie  ether  and  silver  chloride,  whilst 
silver  passes  into  solution. 

A  copper  comiMund,  (C^H^.OC-H^)^(Cii-)",  is  formed  by  precipitation  with  ammoniacal 
solution  of  cuprous  chloride,  as  an  amorphous,  yellow  precipitate.  Cuprous  chloride 
without  ammonia  also  forms  an  amorphous  precipitiite.  Kespecting  the  constitution 
of  these  metallic  derivatives,  sec  Chcm.  Soc.  J.  [2],  ix.  529, 
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Methyl  Propaygylate,  C^H-OCH',  is  obtained  by  heating  methylbromallyl  ether, 
CH^'OC^H^Br,  with  alcoholic  potash ;  also,  together  with  methylbromallyl  other,  by 
heating  the  dibromido  of  methylallyl  ether  with  solid  potassium  hydrate.  It  boils  at 
61°-62°  (Henry). 

Amijl  Propargylate,  CH^OCSH",  obtained  in  like  manner,  is  a  limpid,  nearly  scent- 
less  liquid  boiling  at  llO^-liS". 

Fropargijl  Bromides. — The  monohromide,  C'H'Br  or  CH  =  C— CH-Br,  is  formed, 
together  with  C'H-'Br",  by  treating  propargyl  alcohol  with  phosphorous  bromide  ; 
it  is  a  liquid  boiling  at  88°-90°,  and  having  a  sp.  gr.  of  1-59  at  11°,  1-52  at  20^ 
(Henry). 

The  tribromide,  C^H^Br',  prepared  by  direct  addition  of  bromine  to  the  mono- 
bromide,  is  a  colourless,  non-volatile  liquid,  having  a  sp.  gr.  of  2-53  at  10°. 

The  pentabromide,  C^H^Br^,  formed  in  like  manner  from  the  tetrabromide,  is  a  thick 
non  volatile  liquid  having  a  sp.  gr,  of  3-01  at  10°. 

These  three  bromides  may  be  represented  by  the  following  formulae  : 

CHSBr  CH-Br 

I  I 
CBr  CBr2 

II  I 
CHBr  CHBr= 

Propargyl  Iodide  is  produced  by  the  action  of  iodine  and  red  phosphorus  on  the 
alcohol ;  it  boils  at  about  120°,  but  decomposes  at  the  same  time. 

Propargyl  Acetate  is  readily  obtained  by  acting  on  the  alcohol  with  acetyl  chloride. 
It  boils  at  124°-125°,  has  a  sp.  gr.  1-0031  at  12°  and  a  disagi-eeable  odour. 

Propargyl  Sulphocyanate,  C'H^SCN,  is  easily  produced  by  the  action  of  the  bromide 
on  an  alcoholic  solution  of  potassium  sulphocyanate.  It  is  an  oily  liquid,  smelling 
like  mustard-oil,  and  decomposed  by  heat. 

Bipropargyl,  or  Biallylenyl,  CH'^  (L.  Henry,  Bent.  Chem.  Ges.  Ber.  vi.  955- 
063).  AVhen  diallyl  tetrabromide  is  distilled  with  a  large  excess  of  caustic  potash  or 
Boda,  it  loses  2  mols.  of  hydrobromic  acid,  and  dibromodiallyl,  C^H^Br^,  is  formed, 
some  of  which,  by  the  further  loss  of  hydrobromic  acid,  is  converted  into  dipropargyl. 
This  isomeride  of  benzene  is  a  mobile,  limpid  liquid,  having  a  high  refractive  index 
and  an  odour  like  that  of  propargylic  ether,  but  more  intense  and  penetrating.  It 
boils  at  about  85°,  has  at  18°  the  sp.  gr.  0-81,  and  burns  with  a  luminous  and  smoky 
flame.  It  is  easily  distinguished  from  benzene  by  its  property  of  combining  witla 
explosive  violence  with  bromine,  forming  the  tetrabromide,  C'H^Br',  a  viscid  liquid, 
having  a  faint  smell  and  bitter  taste.  Sp.  gr.  =  2-460  at  19°.  When  heated 
it  gives  off  hydrobromic  acid,  and  leaves  a  carbonaceous  residue.  It  combines  in  the 
dark  with  more  bromine,  forming  probably  the  octohromide,  CH'^Br".  Dipropargyl 
gives,  with  an  ammoniacal  solution  of  cuprous  chloride,  a  greenish -yellow  precipitate, 
which,  when  dried  over  sulphuric  acid,  or  at  90°-100°,  has  the  composition  CH'Cu^ 
+  2H-0.  It  explodes  at  about  100°,  and  when  touched  with  a  flame,  burns  with  a 
scintillating  green  flame.  The  silver-compound,  CH^'Ag-  +  2H-0,  is  obtained  as  an 
amorphous  white  precipitate  by  adding  the  hydrocarbon  to  an  aqueous  solution  of 
silver  nitrate  ;  in  the  light  it  soon  becomes  pink,  and  then  black.  It  explodes  below 
100°,  leaving  a  residue  of  carbon  and  silver. 

The  constitution  of  dipropargyl  or  diallylenyl  may  be  expressed  by  the  formula, 
HC  =  C — CH- — CH^ — 0  =  CH,  which  explains  why  it  forms  compounds  containing 
2  atoms  of  a  metal,  while  in  allylene,  CH  =  C— OH',  only  1  atom  of  hydrogen  can  be 
replaced. 

The  propargyl-compounds  boil  18°-20°  higher  than  the  corresponding  allyl-com- 
pounds  ;  dipropargyl  ought,  therefore,  to  boil  at  about  95°-l  00°,  but  it.  actually  boils  at 
85°.  Diallyl  makes,  however,  a  similar  exception,  for  while  the  allyl-compounds  boil 
at  the  same  temperature  as  the  normal  propyl-compounds,  the  hydrocarbon  boils  at 
the  same  temperature  as  di-isopropyl,  or  10°  lower  than  normal  dipropyl. 

Dipropargyl  Tetrabromide,  CH'^Br',  is  a  viscid  liquid  having  a  faint  smell  and 
bitter  taste. '  Sp.  gr.  =2-460  at  19°.  "When  heated  it  gives  off  hydrobromic  acid  and 
leaves  a  carbonaceous  residue. 

Ociobromide,  C'lPBr''. — Pormed  by  addition  of  bromine  to  the  tetrabromide  ;  very 
little  hydrobromic  acid  is  evolved,  and  in  a  few  minutes  the  mass  becomes  soHd  and 
crystalline.  Thus  produced,  the  octobromido  is  a  granular  crystalline  powder,  but  by 
spontaneous  evaporation  of  its  solution  in  carbon  sulphide,  distinct  rhombohedrons 
of  considerable  size  may  be  obtained.  It  is  colourless,  strongly  refractive,  and  smells 
slightly  of  camphor.    It  melts  at  140°-141°,  and  solidifies  at  130°.  It  is  not  volatile. 
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PKOfflOSTASSSBE,  C''IPO.NH-  (F.  Sestini,  Cimeiito,  iv.  21).  This  compound 
is  best  preparod  liy  inixiiif,'  ethyl  propionato  with  5-6  times  its  volumo  of  strong 
ammonia,  leaving  the  liquid  to  stand  for  3-4  days,  and  shaking  the  mixture  from 
time  to  time.  The  liquid  is  lirst  concentrated  on  the  water-bath,  and  then  evaporated 
over  sulphuric  acid  to  the  consistence  of  a  syrup,  which  is  exhausted  with  other,  the 
solution  evaporated,  and  the  residue  recrystallised  from  ether  or  chloroform. 

Propionamido  is  colourless,  readily  soluble  in  cold  alcohol  and  ether,  from  which 't 
crystallises  in  radiate  crystalline  masses,  or  in  prisms  grouped  in  fascicles;  from 
chloroform  it  crystallises  in  pearly  scales.  It  melts  at  7S°-76°,  and  solidifies  again 
at  50°  ;  at  a  higher  temperature  it  sublimes. 

Propionamidc  Hydrochloride,  (C''ff  0NH=)-C1H,  is  obtained  by  pnssin-  hydroeliloric 
acid  gas  into  an  ethereal  solution  of  the  amide;  the  liquid  separ^ilrs  in!  ■  [w,  l  ivers, 
the  lower  of  which  contains  the  hydrochloride,  which  is  isolated  by  \, :  Inn-  m  veral 
times  with  ether  and  evaporating  over  sulphuric  acid.  It  crystallisrs  m  liceiii.  s  very 
sparingly  soluble  in  other,  readily  soluble  in  water  and  alcohol,  and  having  an  acid 
reaction. 

Mcrcurii-p-opionamidc,  (C^H^O.NH)^Hg,  is  obtained  in  largo  colourless  quadratic 
plates  by  heating  an  aqueous  solution  of  the  amide  with  mercuric  oxide  to  50°,  and 
leaving  the  solution  to  evaporate  slowly  ;  it  dissolves  sparingly  in  cold,  readily  in 
boiling  water. 

Propionanilide,'  C^H^O.NH.CH^,  was  obtained  by  adding  drop  by  drop  3  i^ts.  of 
propionyl  chloride  to  10  pts.  of  well-coolod  aniline.  It  crystallises  from  water  in 
small  micaceous  plates  which  melt  at  92°  ;  at  a  higher  temperature  it  sulilimos  par- 
tially. By  boiling  it  with  acids  or  alkalis,  it  is  decomposed  into  propionic  acid  and 
aniline. 

PHOPXOSfXC  ACI3>,  C^H«0=  =  C^IP.COOH.  Formaium.—a.  By  oxidising 
allyleno  with  aqueous  cliromic  acid  (Borthelot,  Ann.  CJt.  Phjs.  [4],  xxiii.  212). 
)S.  By  the  combinaticiH  (jf  carbon  monoxide  with  potassium  ethylato :  CO  +  C'-IPOK 
=  C-H\CO-K  (Ilagemann,  Bent.  Chcm.  Ges.  Bcr.  iv.  877).  7.  By  the  fermentation 
of  calcium  succinate  in  contact  with  microzyuiu  chalk  {1st  Suppl.  614),  and  a  small 
quantity  of  meat : 

2C'WCviO*  +  WO  =  C0=  +  CO^Ca  +  (CTPO-)-Ca 

(Bechamp,  Co/wpt.  rend.  Ixx.  099). 

Preparation. — 1.  By  O-vidation  of  Normal  ProjiT/l  Alcohol.  Pierre  a.  Puchot  (Ann. 
Chim.  Phys.  [4],  xxviii.  71)  add  a  mixture  of  propyl  alcoiiol,  water,  and  sulphuric 
acid  to  a  solution  of  potassium  dichromate  to  which  sulphuric  acid  has  been  added. 
The  reaction  being  terminated,  the  mixture  yields  dilute  propionic  acid  on  distillation. 
In  order  to  obtain  the  acid  in  a  concentrated  form,  its  potassium  salt  is  treated  with 
sulphuric  acid  diluted  with  a  small  quantity  of  water,  the  v/holo  being  kept  for  some 
time  at  a  temperature  of  about  80°,  when  the  propionic  acifl  separates  as  .a  yellowish 
liquid  which  may  be  decanted  fniiii  \W  saline  residue.  The  crude  acid  thus  olitained 
crystallises  on  cooling,  but  aii-  r  ili^lillation  it  no  longer  possesses  the  property  of 
crystallising  at  the  ordinary  i rin|H  I'alurc  the  crj'stallisation  being  apparently  facili- 
tated by  the  presence  of  a  small  quantity  of  potassium  bisulphate.  The  acid  liquid 
thus  obtained  yields,  on  fractionation,  pure  propionic  acid,  CTPO-. 

2.  From  Lactic  Acid  hy  the  action  of  Hydriodic  Acid. — This  reaction,  discovered  by 
Lautomann  (iv.  730),  is  recommended  by  A.  Freund  {J.  pr.  Chcm.  [2],  v.  446)  as  a 
convenient  modo  of  preparation.  60  grams  of  iodine  suspended  in  140  grams  of 
water  are  converted  into  hydriodic  ;ieid  by  means  of  sulphydric  acid,  and  the  hydriodie 
acid  thus  obtained  is  place(l  in  a  retort  with  60  grams  of  lactic  acid,  after  which  the 
mixture  is  distilled  uiilil  abmif  ion  prams  of  liquid  have  passed  over.  A  condensing 
tube  being  now  adaptr  !  I'l  ihr  a|i|iaratus,  the  contents  of  the  retort  are  digesled  for 
about  four  hours,  when  the  iddine,  which  by  this  time  has  crystallised  in  ilie  con- 
densing tube,  is  washed  back  into  the  retort  with  the  100  grams  of  d  1-  i  '  •  ;  -  1  I  nsly 
drawn  ofF,and  sulphydric  acid  is  passed  through  tlie  mixture  in  ord(  r  •  •  :  .1  nise 
the  free  iodine.  The  deposited  sulphur  being  removed,  100  grams  a:  il  11  i  di  lilled 
off,  the  contents  of  the  retort  are  digested  for  another  period  of  four  hours,  and 
this  series  of  operations  is  repeated  six  or  seven  times,  the  whole  of  the  lactic  acid 
being  by  this  time  converted  into  propionic  acid,  almost  the  whole  of  which  is  contained 
in  the  100  grams  drawn  off  after  the  last  digestion.  This  distillate  is  now  mixed 
with  50  grams  of  water,  and  distilled  as  long  as  the  liquid  which  passes  over  produces 
no  perceptible  turbidity  in  a  solution  of  lead  propionate.  The  nearly  pure  solution  of 
propionic  acid  thus  obtained  is  neutralised  with  sodium  carbonate,  mixed  wdth  lead 
propionato  to  remove  small  quantities  of  iodine,  then  filtered  and  evaporated  to 
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dryness,  and  the  dry  sodium  propionate  is  fused,  pulverised,  and  decomposed  by  a  stream 
of  dry  hydrochloric  acid  gas  as  recommended  by  Linnemann  (Aim.  Ch.  P/iarm. 
cxlviii.  251).  The  propionic  acid  thus  liberated  is  distilled  off  and  freed  from 
hydrochloric  acid  by  passing  a  stream  of  dry  air  through  it. 

Lactic  acid  thus  treated  yields  from  61  to  62  p.c.  pure  propionic  acid.  No  acetic 
acid  is  formed  in  the  process,  the  only  secondary  products  being  small  quantities  of 
aldehyde  and  a  gas  -which  burns  with  a  bluish  flame. 

Properties. — Pure  propionic  acid  boils  at  139°  (Freund),  at  140'71°  (corrected  and 
reduced  to  760  mm.  pressure  :  Linnemann),  at  14r5°  under  the  same  pressure  (Pierre 
a.  Puehot).  Sp.  gr.  =0-9961  at  19°  (Linnemann),  1-0143  at  0°,  0  9607  at  49-6°,  and 
0-9062  at  99-8°  (Pierre  a.  Puehot).  Its  odour  recalls  that  of  glacial  acetic  acid  and 
that  of  butyric  acid  (Pierre  a.  Puehot).  It  mixes  in  all  proportions  -with  water,  is 
optically  inactive,  and  does  not  solidify  at  —  21°.  It  is  not  separated  from  its  aqueous 
solution  by  salts,  or  even  by  phosphoric  acid,  and  only  the  concentrated  acid  is  par- 
tially dehydrated  by  calcium  chloride,  a  considerable  quantity  of  hydrochloric  acid 
being  at  the  same  time  set  free  and  lime  dissolved.  The  dry  acid  quickly  absorbs 
water  from  the  air  (Linnemann,  Ann.  Ch.  Pharm.  clx.  195). 

Propionates. — The  neutral  ammonium  salt,  CTI*0^(NH^),  forms  long  slender 
prisms,  very  deliquescent,  easily  soluble  in  water,  insoluble  in  ether.  "When  its  con- 
centrated solution  is  left  over  sulphuric  acid,  an  acid  salt,  C^H^O=(Nii-').C^H'=0-, 
crystallises  out  in  small  quadratic  plates.  On  distilling  the  neutral'  salt,  the  acid  salt 
passes  over,  crystallising  in  six-sided  plates  which  melt  at  45°  (Sestini). 

The  silver  salt,  C'ff  0-Ag,  crystallises  from  cold  or  from  hot  solution  in  shining 
leaflets,  or  in  large  broad  shining  needles,  according  to  the  degree  of  concentration 
(Linnemann) ;  in  masses  of  fine  silky  anhydrous  needles  which  execute  gyratory  move- 
ments during  the  process  of  solution  in  water  (Pierre  a.  Puehot).  Dissolves  in  119  pts. 
of  water  at  19°,  and  is  anhydrous  at  100°  (Linnemann). 

The  barium  salt  may  be  obtained  in  large  crystals  by  allowing  its  solution  to 
evaporate  spontaneously,  or  as  a  granular  powder  consisting  of  small  crystals  by  cool- 
ing a  hot  solution.  The  crystals  dried  by  the  heat  of  the  sun  contain  (C'H''0-)-Ba.H^O 
(Pierre  a.  Puehot).  The  salt  is  anhydrous  at  100°,  and  crystallises  by  evaporation 
over  sulphuric  acid  in  scales  which  dissolve  in  1-67  pt.  water  at  17°. 

The  calcium  salt  crystallises  when  its  concentrated  solution  is  left  over  sulphuric 
acid  in  transparent  laminse  which  dissolve  in  1-87  pt.  water  at  17°.  and  when  dried 
at  100°  have  the  composition  (C^WO-fCi.WO. 

The  neutral  lead  salt,  (OTI^O'^)'-Pb,  is  easily  soluble  and  remains  as  a  gummy  mass 
when  its  aqueous  solution  dries  up.  Tlie  very  characteristic  basic  lead  salt  is  always 
formed  when  propionic  acid  or  the  neutral  salt  is  triturated  witli  excess  of  litharge 
and  water,  and  the  mixture  is  dried  over  the  water-bath.  If  the  residue  be  drenched 
with  cold  water,  and  the  filtered  solution  heated  to  boiling  or  evaporated  at  the  boil- 
ing heat,  the  salt  separates  suddenly  and  almost  completely  on  stirring,  the  solution 
sometimes  becoming  nearly  solid.  Dried  over  sulphuric  acid  it  has  the  composition 
3(C^II'0^)^Pb  -I-  4PbO.  It  separates  in  needles  or  as  a  crystalline  powder,  which 
gradually  dissolves  in  8-10  pts.  of  water  at  14°.  This  salt  affords  a  ready  means  of 
separating  propionic  acid  from  formic,  acetic,  and  acrylic  acid.  The  solution  mixed 
with  lead  oxide  and  water  is  evaporated  to  dryness,  the  residue  is  exhausted  with  cold 
water,  and  the  basic  lead  propionate  is  precipitated  by  heating  the  solution.  Pseudo- 
propionic  or  butyracetic  acid  does  not  exhibit  this  reaction  (Linnemann,  loc.  cit.) 

Ethyl  Proinonafe,  C^H^O.C-H*,  is  most  easily  "prepared  by  distilling  a  mixture  of 
24  pts.  alcohol  of  95  p.c,  18  pts.  propionic  acid  and  4  pts.  sidphuric  acid  (Sestini). 

Bromoproplonic  Acids.  Bihromopropionic  acid,  C^ffBr-O-. — Three 
modifications  of  this  acid  are  possible,  viz. : 

CHBr=  CH=Br  CH' 

I  I  I  , 

CH-  CHBr  CBr^ 

I  I  I 

COOH  COOH  COOH 

and  of  these,  the  second  and  tliird,  distinguished  as  a  and  j8,  are  known. 

a-Dibrotnopropionic  acid  (Friedel  a.  Machuca,  Compt.  rend.  liv.  220;  Philippi 
a.  Tollens.  Beut.  Chem.  Ges.  Ber.  vi.  515).  This  modification  is  formed  by  the  action 
of  bromine,  at  140°,  on  monobromopropionic  acid,  CH' — CHBr — COOH,  and  must 
tlierefore  be  represented  by  the  second  or  third  of  the  preceding  formulae  ;  the  second, 
however,  belongs,  as  will  be  presently  seen,  to  the  ;3-modification  ;  consequently  the  ct-acid 
must  be  represented  by  the  third. 

This  acid  when  pure  forms  microscopic  rectangular  plates,  melting  at  05°  (Friedel 
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a.  Miiclmca),  nt  Gl°  (Philippi  a.  Tollens).  A  mixturo  of  the  a-and /3-aeids  remains 
liquid  for  a  long  time,  and  only  after  some  we.eka  yields  very  deliquescent  microscopic 
cubes  (P.  a.  T).  The  a-acid  distils  at  227°  (at  220^-221°  according  to  Tollens) 
with  slight  decomposition.  Silver  oxide,  in  presence  of  water,  transforms  it  into  a 
non-brominated  acid,  tlie  calcium  salt  of  which  is  precipitated  by  alcohol  (Friedel  a. 
Machuca).  Treated  with  zinc  and  sulphuric  acid,  it  is  converted  into  propionic  acid 
(Pliilippi  a.  Tollens). 

Barium  Dihromopropionate,  (C^H^Br-02)-Ba  +  9H-0,  forms  effloroscont  needles 
which  give)  ofF  all  tJicir  water  at  90°.  The  calcium  salt,  (C''H^Bi.-°0=)-Ca  +  2^0, 
forms  silky  needles  which  also  give  off  their  water  at  90°. 

E(ki/l  Dihromopropionate,  C^H''Br-0'-.C-H^,  obtained  by  the  action  of  hydrocliloric 
acid  gas  on  an  alcoholic  solution  of  the  acid,  forms  a  liquid  of  camphorous  odour,  boil- 
ing at  190°-191°,  and  having  a  specific  gravity  of  1-7536  at  12°  (Philippi  a. 
Tollens). 

fi-Dibromopropionic  acid,  CH%— CHBr— COOH  (Miinder  a.  Tollens,  Bcut. 
Chen.  Gcs.  Bor.  v.  73  ;  A^in.  Ch.  Pharm.  clxvii.  222).— This  acid  is  formed  by  the 
oxidation  of  the  so-called  dibromide  of  allyl  alcohol,  C^H'Br-O  (p.  48),  which  is  really 
a  glyceric  dibromhydriu  or  a  dibromopropyl  alcohol.  This  compound,  gently  heated 
with  nitric  acid  of  sp.  gr.  l'4-r48,  yields  the  dibrominated  acid  in  crystals,  or  if 
stronger  nitric  acid  is  used,  as  an  oil  which  solidifies  when  dried  in  the  water-bath. 
The  crystals  are  purified  by  draining,  washing  with  a  little  water,  pressing  between 
bibulous  paper,  then  melting  them,  and  leaving  the  fused  mass  to  solidify,  again  wash- 
ing, pressing,  melting,  &c.,  and  repeating  this  treatment  till  the  acid  melts  constantly 
at  (12°-64° 

The  formation  of  y8-dibromopropionic  acid  from  allyl  alcohol  diliromido  is  represented 
by  tlio  equation : 

CH^Br— CHBr— CH-OII  -^  0^  =  H-0  +  CIPBi'-CIIBr— COOII. 

It  is  also  formed  by  heating  a-mouobromacrylic  acid  with  3  of  4  pts.  of  hydrobromic 
acid  to  100°: 

CH-=CBr— CO^H  +  HBr  »  CII-Br— OHBr— CO^H  ; 

and,  lastly,  from  a-dibromopropionic  acid, by  heating  with  hydrobromic  acid  to  100°  for 
a  week.  This  remarkable  example  of  a  molecular  change  may  be  explained  by 
supposing  that  the  a-acid,  which  at  120°  is  quickly  resolved  into  hydrobromic  acid 
and  a-bromaerylic  acid,  undergoes  the  same  change  slowly  at  100°  ;  thus: 

CH^— CBr=— CO=H  =  CH-— CBr— CO^H:  -f-  HBr, 
and  that  the  hydrobromic  acid  then  acts  on  the  bromacrylic  acid  in  the  manner  above 
mentioned  (Philippi  a.  Tollens,  Ann.  Ch.  Pharm.  clxxi.333). 

/3-Dibromopropionic  acid  forms  rhombic  or  prismatic  crystals  belonging  to  one  of 
the  oblique  systems.  Its  melting  point  is  higher  than  that  of  the  a-acid  (61°  accord- 
ing to  Tollens).  It  boils  with  partial  decompo.sition  at  220°-240'^.  When  quite  pure 
it  smells  like  propionic  acid  ;  the  impure  acid  has  a  pungent  odour  and  blisters  the 
skin  more  strongly  than  the  pure  acid.  1  pt.  of  water  at  11°  dissolves  19-45  pts.  of 
the  acid  ;  calcium  chloride  and  nitric  acid  separate  it  from  the  aqueous  solution.  1  pt. 
of  ether  at  10°  dissolves  3'04  pts.  of  the  acid.  Alcohol  dissolves  it  freely.  It  is  not 
deliquescent. 

j8-Dibromopropionic  acid  heated  v,'\lh  alcoholic  potash  is  converted  into  bromacrylic 
acid : 

CH-Br— CHBr— CO^H  +  KOII  =  U'O  +  EBr  +  CH-3:CBr— 00-K. 
Treated  with  ~ino  and  dilute  sidphtirio  acid,  it  gives  xip  2  at.  bromine  and  is  con- 
verted into  acrylic  acid — 

C^H^Br=0=  +  Zn  =  ZnBr=  +  CHVO- 
(Wagner  a  Tollens,  Bent.  Chem.  Ges.  Bcr.  vi.  613  ;  Ann.  Ch.  Pharm.  elxxi.  340). 

When  ammonia  is  passed  into  its  aqueous  solution,  laminar  crystals  separate  which 
have  the  composition  of  am m o ni  u  m  a m i  d  o b r o m  o p r  opi o  n  at  e,  C^Ii^Br(NH-)0-.NH'' 
(Miinder  a.  Tollens). 

B ihromopropionates. — The  potassium  salt,  C'''H'Br^O-K,  forms  tabular  crystals. 
The  sdocr  salt,  C^H^Br'-'O'-Ag,  is  a  white,  microscopically  crystalline  precipitate.  The 
calcium  salt,  (C^H^Br-O-)-Ca  +  2H-0,  obtained  by  neutralisation,  crystallises  from 
alcohol  in  silky  needles  which  effloresce  over  sulphuric  acid.  The  strontium  salt  crys- 
tallises in  flexible  needles  about  half  an  inch  long.  The  lead  salt  is  basic  and  contains 
64-33  p.c.  lead. 

The  mtthylic  ether,  C^H^Br-O-.CII',  prepared  Ijy  saturating  the  solution  of  the  acid 
3  T  2 
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in  methyl  aleoliol  with  hydrochloric  acid,  and  separated  by  water,  boils  at  203°  imder 
a  pressure  of  745  mm.  It  is  colourless,  slightly  oily,  and  has  a  fruity  odour.  The 
ethylic  ether,  G^H'Br-O-.C-H^,  is  colourless,  has  a  somewhat  fruity  odour  when  dilute, 
boils  at  211°-214:°  under  a  pressure  of  746  mm.,  and  has  a  density  of  1-796  at  0°, 
1-777  at  15°.  The  allylia  ether,  C-'H^Br'-O^.C^ff,  has  a  disagreeable  odour  ;  boils  at 
.215°-220^  under  a  pressure  of  lib  mm.  Sp.  gr.  =  1-843  at  0°;  r818  at  20° 
(Miinder  a.  Tollens). 

Cbloroproplonic  Acids.  Only  one  modification  of  monochloropropionic  acid  is 
at  present  knoT.'n,  viz.  the  a-acid,  CH^— CHCl — CO-H.  The  acid  produced  by  the 
action  of  phosphorus  pentachloride  on  glyceric  acid,  and  supposed  by  Wichelliaus  to 
consist  of  j3-ehloropropionic  acid  (Isi  Supfl.  960),  has  been  shown  by  Werigo  a.  Werner 
\Ann.  Ch.  Pharm.  clxx.  163)  to  be  a  chlorinated  acrylic  acid. 

a-Ohloropropiohic  acid  boiled  with  aqueous  ammonia  yields  a  large  quantity  of  lactic 
acid,  together  with  .alanine.  Alcoholic  ammonia  acts  very  slowly  on  the  acid,  but  when 
its  action  is  strengthened  by  the  addition  of  a  little  concentrated  aqueous  ammonia, 
alanine  and  ethyl-lactic  are  formed,  together  with  lactic  acid.  When  o-chloropro- 
pionic  acid  is  heated  with  alcohol,  a-chloropropionic  ether  is  formed,  but  no  ethyl-lactic 
acid  (W.  Heintz,  Ann.  Ch.  Pharm.  clvi.  25). 

Bichlorojjropionic  acid,  C^H^CPO. — Of  this  acid  there  are  two  modifications 
analogous  to  those  of  dibromopropionic  acid. 

a-Bichloropropionio  acid,  CE? — COP — COOH. — The  ethylic  ether  of  this  acid  is 
obtained  by  the  action  of  alcohol  on  the  chloride  formed  by  the  action  of  phos- 
phorus pentachloride  on  pyroracemic  acid,  CH^ — CO — CO-H.  This  ether, 
CH^ — CCl" — COOC-ff,  is  a  coloiirless  liquid  having  a  pleasant  odour  of  apples,  a 
specific  gravity  of  1-2493  at  0°,  and  boiling  at  160°.  Heated  to  130°  with  water  it 
yields  pyroracemic  acid.  Dilute  ammonia  converts  it  into  dichloropropionamide, 
C^H'Cl'-O.NH'-,  which  is  soluble  in  alcohol,  crystallises  in  large  rectangular  leaflets 
melting  at  116°,  and  volatilising  before  fusion  when  heated  in  an  open  vessel.  The 
ether  treated  with  boiling  milk  of  lime  yields  an  acid  which,  from  the  composition  of 
its  calcium  and  barium  salts,  appears  to  be  carbacetoxylic  acid,  C^ffO^  (Klimenko, 
Beut.  Chem.  Ges.  Ber.  iii.  4G5  ;  v.  477). 

fi-Bichloroproinonic  acid,  CH-Cl — CHCl — COOH,  is  formed  by  the  action  of 
water  on  the  crude  product  obtained  by  treating  glyceric  acid  with  phosphorus  penta- 
chloride. This  product  contains  the  chloride,  C^H^OCF,  and  when  treated  with 
alcohol  yields  ethyl  a-dichloropropionate,  which  boils  at  180°-190°.  This  ether  dis- 
solves without  residue  in  baryta  water  even  when  dilute,  and  on  removing  the  excess 
of  baryta  with  carbonic  acid  and  evaporating  the  solution,  either  in  a  vacuum  or  at  a 
temperature  not  exceeding  70°,  the  barium  salt,  C'H'^Cl-Ba  +  ffO,  is  obtained  in 
manimellated  crystals.  The  solution  of  this  salt  is  decomposed  by  alcohol  and  ether. 
The  dried  crystals  become  heated  in  contact  with  water.  By  treating  this  salt  with 
silver  sulphate,  removing  the  excess  of  the  latter  with  barium  hydrate,  and  the  excess 
of  baryta  with  carbonic  acid,  barium  chloracrylate,  (C='H-C10-)-Ba,  is  obtained, 
its  formation  taking  place  as  shown  by  the  equation  : 

2(C2ffCPO.C^H^)  +  2BaH'^0-  =  BaCP  +  20=1^0  .+  2H-0  -i-  (C»ffC10=)=Ba. 
Dichloropropiouio  ether  Barium  chloracrylate 

The  decomposition  of  this  barium  salt  by  sulphuric  acid  yields  ehloracrylic  acid, 
which  crystallises  in  small  radiate  needles,  is  very  volatile  at  ordinary  temperatures, 
has  a  strong  and  peculiar  odour,  and  melts  at  65°.  These  are  the  properties  which 
AVichelhaus  ascribed  to  his  /3-chloropropionic  acid.  Tliisacid,  treated  with  silver  oxide, 
yields  silver  carbacetoxylate,  togetlier  with  metallic  silver  and  silver  chloride  : 
C'ffClO^  -f  2Ag=0  =  Ag-  -h  AgCl  +  C^H'AgO^. 

Chlaracrylio  Silver  carb- 

acid  acetoxylate 

The  decomposition  of  ethyl  dicliloropropionato  may  also  yield  an  acid,  probably 
having  the  composition  of  monochlorolactic  acid  (Werigo  a.  Werner,  Ann.  Ch.  Pharm. 
clxx.  163). 

PStOPYS.  A3iCOH03£.S  .and  ETHERS.  Normal  Propyl  Alcohol, 
CH^— Cff — CH-OH. — The  most  important  results  of  recent  investigations  on  the 
formatioUj  preparation,  and  properties  of  this  alcohol  are  given  in  the  1st  Suppl. 
pp.  063,  964.  Eossi's  method  of  preparing  it  from  ethyl  alcohol  is  described  in  detail 
in  the  GazzcUa  chimicu  italiaaa,  i.  230-239,  and  a  full  abstract  of  the  paper  is  given 
in  the  Journal  of  the  Chemical  Society,  [2],  ix.  1030. 

Linnemann  {Ann.  Ch.  Pharm.  clxi.  18)  prepares  normal  propyl  alcohol  from 
propionic  acid  by  distilling  a  mixture  of  pure  and  dry  propionate  and  formate  of 
calcium,  and  reducing  the  propionic  aldehyde  thus  obtained  witli  sodium  amalgam. 
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Liunemaiin's,  method  of  separating  normal  propyl  alcohol  and  isobutyl  alcohol  from 
a  mixtiiro  of  fermentation  alcohols  by  means  of  his  apparatus  for  fractional  distillation 
(p.  486)  is  described  in  Ann.  Ch.  Pharin.  tlx.  195  ;  abstr.  Zcltschr.f.  Chcm.  [2],  \\\.  !)lb  ; 
Jahi-esli.  /.  Chcm.  1871,  307.  For  Pierre  a.  Puchot's  method  of  effecting  this  separa- 
tion, see  Comjxt.  rend.  Ixx.  40G  ;  Jahrcsh.  1870,  421. 

Allyl  alcohol,  heated  with  potassium  hydrate,  yields  a  mixture  of  alcohols,  which, 
vrlicn  converted  into  bromides  ami  fractionated,  gives  a  mixture  of  ethyl  and  propyl 
bromides,  and  the  latter,  -when  oxidiNod,  yields  pn]])ii)in'c  acid,  with  scarcely  a  trace 
of  carbonic  acid,  showing  tlini  llw  allyl  .ilcnlml  has  ln^i  u  i  -invi  rtcd  into  normal  propyl 
alcohol  free  from  the  iso-alchol  ('foli.  ns  Zai.-rhr.  f.  Cla  m.  [!•],  vii.  242). 

According  to  Linnemaun  {Ann.  Chcm.  I'harm.  clxi.  26)  pure  normal  propyl  alcohol, 
prepared  by  distilling  propyl  benzoate  with  aqueous  potash,  boils  at  97'41°  and  has  a 
sp.  gr.  of  0-8066  at  13°. 

Kespecting  the  conversion  of  normal  propyl  alcohol  into  isopropyl  alcohol,  seo 
below. 

Normal  I'ropijl  Bromide ,  CH' — CH-— CH'-Br,  boils,  according  to  Pierre  a. 
Pucliot  (/.  Fharm.  [4],  xiii.  9)  at  72^  and  has  a  sp.  gr.  cf  1-3497  at  0°,  1-301  at  15°, 
1-2589  at  64-2°',  the  coefficiont  of  exp.'jisK.u  1  Mri-,  ,isiiig  with  the  tomporaturo.  Accord- 
ing to  Linneraanu  {loc.  cit.)  it  boils  .it  70  ,sl!  ,  .ind  h;is  a  sp.  gr.  of  1-3597  at  16°. 

Momhromoproijijl  Bromide,  C'll'-Jn--  CJl- ih-— CIP— CH-Br,  is  formed  by  heat- 
ing 5  grams  of  projiyl  bi-omiilr  ;i':d  6  5  grams  of  bromine  for  four  hours  to  130°-140°. 
It'boils  at  141°-16l'  ',  ,-111(1  luis  ;i  density  of  1-9460  at  17°.  With  acetic  acid  and  zinc 
it  yields  propylene,  ilc.it  1  d  «  it  h  6  vols,  water  to  200°  for  six  hours,  it  is  decomposed, 
yielding  hydrobromic  .ii  id  and  acetone.  Prom  tlicso  reactions  it  appears  to  be  iden- 
tical with  the  ])ropy]riiii  .lilirnnude  formed  by  the  action  of  bromine  on  isopropyl 
bromide  (Linnemann,  loc.  cit.) 

Propyl  Chloride,  C^H'Cl,  is  a  limpid  colourless  liquid  having  a  sweet  though 
sli'^ditly  alliaceous  odour.  Boils  at  46-5°.  Sp.  gr.  0-9156  at  0°,  0-8918  at  19-75°, 
0-S671  at  39°  (Pierre  a.  Puchot,  Aii,i.  ('him.  Phi/s.  [4],  xx.  234  ;  Jahrcsh.  f.  Chcm. 
1871,  372;  Chcm.  Soc.  J.  [2],  ix.  SOS).  Linm  luann,  by  heating  propyl  iodide  with, 
iodine  monochloride,  obtained  pnii'vl  rlilm  idi  1. oiling  at  46-36°,  and  having  a  sp.  gr, 
of  0-9160  at  18°  ;  by  heating  the  iij.lide  wii  h  mercuric  chloride  to  130°-14b°,  propyl 
chloride  was  obtained  boiling  at  46-44'-,  and  having  a  sp.  gr.  of  0-8959  at  19°. 

Propyl  Iodide,  C'^H'I,  obtained  by  treating  the  pure  alcohol  -with  anhydrous 
hydriodic  acid,  is  a  mobile  liquid  smelling  like  ethyl  iodide,  and  boiling  at  102-2°. 
Sp.  gr.  at  16°  -- 1-7610.  It  is  not  changed  by  heatiug  w-ith  fuming  hydriodic  acid  to 
150°,  but  when  it  is  heated  with  6  vols,  of  water  to  100°  for  24  hours,  about  36  p.c. 
is  converted  into  propyl  alcohol  and  hydrogen  iodide.  By  the  action  of  silver  oxido 
or  mercuric  oxide  on  a  solution  of  tho  iodide  in  glacial  acetic  acid  at  100°,  a  small 
quantity  of  propylene  is  formed,  besides  propyl  oxide,  propyl  acetate,  and  propyl 
alcohol.  Not  a  trace  of  an  isopropyl  compound  was  formed  in  any  of  these  decom- 
positions (Linnemann). 

Propyl  Oxide,  (C^ll')-O,  smells  like  ethyl  oxide  .and  boilsat  82°-86°(Linuemann). 

Propyl  Acetate  is  a  mobile  liquid,  smelling  like  acetic  ether,  and  at  the  same 
time  like  fruit.    Boiling  point,  10r98°  ;  sp.gr.  at  15°  =0-8992. 

Propyl  Propionate  has  a  faint  but  pleasant  odour,  like  that  of  pears.  Boiling 
point  122-44°  ;  sp.  gr.  at  13°  =0-8885. 

Propyl  Butyratc  smells  like  other  butyric  ether.  Boiling  point,  143-42°;  sp.gr. 
at  15°  =0-8789. 

Propyl  Bcn~oai:.\s  a  thick,  colourless,  refractive  liquid,  possessing  hardly  any 
smell  at  tho  common  temperature,  but  its  vapour  is  irritating  and  produces  coughing. 
Boiling  point,  229-47°;  sp.  gr.  at  16°  =1-0316  (Linnemann). 

Boropropylic  Ether. — When  a  current  of  pure  boron  chloride  is  passed  very 
slowly  into  anhydrous  propyl  alcohol  at  0°,  the  gas  is  absorbed,  and  two  layers  of 
liquid  are  formed.  The  upper  layer,  after  purification,  yields  boropropylic  ether  (or 
2Vopo.xyl  horidc),  B(OC'H')^  which  is  a  colourless,  mobile  liquid,  having  a  density  of 
0-807  at  16°,  boiling  at  172°-175°.  When  applied  to  the  tongue  it  causes  a  burning 
sensation  and  leaves  a  slightly  bitter  after-tasto.  Alcohol,  ether,  and  water  dissolve  it 
readily.  The  aqueous  solution  decomposes,  boric  acid  being  deposited.  Propoxyl boride 
burns  witli  a  green-edged  flame,  dense  fumes  of  boric  acid  being  at  the  same  time 
evolved  (Cahours,  Compit.  rend.  Ixxvi.  1383). 

Propyl  Allophanatc,  CT1"'N=0^=  C-ffX-0'.C"H',  is  produced,  together  with 
propyl  uretliane,  by  the  action  of  propyl  alcohol  on  urea.  It  forms  pearly  laminae 
slightly  soluble  in  cold  water,  very  soluble  in  hot  water  and  in  alcohol  (Cahours). 
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Trofyl  Carbamate  or  Propyl-tirethane,  C'NH'O  =  CO.Nff.OC^H",  formed 
at  the  same  time,  according  to  the  equation  : 

C0(NH^)2  +  C'H'OH  =  Nff  +  CO.NH^.OC'H', 
may  be  separated  from  the  excess  of  urea  hy  digesting  with  ether,  evaporating  the 
ethereal  solution  to  dryness,  dissolving  in  a  little  water,  and  evaporating  the  aqueous 
solution.   It  forms  long,  colourless,  shining  prisms,  readily  soluble  in  water  or  alcohol. 
It  melts  at  51°-53°,  and  boils  at  194°-196°  (Cahours). 

Triiyro'pyl  Biuret,  C0N2(C'H')^C0^^H=.— AVhen  a  mixture  of  potassium  propyl- 
sulphate  and  potassium  cyanato  is  distilled,  propylene  is  given  off,  and  a  yellowish 
solid  distillate  is  obtained  which,  after  crystallisation  from  alcohol,  is  found  to  hare 
the  composition  of  this  substance  (Eoemer). 

Troi^yl  Sulphydrate  or  Proinjl  Mercaptan,  CTI^S  =  Off— Cff— CH'^SH,  is 
obtained  by  digesting  normal  propyl  bromide  with  an  alcoholic  solution  of  potassium 
sulphydrate,  distilling  the  product,  and  adding  water  to  the  distillate.  Under  these 
circumstances  the  mercaptan  is  precipitated  as  a  colourless  mobile  liquid,  having  the 
characteristic  odour  of  mercaptans.  It  boils  at  67°-68°,  is  not  quite  insoluble  in 
water,  and  unites  with  freshly  precipitated  mercuric  oxide,  forming  the  mercaptide 
(C^H'S)^Hg,  which  crystallises  in  shining  leaflets  melting  at  68°  (H.  Eoemer,  Dcui. 
Chem.  Gcs.  Ber.  vi.  785). 

Propyl-disulphocarbonic  Acid. — The  potassium  salt  of  this  acid  is  obtained  in 
shining  yellow  needles  by  adding  carbon  disulphide  to  a  solution  of  potassium  hydrate 
in  normal  propyl  alcohol,  and  crystallising  the  yellowish  mass  which  is  deposited.  The 
addition  of  an  acid  to  the  potassium  salt  causes  the  separation  of  free  propyl  disulpho- 
carbonio  acid  in  the  form  of  an  oil  which  soon  decomposes  (Eoemer). 

Propyl  Sulphide,  (C'H')'^S  =  >S    (Cahours,    Compt.  rend. 

CH^— CH2— CH--^ 

Ixxvi.  133). — This  compound  is  readily  obtained  by  heating  potassium  monosulphide 
with  iodide  or  chloride  of  propyl  in  alcoholic  solution,  the  action  being  completed  at 
the  temperature  of  the  water-bath  in  sealed  tubes.  Most  of  the  alcohol  is  evaporated 
off,  and  the  residue  treated  with  water,  which  leaves  undissolved  a  fetid  oil  lighter 
than  water,  boiling  at  130°-135°  after  dessication  with  anhydrous  calcium  chloride, 
and  of  specific  gravity  0'814  at  17°. 

When  treated  with  propyl  iodide  and  a  little  v/ater  in  sealed  tubes,  this  sulphide 
gives  rise  to  a  sulphine-iodide,  S(OTI')-''I,  and  this  iodide,  treated  successively  with 
silver  oxide,  hydrochloric  acid  and  platinum  chloride,  yields  a  platino-chloride  con- 
taining [S(C^HO'Cl]=PtCl*. 

Similarlv,  propyl  iodide  combines  with  the  sulphides  of  ethyl  and  methyl,  giving 
rise  to  the'compounds  S(C'H')(C2H*)=I  and  S(C^H')(CH')=I,  which  form  the  platino- 
chlorides — 

[S(C'H')(CH')'.Cl]2PtCl<  and  [S(C3H')(CTI5)2Cl]=PtCl<, 

and  the  iodides  of  ethyl  and  methyl  combine  with  propyl  sulphide  to  form  analogous 
compounds. 

Metallic  Compounds  of  Pbopyl  (Cahours,  Compt.  rend.  Ixxvi.  133,  1383). 

Mercury-propyl. — "When  propyl  iodide  is  treated  by  Frankland  a.  Duppa's  process 
(action  of  sodium  amalgam  in  presence  of  acetic  ether),  mercury-propyl  is  obtained, 
forming  a  liquid  insoluble  in  water,  slightly  soluble  in  alcohol,  and  readily  soluble  in 
ether,  boiling  at  189°-191°,  and  having  the  specific  gravity  2-124  .at  16°.  Iodine  and 
bromine  combine  with  this  substance  with  great  energy,  producing  crystalline  com- 
pounds crystallisable  from  alcohol. 

ZiMC-proy^Hs  formed  by  acting  on  mercury-propyl  with  zinc  at  100°-120°,  or  by 
treating  propyl  iodide  with  an  alloy  of  zinc  and  sodium. 

Aluminium-propyl  is  produced  by  acting  on  mercury-propyl  with  thin  aluminium 
foil  at  120°  in  sealed  tubes  ;  it  distils  in  hydrogen  at  240°-24o°,  and  is  decomposed  by 
water  with  production  of  gelatinous  alumina. 

Gliicinum-'propyl  is  formed  by  acting  on  mercury-propyl  with  thin  plates  of  glucinum 
in  a  sealed  tube  at  130°-135°,  and  distilling  the  product  in  an  atmosphere  of  carbonic 
anhydride.  After  rectification  it  forms  a  colourless  liquid,  boiling  at  244°-24-6°,  and  in 
contact  with  the  air,  giving  off  dense  fumes  which  sometimes  take  fire.  At  —17°  it  is  a 
thick  oil.  AVater  decomposes  it  with  violence,  forming  large  quantities  of  gas  and 
glucinum  hydrate. 

Stannopropyl  Co7npounds. — On  treating  propyl  iodide  with  tinfoil_or  with  an  alloy 
of  tin  and  soclium,  stannotripropyl  iodide,  Sn(0'H')'I,  is  formed.^eight  or  ten  hours 
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heating  in  tho  water-bntli  in  sealed  tubes  being  snificiont.  When  the  contents  of  the 
tube  are  treated  -with  ether,  and  the  ethereal  solution  of  the  tin-compound  is  distilled, 
a  liquid  boiling  at  26.5°-272°  passes  over,  -svhich  by  rectification  easily  yields 
pure  stanuotripropyl  iodide,  boiling  at  269°-270°.  On  heating  this  substance  with 
strong  aqueous  potash,  stannotripropyl  hydrate,  Sn(CTi')^t,OH),  is  obtained  as  a  heavy 
oil,  whicli  concretes  on  standing  to  a  magnificently  crystallised  mass  made  up  of  inter- 
laced prisms  having  an  alkaline  reaction ;  this  substance  is  dehydrated  by  distillation 
■with  caustic  baryta,  forming  stannotripropjl  oxide — 

Sn^(C^H'r0  =  ,SnicS?S0 

which  is  reconverted  into  the  hydrate  by  addition  of  water ;  sulphuric  acid  forms 
with  this  oxide  a  compound  but  little  soluble  in  water,  but  crystallisable  in  fine  prisms 
from  alcohol ;  similarly  acetic,  formic,  butyric  acids,  &c.,  form  well-crystallised  com- 
pounds, which  much  resemble  the  corresponding  substances  in  tho  stannotriethyl  and 
stannotrimethyl  series. 

Stannotripropyl  Cyanide  is  obtained  as  a  crystalline  sublimate  by  heating  in  a  tube 
scaled  at  one  end  a  mixture  of  stannotripropjd  iodide  and  silver  cyanide. 

Xsopropyl  Alcohol,  CH'' — CHOH — CH'.  This  alcohol  may  be  formed  by  heat- 
ing normal  propylamine  nitrite,  prepared  by  distilling  the  hydrochloride  with  silver 
nitrite  : 

H  H 

^:;N<         =  CIP-CHOH-CH'  +  W  +  WO. 

CH'—CHH— CH=^  I     \H  Isopropyl  alcohol. 

0=:N=0 
Normal  propylamine  nitrite. 

Tlie  crude  isopropyl  alcohol  thus  obtained  contains  nitrosO'dipropylamino, 
formed  by  the  reaction : 

2[(C3H')H2N.NO«H]  =  W  'V  311=0  +  N(C'H')(C'H«NO)H. 

This  base  remains  behind  when  tho  alcohol,  after  dehydration  with  potash,  is  distilled 
at  the  heat  of  the  water-bath. 

Isopropyl  alcohol  thus  prepared  boils  at  82'85°  (corrected  and  reduced  to  760  mm.) 
and  has  a  density  of  07876  at  10°. 

Isopropyl  Iodide,  prepared  from  it  by  the  action  of  hydriodic  acid,  boils  at  89-50° 
(corrected  and  reduced).  The  iodide,  bromide,  and  chloride  of  isopropyl  are  easily 
decomposed  by  water,  and  when  heated  to  100°  for  48  hours,  dissolve  in  12'8  and 
6  pts.  of  water,  respectively  (Linnemann,  Ann.  Ch.  Pharm.  clxi.  26  :  Chcm.  Soc.  J.  12], 
X.  236). 

Action  of  the  Copper-eino  Couple  on  the  Iodides  of  Propyl. — Isopropyl  iodide  is 
rapidly  decomposed  by  zinc  alono  at  its  boiling  point  (89°),  whereas  the  normal  iodide 
is  decomposed  very  slowly  by  zinc,  even  at  its  higher  boiling  point  (101°).  Tbe  iso- 
compound  is  decomposed  by  the  copper-zinc  couple  .at  about  60°,  tho  normal  compound 
at  about  80°.  In  this  decomposition  half  of  tho  iso-compound  is  split  up  into 
permanent  gases,  whereas  little,  if  any,  of  the  normal  compound  is  decomposed  in  this 
manner.  The  resulting  liquid  in  tho  one  caso  (zinc-isopropyl ?)  is  scarcely  volatile; 
that  in  the  other  case  (zinc-propyl)  rises  easily  in  vapour,  notwithstanding  its  high 
boiling  point.  The  first  is  decomposed  at  about  132°,  giving  mainly  gases  andmetallic 
zinc  ;  the  second  distils  over  unchanged  at  a  higher  temperature. 

The  reaction  between  the  propyl  iodide  and  water,  or  alcohol,  with  the  couple,  takes 
pLaco  much  more  rapidly  in  the  case  of  the  iso-compound  than  in  that  of  the  normal 
compound,  an  olefine  making  its  appearance  during  the  decomposition  of  the  first,  but 
not  of  the  second. 

On  comparing  these  results  with  those  obtained  with  the  ethyl  and  amyl  compounds, 
it  is  evident  that  it  is  the  normal,  and  not  the  isopropyl  iodide  that  is  acted  upon  in 
an  analogous  manner.  The  main  difFerenco  perhaps  is  that  thero  seems  to  be  no 
crystalline  propyl- iodide  of  zinc,  but  that  the  reaction  is  mainly,  if  not  wholly— 

2C'H"I  -t-  2Zn  =  Znl-  +  Zn(C'H")=. 
(Gladstone  a.  Tribe,  Cheni.  Soc.  J.  [2],  xi.  969). 

Isopropyl  CA/orwZc  submitted  to  tho  action  of  chlorine  in  sunshine  in  a  flask 
cooled  liy  ico  yields  two  compounds,  having  tho  composition  C^IPCP,  viz.  dicliloro- 
in-opano,  methyl  dirldorethano  or  mcthyl-chloraccto!,  ON'— CU-— CH''',  and  propylene 
dichluridf,  CH''— CJiCl— CH'-'Cl,  the  former  being  the  more  abundant.    The  presence 
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of  a  trace  of  iodine  facilitates  the  formation  of  propylene  dicliloride  at  the  expense  of 
tlie  dicliloropropane,  and  by  the  action  of  iodine  chloride  in  sealed  tubes,  propylene 
dicliloride  only  is  obtained.  Isopropyl  bromide  is  converted  by  bromine  into  propy- 
lene dibromide  (Friedel  a.  Silva,  Compt.  rend.  Lxxiii.  1370). 

Isopropyl  Bcmoatc,  formed  by  the  action  of  a  dilute  ethereal  solution  of  the  iodide 
on  silver  benzoate,  remains,  on  evaporating  its  ethereal  solution,  as  a  faintly  yellow 
oily  syrup,  insoluble  in  water,  and  splitting  up  when  heated  into  benzoic  acid  and- 
propylene  (Linnemann). 

Isopropyl  Formate,  C^H'.CHO-,  prepared  by  the  action  of  isopropyl  iodide  on 
cupric  acetate  at  120°,  boils  at  65°-67°  (bar.  at  44-7  mm.)  The  cycmatc,  C'H'.CNO, 
obtained  by  treating  the  iodide  with  silver  oyanate,  boils  at  74°.  Mono-isopropyl  lac- 
tate, C^H'.C^H^(OH)0-,  obtained  by  heating  lactic  acid  vnth  isopropyl  alcohol,  boils  at 
166°-168°.  Bi-isopropyl  lactate,  (C^H')'-.C'H'O^  formed  by  the  action  of  isopropyl 
iodide  on  the  sodium  derivative  of  the  preceding  ether,  boils  at  a  slightly  higher 
temperature  (Silva,  Bull.  Soc.  Cliim.  [2],  xvii.  07). 

Isopropyl  Sulphydrate,  Thioisoprofyl  Alcohol,  ov  Isopropyl  Mcrcaptan, 
is  obtained  by  mixing  isopropyl  iodide  with  an  alcoholic  solution  of  potassium 
sulphydrate,  leaving  the  mixture  to  stand  for  some  time  in  the  cold,  then  slowly 
heating  it  on  the  water-bath  till  about  one-half  has  distilled  over.  If  the  mixture  be 
heated  at  once,  but  little  mercaptan  is  obtained,  but  in  place  of  it  a  less  volatile  oil, 
which,  even  under  the  most  favourable  conditions,  constitutes  at  least  a  fourth  part  of 
the  crude  product.  The  above  distillate  is  mixed  with  -water,  the  oil  which  separates 
is  dried  and  rectified,  and  the  portion  boiling  between  56°-6o°  is  collected  apart.  By 
fractional  distillation,  the  main  bulk  of  the  mercaptan  is  obtained,  boiling  at  57°-60°, 
but  it  is  impossible  to  obtain  a  purer  product,  since  on  distillation  it  is  i^artially  de- 
composed, with  evolution  of  sulphuretted  hydrogen. 

Thioisopropyl  alcohol  is  violently  acted  upon  by  concentrated  nitric  acid,  and  con- 
verted into  isopropyl-sulphonic  acid,  C^H'.SO-'OH.  The  potassium  salt  of  this 
acid  is  obtained  by  the  action  of  isopropyl  iodide  on  potassium  sulphite.  It  yields  a 
series  of  well-crystallised  salts  (Glaus  a.  Keerl,  Bout.  Chem.  Gcs.  Bcr.  vi.  659). 

PKOPiraiii.ffiSaK'SS.  On  the  conversion  of  normal  propylamine  into  isopropyl 
alcohol,  see  p.  1015. 

Tetrapropylammonium,  Iodide  and  Tdrapyropylammonmin  Hydroxide. — By  digesting 
normal  propyl  iodide  with  alcoholic  ammonia,  again  treating  the  mixed  bases  so 
formed  with  propyl  iodide,  distilling  off  the  excess  of  propyl  iodide,  and  adding  soda 
to  a  solution  of  the  product,  tetrapropylammoiiium  iodide  is  separated  in  the  solid  state. 
It  crystallises  in  beautiful  white  prisms.  By  digesting  this  compound  with  silver 
chloride  the  iodine  is  replaced  by  chlorine,  and  on  adding  platinum  chloride,  a  rod 
cry.stalline  salt  is  deposited,  having  the  composition  [(C'II')'NCl]^PtCl'.  When 
tetrapropylammonium  iodide  is  treated  with  silver  hydrate,  the  hydroxide, 
(C^H')*N.OH,  is  liberated.  It  forms  a  deliquescent  mass  which  absorbs  carbonic 
acid  from  the  air.  It  is  not  decomposed  at  100°,  but  at  a  higher  temperature  it  is 
decomposed  into  propylene,  tripropylamine,  and  ammonia. 

The  platinum  salt  of  tripropylamine  crystallises  in  brick -red  leaflets,  less  soluble  in 
water  tlian  in  alcohol  or  ether  (H.  Eoemer,  Bcut.  Chem.  Gcs.  Bcr.  vi.  784). 

l»3a03?-y2.S!irE  or  ffSSOPESffS,  C'H«  =  CH'— CH  =  CH2.  To  obtain  this 
hydrocarbon  by  Borthelot's  method  of  reducing  allyl  iodide  with  hydrochloric  acid  and 
zinc,  Tollens  a.  Ilenninger  {Ann.  Ch.  Pharm.  clvi.  15G)  gradually  pour  concentrated 
hydrochloric  acid  upon  granulated  zinc  immersed  in  alcohol  of  90  p.c.  The  gas,  which 
is  evolved  without  application  of  heat,  contains  only  one-eighth  of  its  volume  of 
hydrogen. 

When  propylene  bromide  is  treated  with  sodium  amalgam  and  water,  zinc  and 
hydrochloric  acid,  or  zinc  and  acetic  acid,  propylene  is  regenerated  in  all  cases,  but 
when  acetic  acid  is  used,  the  product  obtained  is  sensibly  less  than  with  the  ether 
reducing  agents ;  there  is,  moreover,  considerable  elevation  of  temperature.  On 
submitting  the  product  to  fractional  distillation,  a  viscous  mixture  of  hydrocarbons 
remains,  which  is  readily  attacked  by  bromine,  yielding  a  mixture  of  bromides.  By 
fractional  distillation  this  viscous  mixture  of  hydrocarbons  yields  a  mobile  liquid 
boiling  between  70°  and  80°,  as  well  as  one  boiling  between  330°  and  340°.  The 
latter  is  colourless,  slightly  viscous,  somewhat  lighter  than  water,  and  appears  to 
consist  of  hexpropylene,  (C^H°)°;  the  liquid  boiling  between  70°  and  80°  is  probably 
dipropylene,  (CTI**)-  (Prunier,  Compt.  rend.  Ixxvi.  98). 
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Propylene  Bromides,  C^IPBr-.  Tlireo  compounds  aro  known,  having  the  com- 
position, viz. : 

CH-'Bi-  CH^  Off 

I  I  I 

CH-  CHBr  CBr2 

I  I  I 

CH=Br  CH^Br  CH' 

Nonnal  propylene  Ordinary  propylene  Mcthylbromacetol. 
bromide.  bromide. 

1.  Or  dinary  Propylene  bromide  is  obtained  ; — 1.  By  the  direct  union  of  bromine 
nitli  propylene.  2.  Either  pure  or  mixed  witli  metliylbroniaeetol,  by  the  action 
of  hj'droljroraic  acid  saturated  at  10°  ou  monobromopropylcne.  3.  Together  with 
another  isomeride  boiling  at  163",  by  tlie  action  of  hydrobromie  acid  saturated  at  10^ 
on  allyl  bromide  (Geromont,  Bull.  Soc.  Chim.  [2],  xvi.  113  ;  Eeboul,  ibid.  xvii.  350). 
4.  By  the  action  of  bromine  on  isopropyl  bromide  (Linnenianu). 

Propylene  bromide  is  a  liquid  having  a  sweet  taste  and  smell,  a  sp.  gr.  of  1-97-t,  and 
boiling  at  143°.  With  alcoholic  potash  it  forms  bromopropylene  Ijoilmg  at  5J°,  and 
the  latter  treated  v.'ith  sodium  alcohol  at  the  ti-mporature  of  the  water-bath  yields 
allylene  (Sawitsch,  Compt.  rend.  lii.  399).  By  silver  acetate  propylene  bromide  is  eon- 
verted  into  propylene  diacetate  (Wurtz,  Ann.  Chim.  Ph?/s.  [3],  Iv.  438),  and  by 
silver  benzoate  into  non-crystallisablo  dibenzoate  (Friedel  a.  Silva,  Compt.  rend. 
Ixxiii.  1379). 

A  mixture  of  the  bromides  of  propylene  and  ethylene  in  equivalent  proportion.?, 
such  as  is  obtained  when  amyl  alcohol  is  decoinposod  at  a  red  heat  and  the  resulting 
hydrocarbons  are  absorbed  by  bromini',  boils  c  ri  v-i  antly  at  134°,  and  cannot  be  resolved 
into  the  constituent  bromides  by  fractiuiLiI  d i:  I  il lition.  The  separation  may,  however, 
be  effected  by  treating  the  mixture  wi(h  p-n .issi iiin  acetate  in  alcoholic  solution,  the 
etliylene  bromide  being  thereby  converted  into  diacetate.  while  the  propylene  bromide 
remains  nearly  unaltered  (Bauer,  Ann.  Ch.  Pliarm.  Suppl.  i.  250). 

2.  Normal  Propylene  bromide.  CH''Br— CHBr— CH-Br ;  Trimethylcne  bromide 
(Geromont);  Hydrohromide  of  AUyl  bromide  CRohovX). — This  is  the  compound  which 
Geromont  and  Reboul  obtained,  simultaneously  with  the  preceding,  by  the  action  of 
hydrobromie  acid  on  allyl  bromide.  It  boils  at  162°-164°,  and  has  a  specific  gravity 
of  2-017  at  0°,  1-93  at  19°.  It  is  decomposed  by  alcoholic  potash  at  100°,  yielding 
allyl  bromide  and  allyl-ethyl  oxide. 

3.  Methyl-bro  m  acetoJ.  CH' — CBr- — CH'',  Bichloropropane,  Bibromefhyl-mcthanc. 
Formed  by  the  action  of  pentabromide  or  trichlorodibromide  of  phosphorns  on  acetone, 
and  by  direct  addition  of  hydrobromie  acid  to  allylene  or  its  monoliydrobromide.  It 
boils  at  115°-118°  (Linnemann),  at  116°  (Friedel  a.  Ladenburg) ;  at  114°  (Reboul). 

Sromopropylenes.  1.  Monobromopiropylcnr. — Of  this  coiupound  tliero  ap- 
pear to  be  two  modilications,  isomeric  with  allyria-omide,  CIII-'—CH— CIPBr. 

1.  Allylene  treated  with  hydrobromie  acid  yields  dibroir.opropane,  or  methyl  brom- 
acetol,  and  a  bromopropylene  having  the  constitution  CH' — CBr^CH'-.  This  latter  is 
also  formed  by  the  action  of  alcoholic  soda  at  100°  on  dibromopropane,  and  liy  treating 
the  hydrobromide  of  bromopropylene  with  alcoholic  potash.  It  boils  at  48°-49°under  a 
pressure  of  710  mm.  and  has  a  specific  gravity  of  I'SOat  9".  It  unites  witli  'Z  at.  liro- 
mine.  forming  a  tribromidc  which  boils  at  190°,  and  is  isoniorir  willi  brninnprnjiylcne 
bromide  boiling  at  194°-196°,  and  with  glyceric  tribroiuliyilria  lH,iliii;_;  at  'il7°. 
Monobromopropylcne  heated  to  100°  with  hydi-ol  romic  acid  saturated  at  U)-'  is  recon- 
verted into  dibromopropane  (Reboul,  Bidl.  S     '  '     -  '  l'  i.  xvi.  60 ;  xvii.  351). 

2.  Propylene  bromide  treated  with  alcolinl  i  |.  ,  ;  i,  aMs  a  monobromopropylene 
which,  according  to  Linnemann  (^?:«..  Ch.  Plan-,,..  .Ixi.  has  a  density  of  1-4110  at 
15°  and  boils  at  57-6°  (corr.  and  reduced);  according  to  Reboul  (Bidl.  Soc.  Chim.  [2], 
xiv.  50)  it  boils  at  54°,  and  has  a  constitution  represented  by  the  formula 
CH'— CH=CHBr. 

Tliis  bromopropylene  heated  to  100°  with  mercuric  acetate  in  presence  of  glacial 
acetic  acid  is  converted  into  acetone  ;  by  liypocliLorous  acid  and  mercuric  oxide  it  is 
converted  into  monochloracetone  ;  these  reactions  do  not  agree  very  well  withReboul's 
formula.  The  bromopropylene  heated  to  100°  with  hydrobromie  acid  saturated 
at  +10°  forms  propylene  bromide;  but  with  the  same  acid  diluted  with -J  of  its 
viilnme  of  water,  it  forms,  according  to  a  former  statement  by  Eeboul  (Joe.  cit.),  a  niix- 
ture  of  methyl-bromacetol  and  propylene  bromide.  Bromopropylene  unites  slowly  at 
common  temperatures  with  concentrated  h3'driodic  acid,  forming  bromopropylene 
hydriodide,  C'H^Br.HI.  This  compound  boils  with  slight  decomposition  at  148°, 
and  has  a  density  of  2-20  at  11°.  It  is  identical  with  allylene  hydrobromiodide, 
C'HMIBr.HI,  and  when  treated  -with  alcoholic  potixsh  yields  allylene  hydrobromide 
(b,  p.  48°-49°),  together  M-ith  a  small  quantity  of  allylene  byda-iodide. 
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"With  hydrocliloric  acid  of  22°  Baume,  bromopropylene  yields  propylene  chloro- 
bromide,  C^H^ClBr,  boiling  at  n2°_113°,  and  having  a  density  of  1-62  at  16° 
(Eeboul).  Bromopropylene,  heated  to  100°  in  a  sealed  tube  with  sodium  ethylate, 
yields  allylene  (Sawitsch,  Cumpt.  rend.  lii.  399). 

Bibromopropyle^ie,  Bibromhydroglt/cide,  or  Epidihr07n7iydrin,  C'H^Br'. 
— This  body,  of  which  there  are  probably  two  modifications,  is  formed  by  the  action 
of  potash,  or  of  sodium,  on  tribromhydxin  : 

fCHBr=:CH— CH^Br 
CH=Br— CHBr— CH=Br-HBr  =  \  or 

iCff=CBr-CH^Br 
Tribromhydm.  Isomeric  dibrorao- 

propylenes. 

According  to  Eeboul  it  boils  at  161°-152°;  according  to  Henry  at  about  10°  lower; 
this  difference  points  to  the  existence  of  two  modifications.  It  unites  with  bromine^ 
forming  C^H'Br*,  and  is  decomposed  hy  alcoholic  ammonia,  forming  dibromallyl- 
amine,  NH(C'H'Br)-  (ii.  899).  With  silver  nitrate  in  alcoholic  solution  it  forms 
bromallyl  nitrate,  C'H^Br(NO-''),  an  oily  liquid  insoluble  in  water.  With  silver 
acetate  it  forms  bromallyl  acetate,  C^H*Br.C-H'0-,  a  colourless  mobile  fragrant 
liquid,  insoluble  in  water,  having  a  density  of  r57  at  12°,  boiling  at  163°-164°, 
forming  addition-products  with  chlorine  and  bromine. 

Dibromopropylene,  treated  with  dry  potash  at  common  temperatures,  or  distilled 
with  fragments  of  soda,  is  easily  transformed  into  bromallyl  alcohol,  C'H-'BrOH: 

CIP=CBr— CH^Br  +  KOH  =  KBr  +  CH^— CBr— CH^^OH. 
This  alcohol,  like  its  acetate,  is  a  colourless,  mobile,  fragrant  liquid,  insoluble  or  slightly 
soluble  in  water,  having  a  density  of  at  15°,  boiling  at  155°.  It  is  attacked  by 
phosphorus  pentachloride,  giving  off  hydrogen  chloride,  and  forming  monobromallyl 
chloride,  C'H*BrCl  =  CH^izCBr— CH=C1.  This  compound  is  also  a  chlorobromo- 
propylene.  It  boils  at  120°,  and  has  a  density  of  1-63  at  11°.  It  is  probably  iden- 
tical with  Eeboul's  chlorobromhydroglj'cide  or  epichlorobromhydrin,  formed  by  heat- 
ing chlorodibromhydrin  with  potash  (ii.  899). 

Monobromallyl  alcohol,  treated  with  alcoholic  potash,  yields  propargylic 
alcohol  (p.  1007). 

Dibromopropylene,  treated  with  2^otassiu7)i  sidphocyanate  in  alcoholic  solution, 
yields  bromallyl  su Ipliocyanato,  CT[''Br.CNS,  which  is  a  colourless  pungent 
liquid  boiling  at  about  200°  (L.  Henry,  Bcut.  Chcm.  Ges.  Bcr.  v.  186,  452). 

Propylene  Chlorides,  C^ffCl-.  Two  bodies  having  this  composition  are 
known,  viz. : 

CH'  CH9 

CHCl  'cCl« 

I  I 

CH«C1 

Propylene  chloride.  Methyl-chloracetol. 
Propylene  Chloride  \s  ioi-med.'.  1.  By  the  direct  action  of  chlorine  on  propylene. 
2.  By  passing  chlorine  into  propylene  chloriodide  under  water  till  all  the  chlorine  is 
dissolved  (this  is  an  easy  mode  of  preparation)  (Friedel  a.  Silva,  Compt.  rend.  Ixxvi. 
1696).  3.  By  the  action  of  chlorine  on  propane  (Schorlemmer,  \st  Suppl.  067). 
4.  Together  with  methyl-chloracetol,  by  the  action  of  chlorine  in  sunshine  on  iso- 
propyl  chloride.  5.  By  the  action  of  iodine  chloride  on  isopropyl  chloride ;  in  this 
case  it  is  the  only  compound  of  formula  CH^Cl-  produced  (Friedel  a.  Silva,  Compt, 
rend.  Ixxiii.  1380). 

Propylene  chloride  is  a  liquid  boiling  at  96°,  and  having  a  sp.  gr.  of  1-684  at  0°, 
l'15o  at  14°  (Friedel  a.  Silva).  Treated  with  alcoholic  potash  it  yields  a  chloro- 
propylene  identical  with  that  which  is  formed  from  methyl-chloracetol  (Friedel,  Ann. 
Chim.  Phys.  [4],  xvi.  349). 

Methyl-chloracetol,  — CH' — CH^.  Dichloropropanc.  Bichlorefkyl-metkane. 
— This  compound,  formed  by  the  action  of  pliospliorus  pentachloride  on  acetone,  is  a 
liquid  boiling  between  25°  and  35°  {\6t  Suppl.  826).  'i  reatcd  with  chlorine  or  with 
iodine  chloride,  it  yields  a  trichlorinated  body,  CH" — CCl--— CH^Cl,  boiling  nt  125°,  and 
having  a  density  of  I'SoO  at  0°,  1-318  at  25°.  This- trichloride  is  identical  with  that 
which  is  formed  by  the  addition  of  chlorine  to  chloropropylene,  and  with  one  of  those 
formed  by  the  chlorination  of  propylene  chloride  under  the  influence  of  chlorine.  It 
is  easily  decomposed  by  water  at  175°-180°,  yielding  a  non-volatile  product  which 
resinifies  when  evaporated  by  heat,  reduces  ammoniacal  silver  nitrate,  and  remains 
after  evaporation  in  a  dry  vacuum  as  a  yellow  amorphous  mass,  emitting  an  odour  of 
caramel  when  burnt.  The  residue,  insoluble  in  water,  contains  two  dichloropropylenea 


PROPYLENE  COMPOUNDS. 


1019 


boiling  respectively  at  75°  and  94°  ;  they  arc  formed  from  mcthyl-chloracetol  by  loss 
of  HCl  (Friedel  a.  Silva,  Conqit.  rend.  Ixxiv.  806). 

Methyl-cliloracetol,  heated  to  100°  for  several  days  -with  silver  benzoatc  in  presence 
of  ether,  yields  crystals  of  methyl-bouzacetol,  (CH-')=~C^(C'H*0=)%  identical  with 
those  which  Oppenheim  obtained  in  like  manner  from  methyl-chloriodacetol  {\st  Sufpl. 
82G). 

Dicltloromethyl-ckloracetol,  C^H^Cl',  also  called  dAcldoracetonc  chloride,  is  formed  by 
the  action  of  phosphorus  pentiichloride  on  diehloracetone.  Its  properties  and  reactions 
have  been  already  described  {\st  Suppl.  27,  28).  Its  reduction  to  allylone  by  the 
action  of  sodium  indicates  that  it  is  the  true  tetrachloride  of  allylene, 
CH"— CCP— CHOP. 

Mdhyl-cMoriodacctol,  CH'— ClI—CH^  is  also  described  in  the  \st  Suppl  (p.  826). 

Propylene  Chlorobromide,  C^K^ErCl  =  CH^— CHCl— CH-Br,  is  obtained  by 
heating  propylene  bromide  with  mercuric  chloride.  It  is  a  liquid  boiling  at  120°, 
having  a  sp.  gr.  of  I  o85at0°  1-475  at  18°.  Vapour-ilensity  (obs.)  =5-62;  (calc.) 
.5-45.  Alcoholic  pota.sh  converts  it  into  mouochloropropylene,  boiling  at  25°-30- 
(Friodel  a.  Silva,  Bidl.  Soc.  Chim.  [2],  xvii.  532). 

Propylene  Chloriodide,  C^H^CII  =  CH^— CHCl— CH^I.  Maxwell  Simpson 
obtained  tliis  compound,  isomeric  with  methyl-chloriodacetol,  by  the  action  of  iodine 
chloride  in  aqueous  solution  on  propylene;  he  describes  it  as  a  liquid  which  cannot  be 
distilled  {ibid.  [2],  v.  600).  According  to  Friodcl  a.  Silva  {ibid.  xvii.  535),  it  is  very 
easily  obtained  by  passing  propylene  into  a  bulb-apparatus  containing  a  solution  of 
iodine  monoehloride,  and  may  be  distilled  without  decomposition.  It  boils  at  149° 
under  ordinary  pressure,  at  40°-43°  under  a  pressure  of  10-12  mm.  Sp.  gr.  =^1-933 
at  0°,  1'889  at  25°.  It  is  limpid,  and  resembles  propylene  bromide.  It  is  easily  con- 
verted into  propylene  chloride,  by  heating  it  to  100°  with  mercuric  chloride,  or  by  ex- 
posing it  to  the  action  of  chlorine  under  water  (Friedel  a.  Silva).  Heated  with 
hydriodic  acid  it  is  converted  into  isopropyl  iodide  (Sorukin,  Dcut.  Chcin.  Gcs.  Bcr.  iii, 
616V 

Chloropropylenes.  Mo7iochloropropi/lene,  C'H^Cl  =  CH^— CC1=CH-, 
isomeric  with  allyl  chloride,  CH-=CH — CH-Cl,  is  obtained  by  the  action  of  potash 
on  propylene  chloride,  and  on  methyl-chloracetol ;  also  by  the  action  of  silver  acetate 
or  of  ammonia  on  methyl-chloracetol.  It  boils  at  25'5°,  and  has  a  sp.  gr.  of  0-9307 
at  0°.  Vapour-density  =2  83  (obs.)  =2-65  (calc.)  Sulphuric  acid  converts  it  into 
acetone  (Oppenheim,  i'ompt.  rend.  Ixv.  354).  It  unites  with  2  at.  bromine,  forming 
the  compound  C'H'^ClBr^  =  CH'— CClBr— CH-Br,  which  boils  at  170°-175°,  and  has 
a  sp.  gr.  of  2-064  at  0°.  This  chlorobromide,  treated  with  alcoholic  potash  or  silver 
acetate,  gives  up  HBr,  and  is  converted  into  a  chlorobromopropylene,  C'H'ClBr 
=  CH^— CCl=CHBr,  or  CH^nCCl— CffBr,  which  boils  between  100°  and  110° 
(Friedel,  Ann.  Chim.  Phys.  [4],  xvi.  343).  It  is  isomeric  with  Eeboul's  chlorbrom- 
hydroglycide,  CH-— CBr=CH-Cl. 

Chloropropylene,  heated  to  120°  with  alcoholic  2wt ash,  is  converted  into  allylene 
(Friedel,  Comj)t.  rend.  lix.  294).  It  combines  with  hydrogen  iodide  at  100°,  forming 
methyl-chloriodacetol.  Chlorine  in  sunshine  converts  it  into  C-''H^CP,  isomeric  with 
glyceric  chlorhydrin,  boiling  at  127°,  and  identical  with  dichloromethyl-ehloracctol. 

Dichloropropylencs,  CH'Cl-  (Friedel  a,  Silva,  Compt.  rend.  Ixsiii.  957;  Ixxiv. 
806  ;  Lxxv.  81). — Three  of  those  compounds  are  known,  namely  : 

CHCl 
II 

CH 

I 

cn-'ci 

The  first  two  are  formed  simultaneously  when  monochloropropylene  is  treated  with 
chlorine  in  the  shade.  The  first  boils  at  75°,  the  second  at  94°;  the  latter,  which  forms 
by  far  the  larger  part  of  the  product,  is  identical  with  the  dichloropropylene  which  is 
produced,  together  with  dichlorhydroglycide  (boiling  at  106°),  by  the  action  of  dry 
potash  on  trichlorhydrin.    The  third  compound  is  dichlorhydroglycide. 

1.  The  dichloropropylene  melting  at  76°  is  likewise  obtained  by  the  action  of  water 
at  180°  and  of  alcoholic  potash  on  dichloromethylchloracetol.  It  unites  with  bromine 
less  readily  than  the  following  compound,  forming  a  bromide  which  boils  with  partial 
decomposition  at  190°. 

2.  The  dichloropropylene  boiling  at  94°,  CH'-ZICCI— CH-Cl,  is  formed  in  botli  the 
reactions  above  mentioned,  especially  in  the  first ;  also  in  that  of  dry  potash  on  tri- 


CHCl  Cff 

II  II 

CCl  CCl 

I  I 

CIP  CH=C1 
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ehlorhydrin.  It  conibiues  energetically  with  Ijromine,  forming  a  very  stable  bromida 
■which  boils  at  205°  ;  easily  also  with  hydrochloric  acid  when  heated  with  a  solution 
saturated  at  6°,  forming  dichloromethylchloracetol.  Sulphuric  acid  converts  it  into 
monochloracetone  (Henry,  Vcut.  Chcm.  Gcs.  Ber.  v.  86).  With  alcoholic  potash  it 
yields  a  chlorinated  ether.  CH=:=CC1— CH-.OC=H*,  boiling  at  110°  having  a  densitj 
of  roil  at  0°,  and  0  995  at  21°.  This  ether  takes  up  2  at,  bromine,  forming  a 
chlorobrominated  ether,  CH-Br— CClBr— CH=.OC'''ff . 

3.  Biclilorhyclroglycidcov  Epidichlorhydrin,  GllCl—G'K—CWC\{h.^.  106°), 
is  formed,  together  with  the  second  isomeride,  by  the  action  of  potash  on  trichlor- 
liydrin  : 

cn'-'Ci-CHCi-ciFci  -  HCl  =  {^gSL-cS^a 

Trichlorliydrin.  Dichlorhydroglycide 
and  isomeride. 

It  is  obtained  pure  by  the  action  of  phosphoric  anhydride  on  dichlorhydrin  (b.  p. 
17i°): 

CH^Cl— CHOH-CH^Cl  -  H=0  =  CHC1=CH— CH^Cl. 

AUyl-alcohol  dichloride,  CH^Cl— CHCl— CH'^OH,  which  is  isomeric  with  dichlor- 
hydrin, does  not  yield  it.  It  does  not  unite  witli  hydrochloric  acid.  With  alcoholic 
potash  it  likewise  yields  a  chlorinated  ether,  CHC1=CH— CH^.OC-H*,  boiling  at  120°- 
125°,  and  having  a  density  of  1-021  at  0°  and  0-99-1  at  25°.  This  etherappears  to  be 
identical  with  that  whicli  Henry  obtained  by  addition  of  CI-  to  othyl-allyl  oxide,  and 
treatment  of  the  product  with  alcoholic  potash.  It  takes  up  2  at.  bromine,  forming  a 
product  which  distils  at  about  220"',  but  decomposes  at  the  same  time,  with  separation 
of  easily  alterable,  nacreous,  crystalline  laminas  (Friedel  a.  Silva). 

Isomeric  with  the  three  dichloropropylenes  is  the  chloride  obtained  from  acrolein  by 
the  action  of  phosphorus  pentachloride  (i.  147).  Its  constitution,  which  results 
directly  from  that  of  acrolein,  is  represented  by  the  formula,  CH==CH — CHC1=. 

Tetrachloroglyeide,  C^H'Cl*,  formed  by  fixation  of  chlorine  on  dichlorhydrogly- 
cide, is  a  colourless  liquid  having  a  strong  ethereal  odour,  density  =  I'lOO  at  17°,  and 
boiling  at  164°.  The  isomeric  compound,  dichloracetone  dichloride,  formed  by  the 
action  of  phosphorus  pentachloride  on  acetone  (1st  Suppl.  27),  boils  at  153°. 

Sodium  acts  strongly  on  tetrachloroglyeide,  but  if  this  compound  be  diluted  with 
hydrocarbons  and  slowly  heated,  gas  is  evolved  with  regularity,  consisting  of  allylene 
mixed  with  propylene. 

Tetrachloroglyeide  treated  with  alcoholic  potash  yields  a  chloride,  C'H^Cl',  boiling 
at  142°  and  having  a  density  of  1-414  at  20°. 

Alcoholic  ammonia  transforms  tetrachloroglyeide  into  tetrachlorodiallylamine, 
]SfH(C'H'Cr-)-,  which  is  a  colourless  alkaline  liquid,  decomposing  at  200°,  slightly 
soluble  in  -^N'ater,  soluble  in  acids.  Its  hydrochloride  forms  white  needles  soluble  in 
water  and  in  alcohol.  The  pMimchloridc,  2[NH(C'H^Cr-)=.HCl].PtCl<,  crystiillises 
in  small  crimson  prisms,  soluble  in  water  and  in  alcohol,  less  soluble  in  ether.  The 
sidphate  is  uncrystallisable.  The  dioxalate,  NH(C^H^Cl-)-.C-H-0*,  is  very  soluble  in 
water  and  crystallises  from  alcohol  in  leaflets  (PfelFer  a.  Fittig,  Ann.  Ch.  Pharm. 
cxxxv.  357). 

Chlorobromoglycidc  or  EpicMorlromkydrin,  C^H'ClBr  =  CHCl=CH-CH2Br 
or  CHBr— OH — CH-Cl,  obtained  by  the  action  of  dry  potash  on  chlorodibromhydrin, 
has  been  already  described  (i.  899).  It  boils  at  126°-127°.  and  is  isomeric  with  the 
chlorobromopropylene,  CH' — CCI~CHBr  or  CH-~CC1 — CH-Br,  obtained  by  abstrac- 
tion of  HBr  from  the  chlorobromide  of  propylene  (p.  1019). 

Trichlorofropyleiic,  C'H''C1\ — Obtained,  together  with  dichlDrallylene,  by  de- 
composing crotonic  chloral  with  caustic  soda.  It  is  a  liquid  of  agreeable  odour,  boil- 
ing between  138°  and  140°.  It  has  not,  however,  been  obtained  pure.  It  is  not 
attacked  by  soda-ley  in  the  cold,  bnit  alcoholic  potash  quickly  removes  from  it  a  mole- 
cule of  hydrogen  cliloride,  converting  it  into  diehlorallylone.  Trichloropropylene  takes 
up  2  at.  bromine  (Pinner,  Dent.  Chcm.  Gcs.  Bcr.  v.  205). 

Propylene  Glycols,  Propylene  Hydroxides,  or  Propylene  Alcobols, 
C'ff(OH)-.  Two  of  these  compounds  are  known,  viz.  :—l.  Ordinary  Propylene 
glycol  or  Propyl-glycol,  CW — CHOH — CH-OH,  analogous  to  ordinary  propylene 
bromide,  and  obtained  by  saponifying  the  cowesponding  propylene  diacetate  with 
potash  (Wurtz).  This  compound  has  been  already  described  as  Trityxene  Glycol  (v. 
892). 

2.  Normal  Propylene  Glycol,  CH=OH— CH-— CH^OH.  Trimcthykne  glycol— 
This  compound,  probably  analogous  to  malonic  acid,  CO'-II — GH" — CO-H,  is  prepared 
by  treating  normal  propylene  bromide  (p.  1017)  with  silver  acetate  in  presence  of 
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acetic  acid,  and  saponifying  the  resulting  diacetate  (b.  p.  203°-20o°)  with  baryta.  It 
isatliicksaocliariiiij  liijuid  boiling  between  208°  and  218°  (Geromont,  Deitt.  Chen.  Gcs. 
Ihr.  iv.  518;  Eoboiil,  Bull.  Soo.  Chim.  [2],  xvii.  350). 

Propylene  Chlorhydrin  or  monocSilorhydrin  of  Propyl-glycol  (o)-c//?«a?-^), 
^,3^p  )01I  ^  cil»— Cn.OH— CH-Cl.    Produced  by  the  action  of  gaseous  hydrogen 

cliloride  on  propylene  glycol ;  the  mixture  at  first  becomes  hot,  but  must  bo  warmed 
ou  the  water-bath  towards  the  end  to  complete  the  reaction.  The  product  is  distilled 
up  to  135°,  and  then  treated  with  sodium  carbonate  to  neutralise  the  hydrochloric  acid. 
Two  layers  of  liquid  are  thus  formed,  the  upper  of  which  consists  of  the  chlorhydrin. 
The  greater  part  distils  over  at  127°.  The  same  compound  is  obtained  by  tlie  action 
of  liypoehlorous  aci'l  on  propylene  : 

C^H-^  +  ClOII  =  C3ff|[J!". 

Propylenic  chlorhydrin  boils  at  127°.  •'ip- gi'.  =  1'302  at  C°.  Vapour-density  = 
3'38  (obs.)  =  3'20  (calc.)  It  is  neutral,  has  an  ethereal  odour  and  a  saccharine  but 
pungent  tixste.  It  dissolves  in  water,  also  in  alcohol,  ether,  and  a  mixture  of  the  two, 
but  is  insoluble  in  solutions  of  sodium  chloride  and  calcium  chloride.  Sodium  carbo- 
nate does  not  act  on  it  at  ordinary  temperatures,  but  when  heated  converts  it  into  pro- 
pylene oxide.  Aqueous  potash  immediately  decomposes  it  into  potassium  chloride  and 
propylene  oxide  (Osor,  Bull.  Soc.  Chim.  1860,  235). 

Propylenic  chlorhydrin,  heated  with  potassium  cyanide  in  sealed  tubes,  is  converted 
into  the  corresponding  cyanhydrin,  C^IP(On)CN,  which  when  boiled  with  potash 
yields  ^-oxybutyric  acid,  Off— GHOH— CH-— CO=H  {1st  Suppl.  891). 

Phosphoric  anhydride  converts  propylenic  chlorliydriu  into  a  mixture  of  allyl 
chloride  and  monochloropropylene : 

C^H«(0H)C1  -  11-0  =  C^ffCl. 

Propylenic  elilorhydrin  unites  with  hnrminc  in  sunshine,  without  evolution  of 
hyrobi'oinic  acid  (  Henry  a.  Henninger,  Dcut.  Chcm.  Gcs.  Ber.  iv.  602). 

Propylene  Witrate,  or  Propylenic  Binitrin,  Cm\'^iO^)-  =  CH^— CII(NO^) 
—  GK-(NO').  Puming  nitric  acid  acts  violently  on  nitric  acid,  rendering  it  neces- 
sary to  cool  tlie  mixture  during  the  reaction.  On  subsequently  adding  water, 
propylene  nitrate  is  deposited  as  a  colourless  oil  (Henry,  loc.  cit.) 

Propylene  Oside,  C^IP'O  =  CTP  -  CH— CH'-.  This  compound  is  obtained,  by 
adding  aqueous  potasli  t(j  crude  propjdene  chlorhydrin,  as  a  very  volatile  liquid  Avhich- 
may  bo  purified  by  fractional  distillation.  It  must  be  dried  with  fused  potash,  as 
calcium  chloride  retains  it.  It  is  a  neutral  liquid,  having  an  ethereal  odour,  and  a 
harsh  pungent  taste.  Boils  at  35°.  Sp>.  gr.  =  0-859  at  0°.  Vapour-density  =  2'0 
(obs.  and  calc.)  It  is  miscible  in  all  proportions  with  water,  alcohol  and  ether, 
insoluble  in  solution  of  calcium  or  magnesium  chloride.  Heated  for  a  few  seconds  in  a 
sealed  tube  with  magnesium  chloride,  it  forms  a  copious  precipitate  of  magnesium 
hydrate  (Oser,  Bull.  Hoc.  Chim.  1860,  237). 

Epichlorhydrin,  C^lPCiO,  is  the  oxide  of  chloropropylene. 

Propylene  Benzoate,  C^H''(C'IPO-)-.  A.  Mayer  described  this  compound  as 
forming  fine  crystals  isomorphous  with  ethylene  benzoate  (l.^i!  Siippl.  309);  but  ac- 
cording to  Friedel  a.  Silva  (Cc(/«/>i'.  rf»;fZ.  Ixxiii.  1379),  it  is  a  viscid  uncrystallisable 
liquid,  boiling  at  240°,  under  a  pressure  12-14  mm. 

The  acetate,  cyanide,  iodide,  sulphide  and  sulphocarbonatc  of  propylene  are  described, 
in  vol.  V.  p.  893,  as  Tbitylenic  Ethers. 

PROPYtEOTE-IHAmiWE,  C3H«(]S!IP)=,  (Hofmann,  Beut.  Chcm.  Gcs.  Ber.  vi. 
308).  Tliis  base  is  (ilitiiiiird  by  heating  propylene  bromide  with  ammonia  in  a  closed 
vessel.  On  hualiii;,'  the  product  with  pobish  in  the  water-bath,  to  expel  ammonia  and 
alcohol,  and  thun  raising  the  temperature,  propyli'ne-iliaiiiine  passes  over  atabout  120°. 
At  higher  temperatures,  200°  and  above,  viscous  Imsi  s  ilislil  over,  probably  consisting  of 
secondary  and  tertiary  diamines.  To  dehydr.il-'  tic  pr(i|iylene-diamino,  it  is  lieated 
with  sodium,  then  distilled  in  a  stream  of  liy.lr-L'.  ii.  and  a^ain  heated  witli  sodium. 

Anhydrous  propylene-diamine  is  a  colourless,  t ranspariait,  iiioliilc'  li(jui(l,  boiling  .at 
119°-120°,  and  having  a  density  of  0-878  at  15".  1(  is  so  hvijrnscopic,  that  a  glass 
rod  moistened  with  it  fumes  in  the  air  ;  it  also  rapidly  attracts  c.irljon  dioxide.  The 
hydrate,  2C^H''N-IP.H-0,  boils  at  the  same  temperature  as  the  anhydrous  base.  The 
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hydrochloride,  C^H''(NH^)-.2HC1,  forms  long  white  needles,  very  hygroscopic,  and  very 
freely  soluble  in  water,  less  soluble  in  alcohol. 

The  2'laiino-cMoridc,  formed  only  in  concentrated  solution,  crystallises  in  beautiful 
four-sided  plates.  The  hydrohromida  and  hydriodide  greatly  resemble  the  hydro- 
chloride ;  tlie  nitrate  has  not  been  obtained  in  crystals. 

PEOPTTSj-ETHirS.  KSTOISTS,  CH'^-O  =  C^H'.CO.C-ff.  Ethyl-hlityryl.—Tin^ 
compound,  isomeric  with  Frankland  a.  Duppa's  isobutyl-methyl-acetone  and  with 
methyl-raleryl,  was  discovered  by  Friedel  amongst  the  products  of  the  distillation  of 
calcium  butyrate  (i.  698),  and  is  produced  synthetically  by  the  action  of  zinc-ethyl  on 
butyryl  chloride  (Butlerow,  Bull.  Soo.  Chim.  [2],  v.  17) : 

2(C5II'.C0.C1)  -1-  (C=H=)=Zn     ZnCP  -^  2(C'H'.CO.C2H5). 

It  is  a  liquid  boiling  at  122°-125°,  having  a  density  of  0-818  at  17'5°.  It  does  not 
unite  with  sodium  bisulphite  at  ordinary  temperatures,  but  on  heating  the  mixture, 
and  then  leaving  it  to  cool,  crystalline  scales  are  deposited  which  ultimately  dissolve. 
In  the  dry  state  the  combination  is  stable,  but  water  quickly  resolves  it  into  propyl- 
ethyl  ketone  and  sodium  bisulphite, 

The  ketone  oxidised  by  potassium  dichromate  and  dilute  sulphuric  acid  is  converted 
into  propionic  acid:  C^H'.CO.CSff  +  0^  =:  2(CTP0.0H),  (Popoff,  Ann.  Ch.  Fharm. 
clxi.  285). 

PBOPYS.-BIBTKYI.  GJiRBinOI.,  C^ff — CHOH— CH^  (see  Ajivl  Alcohols, 
1st  Suppl.  111). 

-  PROr»iri.-saETHYI,  SCETOWE,  C^H"*0  =  C^H'.CO.CIP.  This  ketone  was 
also  first  noticed  by  Friedel,  amongst  tlie  distillation-products  of  calcium  butyrate  ; 
Butlerow  obtained  it  synthetically  by  the  action  of  zinc-methyl  on  butyryl  chloride  ; 
and  it  has  been  especially  studied  by  Friedel  {Jjm.  Chim.  Phys.  [4],  xvi.  366),  and  by 
Grimm  (Ann.  Ch.  Fharm.  clvii.  249),  both  of  whom  obtained  it  by  the  distillation  of 
a  mixture  of  acetate  and  butyrate  of  calciiim.  Schorlemmer  (p.  63)  has  obtained  it 
by  oxidation  of  the  secondary  alcohol  derived  from  normal  pentane.  It  is  a  colourless 
liquid,  boiling  at  111°  (Friedel),  at  102°-10o°  (Schorlemmer),  at  99°-101°  (Grimm), 
at  95°  (Butlerow),  and  having  a  density  of  0-837  at  0°,  0-8078  at  15°  (Grimm).  It  is 
only  slightly  soluble  in  water,  but  mixes  freely  with  alcohol  and  ether.  It  unites  with 
alkaline  bisulphites,  forming  crystalli sable  compounds  which  are  decomposed  by  water. 
The  sodium  salt  contains  C^ffNaSOs  +  UH^O. 

The  ketone  treated  with  phosphorus  pentachloride  reacts  like  ketones  in  general, 
exchanging  0  for  C1-,  and  forming  methyl-chlorobutyrol,  or  dichloropenfane, 
C-'H^CP,  which  boils  at  about  140°,  and  is  resolved  by  distillation  into  hydrogen 
chloride  and  chloramylene  or  chloropentane,  G^H'-'Cl,  boiling  at  about  96°. 
This  last  body,  heated  to  140°  with  alcoholic  potash,  again  gives  up  HCl,  and  is  con- 
verted into  valerylene,  C^H*,  a  homologue  of  acetylene,  which  distils  towards  50° 
(v.  981),  (Friedel). 

Propyl-methvl  ketone  combines  directly  with  nascent  hydrogen,  forming  propyl- 
methyl  carbinol,  C=H'-^0  =  C^H'— CHOH.CH^  {1st  Suppl.  Ill),  (Grimm),  and  a 
pinacone,  C"'H-^0^  which  boils  at  225°-230°,  and  when  recently  distilled,  forms  a 
colourless  liquid,  but  solidifies  after  some  time  to  a  white  crystalline  mass,  melting  at 
a  gentle  heat  (Friedel). 

Propyl-mothyl  ketone  yields,  by  oxidation  with  chromic  acid  mixture,  acetic  and 
propionic  acids,  with  a  small  quantity  of  carbonic  acid  (Schorlemmer). 

Propyl-methyl  ketone  is  identical  with  the  ethyl-acetone  of  Frankland  a.  Duppa, 
and  isomeric  with  propiono,  isopropyl-methyl  ketone  (1st  Suppl.  768),  and  valeral. 

PROPir3.-PHirciTB,  C^H'(HO)'?  {1st  Suppl.  963).  Experiments  apparently 
confirming  the  existence  of  this  supposed  compound  have  been  made  by  J.  G.  AVoliF,  in 
.  Carius's  laboratory  {Ann.  Ch.  Fharm.  cl.  28) ;  but  Carius  himself  has  thrown  doubt 
upon  their  accuracy  {Full.  Soo.  Chim.  [2],  xiv.  240),  and  further  experiments  by  Glaus 
{Deut.  Chem.  Ges.  Ber.  iii.  525)  tend  to  corroborate  his  former  conclusion  that  the 
supposed  propyl-phycite  does  not  exist. 

PHOTEXBS.  Several  attempts  to  get  an  insight  into  the  molecular  construction 
of  these  bodies  have  lately  been  made,  but  with  only  very  partial  success.  The  most 
important  are,  perhaps,  Nasse's  experiments,  from  which  he  has  drawn  some  con- 
clusions as  to  the  state  in  which  their  nitrogen  exists  in  them,  {Studien  uber  die 
Eiweiss/cSrper ;  Fflilgcr's  Archiv.  vi.  p.  689)  ;  he  treated  various  proteids  in  the  dried 
and  powdered  state  with  caustic  baryta  for  forty  or  fifty  hours,  and  systematically 
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examined  tlio  products  of  decomposition  ;  tlie  main  result  at  wliich  lie  arrives  is  that, 
in  the  same  protcid,  nitrogen  exists  in  several  very  diflferent  states  of  combination, 
part  being  held  very  firmly,  and  part  being  cisily  tiirip  d  out.  From  the  comparison 
of  the  comljinations  in  which  the  loosely-h.  l.l  nitr^.  jvn  :i|ipcars,  with  the  results  of  the 
action  of  caustic  baryta  on  nitrogenous  bodies  whosu  molecular  constitution  is  known, 
such  as  amine-acids,  acid  amides,  nitrides,  leucine,  &c.,  he  considers  it  extremely 
probable  that  a  definite  qiiantity  of  the  loosely-combined  nitrogen  of  proteids  is  com- 
bined as  in  amides  ;  another  part  as  the  nitrogen  in  creatine  or  the  more  loosely-held 
portion  of  the  nitrogen  of  uric  acid,  and  most  of  the  remainder  as  in  the  acid  amides  and 
the  difficultly  expulsible. nitrogen  of  creatine  or  sareosine. 

Beohamp  {Compt.  rend.  1870)  oxidised  proteids  with  potassic  permanganate,  and 
found  that  urea  was  produced,  together  with  many  other  bodies;  as  almost  all  proteids 
taken  into  the  body  leave  it  in  the  form  of  urea,  this  result  promised  to  be  of  im- 
jiortance,  but  very  great  doubt  has  been  thrown  upon  its  accuracy  (Loew,  J.pr.  Chcm. 
1870).  Treated  with  powerful  oxidising  bodies,  proteids  yield  various  acids  of  the 
fatty  series,  and  their  aldehydes,  benzoic  acid,  ammonia,  and  various  compound 
ammonias. 

The  complete  separation  of  proteids  from  animal  fluids  has  been  much  facilitated  by 
a  new  method  of  precipitation  devised  }-y  Kin.-l:,.  (  (I  V- ,7.  Ahn,!.  Ho:  1871)  ;  this  con- 
sists in  acidulating  the  liquid  with  li \  J ri n  h loi-ir  n.  id.  .-iiid  tlim  .iddiug  to  it  a  solution 
of  potassio-mercuric  iodide,  made  by  suUiraling  ^vith  iiKrcuric  iodide  a  boiling  solution 
of  potassic  iodide. 

Tlie  changes  which  proteids  undergo  in  the  animal  body  from  the  time  they  enter 
it  from  the  alimentary  canal  vmtil  they  leave  it  as  urea,  or  uric  acid,  are  still  almost 
totally  unknown.  It  has  already  been  pointed  out  (Glycogen',  p.  567)  that  there  is 
considerable  reason  to  believe  that  they  are  partly  broken  up  in  the  liver,  bile-acids  and 
urea  being  produced  from  them,  together  with  glycogen  ;  while  in  the  muscles  (Muscu- 
lar Tissue,  p.  830)  it  would  appear  that  much  loss  breaking  up  of  proteids  occurs  than 
was  formerly  supposed  (see  also  Urine).  In  the  alimentary  canal  the  gastric  juice 
splits  them  up  into  peptones,  parapeptones  and  other  bodies,  and  one  of  the  pancreatic 
ferments  also  converts  them  into  peptones,  but  afterwards  goes  further,  and  breaks  the 
peptones  up  into  tyrosine  and  leucine  (see  Digestion,  p.  430).  Peptones  do  not  appear 
to  exist  either  in  the  blood  or  in  chyle,  and  so  must  be  converted  into  some  other  form 
of  proteid  immediately  upon  entering  either  of  those  fluids. 

H.  N.  M. 

PROTOCATECHUEC  ACSB,  C'H«0'.  This  acid  has  been  sliown  Ijy  Earth 
{Ik'itt.  Chcm.  Gcs.  L'cr.  iv.  033),  and  Kcnisen  {Zntsch:  f.  Chan.  vii.  81,  I'io,  204), 

fOH 

to  be  tlie  1:3:4  form  of  dioxybenzoic  acid,  C«ff  -  OH       (p.  431). 

(COOH 

It  is  formed  from  piperonylio  acid  (methylene-protoeateehuic  acid)  by  heating  the 
latter  to  150°  with  dilute  hydrochloric  acid,  the  only  products  of  tho  reaction  being 
protecatechuic  acid  and  free  carbon  : 

C*'H"0<  =  C'H«0'  +C. 

With  pure  water  at  210°  the  same  decomposition  takes  place,  but  the  protocatechuic 
acid  is  resolved  by  the  high  temperature  into  CO-  and  pyrocatechin  (Fittig  a.  Eemsen, 
Ann.  Ch.  riuirm.  clix.  129).  Conversely  piperonylic  acid  may  be  formed  syntheti- 
cally by  heating  protocatechuic  acid  with  methylene  iodide  and  potassium  hydrate 
(p.  983). 

Preparation  from  JT/wo.— Stenhouse  finds  that  East  Indian  kino  is  tho  best  source 
of  protocatechuic  acid,  and  the  one  which  yields  it  most  readily.  One  part  of  tho 
kino  in  fine  powder  is  gradually  added  to  three  parts  of  fused  sodic  hydrate,  stirring 
the  mixture  constantly  during  the  introduction  of  the  kino,  the  most  convenient  method 
being  to  sift  the  fine  powder  over  the  surface  of  the  hydrate,  which  is  kept  fused  at  a 
gentle  heat.  Wlien  the  mixture  has  acquired  a  bright  orange-brown  colour,  it  is 
poured  out  on  a  stone  or  an  iron  plate,  and  allowed  to  cool.  The  cake  is  then  broken 
up  and  dissolved  in  about  20  pts.  of  hot  water,  to  which  dilute  sidphuric  acid  is  added 
from  time  to  time,  so  as  to  render  the  solution  slightly  acid.  The  dark  brown  solu- 
tion is  then  allowed  to  stand  for  24  hours,  when  it  deposits  a  large  quantity  of 
sodium  sulph.ate  in  the  crystalline  state;  the  mother-liquors  which  contain  the  proto- 
catechuic acid,  after  being  filtered  to  remove  a  small  quantity  of  tarry  matter,  are 
agitated  with  ether.  The  ethereal  solution  is  then  separated,  and  the  ether  recovered 
by  distillation  in  the  water-bath;  the  dark-coloured  syrupy  residue  on  standing 
deposits  the  protocatechuic  acid  in  tho  crystalline  state.    The  mother-liquors  may  be 
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readily  separated  from  the  crystals  by  means  of  the  vacuum  pump,  aud  the  acid  is 
then  easily  purified  by  one  or  two  crystallisations  from  a  small  quantity  of  hot  water, 
with  the  addition  of  some  freshly  precipitated  lead  sulphide,  which  removes  the  browu 
colouring  matter  (CAe?«.  Soc.  J.  [2],  xiii.  8). 

Action  of  Bromine. — Earth  has  shown  that  protocatechuic  acid  treated  with  excess 
of  bromine  in  the  cold  is  converted  into  bromopyrocatechuic  acid,  C'H''BrO^,  by  simple 
substitution  of  Br  for  K  {1st  SuppL  976).  If,  however,  this  monobrominated  acid,  or 
pyrocatechuic  acid  itself,  be  heated  in  sealed  tubes  with  excess  of  bromine  to  100°,  a 
totally  different  reaction  takes  place,  resulting  in  the  formation  of  tctrabroinopyro- 
cat  e  eh  in  (Stenhouse,  loc.  cit.): 

Cm^O*  +  4Br2  =  4HBr  +  C0=  +  C'H^Br'O^ 

On  BimethjU  and  Bicthyl-protocatcchuo  aoids,  see  pp.  431,  432  of  this  volume. 

EthyJejie-protocateciiimc  Aoid,  C='H«0<  =  C"ff  ^— 0"  .      This  acid, 

^COOH 

homologous  with  piperonylic  acid  (methylene-eatechuic  acid)  is  formed  similarly  to 
the  latter  (p.  083),  by  mixing  3'5  grams  of  protocatechuic  acid,  in  a  tube,  with  10  grams 
of  ethylene  bromide  and  4^-  grams  of  solid  potassium  hydrate,  then  sealing  the  tube, 
and  shaking  it,  with  occasional  immersion  in  warm  water,  till  the  free  protocatechuic 
acid  and  the  potash  have  united  into  a  brown  viscid  mass  ;  this  treatment  is  absolutely 
necessary  to  the  success  of  the  experiment.  The  tube  is  then  heated  in  the  water- 
bath  for  five  or  six  hours  and  shaken  from  time  to  time ;  the  mnss  afterwards 
exhausted  with  hot  alcohol ;  the  solution  gently  warmed  with  potassium  hydrate,  and 
the  residue  mixed  with  water  and  dilute  hydrochloric  acid,  and  well  shaken  with 
ether.  On  evaporating  the  ether,  the  ethylene-protocateehuic  acid  remains  as  a  dark- 
coloured  mass,  which  may  be  easily  purified  by  recrystallisation  from  water,  with 
addition  of  animal  charcoal. 

Ethylene-protocateehuic  acid  crystallises  from  water  in  colourless  indistinct  crystals, 
from  alcohol  in  druses  of  short  shining  prisms.  It  closely  resembles  piperonylic  acid, 
and,  like  the  latter,  is  nearly  insoluble  in  water,  but  in  boiling  water  it  dissolves  much 
more  readily  than  piperonylic  acid.  It  melts  at  133°,  and  at  a  higher  temperature 
sublimes  without  decomposition  in  shining  prisms.  Its  calcium  salt  crystallises  well, 
and  is  somewhat  sparingly  soluble.  The  barium  salt  crystallises  in  large,  finely 
developed  transparent  crystals,  which  apparently  belong  to  the  orthorliombic  system. 
The  solutions  of  these  salts  give  a  yellow  precipitate  with  ferric  chloride  (Fittig  a. 
Eemsen,  Zeiiscla:f.  Chem.yii.  289). 

PSIOTOCATECHWIC  AS.BEHirBE,  CH^O^  =  C"ff|[,pjQ^'.  This  compound 

is  formed,  with  separation  of  carbon,  by  heating  piperonal  (methylene-protocatechuic 
aldehyde)  with  dilute  hydrochloric  acid,  just  as  protocatechuic  acid  is  formed  from 
piperonylic  acid ;  also,  together  with  hydrochloric  acid  and  carbon  dioxide,  by  heating 
dichloropiperonal  with  water  (Fittig  a.  Eemsen,  loc.  cit.)  For  its  properties  and 
reactions,  see  1st  Suppl.  976. 

PROTOPIBTB,  C  «H'»NO=  (Hesse,  Zcitschr.  f.  Cliem.  vii.  653).  An  .-vlkaloid 
occurring  in  very  small  quantity  in  opium,  and  obtained  from  the  mother-liquors 
remaining  after  the  separation  of  morphine  by  the  Eobertson-Gregory  process.  The 
method  of  separating  it  from  the  other  bases  present  in  these  mother-liquors  is  given 
in  the  article  Opium  Bases  (pp.  875-877).  The  protopine  is  finally  precipitated  from 
the  solution  of  its  hydrochloride  by  ammonia,  and  dissolved  in  acetic  acid  ;  the  solution 
IS  treated  with  a  small  quantity  of  charcoal,  and,  after  addition  of  alcohol,  precipitated 
by  ammonia. 

Protopine  is  a  white  crystalline  powder,  insoluble  in  water,  slightly  soluble  at  the 
boiling  heat  in  alcohol,  benzene  and  acetone,  almost  insoluble  in  the  last  two  liquids 
at  common  temperatures.  Chloroform  dissolves  it  also,  but  moderately,  though  more 
readily  than  other  solvents.  Ether  dissolves  it  very  sparingly;  wheu  recently  precipi- 
tated it  dissolves  in  ether  somewhat  more  freely,  but  separates  partially  after  a  short 
time  in  warts  or  spherical  groups  of  prisms,  which  are  very  characteristic  of  protopine, 
as  no  other  alkaloid  of  opium  forms  crystals  of  similar  character.  Cryptopine  under 
the  same  circumstances  separates  in  rhombohedrons. 

Protopine  is  slightly  soUible  in  caustic  potash  and  soda  ;  it  does  not  colour  ferric 
chloride.    AVith  strong  nitric  acid  it  forms  a  colourless  solution,  which  turns  yellow  on 
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the  slightest  warmiug.  Pure  concentrated  nitric  acid  forms  at  20°  a  yellow  solu- 
tion wliich  after  some  time  turns  red,  and  finally  bluish-red  ;  acid  containing  ferric 
oxide  forms  immediately  a  dark  "\iolet  solution;  at  150°  both  solutions  change  to 
dirty  brownish-green. 

Protopine  melts  at  262°  with  partial  decomposition  ;  it  has  an  alkaline  reaction,  and 
neutralises  acids  ;  the  salts  have  a  bitter  taste,  and  do  not  gelatinise. 

The  h/drochloride  forms  rather  large,  apparently  rhombic  prisms,  very  sparingly 
soluble  in  hot  and  in  cold  water.  The  plaiinochloridc,  2(C-"H'''N0^.HC1)  PtCl' 
+  2H-0,  is  a  yellow  crystalline  precipitate,  slightly  soluble  in  cold  water.  The  bitartrate 
forms  small  prisms,  somewhat  sparingly  soluble  in  cold  water.  The  bioxalate  forms 
warty  groups  of  prisms  which  dissolve  easily  in  boiling  water,  with  difficulty  in  cold 
water,  though  more  readily  than  the  corresponding  cryptopino  salt.  The  su/phate 
forms  small  needles. 

S»SEU30-Ji.C02a'STSI<TS,  syu.  with  Nawoxlike  ;  also  called  Aceaconitike.  See 
AcoNiTK  Alkaloids  (p.  23). 

PSEWBOCOSSilXSEB!",  This  name  is  applied  by  R.  Fresenius  to  Wanklyn  a. 
Giro's  rosolic  acid  {1st  Siijjpl.  090  ;  also  p.  301  of  this  volume). 

PSEiniSOHSPTTE,  iiaCOHOS.  Diprojjyl  Carhinol. — Obtained,  together  with 
butyrcne-piuacoue,  by  the  action  of  sodium  on  dipropyl  ketone  (butyroue)  mixed  with 
a  little  water : 

C^H'.Cl.C^H'  -t-  H=  =  CHP.CHOH.C^H'. 

It  boils  at  149°-150°  (Schorlemmer's  normal  heptyl  alcohol  from  petroleum  boils  at 
175'5°-177"5°),dissolves  sparingly  in  water,  easily  in  alcohol  in  all  proportions.  By 
oxidation  with  potassium  dichromate  and  sulphuric  acid,  it  is  converted  into  butyrone. 
"With  iodine  and  phosphorus,  it  yields  the  corresponding  iodide,  CTI'.CHI.CTI',  which 
has  a  density  of  1-2  at  20°,  and  boils  with  partial  decomposition  at  180°  (CM.  Jiwxz, 
Ann.  Ch.  Pharm.  clxi.  205). 

PSElJ-BOESOPirSElSJS.    See  Isopteine  (p.  707). 

PSE-0-3OWEORPH2BfE,  C"H"NO*.  Hesse  {Zcitsch:  f.  Chem.  [2].  vii.  64,3). 
Many  kinds  of  opium  appear  to  conta,in  little  or  none  of  this  base.  For  the  method 
of  separating  it  from  the  other  opium-bases  see  Ist  Suppl.  976.  On  mixing  the 
hot  dilute  aqueous  solution  of  its  hydrochloride  with  potassio-sodic  tartrate,  a  hydrate 
of  pseudomorphine  separates  in  white  shining  scales,  having  nearly  the  composition 
QivjjiejfQi  +  4H-0;  the  same  solution  precipitated  with  ammonia,  give  scales  whose 
composition  is  nearly  C"H"NO^  +  l-|Ii^O.  Hesse  supposes  that  there  are  two 
hydrates  cont;iining  respectively  1  and  4  mols.  of  water,  and  that  the  precipitates 
above  mentioned  are  mixtures  of  the  two. 

Pseudomorphine  dissolves  in  strong  sulphuric  acid,  without  colour  at  first,  but  the 
solution  soon  turns  olive-green,  and  if  slightly  heated,  quickly  assumes  a  dingy  green 
colour.  Water  added  to  a  solution  recently  prepared  in  the  cold  throws  down 
crystalline  pseudomorphine  sulphate.  "With  nitrio  acid  of  .sp.  gr.  1  -06°,  pseudomorphine 
forms  in  the  first  instance  a  nitrate  of  pseudomorphine ;  but  if  the  nitric  acid  is  in 
excess,  a  nitrate  of  nitropseudomorphine,  separating  in  small  yellow  crystals,  which, 
however,  very  quickly  decompose.  Pseudomorphine  is  not  altered  by  sulphiu'ous  acid, 
by  hydrogen  sulphide,  or  by  zinc,  either  in  acid  or  in  alkaline  solution. 

Acid  Tartrate  of  Faeudomorphine,  CH'^NO^.C^H'^O'^  +  eH^O,  may  bo  prepared  by 
adding  tartaric  acid  to  the  solution  of  the  acetate ;  it  crystallises  in  small  prisms, 
which  dissolve  in  429  pts.  of  water  at  18°,  and  are  moderately  soluble  in  boiling- 
water.  The  hydrobromidc,  formed  on  adding  potassium  bromide  to  a  solution  of  the 
acetate,  crystallises  in  small  j^risms,  slightly  soluble  in  water.  The  hydriodidc, 
C'H'^NOIHI  4- H-0,  is  formed  by  adding  potassium  iodide  to  a  solution  of  the 
hydrochloride,  slightly  acidulated  with  acetic  acid  ;  it  crystallises  in  small  prisms, 
soluble  in  793  pts.  of  water  at  18°.  The  chromate,  2C"H'»NO<.Cr-H20'  +  4H=0, 
separates  on  adding  potassium  dichromate  to  the  aqueous  solution  of  the  hydrochloride, 
in  small  yellow  prisms,  which  appear  brownish-yellow  in  the  mass,  coffee-brown  after 
drying  at  80°.  It  gives  off  two-thirds  of  its  water  of  crystallisation  over  sidphuric 
acid,  the  remainder  at  80°  ;  takes  fire  when  heated  a  little  above  100°.  Dissolves  in 
1090  pts.  water  at  18°;  insoluble  in  alcohol. 

PSEtT350I»niSPIJ'S5,IM,    See  PuEPXJEIN. 

PSSU3SOTOS=iy2C  ACID.    See  Toltjic  Acid. 


PSETTBOTOX.UXSSia'X:,  See  TOLUIDINE. 
2nd  Sup.  3  U 
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PU'CHERXTE.  This  mineral  is  a  bismuth  vanadate  found  in  a  mine  at  Schnee- 
berg  in  Saxony,  in  small  crystals  of  the  rhombic  system,  mostly  recognisable  only 
■with  the  lens.    The  following  combinations  have  been  obserA'od : — 

1.  ooP  .  oP,  and  oP  .  coP. 

2.  osP.Joo. 

3.  ooP  .  oP  .  mVn. 

4.  oP  .  CO  P  .  Pod  .  mfn,  and  cc  P  .  Poo  .  mfn  .  oP. 

A  pyramid  of  the  principal  series  mP,  and  the  pinacoids  co  ^ oj ,  and  oo  Poo  ,  have  also 
been  observed,  the  two  latter,  however,  only  in  very  narrow  strips.  Twins  likewise 
occur. 

Cleavage  perfect  parallel  to  the  base.  Lustre  vitreous  to  adamantine.  Colour 
reddish-brown  to  brownish-red  ;  occasionally  also  limpid  yellowish-brown,  hyacinth- 
red,  and  dark  yellowish-brown.  Streak-powder,  ochre-yellow.  Opaque  to  translucent. 
Hardness  near  that  of  fluorspar.    Sp.  gr.  (allowing  for  adhering  quartz)  =  6-2-19. 

The  mineral  decrepitates  violently  before  the  blowpipe;  melts  on  charcoal,  and 
gives  a  yellow  deposit  of  bismu.th  oxide,  and  when  fused  on  charcoal  with  sodium 
carbonate,  yields  metallic  bismuth.  With  borax  and  phosphorus  salt,  it  gives  the 
reactions  of  vanadium. 

It  dissolves  easily  in  hydrochloric  acid,  with  evolution  of  chlorine,  forming  a  deep 
red  liquid,  which  becomes  green  on  standing,  or  immediately  on  dilution  with  water ; 
when  poured  into  a  large  quantity  of  water,  it  yields  a  yellowish-white  precipitate  of 
basic  bismuth  chloride  containing  vanadic  acid  ;  with  ammonia  it  yields  a  yellowish 
to  greyish-white  precipitate  of  vanadiferous  bismutli  hydrate. 

Analysis  gave  73-16  p.c.  Bi^O',  22-19  Y'^O^  3-66  Asy\  1-34  '5''0^{=  100-35),  agree- 
ing with  the  formula  of  a  bismuth  monovanadate,  Bi-O^.V^O'^,  in  which  the  vanadium 
is  partly  replaced  by  arsenic  and  phosphorus  (Frenzel,  J.  -pr.  Chem.  [2],  iv.  227,  361  ; 
Jahrb.  f.  Mineralogie,  1872,  514).  On  the  crystalline  form,  see  also  Websky  {ibid. 
1873,  183). 

PURPIiS  OP  CASSIUS.    See  Gold  (p.  576). 

PURPURATES  and  ISOPWSSPU'SEATBS  (E.  Kopp,  Beut.  Chem,  Ges.  Ber.  v. 
644).  The  best  yield  of  pot'issium  isopurpurate  is  obtainecl  by  mixing  intimately  finely 
powdered  picric  acid  witli  twice  its  -weight  of  potassium  cyanide  and  a  little  water. 
After  half  an  hour  more  water  is  added,  and  the  mixture  is  heated  to  40°-45°,  and  then 
allowed  to  cool ;  the  crystals  separating  out  are  pressed  and  purified  according  to 
Hlasiwetz's  method  (iii.  434). 

In  dyeing  with  isopurpurates  tlie  same  mordants  are  used  as  in  dyeing  with 
murexid,  the  best  being  mercury  and  lead  salts.  Murexid  produces  on  mercury  mor- 
dant a  splendid  purple  with  a  violet  tint,  while  isopurpurates  dye  purple  having  a 
brownish-orange  tint ;  the  colours  produced  by  the  latter  are  neither  acted  upon  by 
sunlight  nor  by  sulphurous  acid,  which  quickly  destroys  murexid.  On  silk  mordanted 
with  zinc,  murexid  gives  a  fine  yellow,  and  isopurpurates  a  dark,  reddish-brown. 
Murexid  colours  are  destroyed  by  acids  and  alkalis,  whilst  those  of  the  isopurpurates 
assume  only  a  yellowish  tint. 

Purpurates  are  not  explosive.  On  adding  hydrochloric  acid  to  a  somewhat  concen- 
trated solution  it  becomes  coloiu-less,  and  after  some  time  dialuramide  crystallises  out. 
Nitric  acid  oxidises  them  to  alloxan,  and  when  caustic  soda-solution  is  added  to  a 
solution  of  a  purpurate,  the  solution  becomes  first  bluish-violet,  and  on  standing,  or 
more  quickly  on  heating,  colourless. 

Isopurpurates  explode  on  heating,  some  very  violently ;  on  adding  hydrochloric  acid 
to  a  solution  it  becomes  yellowish-brown  and  opaque,  and  afterwards  brown  amorphous 
flakes  separate  out.  Nitric  acid  changes  their  colour  to  orange,  and  caustic  soda  in 
the  cold  to  brownish-violet,  whilst  on  heating,  ammonia  is  given  off,  and  the  colour  is 
changed  to  a  dark,  yellowish-brown.  Isopurpurates  are  also  decomposed  by  am- 
monia, but  more  slowly  than  by  the  fixed  alkalis.  Hydrogen  sulphide  reduces  am- 
monium isopurpm-ate,  sulphur  separating  out,  wliile  the  liquid  becomes  yellowish-red, 
and  assumes  a  dirty  colour  when  exposed  to  the  air.  The  products  of  decomposition  of 
isopurpuric  acid  are  still  colouring  matters,  dyeing  silk  like  the  aniline-browns  called 
Vesuvian  and  Bismarck. 

3?nRS»URE©-COBAS,T  S^STS.    See  Cobalt  (p.  365). 

PWRP-JJEXM".  The  following  characteristics  of  this  and  other  colouring  matters 
of  madder  are  given  by  Schiitzenberger  {Bingl.  jpol.  J.  cxcvii.  438). 
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Characters  of  Macldcr-dyes. 


Alizarin 

Purpuriii 

PseiicTopurpiirin 

Orange  Dyo 

Purpm-oxauthin 

Absorption-  \ 

bands    in  \ 

Near  the  Ked 

Near  Ked  and  in  Yellow 

None 

Nono 

Spectrum  j 

Crystallisa- 

Orange 

Red  needles 

Brick-red 

From  alco- 

Yellow 

tion 

needles 

needles 

hol  in  small 

needles 

lumps 

Sublimation 

Easy 

Decomposed  in  great  part 

I)ecomposes, 

yielding 

purpurin 

Solution  in 

Purplo-bluo 

Eod 

Red 

Red 

Yellow 

Alkalis 

Solubility  in 

Soluble 

Soluble 

Soluble 

Insoluble 

Soluble 

Bonzin 
Solubility  in 

More  soluble 

More  Bolublo 

Very  slightly 

Easily  soluble 

Soluble 

Alcohol 

in  hot  than 

in  hot  than 

soluble  even 

in  cold 

in  cold 

in    hot  al- 

cohol 

The  behaviour  of  these  colouring  matters  in  dyeing  is  as  follows  :  Albarin  yields 
permanent  dyes,  red-violet  and  violet,  which  withstand  the  action  of  nitromuriatic 
acid  and  of  soap.  Purpurin  and  the  orange  dye  give  fast  colours  which  withstand 
soap  and  nitromuriatic  acid  tolerably  well ;  bright-red  or  greyish-violet.  Pscudo-imr- 
jjurin  gives  brick -rod  or  pale  violet  colours,  destroyed  by  soap  and  nitromliriatic  acid. 
Purpuroxanthin  gives  less  pure  colours,  orange-yellow  with  alumina  mordants,  palo 
grey  with  iron  mordants. 

PYHSSffE,  C'H'"  =  C'°H''(C''H*).  Phenylenc-naphthalene  (Graebe,  Ann.  Cliem. 
Phann.  clviii.  285). — A  hydrocarbon  occurring,  together  with  chrysene  (p.  338),  in 
the  last  j)ortions  of  the  distillate  obtained  in  distilling  coal-tar  down  to  coke.*  The 
two  bodies  are  separated  by  means  of  carbon  sulphide,  which  dissolves  the  pyrene  and 
leaves  the  chrysene.  The  carbon  sulphide  having  been  distilled  off,  the  residue  is  ex- 
hausted with  warm  alcohol,  and  the  cooled  filtered  solution  is  mixed  with  a  cold 
alcoholic  solution  of  picric  acid  as  long  as  a  red  crystalline  precipitate  of  pyrena 
picrate  is  produced.  This  precipitate  is  collected  on  a  filter,  washed  with  alcohol, 
decomposed  by  heating  with  ammonia,  and  the  hydrocarbon  thereby  separated  is 
washed  with  water  and  recrystallised  from  alcohol  till  it  melts  at  142°-144.°,  to  bring 
it  to  which  point  it  must,  in  some  cases,  be  reconverted  into  the  picrate. 

Pyrene  crystallises  from  hot  alcohol,  in  which  it  is  somewhat  freely  solulile,  in 
leaflets  resembling  those  of  anthracene.  It  often  retains  a  yellowish  colour,  which  may 
be  removed  by  expo^iing  its  solution  in  benzene  to  sunshine.  It  is  very  soluble  in 
benzene,  ether,  and  carbon  sulphide,  and  separates  from  benzene  or  ether,  or  by  slow 
crysUxllisation  from  alcohol,  in  rather  large  rhombic  plates.  It  melts  at  142^,  sub- 
limes with  difficulty  in  small  plates,  and  distils  at  a  temperature  considerably  above 
360°.  With  very  dilute  nitric  acid  it  forms  only  nitro-derivatives,  no  acid.  "With 
chromic  acid  it  yields  a  quinono.  Hydriodic  acid  converts  it  into  hydrocarbons 
analogous  to  the  hydrides  of  anthracene.  With  bromine  it  forms  both  substitution- 
and  addition-products  ;  with  sulphuric  acid,  sulpho-acids. 

Pyrene  Picrate,  C"'H"'.C''H-(NO")'OII,  crystallises  from  ether,  benzene,  hot  alcohol, 
and  other  solvents,  in  long,  red,  shining  needles,  very  slightly  soluble  in  cohl  alcohol, 
somewhat  abundantly  in  carbon  sulphide  and  ethor,  very  easily  in  benzene.  It  is 
slowly  decomposed  by  hot  water,  quickly  by  alkalis. 

Nitropyrenes. — Mononitropyrenc,  C"'II^(NO-),  is  formed  when  pyrene  is  heated 
for  two  hours  with  a  mixture  of  equal  volumes  of  nitric  acid,  of  sp.  gr.  1  '2,  and  water ; 
and  melts  to  a  reddish  oil  which  solidifies  on  cooling.  By  recrystallisation  from  hot 
alcohol,  it  is  obtained  in  yrllnw  needles,  melting  at  140°-142°,  slightly  soluble  in  cold 
alcohol,  somewhat  more  MiliiMe  in  hot  alcohol,  easily  in  ether  and  in  benzene.  Dinitro- 
pyrene,  C"^II*(NO-)-,  is  olit.iiiied  by  boiling  pyrene  with  nitric  acid  of  sp.  gr.  1-46,  ex- 
tracting the  mononitropyreuu  formed  at  the  same  time  by  boiling  with  alcohol,  and 
finally  crystallising  from  glacial  acetic  acid.  It  forms  slender  yellow  needles,  slightly 
soluble  in  alcohol,  ether,  and  benzene.    Tetranitropyrene,  C"'I1"(N0^)'',  is  formed  when 

*  The  substance  described  as  pyrene  by  Laurent  (iv.  751)  was  doubtless  a  mixture  of  bydrocarbous 
containiDg  a  considerable  proportion  of  pyrene. 
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dinitropyi'one  is  boiled  for  a  long  time  with  nitric  acid  of  sp.  gr.  1-5,  and  crystallises 
in  lustrous  needles  from  glacial  acetic  acid,  in  which  it  is  slightly  soluble.  It  is  almost 
insoluble  in  alccliol,  and  very  slightly  soluble  in  ether  and  in  benzene.  It  melts  at 
about  300°. 

Bromopyrencs. — Bihromopyrene  Dihromidc,  C'^H'Br-.Br-,  is  formed  when  finely 
pulverised  pyrene  is  exposed  for  a  day  under  a  bell-jar  to  the  action  of  bromine 
vapour,  the  bromine  being  kept  constantly  in  excess.  The  product,  crystallised  from 
nitrobenzene,  forms  faintly-yellow  needles  soluble  in  aniline  and  nitrobenzene,  nearly 
insoluble  in  alcohol,  ether,  and  benzene. 

Tribromopyrene,  C'''H'Br',  separates  in  the  solid  state  on  adding  a  slight  excess  of 
bromine  to  a  solution  of  pyrene  in  carbon  sidphide,  hydrobromic  acid  being  evolved  at 
the  same  time.  It  crystallises  from  nitrobenzene  in  colourless  needles,  which  may  be 
freed  from  the  solvent  by  washing  with  ether.  It  is  almost  insoluble  in  alcohol, 
ether,  and  carbon  sulphide,  somewhat  more  soluble  in  benzene,  easily  soluble  in  hot 
nitrobenzene  and  aniline. 

Pyrene-quinone,  C'^H^O-. — When  solid  chromic  acid  is  added  to  a  hot  solution 
of  pyrene  in  glacial  acetic  acid,  a  strong  reaction  takes  place,  residting  in  the  forma- 
tion of  pyrene-quinone,  the  greater  part  of  which  separates  during  the  reaction,  the 
rest  on  addition  of  water.  After  washing  with  water,  and  recrystallisation  from 
glacial  acetic  acid,  it  forms  red  needles  or  prisms.  On  adding  water  to  the  acetic 
acid  solution,  the  quinone  is  precipitated  as  a  brick-red  powder  very  slightly  soluble 
in  alcohol,  ether,  benzene,  and  carbon  sulphide,  very  easily  in  nitrobenzene.  It  dis- 
solves in  strong  sulphuric  acid,  with  a  brown  colour,  and  when  heated  with  zinc-dust 
is  reconverted  into  pyrene. 

Hexhydropyrene,  C"'H'°. — Pyrene  is  not  acted  on  by  sodium-amalgam.  Heated 
to  200°  with  hydriodic  acid  (b.p.  127°)  in  presence  of  amorphous  phosphorus,  it  is  con- 
verted into  a  mixture  of  hydrides,  from  which  the  hexhydride  may  be  isolated  by 
repeated  crystallisation  from  alcohol.  It  melts  at  127°,  does  not  combine  with  picric 
acid  in  alcoholic  solution,  and  when  passed  through  a  red-hot  tube  is  reconverted  into 
pyrene. 

PTRXDIWE.  This  base  is  found,  together  with  several  of  its  homologues,  in 
tobacco-smoke  (see  Tobacco). 

It  is  formed  when  the  hydrochlorides  of  certain  monomorphine  derivatives  are 
heated  with  potash  (p.  825). 

Ethylene-platinoohloride  of  pyridene,  2(C*H'*N.HCl).PtCl',  crystallises  in  rhom- 
bohedrons  (V.  v.  Lang,  Chem.  Ccntr.  1872,  535). 

PiriilTES,  See  Nickel  Sulphides  (p.  851). 

^■jrsSlTES,    On  the  Estimation  of  Sulphur  in  Pyrites,  see  SuLPHtiE. 

I»-srKOCATBCHIK-,  CH^O^  =  C»H'(OH)^  This  modification  of  dioxybenzene 
has  hitherto  been  generally  regarded  as  belonging  to  the  meta-serios  or  isophthalic 
series,  1  :  3  (p.  137) ;  but  recent  investigations  have  rendered  it  more  probable  that 
it  is  an  ortho-compound,  1  :  2  (see  Phenols,  p.  924). 

Pyrocatechin  has  been  found  in  living  plants,  e.g.  in  the  green  leaves  of  the  Virginia 
Creeper  {Ampelopsis  hederacea)  (Gorup-Besanez,  Deut.  Chem.  Gf.s.  Ber.  iv.  905). 

Fliickiger  {ibid.  v.  1)  is  of  opinion  that  pyrocatechin  is  contained  in  the  sap  of  the 
plants  from  which  kino  is  prepared,  and  that  it  is  not  formed  during  the  preparation 
of  the  kino — which  consists  simply  in  boiling  down  the  sap — since  the  temperature 
at  which  this  operation  takes  place  cannot  greatl;^  exceed  100°.  The  residues  from 
the  ethereal  extract  of  kino-gums  from  various  sources  gave,  when  dissolved  in  water, 
the  characteristic  pyrocatechin  reaction,  viz.,  a  grass-green  coloration  on  addition  of 
ferric  chloride,  changed  to  red  by  lime-water. 

Formation  from  CcW;<fosf.— Hoppe-Seyler  {Deut.  Chem.  Ges.  Ber.  iv.  15)  observes 
that  pyrocatechin  is  produced,  together  with  carbon  dioxide  and  formic  acid,  when 
paper  (Swedish  filter-)  is  heated  with  water  to  200°  for  four  to  six  hours.  Paper 
heated  to  210°  in  a  stream  of  carbon  dioxide  gives  otF,  as  already  observed  by  Petten- 
kofer,  a  little  water  and  traces  of  formic  acid,  but  no  pyrocatechin.  Starch,  cane- 
sugar,  and  milk-sugar,  heated  with  water  to  280°,  are  carbonised,  and  give  off  com- 
paratively larger  quantities  of  carbon  dioxide  with  less  pyrocatechin. 

When  pyrocatechin  is  heated  with  phthalic  anhydride,  and  water  is  added  to  the 
mixture,  a  greenish  liquid  is  formed  which  exhibits,  with  potash,  a  very  transient  blue 
colour  (IBaeyer,  Deut.  Chem.  Ges.  Ber.  iv.  663). 

Action  of  Bromine  and  Water  on  Bromopyrocatechin. — When  tetrabromopyro- 
catechin  is  treated  with  bromine  and  water,  a  substance  (provisionally  called  erythro- 
pyrocatecldii)  is  formed,  consisting  of  dark  crimson  plates,  which  melt  at  139°  and  are 
soluble  in  benzene  and  in  carbon  tetrachloride.    Its  composition  is  represented  by 
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the  empirical  formiila,  C''H-Br"'0,  and  it  appears  to  bo  formed  in  the  maimer  shown 
by  the  equation  : 

4C«ir-Br'02  +  5Br"-  +  ,5H=0  =  600=  +  16HBr  +  C'«H=Br'»0. 
_  An  ethereal  solution  oi'"  orythropyrocatechin,  treated  with  aqueous  sodium  carbonate, 
yields  a  sodium  compound  analogous  to  the  corresponding  derivative  of  xanthogallol 
(q-v.)  It  has  a  deep  green  colour,.  And  brilliant  metallic  lustre,  and  decomposes 
readily  when  left  in  contact  with  alkaline  solutions  (Stenhouse,  Cftcm.  Soc.  J.  121,  xii. 
580  ;  xiii.  6). 

PITEOCHIOKE.    Seo  Tantaiates. 

PY3aOGAI,3i©3i  or  SPTKOGiimc  ACSB,  CWO'  =  C«H3(0H)'.  Rcactio7i 
with  Iron  Salts. — Pyrogallol  produces,  in  a  solution  of  fwe ferrous  sulphate,  a  white 
milky  precipitate  which  disappears  on  exposure  to  the  air,  the  liquid  turning  blue. 
The  presence  of  a  ferric  salt  is  therefore  required  to  obtain  the  characteristic  blue 
colour  with  pyrogallol,  but  the  quantity  must  be  small.  Thus,  on  using  a  mixture 
containing  even  2  pts.  of  ferric  salt  to  100  of  ferrous  sulphate,  the  blue  colour  changed 
in  a  few  niinutes  into  red.  The  red  solution  of  pyrogallol  and  a  ferric  salt  deposits, 
on  standing,  a  precipitate  consisting  first  of  pure  purpnrogallin  ;  then  a  mixture  of 
this  body  and  tanno-melanate  of  iron  is  obtained,  and  at  last  only  the  latter  compound 
is  formed. 

When  ammonia  is  gradually  added  to  a  dilute  solution  of  ferric  chloride  and  pyro- 
gallol, the  red  solution  first  becomes  blue  and  then  bright  red.  On  adding  acetic  acid 
the  blue  colour  is  restored,  but  changed  into  a  greenish  tint  by  an  excess  of  the  acid  ; 
and  on  addition  of  ammonia  tlie  liquid  again  becomes  blue  and  then  red.  Hydro- 
chloric acid  also  destroys  the  blue  colour,  the  original  red  being  reproduced.  By 
means  of  this  reaction  the  presence  of  1  pt.  of  a  ferric  salt  in  100,000  of  water  can 
be  easily  detected,  and  even  on  using  only  1  c.c.  containing  O'OOOOS  gram,  the  liquid 
acquires  a  distinct  amethyst  tint.  When  pyrogallol  is  added  to  a  solution  of  ferric 
chloride  and  potassium  ferricyanide  containing  a  slight  excess  of  the  latter,  a  blue 
precipitate  is  formed  which  is  soluble  in  water.  Ammonia  changes  this  colour  into 
an  amethyst-red,  and  acetic  acid  again  into  blue.  When  pyrogallol  is  added  to  ferric 
acetate  or  a  mixture  of  a  ferric  salt  and  an  organic  salt  of  the  alkali-metals  or  metals 
of  the  alkaline  earths,  a  beautiful  purplish -blue  solution  is  obtained,  which  is  coloured 
a  fine  red  by  alkalis.  Organic  acids  restore  the  blue  colour,  while  inorganic  acids 
turn  the  liquid  reddish-brown.  The  blue  liquid  is  also  formed  by  using  ammonium 
succinate,  gum-arabic  or  its  compound  with  lime,  or  an  alkaline  solution  of  albumin, 
but  not  by  the  compounds  of  lime  with  the  sugars,  or  by  ferric  acetate  which  has  been 
prepared  from  ferric  sulphate  and  lead  acetate,  and  heated  for  some  hours  on  a  water- 
bath  ;  this  solution  is  also  without  action  on  potassium  ferrocyanide.  The  reaction  of 
ammonia  with  pyrogallo-ferric  chloride  is  so  delicate,  that  by  means  of  it  1  gram  of 
ferric  chloride  will  impart  a  purple-red  colour  to  2  hectolitres  of  water.  When  the 
blue  solution  is  boiled,  a  bluish-black  precipitate,  insoluble  in  alcohol,  is  formed,  and 
a  similar  change  takes  place  slowly  at  the  common  temperature.  A  solution  of 
pyrogallo-ferric  chloride  may  sometimes  be  used  in  place  of  litmus.  Thus,  while  red 
litmus  is  not  changed  by  aniline,  an  acid  solution  of  pyrogallo-ferric  chloride  assumes 
a  beautiful  blue  colour  on  addition  of  aniline  (Jacquemiu,  Compt.  rend.  Ixxvii.  593  ; 
Ixxviii.  1155). 

Pyrogallatc  of  Lead. — Stonliouse  prepared  this  salt  by  dropping  a  solution  of  neutral 
lead  acetate  into  an  excess  of  pyrogallic  acid,  and  assigned,  to  it  the  composition, 
3Pb0.4C«H''03  or  2C'2H'»PbO<'.Pbff^O-.H20  (iv.  759)*.  W.  H.  Deering,  however,  finds 
that  the  precipitate  thus  formed  is  a  double  salt  of  pyrogallato  and  acetate  of  lead, 
C'=H"'PbO°.(G=H'0=)Tb,  the  percentage  composition  of  which  is  the  same  as  that 
required  liy  Stonhouse's  formula.  When  gently  warmed  with  alcohol  and  sulphuric 
acid,  it  gives  off  acetic  ether,  in  quantity  very  nearly  equal  to  that  which  should  be 
produced  from  a  salt  having  the  composition  just  stated.  It  is  possible  that  many 
insoluble  lead  salts  of  organic  acids  prepared  by  precipitation  from  lead  acetate,  and 
said  to  be  basic  salts  containing  m  molecules  of  lead  salt  +  ?;PbO,  may  really  be 
double  salts  containing  lead  acetate  {C'hein.  Soc.  J.  [2],  si.  702). 

Oxidation  of  Pyrogallol. — a.  By  Electrolysis— Vyvogallol  is  easily  oxidised  by 
electrolysis.  At  first,  the  oxygen  eliminated  at  the  positive  pole  is  entirely  absorbed  ; 
afterwards  carbon  dioxide  is  evolved  in  large  quantity,  and  ultimately  a  mixture  of 
this  gas  with  oxygen  and  carbon  monoxide. 

0.  By  Active  Oxygen. — H.  Struve  {Atm.  Ch.  Pharm.  clxili.  160)  finds  that  pyrogallol 
undergoes  slow  oxidation  when  its  aqueous  solution  is  mixed  with  lead  dioxide,  gum 
arabic,  extract  of  malt,  grape-juice,  colouring  matter  of  blood,  or  saliva,  and  exposed 

*  There  printed  erroneously  C'^H'TbO^PbH^O^. 
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to  the  air.  In  presence  of  either  of  these  substances,  a  dilute  solution  of  pyrogallol 
gradually  assumes  a  wino-yellow,  or  even  a  darker  colour,  and  deposits  small  yellow 
capillary  needles  of  purpurogallin  {1st  Suppl.  977),  the  solution  remaining  clear 
throughout.  Cane-sugar,  grape-sugar,  starch,  pepsin,  and  urine  do  not  act  in  this 
•way. 

The  easiest  way  of  setting  up  this  reaction  is  to  mix  50  c.e.  of  a  1  p.c.  solution  of 
gum  arable*  with  0-2  p.c.  pyrogallol.  The  pyrogallol  dissolves  almost  immediately, 
and  the  separation  of  purpurogallin  begins  after  a  few  hours.  A  solution  of  purpuro- 
gallin is  coloured  deep  blue  by  alkalis,  as  previously  observed  by  Girard,  and  the 
reaction  may  serve  for  the  detection  even  of  very  small  quantities  of  this  body.  If, 
however,  the  purpurogallin  is  still  contaminated  with  traces  of  pyrogallol  or  with 
other  products  of  decomposition,  it  is  coloured  more  or  less  brownish  by  alkalis. 
Purpurogallin,  like  pyrogallol,  gives  Trommer's  reaction  with  cupric  sulphate  and  an 
alkali. 

_  As  gum  reacts  with  pyrogallol  in  a  similar  manner  to  blood,  Struve  infers  that  it 
discharges  in  plants  a  function  similar  to  that  of  blood  in  the  animal  organism— that 
is  to  say,  it  acts  as  a  carrier  of  oxygen. 

When  ozonised  oil  of  turpentine  is  shaken  up  with  pyrogallol,  purpiU'ogallin  is 
formed,  and  dissolved  by  the  turpentine.  On  agitating  this  oil  with  water,  and  a 
few  drops  of  ammonia,  the  water  acquires  a  transient  blue  colour. 

Struve  adduces  experiments  which  demonstrate  the  incorrectness  of  Schonbein's 
statement  (e7?i'/iresi.  ■/.  Chem.  I860,  65),  that  hydrogen  dioxide  can  exist  in  contact 
with  pyrogallol,  and  that  during  the  oxidation  of  a  solution  of  pyrogallol  mixed  with 
caustic  soda,  hydrogen  dioxide  is  formed  in  the  liquid.  Struve  further  observes  that, 
when  solutions  of  pyi-ogallol  in  pure  water,  or  in  water  containing  potash  or  gum,  are 
exposed  in  large  glass  flasks  to  the  action  of  the  air,  best  in  sunshine,  and  strips  of 
ozone-paper  are  suspended  in  the  flasks,  a  very  distinct  ozone  reaction  becomes 
manifest  in  a  few  hours. 

According  to  J.  D.  Boeke  {Deut.  Chem.  Ges.  Ber.  vi.  486  ;  Chem.  Soc.  J.  [2],  xi. 
1031),  pyrogallol  dissolved  in  aqueous  potash  (1  mol.  pyrogallol  to  3  mols.  potassium 
hydrate),  and  exposed  to  the  action  of  ozonised  air,  is  converted  into  an  acid  having 
the  composition  C^ffO'. 

y.  By  Chromic  ^cz'(^.— According  to  Wichelhaus  {ibid.  v.  846)  pyrogallol  is  con- 
verted by  oxidation  with  chromic  acid  into  a  product  difficultly  soluble  in  chloroform 
and  benzene,  and  crystallisable  with  some  difHculty  from  alcohol.  Wichelhaus  regards 
this  product  as  identical  with  Girard's  purpurogallin,  but  assigns  to  it  the  formula : 
fOH 

C'«H'*0=  =  C«H3J0.0.C''H'(0H)- 
io.O.C^H'(OH)' 

Ecaction  with  Quinonc. — Pyrogallol  dissolves  quinone,  forming  pyrogallo- 
quinon  e,  C'^H'^O'.    The  reaction  is  : 

2C«H'0=  +  2CW0»  =  C«H«0^-  -i-  C«H' ^f^Hf 
Quinone         Pyrogallol        Hydi-o-  Pyrogalloquinone 
quinone 

Pyrogalloquinone  is  a  red  crystalline  substance,  which  does  not  melt  below  200°, 
and  may  be  sublimed,  but  not  without  considerable  loss.  It  is  decomposed  by  alkalis, 
yielding  bhie  solutions  which  soon  turn  black  (Wichelhaus,  loc.  cit.) 

Ecactions  with  Aldehydes. — When  pyrogallol  is  dissolved  in  aqueous  methyl- 
ene acetate,  not  in  excess,  and  fuming  hydrochloric  acid  is  added — whereby  formalde- 
hyde is  produced  (p.  633)— the  liquid  quickly  solidifies,  from  separation  of  a  body 
which  is  soluble  in  water  but  insoluble  in  hydrochloric  acid,  and  precipitates  gelatin.  If 
formaldehyde  is  present  in  excess,  the  precipitate,  which  is  at  first  white,  immediately 
turns  red,  forming  a  very  permanent  dye-stuff.  The  amorphous,  colourless  body 
boiled  with  dilute  hydrochloric  or  sulphuric  acid  yields  small,  colourless  needles,  which 
appear  to  be  insoluble  in  water.  If  the  boiling  be  continued  too  long,  the  liquid  and 
the  crystalline  compound  become  dark-coloured.  An  analysis  of  the  compound  gave 
68-1 8  p.c.  carbon  and  4-56  hydrogen  (Baeyer,  Beut.  Chem.  Ges.  Ber.  v.  1096). 

Acctaldehyde-ammonia  dissolved  in  hydrochloric  acid  gives,  on  addition  of  strong 
hydrochloric  acid,  a  white  precipitate  consisting  of  a  greasy  substance  easily  soluble 
in  water.  On  heating  a  mixture  of  aldehyde,  hydrochloric  acid,  and  pyrogallol,  a  red 
substance  is  produced.  Chloral  reacts  with  pyrogallol  like  aldehyde  (Baeyer, 
ibid.  25). 

*  Gum  which  has  been  treated  with  hydrochloric  acid  is  indifferent  towards  pyrogallol ;  but  it 
does  not  become  inactive  by  puiification  with  acetic  acid,  or  by  the  boiling  of  its  solution. 
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On  mixing  fiirjurol  ■with  pyrogallol  and  moistening  -with  a  trace  of  hydrochloric 
acid,  an  indigo-blue  substance  is  formed,  which  dissolves  in  water  with  green  colour 
and  is  precipitated  by  hydrochloric  acid  in  blue  flocks  (Baeyer,  ibid.  26). 

Bcmaldehyde  heated  with  pyrogallol  yields,  as  chief  product,  a  colourless,  resinous 
compound,  C^*H--0',  which  crystallises  from  solution  in  ether.  At  the  same  time, 
there  is  formed  a  red  oxidation-product  which  dyes  calico  like  galle'in,  but  bluer,  and 
is  converted  by  reducing  agents  into  the  colourless  body  just  mentioned.  This  sub- 
stance, heated  to  200°,  gives  off  hydrogen,  and  is  converted  into  a  red  compoimd, 
C-"II'"0',  which  dissolves  with  dark  red  colour  in  alcohol.  The  colourless  body  is 
immediately  obtained  pure  by  mixing  a  cold  solution  of  pyrogallol  in  hydrochloric  acid 
with  a  well-shaken  mixture  of  benzaldehyde  and  a  very  large  quantity  of  hydro- 
chloric acid.  The  clear  solution  becomes  turbid  in  a  few  seconds,  and  deposits  the 
substance  in  question  in  the  perfectly  colourless  state.  On  heating  the  mass  with 
hydrochloric  acid,  part  of  it  turns  red,  while  another  portion  is  converted  into  tho  crys- 
talline compound.  The  latter  is  at  oiico  obtained  perfectly  pure  by  adding  highly 
concentrated  hydrochloric  !-v  mh.iII  portions  to  a  boiling  solution  of  pyrogallol 
and  benzaldehyde  in  a  large  iniant  ily  i.T  absolute  alcohol,  till  tho  crystalline  precipitate 
which  forms  after  a  while  nu  longer  altiTS.  The  whole  is  then  to  be  quickly  cooled, 
left  to  itself  for  a  day,  and  the  precipitate  washed  with  alcohol.  The  body  thus  ob- 
tained is  perfectly  colourless,  almost  insoluble  in  alcohol,  slightly  soluble  in  acetone, 
crystallises  in  obliquely  truncated  prisms,  and  has  the  same  composition  as  the  resinous 
body  formed  in  the  cold,  viz.,  C-'-IT-O',  its  formation  being  represented  by  the  equation : 

2C'E«0  +  2C<^H''0'  =  H-0  +  C^'^H-C. 

If,  in  the  last  experiment,  saUcijlol  be  used  instead  of  benzaldehyde,  a  similar  reac- 
tion takes  place.  Only  a  small  quantity  of  alcohol  must,  however,  bo  used,  since  the 
resulting  compound  is  easily  soluble  therein.  This  compound  is  colourless,  crystallises 
in  six-sided  tables,  and  has  the  composition  C-"H"0",  its  formation  being  re])resented  by 
the  equation : 

2C'H«0=  -t-  2C«ff0'  =  H=0  +  C=«H^-0» 

(Baeyer,  ibid.  280). 

Action  of  Bromine,  in  presence  of  Water,  on  Tribromopi/rocfCillol  {Stenhoixso,  Chem. 
Soc.  J.  [2],  xii.  686  ;  xiii.  1). — When  tribromopyrogallol  is  added  to  about  twice  its 
weight  of  bromine  and  then  5  to  10  pts.  of  water  are  poured  on  the  mixture,  there  is  a 
slight  development  of  heat,  and  both  the  bromine  and  the  bromopyrogallol  dissolve, 
forming  a  deep  orange-coloured  solution.  If  this  be  heated  to  70°- 80°,  it  begins  to 
effervesce  from  evolution  of  carbonic  a,nhydride,  and  a  substance  is  gradually  deposited 
in  l)right  yellow  crystalline  plates  which  have  a  composition  represented  by  the  formula, 
CH^Br'O'',  or  rather,  C"*H'Br'<0«,  the  reaction  being : 

4C«H^Br'03  +  llBr=  +  GH^O  =  C^H^Br'^O"  ^'  600=  +  20lIBr. 

After  purification  by  crystallisation  from  carbon  sulphide  and  light  petroleum,  it 
forms  brilliant  yellovi'  plates  which  melt  at  122°,  and  are  very  soluble  in  ether,  ben- 
zene, and  carbon  sulphide.  It  is  also  soluble  in  alcohol,  but  undergoes  decomposi- 
tion at  the  same  time.  This  substance,  called  provisionally  Xcmthogallol  {q.  v.),  is 
better  prepared  by  the  action  of  bromine  and  water  on  pyrogallol  itself 

If,  instead  of  treating  the  bromopyrogallol  with  twice  its  weight  of  bromine,  only 
one  part  lie  added,  the  whole  dissolves  as  before  on  addition  of  water,  forming  an 
orange-coloured  solution.  On  allowing  this  to  stand  for  a  short  time  at  the  ordinary 
temperature,  colourless  scales  begin  to  separate,  and  gr.adually  increase  until  the  mix- 
ture, if  sufficiently  concentrated,  becomes  semi-solid.  The  substance  thus  formed  is 
somewhat  soluble  in  water,  and  decomposes  when  gently  heated.  It  does  not  appear 
to  bo  converted  into  tlie  yellow  compound  when  treated  with  excess  of  bromine. 

PirROGAI.S.O^J'SJlSffOWE.    See  the  last  article. 

PYStOMSSiX.ITIC  AUHTTBiaiBE.  On  the  action  of  this  compound  upon 
naplithol,  and  the  coinposition  of  the  resulting  naphtholic  pyromelliteins,  see  p.  840. 

PYKOIOTOKPHETE.  The  following  are  recent  analyses  of  this  mineral :  1,2,  3, 
from  Chester  Co.',  Pennsylvania  ;  1,  dark  olive-green  ;  2,  yellowish-green  ;  3,  some- 
what darker  than  2  (Williams,  Clicm.  News,  xxi.  84): 

3PbO.P=0'     3CaO.P=0''     3FeO.P=0'        PbCl'-  CaF»  Insol. 

1.  87-40  0-37  1-74  9-79  0-34  0-42  =  100'06 

2.  86-89  2-64  0-62  9-41  0-G7  trace  =  99-23 

3.  87-01  trace  1-39  9-13  0-91  trace  ^=  98-14 
These  specimens  contained  a  small  quantity  of  silver,  estimated  at  0-0037  p.c. 

4.  From  Shapbach,  in  the  Schwarzwald,  containing  traces  of  fluorine  and  of  cupric 
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oxide,  to  the  latter  of  wliicli  the  beautiful  apple-green  colour  of  the  miueral  is  evidently 
due.    Sp.  gr.  =  6-416  at  20'^, 

P=0=  As=0=  PbO  CaO  Pb  CI 

4.    16-25  0-61         68-60  3-28  7-95  2-62  =  99'31 

(Petersen,  Jahrhuch  f.  Minemlogic,  1871,  393). 

Specimens  of  pyromorphite  from  Cumherland  hare  been  found  to  contain  didjTnium, 
the  quantity  of  which,  judging  from  the  intensity  of  the  absorption-bands,  is  about 
equal  to  that  in  asparagus  stone  (0.  Horne,  Chem.  News,  xxvi.  109). 

PTEOmuCIC  ACSB,  C^H'O'  (Limpricht,  Ann.  Chem.  Pharm.  clxv.  278). 
This  acid  is  produced  in  small  quantity  only  by  the  dry  distillation  of  mucic  acid,  and 
is  best  obtained  by  the  action  of  alcoholic  potash  on  furfurol.  By  distilling  it  with 
phosphorus  pentachloride  a  mixture  of  different  bodies  is  formed  which  could  not  be 
separated.  When  the  barium  salt  mixed  with  soda-lime  is  heated,  a  compound  called 
tetraphenol,  C''H''0-,  distils  over.  It  is  acolourless  liquid,  having  a  peculiar  smell, 
and  boiling  at  32°.  Tetraphenol  is  not  acted  upon  by  alkalis,  and  its  alcoholic  solu- 
tion is  not  precipitated  by  lead  or  silver  salts.  Sodium  and  potassium  have  no  action 
upon  it,  nor  is  it  changed  by  passing  carbon  dioxide  into  its  ethereal  solution  contain- 
ing sodium,  or  by  heating  it  with  sodium  and  carbon  dioxide  in  a  closed  tube.  It 
does  not  combine  with  the  bisulphites  of  the  alkali -metals,  and  remains  unaltered 
when  sodium-amalgam  is  added  to  its  alcoholic  solution.  Acids  act  readily  on  it  ; 
concentrated  hydrochloric  decomposes  it  with  the  greatest  violence,  and  dilute  acids 
more  slowly,  with  formation  of  the  so-called  pyrrol-red: 
SC'H^O  -  H^O  =  C'2H'»0'. 

"When  2  mols.  of  bromine  am  added  to  a  solution  of  1  mol.  of  pyromucic  acid,  carbon 
dioxide  is  evolved,  and  a  very  small  quantity  of  an  oily  liquid  separates  out.  By 
shaking  the  aqueous  solution  with  ether,  evaporating  the  ethereal  solution  on  a  water- 
bath,  and  drying  the  residue  over  sulphuric  acid,  a  yellowish  syrup  is  left  behind, 
from  which,  on  standing,  white  warty  crystals,  having  the  composition  C'H^O',  separate 
out.  This  body  has  an  acid  reaction,  and  its  solution  is  coloured  yellow  by  excess  of 
alkali.  "When  baryta-water  is  added  until  the  liquid  has  only  a  faint  acid  reaction, 
alcohol  produces  a  white  precipitate  having  the  composition  (C^H'O^)-Ba.  An  excess 
of  baryta-water  produces  a  yellowish  precipitate,  the  quantity  of  which  increases  on 
heating  the  solution,  which  has  the  same  composition.  The  compound,  C'H''0',  is 
also  formed  by  the  action  of  lead  oxide  or  potassium  dichromate  and  dilute  sulphuric 
acid  on  pyromucic  acid  ;  by  acting  with  sodium-amalgam  on  its  aqueous  solution,  the 
bodies  C'H°0-  and  CH'"©*  were  formed,  and  bromine  oxidises  it  to  fumaric  acid, 
which  appears  to  be  also  formed  by  boiling  it  with  water  and  silver  oxide.  It  seems 
probable  therefore  that  the  compound  C^H'O'  is  the  aldehyde  of  fumaric  acid, 
although  it  does  not  combine  with  the  bisulphites  of  the  alkali-metals. 

The  compound  C^H'O'  is  not  always  formed  by  the  action  of  2  mols.  of  bromine  on 
pyromucic  acid  and  water,  but  several  times  the  body  CH^BrO-  was  produced,  which 
is  formed  according  to  the  following  equation  : 

C^H^O^  +  H-0  +  dBr  =  C'IPBrO=  +  C0=  +  3HBr. 

This  compound  forms  white  feathery  crystals  melting  at  84°,  and  smelling  like 
camphor.  It  readily  volatilises  with  the  vapour  of  water,  and  is  soluble  in  ether  and 
alcohol,  but  not  in  water.  Alcoholic  potash  does  not  act  on  it  at  180°.  By  adding 
sodium-amalgam  and  sulphuric  acid  to  an  alcoholic  solution,  the  compound  C^H^O-  is 
formed,  a  heavy  very  refractive  liquid,  smelling  like  benzene,  which  is  not  acted  on 
by  hydrochloric  acid  and  alkalis,  and  does  not  combine  with  alkaline  bisulphites. 

"When  an  excess  of  bromine  is  added  to  pyromucic  acid  in  presence  of  -water, 
mucob"romic  acid,  C^H=Br-0'  (p.  828),  is  formed: 

C-^H^O^  +  2W0  +  8Br  =  C^IPBr'O'  -I-  CO^  +  6HBr. 

Isopyromucio  Acid,  C^H'O^  is  produced,  together  with  pyromucic  acid,  a  small 
quantity  of  an  empyreumatic  oil,  formic  acid,  water,  carbon  dioxide,  carbon  monoxide, 
and  a  gas  burning  with  a  luminous  flame,  by  the  dry  distillation  of  mucic  acid.  The 
operation  must  be  performed  in  a  retort,  of  which  only  one-sixth  is  filled,  and  heat  is 
applied,  flist  very  slowly,  so  that  only  one  drop  passes  over  every  two  minutes;  after- 
wards the  retort  is  gradually  lieated  to  a  dull  red-heat.  It  takes  about  eight  hours  to 
decompose  30  grams  of  mucic  acid.  Isopyromucic  acid  decomposes  carbonates  but 
slowly,  and  may  therefore  easily  be  separated  from  the  other  acids  by  digesting  the 
distillate  with  barium  carbonate,  and  shaking  the  solution  with  ether.  It  is  readily 
soluble  in  water,  and  sublimes  slowly  at  100°  in  a  current  of  carbon  dioxide,  in  small 
plates  softening  at  70°,  and  becoming  perfectly  liquid  at  82°.    It  is  a  monobasic  acid. 
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Its  aqueous  solution  is  coloured  brown  by  alkalis ;  baryta-water  in  excess  produces  a 
bulky  precipitate,  and,  on  boiling,  the  solution  acquires  a  deep-red  colour.  Ou  adding 
bromine  to  the  aqueous  solution  of  the  acid,  a  crystalline  body  insoluble  in  water  is 
formed,  together  with  mucobromic  acid  (Linipricht). 

Stenhouse  (Chsm.  News,  xxiv.  303)  describes  another  isomeride  of  pyromucic  acid, 
distinguished  as  ^-pyromvcic  acid,  the  silver  salt  of  which  ho  obtained  by  digesting 
fucusol  (ii.  '918)  at  100°  with  recently  precipitated  silver  oxide  and  water.  The  acid 
separated  from  this  salt  by  precipitating  the  silver  with  hydrochloric  acid,  and 
evaporating  the  solution  at  100°,  is  a  brown  semi-crystalline  mass,  from  which 
petroleum-ether  extracts  the  a.cid,  leaviug  the  colouring  matter  undissolved.  The  acid 
thus  separated  may  be  purified  by  one  or  more  crystallisations  from  boiling  water.  It 
crystallises  from  aqueous  solution  in  rhombic  plates  melting  at  130°,  whereas  ordinary 
pyromucic  acid,  prepared  from  furfurol,  crystallises  in  smooth  needles,  and  melts  at 
133°.  Silver  ^-fyromucate,  CH'AgO'*,  is  moderately  soluble  in  boiling  water,  and 
separates,  on  cooling,  in  long  flat  needles. 

P^KOS^HOSPI-SATES.  Ou  the  formation  of  these  salts  by  the  decomposition 
of  hypopliosphitcs,  see  p.  066. 

PirsOPHOSFHORIC  SlTErPHOBKOESIBE,  P^S'Br'.  See  Phosphoeus 
CojirouNDS  (p.  063). 

P-S-SJOEACSESHSC  or  :?YR'0"<5flC  ACSIB,  C'H'O!'.  Action  of  Phosphorus 
Pcntachloridc. — When  4  or  6  pts.  of  the  pentachlorido  are  gradually  added  to  1  pL  of 
pyroracemic  acid,  the  mixture  being  ultimately  warmed  till  all  the  pentachlorido  is 
dissolved,  the  cooled  liquid  treated  with  alcohol  till  hydrochloric  acid  ceases  to  escape, 
and  then  mixed  with  a  large  quantity  of  water,  a  red-brown  oil  separates,  which,  after 
washing  with  water, and  drying  with  calcium  chloride,  distils  at  160°,  yielding  ethyl 
dichloropr opionate,  C^H^Ol-O^C'-H^  as  a  colourless  liquid  having  a  specific 
gravity  of  1-2493  at  0°.  Dilute  aqueous  ammonia  converts  this  ether  into  a  white 
crystalline  mass  melting  at  116°,  and  having  the  composition  CffCl-NO  (Klimenko, 
Dcut.  Chem.  Ges.  Bcr.  iii.  465). 

Bottinger  {ibid.  vi.  893),  by  adding  phosphorus  peutachloride  to  pyroracemic  acid 
cooled  by  a  freezing  mixture,  treating  the  product  with  alcohol,  and  subsequently  dis- 
tilling, obtained  a  distillate  of  ethyl  acetate,  and  a  residue  from  which  water  separated 
ethyl  dichloropropionate. 

When  pyroracemic  acid  is  heated  with  water  to  130°,  a  small  quantity  of  carbonic 
anhydride  is  evolved,  probably  due  to  the  formation  of  a  trace  of  pyrotartaric  acid, 
but  the  bulk  of  the  pyroracemic  acid  remains  unchanged.  When,  however,  the  heat 
is  raised  to  160°,  a  considerable  quantity  of  carbonic  anhydride  is  evolved,  and  pro- 
ducts not  yet  investigated  are  formed  (Bottinger,  ibid.  vi.  787).  With  baryta-water 
pyroracemic  acid  yields  acetic  and  oxalic  acids,  besides  uvitic  acid,  C'-'iI*'0'  (v.  971) 
(IBottinger,  loc.  cit.) 

Barium  jycroxide  acts  violently  on  pyroracemic  acid,  forming  the  barium  salt  of  an 
acid  containing  C''H"'0^  probably  formed  according  to  the  equation  3C^H*0'  —  H'-O 
=  CH'^O'.  "Vt'hen  pyroracemic  acid  is  heated  with  strong  nitric  acid,  oxalic  acid  is 
formed,  together  with  small  quantities  of  formic  and  carbonic  acids  (Bottinger,  ibid. 
vi.  790). 

When  pyroracemic  acid,  partly  neuti-alised  with  baryta,  is  heated  with  water  to 
130°  for  several  hours,  an  acid,  C"H'°0',  containing  2  at.  hydrogen  more  than  uvitic 
acid,  is  obtained  in  shining  crystals  melting  at  133°  and  volatilising  completely  when 
heated  on  platinum-foil  (Bottinger,  ibid.  893). 

A¥islicenus,  by  acting  on  1  moL  pyroracemic  acid  with  2  at.  bromine,  obtained  a 
crystalline  acid,  C^H^Br-0^  which  was  transformed  into  lactic  acid  by  nascent  hydrogen 
and  was  therefore  probably  dibromolactio  acid  (iv.  770).  According  to  P.  de 
Clermont  (Btdl.  Soc.  Chiiii.  [2],  xix.  103)  this  acid,  when  acted  upon  in  the  fused 
state  by  chlorine,  evolves  hydrochloric  acid,  and  yields  a  product  which  crystallises 
from  its  aqueous  solution  in  large,  flat,  rhombic  crystals,  efflorescent  in  the  air  ami  in 
a  vacuum,  and  melting  at  about  93°.  This  product  is  free  from  chlorine,  but  contains 
bromine,  and,  notwithstanding  discrepancies  in  analysis,  De  Clermont  believes  it  to  be 
identical  with  the  dibromopyruvic  acid  of  Wiehelhaus,  (C^H-Br-0^),  with  which  it 
agrees  in  properties : 

C'II'Br-0'  +  CI-  =  C^H'-Br-O^  +  2HC1. 

Pyroracemic  acid,  heated  to  100°  for  some  time  with  hydrochloric  acid  in  a  sealed 
tube,  undergoes  decomposition,  carbon  dioxide  being  formed  in  abundance.  The  liquid 
yields,  on  evaporation,  crystals  having  the  composition  of  pyrotartaric  acid,  and  melt- 
ing at  110°-112^  (De  Clermont). 
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Sulpliopyi'oracemic  acid,  heated  to  100°  -with  aqueous  solution  of  bromine  in 
a  sealed  tube,  yields  a  syrupy,  non-crystallisable,  brominated  acid.  Sulphopyro- 
racemate  of  barium,  submitted  to  the  same  treatment,  yields  bromosulphopyroracemate 
of  barium,  crystallisable,  and  soluble  in  water  (De  Clermont). 

Pyroraccmic  Ethers. — Pyroracemic  acid  does  not  yield  an  ether  by  treatment  with 
alcohol  and  hydroeliioric  or  sulphuric  acid ;  neither  is  the  ethylic  ether  obtained  by 
acting  on  the  silver  salt  with  ethyl  iodide  diluted  with  dry  ether,  the  only  results  of 
the  reaction  being  free  pyroracemic  acid  and  condensation-products.  Methyl  iodide, 
on  the  other  hand,  yields  a  pyroracemic  ether  when  similarly  treated,  but  even  in  this 
case  much  of  the  acid  is  liberated. 

Methyl  fyroracemate,  CTI^(CH')0^,  is  a  liquid  boiling  between  134°  and  137°, 
having  a  sp.  gr  of  l'154r  at  0°,  and  an  odour  like  that  of  acetone.  With  acid  sodium 
sulphite  it  becomes  hot,  but  does  not  yield  a  crystalline  product. 

The  structural  formula  of  pyroracemic  acid  is  most  probably  CH'.CO.COOH,  and 
that  of  the  methylic  ether,  Cff.C0.C0(0CH3)  (Oppenheim,  Dent.  Cham.  Ges.  Ber.  v. 
1051). 

PVUOSUKPKOPHOSPHOSIC  STHEKS.    See  StiLPHOPHOStHOHiC  EtHEeS. 

AGXB   and  CHS.OK1DB.     See  StTLPHifB,  OxtGEK- 

AciDS  OF. 

PTKOVANABATSS.   See  Vanadates. 

^'SrS&OTAKTA.RSC  ACZB,  C''H'''0^  Fermentation. — According  to  Bechamp 
{^Coiivpt.  rend.  Ixx.  209),  calcium  pyrotartrate  fermented  in  contact  with  mierozyme 
chalk  {\st  Suppl.  614)  gives  off  marsh  gas  and  carbon  dioxide. 

Action  of  Bromine  (Lagermark,  Zeitsclir,  f.  Chem.  vi.  299). — Bromine  acts  vety 
slowly  on  pyrotartaric  acid  at  ordinary  temperatures,  but  when  10  pts.  of  pyrotartaric 
acid,  24  pts.  bromine,  and  10  c.c.  water,  are  heated  together  to  120°,  the  bromine 
disappears  in  about  6  hours,  and  on  cooling  there  is  obtained  (together  with  CO-),  a 
pale  yeUow  liquid,  and  mostly  a  white  mass  of  monobromocitraconic  anhydride, 
C'H'BrO'  (p.  348).  On  mixing  the  liquid  with  4  or  6  vols,  water,  crystals  separate 
after  some  time,  consisting  of  bromoxaform  (pentabromomethyl  acetate),  formed 
according  to  the  equation : 

C=H»0*  +  2H=0  +  16Br  =  2C0-  +  llHBr  +  C'HBr=0^ 

The  bromocitraconic  anhydride  is  supposed  to  bo  produced  from  previously  formed 
dibromopyrotartaric  acid;  thus : 

CH-'Br^O'  =  HBr  +  H=0  +  C^HaBrO^. 

Bromocitraconic  anhydride  is  also  fonned,  together  with  a  dark  greasy  mass,  when 
pyrotartaric  acid  is  treated  witli  dry  bromine  at  100°. 

Bromine  in  presence  of  water  acts  but  slowly  on  silver  pyrotartrate  at  ordinary 
temperatures,  but  easily  at  the  heat  of  the  water-batli,  nothing,  however,  being  pro- 
duced except  pyrotartaric  acid,  silver .  bromide,  aijd  carbon  dioxide.  Drj'  bromine 
acts  on  sih'er  pyrotartrate,  separating  tlie  silver  as  bromide,  and  on  exhausting  with 
alcohol,  and  evaporating,  there  remains  a  mixture  of  pjTotartaric  acid  and  anhydride. 
When  1  mol.  pyrotartaric  acid  is  heated  witli  1  mol.  bromine  in  presence  of  water,  a 
small  quantity  of  carbon  dioxide  is  evolved,  and  the  only  other  product  formed  is 
bromocitraconic  anhydride  (soluble  in  ether),  half  the  pyrotartaric  acid  (insoluble  in 
ether)  remaining  unattacked.  The  same  reaction  takes  place  when  pyrotartaric  acid 
is  treated  with  an  equal  volume  of  bromine  without  water,  excepting  that  in  this  case 
a  thick  black  mass  is  formed,  from  which  nothing  but  bromocitraconic  anhydride  can 
be  separated. 

Trihromopyrotartaric  acid,  C^H^Br'O^ — TIic  only  way  of  obtaining  brominated 
pyrotartaric  acid  is  to  heat  the  pyrotartaric  acid  with  excess  of  bromine.  1  mol.  of  the 
acid  and  3  to  5  mols.  bromine  are  heated  in  presence  of  water  to  120°  for  three  hours, 
the  mixture  then  left  to  cool,  well  shaken,  and  heated  in  a  flask  with  a  drawn-out 
neck,  till  the  vapour  in  the  point  of  the  tube  appears  only  light-red ;  if  the  process 
is  not  conducted  in  this  manner,  carbonisation,  and  still  more  easily  explosion,  may 
take  place.  On  opening  the  tube,  hydrogen  bromide  and  carbon  dioxide  escape.  The 
resulting  solid  white  mass  consists  of  tribromopyrotartaric  acid,  which,  after 
washing,  pressing  and  recrystallisation  from  water,  separates  from  its  solution  by  slow 
evaporation  in  six-sided  prisms  having  a  strong  acid  reaction.  It  does  not  melt  at  240°, 
but  sublimes  without  previous  fusion  at  a  higher  temperature. 

Silver  tribromo^yrotartratc,  C^ffBr^Ag-O^  is  a  white  precipitate,  insoluble  in  water. 
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permanont  in  tlio  air,  anhydrous  at  100°.  The  iwlassium  salt  is  an  amorphoxis 
glassy  mass,  easily  soluble  in  water. 

Isomcridcs  of  Vyrotartaric  acid. — Wislicenus  Ck.Pharm.  cxlix.  220) 

has  converted  broinobutyric  acid,  C^H'BrO-,  into  an  acid  isomeric  -with  pyrotartaric 
acid,  by  treating  its  ethylic  ether  first  with  potassium  cyanide,  then  with  potassium 
hydrate : 

C^II-BrO-  +  KCN  =  KBr  +  C<n"(CN)02 
and  C'H'(CN)0^  +  3H=0  =  NH^  +  WO  +  C^ffO^ 

The  products  of  this  reaction  are  a  crystiillised  acid  melting  at  111°-112°,  and,  in 
larger  quantity,  a  syTupy  acid  whose  neutral  ammonia  salt  is  pirecipitatod  by  lead  and 
mercuric  salts,  but  not  by  zinc,  copper,  cadmium,  or  ferric  salts.  Both  these  acids  have 
the  composition  CffO'.  Hence  Wislicenus  infers  that  in  the  bromination  of  butyric 
acid,  two  isomeric  acids  are  formed — namely,  a-bromobutyric  acid,  CH^.CIP.CHBr.CO-H, 
which  may  be  converted  into  syrupy  etiiyl-malonic  acid,  CIP.CH-.CH(CO-H)- ;  and,  in 
smaller  quantity,  /8-bromobutyi'ic  acid,  CH=.CHBr.CH-.CO-H,  which,  by  the  process 
above  described,  is  converted  into  another  isomeride  of  pyrotartaric  acid  represented 
by  the  formula,  CH^.CH(C02H),CH2.CO-H.  The  first  of  these  isomeric  acids  has 
likewise  been  obtained  from  a-ljromolnityric  acid  by  MarkownikofF  and  Tupoleff 
{Dcut.  Chem.  Gcs.  Ber.  x.  320),  who  find  that  it  is  resolved  by  heat  into  butyric  acid 
and  carbon  dioxide. 

PYBKISITB.  According  to  A.  SchraTif  {Jahrb.  f.  Mineralogie,  1871,  754),  the 
pyrrhite  of  San  Miguel  (zirconium  niobate,  iv.  783)  exhibits  distinct  octohedral  faces. 
Hardness  =  .5'.5.  A  characteristic  blov.^pipe  reaction,  serving  especially  to  distinguish 
pyrrhite  from  pyrochlore,  is  that  pyrrhito  forms  with  microcosmic  salt  in  the  oxidising 
flame  a  bead  which  is  perfectly  clear  and  colourless,  whether  hot  or  cold,  whereas  the 
bead  formed  by  pyrochlore  is  yellow  while  hot,  and  becomes  colourless  only  on 
cooling. 

PYR3£OXi.    Pyrrol-bases  appear  to  be  present,  together  with  bases  of  the  pjTidine 
series,  in  tobacco-smoke  (see  Tobacco). 
Pyrrol-red,  C'-H'°0-,  is  formed  by  the  action  of  acids  on  tetraphenol  (p.  1032). 


Q 

QUARTZ.  This  mineral  has  been  found,  together  with  iron-glance,  in  the  clefts 
of  a  trachytic  lava  from  Lipari,  in  small  crystals  exhiljiting  all  the  marks  of  volcanic 
sublimation  (G.  vom  Eath,  Fogg.  Ann.  cxlvii.  272). 

The  formation  of  quartz  in  small  prisms,  together  with  that  of  a  felspar  allied  to 
oligoclase,  has  been  observed  by  H.  Benrath  {Jakrcsb.f.  Chcm.  1871,  1139)  during  the 
devitrification  of  lime-soda  glasses. 

Tlio  colour  of  smol-g  quarts  (smoky  topaz)  has  sometimes  been  attributed  to  allo- 
tropic  modification  of  the  silica.  Fliickiger  {jah-esb.  1871,  1190),  on  the  other  liand, 
from  the  examination  of  very  large  crystals  of  smoky  quartz  Irom  the  Tiefen  glacier  in 
Switzerland,  concludes  that  tlie  colour  is  due  to  organic  matter  ;  and  this  conclusion  has 
been  confirmed  by  A.  Forster  {Pogg.  Ann.  cxliii.  173),  who  has  shown,  by  optical  examina- 
tion and  determination  of  density,  that  the  colour  cannot  be  due  to  allotropic  modifica- 
tion, and  that  the  smoky  quartz,  when  subjected  to  dry  distillation,  yields  a  small 
quantity  of  a  brownish  liquid  containing  ammonium  carbonate,  whence  it  would 
appear  that  the  colour  is  duo  to  an  organic  body  containing  nitrogen. 

On  the  crystalline  forms  of  quartz  from  various  localities,  see  Jahrcsh.f.  Chcm.  1870, 
1277;  1871,  1138. 

QTTARTZ-PORPK'S'StY.  The  following  are  analyses  of  this  rock  from  the 
neighbourhood  of  Teplitz  in  Vidhemis.  {Wien.  Akad.  Bcr.  [2  xVbth.],  Ixi.  755  ;  Ixiii. 
325): 

A.  From  a  quarry.  Coarse-grained  ground-mass,  enclosing  numerous  quartz-grains 
and  a  small  quantity  of  black  mica.    Sp.  gr.  =  2'6-t.    Analysed  by  J.  Stingl. 

B.  Near  the  foot  of  the  Konigshohe.  Decomposed.  The  ground-mass  contains 
kaolinised  orthoclase  and  coarse-grained  quartz.  Sp.  gr.  =  2-68.  a.  Soluble,  b. 
In,'3olubIe.   Analysed  by  H.  Wiesex. 
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C.  From  the  banks  of  the  Saubach.  Completely  disintegi-ated.  Sp.  gr.  =  2-512. 
a.  Soluble,    b.  Insoluble.    Analysed  by  J.  Stingl. 

D.  Another  variety  from  the  banks  of  the  Saubach.  Sp.  gr.  =  2-567.  Analysed 
by  J.  Stingl. 

A.  73-09  11-61  7-62  0-88  —  0-99  3-19  2-19  O-7O  =  100-27 
-p  )a.    V6U     d-uu    yjto    —       —      —     0-58    1-66    3-201  _  99-34 


SiO= 
73-09 

A1=0' 
11-61 

Fe^O' 
7-62 

MiiO 
0-88 

CaO 

MgO 
0-99 

lb. 

0-30 
67-81 

3-00 
20-47 

0-45 
0-35 

1-46 

0-06 

76-52 

10-30 

6-62 
6-30 

75-47 

15-07 

3-86 

0-95 

0-63 

1-60 


D.       75-47    15-07    3-86    —     0-95    0-63    1-85    0-51    1-43    =  99-77 
<J'Sr2Uma.  ^WIBriBmra.  qumiCISfB.  QUmAMIWB.    See  Cinchona- 
bases  (pp.  343-346). 

^UlIffOA.  The  bitter  seeds  of  red  quinoa,  grown  in  the  gardens  of  Lima,  -were  found 
by  M.  C.  Cooke  {Pharm.  J.  Trans.  [3],  iii.  281)  to  contain: 

per  cent. 

Casein  and  a  small  quantity 

of  insoluble  albumin    .  7-47 
Insoluble  albumin  and  other 


per  cent. 

Water       ....  1601 

Starch  ....  38-72 
Sugar       and  extractive 

matters      .       .       .  5-12 

Gum   3-94 

Oil   4-81 


proteids  .  .  .  11-71 
Vegetable  fibre  .  .  .  7-99 
Inorganic  matter       .       .  4-23 


QUISTOSa'JS,  C^H'O-.  VajMur-densiti/. —  Rofmaim  {Deut.  Chcm.  Gcs.  jBcr.iii.  583) 
has  determined  the  vapour-density  of  quinone  in  a  barometric  vacuum  at  the  tempera- 
ture of  aniline  vapour;  and  has  obtained  the  numbers  54-7  and  53-73  (H  =  l),  agree- 
ing nearly  -with  the  number  54  calculated  from  the  formula  CH^O^. 

Quinone  volatilises  completely  at  the  temperature  of  boiling  aniline  ;  its  vapour  has 
a  faint  yellow  colour,  and  condenses,  on  cooling,  in  long  yellow  needles,  -which  exhibit 
no  sign  of  decomposition. 

Bichloroquinonc,  CH^CPO-,  is  formed,  -n-ith  evolution  of  hydrochloric  acid,  by 
the  action  of  nitric  or  nitrous  acid  cn  trichloroplienol : 

C'H^CPO  +  0  =  HCl  C'H^Cl-O^ 
(Faust,  Zcit.  f.  Chem.  1867,  727 ;  Weselsky,  Bcut.  Chcm.  Gcs.  Bcr.  iii.  646).  It 
crystallises  from  alcohol  in  straw-yellow  prisms  an  inch  long ;  has  a  peculiar  aromatic 
odour;  colours  the  skin  reddish-brown;  melts  at  120°;  sublimes  at  a  much  lower 
temperature ;  and  gives,  with  ammonia,  a  solution  gradually  turning  green,  reddish, 
and  finally  brown,  from  which  acids  no  longer  precipitate  dichloroquinone.  Ferric 
chloride  added  to  its  aqueous  solution  throws  down  slender  white  needles  (Faust). 

Bichlorodioxi/guinunc.  Chloranilic  acid,  C''CP(OH)=0-.— This  substance,  fused 
with  potash  at  150°-170°  in  a  stream  of  hydrogen,  yields  potassium  chloride  and  oxalic 
acid.  When  potassium  chloranilate  is  heated  to  170°  with  potassium  acetate  and 
water,  or  -with  -water  alone,  carbon  dioxide  is  formed  and  a  large  quantity  of  carbon 
separated.  Potassium  chloranilate  detonates  when  heated  alone,  likewise  yielding 
carbon  dioxide  and  free  carbon : 

CCPK'O*  =  2KC1  +  2C0-  +  40 
(Merz  a.  Weith,  Deut.  Chem.  Gcs.  Bcr.  v.  462). 

Hydroquinone,  C^R'O"-  =  CH^OH).— On  the  structure  of  this  compound  and 
its  isomerides,  pyrocatechin  and  resorcin,  see  Phenols  (p.  924) ;  also  Hesse  {Deut. 
Chem.  Gcs.  Bcr.  v.  1022  ;  Chem.  Soc.  J.  [2].  xi.  386). 

Hydroquinone  heated  with  phthalic  and  sulphuric  acids  forms  a  red  phthale'iu, 
■n-hich  dissolves  in  potash  with  a  red  colour,  and  dyes  iron  and  alumina  mordants 
like  barwood  (Grabow-sky,  Deut.  Chem.  Gcs.  Bcr.  iv.  658). 

Pbenoquinone.  When  1  pt.  of  plienol,  C^H"©,  dissolved  in  water,  is  digested 
with  2^  pts.  chromic  acid  for  half-an-hour,  chromic  oxide  separates,  and  on  distilling 
the  solution,  a  yellow  watery  liqtfid  passes  over;  and  on  agitating  this  with 
ether  and  evaporating  the  ethereal  solution,  a  dark-red  crystalline  mass  is  obtained 
which,  by  pressure  and  sublimation,  yields  beautiful  red  needles,  with  green  metallic 
Ixistre,  consisting  of  phenoquinone  : 

0— 0C«H5 

C'»H>'0'  =  C«H'<'^ 

^0— OCE^ 
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The  formation  of  tliis  substanco  is  due  to  the  oxidation  of  part  of  the  phenol  to 
qiiiiiono,  and  tho  combination  of  this  body  with  phenol  deprived  of  2  at.  hydrogen  by 
fui'tbur  oxidation : 

C'WO  +  0"-  =  H'O  +  CH'O^ 

and 

C"H'02  +  2C''H"0  +  0  =  H-0  +  C'^H'^On 

In  fact,  on  adding  quinono  to  a  solution  of  phenol,  the  same  red  compound  is  obtained, 
but  various  reduction-products  aro  formed  at  the  same  time,  including  apparently 
green  quinliydrone. 

Phenoquinone  melts  at  71°,  dissolves  in  water,  more  readily  in  alcohol  and  ether  ; 
it  is  not  altered  by  chromic  acid  in  the  cold ;  does  not  form  salts.  It  .splits  up,  under 
the  influence  of  heat  and  of  various  reagents,  into  phenol  and  quinone,  or  tho  products 
of  their  decomposition  (Wichelhaus,  Bcut.  Chcm.  Ges.  Bcr.  v.  2-18). 

All  the  phenols  of  the  aromatic  series  (cresol,  thymol,  resorcin,  a-naphthol, 
/3-naphthol,  &c.)  react  with  quinone  in  a  similar  way  ;  thymoquinone  also  reacts  thus, 
but  tho  difficultly  reducible  anthraquinone  does  not  undergo  such  changes.  Chloro- 
quinone  and  thiophenol  do  not  develop  substitution-products  in  this  manner ;  tri- 
chlorinated  quinone  is  reduced,  and  the  chlorine  removed,  by  the  action  of  pyrogallic 
acid  ;  tetrachloroquinone,  on  the  other  hand,  does  not  lose  any  chlorine,  but  forms 
tetrachloro-hydroquinone  ;  thiophenol  reduces  tho  quinone  to  quinhydrone,  and  finally 
to  hydroquinone. 

Phenoquinone,  treated  with  aniline,  forms  a  crystalline  product  similar  in  constitu- 
tion to  itself,  being  derived  from  it  by  substitution  of  NH  for  0  : 

M.O.Cm'  .O.NH.CH^ 
C^H'^:;  +  2(C"ff.NH=)  =  2(C»ff.0H)  +  C^P-^ 

^O.O.C^ff  ^O.NH.Cff 

This  body  is  identical  with  Hofmann's  quinone-anilide,  obtained  by  the  action  of 
quinone  on  aniline.  Hofmann  regarded  it  as  C"II''0-N-,  whereas  Wichelhaus  assigns 
to  it  the  above  formula,  C'^H'^O^N-. 

Pi/rogallol  dissolves  quinone,  producing  red  cryskdlino  pyrogallol-quinone, 
C«H'[0.0.C''H^(0H)-]2,  already  described  (p.  1030). 

Quinhydrone  or  Green  Hydroquinone  is  regarded  by  Wichelhaus  as 
^O.O.C''ff(OH) 

(jisjjiiQo  _  c^ff-  as  a  body  analogous  in  constitution  to  those 

^O.O.CmOH) 

above  considered.    This  formula  agrees  well  with  Wohler's  analysis  of  quinhydrone; 
nevertheless,   this  body  is  generally  regarded    as    C'-H^O^  =  C"H''0-.C"H^O= 
(Wichelhaus,  Beut.  Chem.  Gcs.  Ber.  v.  840). 
On  NajiUhaquinone,  see  p.  825. 

On  the  isomeric  bodies,  Anthraquinone,  Phcnanihrcne-quinone,  and  on  tho  constitu- 
tion of  Quinones  in  general,  see  pp.  90-95. 

QUrWTAUES,  C^W:  See  Amyl  Hydrides  (p.  63).  It  is  there  suggested  that 
tetramethyl-mcthane,  C(CH^)S  might  be  obtained  by  the  action  of  zinc-methyl  on 
diehloropropane  or  methyl-chloracetol,  CH^ — CC1-— CH^;  and  indeed  Lwow  {Zcitschr. 
f.  Chem.  [2],  vii.  257)  has  actually  obtained  by  this  process  a  gas  having  tho 
composition  C'H'^;  but  it  does  not  crystaUise  at -30°,  whereas  that  which  he 
formerly  obtained  by  the  action  of  zinc-methyl  on  tertiary  butyl  iodide  {ibid.  vi.  521) 
solidified  at  —  20°.    The  later  product  was  perhaps  impure. 
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RA,33}XOSrXTB.  A  soft  black  graphic  mineral,  occurring  in  the  form  of  small 
bars  at  Nischns-Tagilsk  in  the  Ural.  When  rubbed  with  the  finger,  it  acquires  a 
fatty  lustre.  It  melts  easily  before  the  blow-pipe  to  a  steel-grey  magnetic  bead,  by 
which  property  and  by  its  largo  amount  of  iron  it  is  distinguished  from  asbolan. 
Sp.  gr.  =  2-80.    Analysis  gave  : 

Fe=0^         Mii'O'         APO=         CaO        MnO        CaO  H=0 
45  0       13  00*       1'40       14-0       7-61       6-10       13-50  =  09-61 
*  Another  experiment  gave  14-00. 
(F.  V.  Kobell,  J.  pr.  Chem.  [2],  i.  423). 

RACBMSC  A.CZI>.  On  the  reciprocal  transformation  of  racemic  and  inactive 
tartaric  acid,  see  Tabtaric  Acid. 

'SL&.lHt.  On  the  composition  of  Eain-water,  see  Atmosphere  (p.  112).  On  the 
quantities  of  nitrous  and  nitric  acid  in  rain-water,  see  Nitric  Acid  (p.  857) ;  also 
Chem.  Soc.  J.  [2],  x.  87,  281,  324. 

RJiXiSTOSIITS.  A  hydrated  aluminium  fluoride  containing  traces  of  sodium  and 
calcium,  from  the  cryolite  formation  of  Arksut  Fjord  in  Greenland.  It  crystallises  in 
regular  octohedrons  (sometimes  with  very  subordinate  dodecahedral  faces)  ;  colourless, 
and  with  a  vitreous  lustre.  Hardness  above  45.  Sp.  gr.  =  2*4.  It  appears  to  be 
chemically  related  to  fluellite,  which  crystallises  in  rhombic  forms  (G-.  J.  Brush, 
{Sill  Am.  J.  [3],  ii.  30). 

KAI«K«SS.SSEReiTE  (F.  Sandberger,  Jahrh.  f.  Miiieralogie,  1871,  935). 
— This  mineral,  the  rhombic  form  of  nickel  diarsenide,  NiAs=,  hitherto  found  only  at 
Schnoeborg  in  Saxony,  has  lately  boon  found  at  AVittichen  in  Baden.  A  specimen 
analysed  by  A.  Hilger  gave  results  agreeing  nearly  with  the  former  analysis  by 
E.  Hofmann  (iv.  37). 

As  Ni  Po  Bi  Cu  Co  S 

Hilger  .  68-80  26-65  2-06  2-66  trace  trace  trace  99-67 
Hofmann  .    71-30       28-14        —        2-19        O  oO        —         014  =  102-27 

Deducting  the  bismuth,  and  reckoning  the  iron  as  nickel,  both  analyses  lead  to  the 
formula  NiAs',  which  requires  72-15  p.c.  As,  and  27'85  Ni.  The  mineral  becomes 
covered  by  weathering  with  a  very  light  green  crust,  appearing  under  the  microscope 
as  a  mixture  of  glistening  white  octohedrons  of  arsenious  oxide  and  green  lustreless 
nickel  arsenate  (nickel-bloom). 

In  the  specimen  analysed  by  Sandberger  the  rammelsbergite  is  coated  with  a  crust 
of  steel-grey  smaltine,  CoAs',  which  is  intimately  mixed  with  quartz,  very  hard,  and 
shoots  out  on  the  surface  into  larger  crystals,  oo  Ooo  .  0.  Besides  cobalt  and  arsenic,  it 
contains  a  large  quantity  of  iron,  with  very  little  nickel,  copper,  and  sulphur.  It  is 
evidently  identical  with  the  mineral  from  the  Sauschwart  mine  at  Schneeberg,  analysed 
by  E.  Hofmann,  and  containing  0-66  p.c.  S,  1-39  Cu,  O'Ol  Bi,  70-37  As,  II-7I 
Fe,  1-79  Ni,  and  13-95  Cu.  The  surface  of  separation  of  the  two  minerals  does  not 
exhibit  a  regular  curvature,  as  if  one  of  them  had  been  deposited  over  the  other,  but 
is  irregular  and  jagged,  as  if  the  arsenides  of  the  several  metals  had  been  first 
precipitated  together,  and  separated  by  subsequent  molecular  action,  in  such  a  manner 
as  to  concentrate  the  nickel  in  the  interior.  Precisely  similar  appearances  are  presented 
in  the  occurrence  of  copper-nickel  with  smaltine  and  cloacthite,  the  copper-nickel 
forming  the  irregularly  bounded  nucleus  of  a  spheroid,  and  containing  only  traces  of 
cobalt,  which,  on  the  other  hand,  is  concentrated  with  the  iron,  and  without  any  nickel, 
in  the  outer  crust.    A  specimen  from  Wittichen  was  found  to  contain  : 


In  the  nucleus  (copper-nickel) 
In  the  crust  (smaltine)  . 


Ki  CO  Fe  S  As 

.  43-86  trace  0-67  MS  53-49 
.     8-52       10-11       5-05       4-71  60-70 


KikPAKIVZ  or  KikBBASCZWX.  A  variety  of  granite  occiu-ring  at  Pyterlak 
and  other  localities  in  Finland  (v.  77).  Analyses  a  and  b  are  by  Struve  ;  c  by 
Benrath,  of  a  weathered  friable  variety  from  Pyterlak. 

SiO=     TiO=     A1=0^     Fe=0'     FeO     MnO     CaO     MgO     K=0     Na"-0  H=0 
75-06    0-36    11-70    1'04    1-67    trace    1-01    0-19    6-25    2-56    O'OS  =  100-37 
77-91    0-48    10-13    1-41    2-15    trace    1-13    0-21    4-50    1-85    0-44  =  lOO'OO 


74-24       12-13        2-88  — 


—     0-90    0-19    6-68    2-56  0-04 


=  100-00 
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For  Eenratli's  experiments  on  the  manufacture  of  glass  by  fusing  mixtures  of  this 
roL'k  witli  limestoiio,  see  Dingl.  pol.  J.  cxcv.  264;  Jahrcsb.f.  Chem.  1870,  1160. 

SBBOIffBlTE.  A  phosphate  from  the  island  of  Redondas,  West  Indies.  It  is 
amorplious,  resembles  allophane,  but  is  sometimes  translucent,  from  porosity,  to 
opaque ;  greenish  to  yellowish  white,  rarely  'witli  milk-white  spots.  Fracture 
conchoidal  to  earthy  ;  the  earthy  varieties  adhere  strongly  to  the  tongue.  Hardness 
3-5  to  4.  Sp.  gr.  1-90-2-07.  The  mineral  contains,  in  addition  to  traces  of  SO^,  Na,  01 
and  Mg : 

V-O'         Fe'O''         APO"  H'O  SiO''  CaO 

43'20       14-40       16-60       24-00       1-60       0-57  =  100-37 
(C.  U.  Shepard,  Sill.  Am.  J.  [2],  xlvii.  428).    Anotherspecimengavcsp.gr.  =  2-019, 
pcrliaps  too  high  on  account  of  admixed  silica  (8-8  p.c.) ;  it  contained  24-73  p.e.  water 
and  40-19  P-'0^  or,  after  making  the  necessary  allowance  for  impurities,  44-07 
{ibid.  1.  96). 
KErKiiCTSOST.    See  Light  (p.  741). 

SlSSI.ii.SJZEr.  A  substance  obtained  from  the  green  shell  of  the  walnut  (Juglans 
rcgia).  It  may  bo  extracted  by  benzene,  and  crystallises  in  yellowish  elongated  octohe- 
drons  or  feathery  groups  of  prisms.  It  is  easily  decomposible,  and  forms,  with  the  fixed 
alkalis  and  ammonia,  solutions  of  a  fine  purple-red  colour,  from  which  acids  throw 
down  brovi'n  flocks.  By  redissolving  these  in  weak  soda-ley,  precipitating  with  h>'dro- 
chloric  acid,  and  washing  with  Ijoiliiig  water,  rogianic  acid,  CiJ^O',  is  obtained  as 
a  dense  amorphous  pitch-bhu-k  powder  insoluble  in  water,  soluble  with  purple-red 
colour  in  alkalis.  It  forms  a  brown  lead  salt,  PbO,C*H°0',  a  pitch-black  silver  salt, 
and  a  flesh-coloured  lime  salt,  which  is  precipitated  by  boiling  its  solution  with  a 
small  quantity  of  ammonia  (Phipson,  Chem.  News,  xxiv.  119). 

SSISSITE.  A  zeolitic  mineral  occurring,  together  with  quartz  and  desmin,  in  a 
trachytic  conglomerate  on  Thera  (Santorin),  in  short  prismatic  crystals  belonging  to 
the  rhombic  system.  It  is  transparent  and  colourless,  or  whitish  "with  a  vitreous 
lustre,  melts  easily,  dissolves  after  heating  more  easily  than  before,  -with  separation  of 
a  jelly.  The  solution  contains  lime  and  alkalis  (K.  v.  Fritzsch,  Jahrb.f.  Minercdogie, 
1870,  80).  According  to  Hessenberg's  measurements  {ibid.  480),  the  crystals  exhibit 
the  combination  ooP  .  ootoo  .  Poo  .  2^2.  Angle  ooP  :  coP  =  134-8°.  Cleavage 
parallel  to  the  brachydiagonal. 

RESST-JS,  FOSSIIi.  H.  Spirgatis  (N.  Bep.  Pliarm.  xx.  321)  has  examined  a 
fossil  resin  from  the  coast  of  the  Baltic,  near  Briisterort.  It  is  commonly  known  as 
'  unripe  amber,'  but  differs  essentially  from  amber  by  the  absence  of  succinic  acid ;  on 
the  other  hand,  it  exhibits  several^points  of  resemblance  to  Krantzite  (iii.  448).  It  is 
inodorous,  light  yellow  or  greenish,  nearly  transparent,  ljut  covered  with  a  thin  opaque 
crust.  When  heated  it  burns  with  a  bright  smoky  flame,  leaving  0'33  p.c.  ash.  It 
becomes  darker  at  100°,  and  melts  above  300°.  Sp.  gr.  =0-934.  Analysis  gave 
86-02  p.c.  carbon,  and  10-93  hydrogen,  agreeing  with  the  formula,  C'"'H"'^0,  which 
requires  86-02  C,  IMl  H,  and  2-87  0. 

2£ost^ornite  (H.  Hofer,  Jahrb.f.  Mincralogic,  1871,  561).  This  resin  occurs  in 
the  coal-beds  of  the  Sonnberg,  near  Guttaring  in  Carinthia.  It  has  a  fatty  lustre, 
a  brown  colour  with  garnet  glimmer,  wine-yellow  by  transmitted  light,  especially  in 
splinters,  and  a  light-brown  to  orange-yellow  streak.  It  is  brittle  and  may  be  scratched 
with  the  nail.  Sp.  gr.  =1-076.  When  heated  in  the  air,  it  gives  off  white  vapours 
Iiaving  an  aromatic  odour,  and  burns  -with  a  deep  yellow  smoky  flame,  without  leaving 
any  residue.  At  96°  it  begins  to  melt  to  a  viscid,  brown-red  mass,  which  throws  up 
bubbles  at  160°,  and  emits  white  vapours  from  216°  to  225°,  at  which  latter  tem- 
perature the  mass  becomes  mobils,  assumes  a  dark  purple-red  colour,  and  emits  a  fetid 
gaseous  mixture,  but  does  not  give  off  succinic  acid.  AVhen  fused  with  alkaline  car- 
bonates, it  does  not  exhibit  any  trace  of  sulphur,  although  that  element  is  present  in 
the  coal  in  the  immediate  neighbourhood  of  the  resin.  Eosthornite  is  not  altered  by 
dilute  nitric  acid,  by  potash-ley,  or  by  alcohol,  either  in  the  cold  or  on  boiling ;  in 
warm  ether,  however,  it  dissolves  partially,  forming  a  turbid  wine-yellow  solution,  and 
leaving  a  white  tumefied  residue.  In  cold  turpentine-oil  it  remains  unaltered,  but 
hot  turpentine-oil  dissolves  the  pure  resin  almost  entirely,  leaving  only  a  small  quantity 
of  dark-coloured  matter  (enclosed  particles  of  coal).  It  swells  slightly  in  cold  and 
dissolves  partially  in  hot  petroleum.  In  benzene  it  dissolves  at  ordinary  temperatures, 
forming  a  clear  dark  wine-yeliow  liquid. 

Eosthornite  in  its  physical  characters  bears  considerable  resemblance  to  jaulingite 
and  pyroretin,  but  in  chemical  composition  it  approaches  more  nearly  to  euosmite, 
and  still  more  to  the  fossil  resin  of  Girona,  near  Bucaramanga  in  New  Granada,  aa 
will  bo  seen  from  the  following  comparison : — 
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RBSORCIN. 


Rosthornite 

Jauliiigite 

Euosmite 

Gironare^in 

— !!!!!!:!!_ 

Carbon  . 

84-42 

74-43 

81-89 

Hydrogen 

11-01 

9-04 

11-73 

10-8 

Osygen . 

4-57 

16-53 

6-38 

6-5 

100-00 

100-00 

100  00 

100-0 

Euosmite  is  distinguished  from  rostliornite  by  its  strong  odour  of  camphor  and  rose- 
mary, by  its  easy  and  complete  solubility  in  alcohol  and  ether,  and  by  the  deep  yellow 
colour  which  it  imparts  to  potash-ley,  &c.  Pyroretin  also  differs  from  rosthornite  in 
its  behaviour  to  solvents,  and  moreover  contains  10  p.c.  oxygen.  Girona  or  Bueara- 
manga  resin,  -which  occurs  in  auriferous  porphyritic  alluvians,  resembles  rosthornite 
in  its  behaviour  to  alcohol  and  ether,  but  is  transparent,  pale  yellow,  and  very  much 
like  amber  in  its  physical  characters. 

Eosthornite,  therefore,  cannot  be  included  either  physically  or  chemically  in  the 
succinite  group,  or  in  that  of  retinite  (80-4  C ;  10-7  H ;  8-7  0),  neither  on  chemical 
grounds  can  it  be  referred  to  the  ixolite  group,  to  which  jaulingite  belongs.  It  appears 
rather  to  form  a  type  of  solid  resins  rich  in  carbon  and  poor  in  oxygen. 

Fossil  SSesin  from  the  Val  d'Amo  Siuipe2'iore  (I,  Guareschi,  Cimcnto,  v.-vi. 
175).  The  lignites  of  the  Figline  basin  on  the  left  bank  of  the  Arno  contain  several 
fossil  resins,  one  of  wliich  is  called  by  the  country  people  'combustible  earth'  {terra 
die  hruccia).  This  resin  is  a  light,  very  friable,  amorphous,  yellowish-white  mass, 
which  burns  like  touchwood,  and  with  a  somewhat  smoky  flame.  It  contains  41-3  p.c. 
organic  and  68-7  mineral  substance,  the  latter  consisting  of  silica,  ferric  oxide, 
alumina,  manganese  oxide  (trace),  lime,  magnesia,  potash  and  soda,  soluble  in  hydro- 
chloric acid  ;  and  silica,  iron  silicate,  and  aluminium  silicate,  insoluble  in  that  acid. 

The  organic  matter  is  almost  wholly  soluble  in  alcoliol,  and  may  be  resolved,  by 
fractional  solution  in  that  liquid,  into  two  resins,  o  and  ^,  having  the  following  com- 
position : — 

C  H  0 

Eesin  a    .       .       .    72-72  9-41  17-87  =  100 

EesinyS    .       .       .    76-04  9-12  13-04  =  100 

The  composition  of  a  agrees  nearly  -with  the  formula  Gi"H"0^,  that  of  /3  with 
QiojjoSQs^  fjjjg  resin  a  may  be  supposed  to  have  been  formed  by  oxidation  of  a  poly- 
meride  of  turpentine-oil,  4C"'Ii"'  +  0^  =  C'°H'*'G',  and  B  by  abstraction  of  the  elements 
of  water  from  a :  C"H"0»  -  3H'-0  =  C^'^H^^Qs.  Both  exhibit  considerable  analogy, 
both  geologically  and  chemically,  to  the  group  of  resins  called  pyropissite,  from  the 
lignite  of  Weissenfels  (iv.  769). 

Eesin  a  is  blackish  when  melted,  yellowish  in  powder,  lighter  than  water,  softens 
at  75°,  and  melts  completely  at  90°.  It  dissolves  with  brown  colour  in  alcohol,  very 
easily  in  benzene  and  in  turpentine-oil,  very  slightly  in  ether.  Strong  sulphuric  acid 
dissolves  it  in  the  cold,  more  easily  when  heated.  Nitric  acid  acts  but  slowly,  or  not 
at  all,  upon  the  resin  itself ;  but  when  added  to  the  sulphuric  acid  solution  it  appears 
to  form  a  nitro-snbstitution  iproduct.  By  melting  the  resin  witli  potash,  no  organic 
acid  is  formed,  but  merely  an  alkaline  carbonate.  By  distillation  the  resin  yields  a 
brown  empyreumatic  liquid  which  does  not  appear  to  contain  succinic  acid. 

Eesin  iS  is  blackisli  and  amorphous,  very  slightly  soluble  in  alcohol,  much  more 
freely  in  benzene  and  turpentine-oil.  It  is  lighter  than  water,  melts  at  a  temperature 
above  120°,  and  is  soluble  in  potash. 

HBSOSCIBT,  C'lI^O-  -  C'=H-'(HO)^  This  modification  of  dioxybenzene,  formerly 
regarded  as  a  para-compound,  is  now  placed  in  the  meta  or  isoplithalic  series  (sea 
Phenols,  p.  924). 

Eesorcin  is  formed  by  the  dry  distillation  of  brazilin  (p.  208),  and  may  be  easily 
prepared  by  mixing  the  wash-  and  mother-waters  obtained  in  tlie  manufacture  of 
brazilin  from  Brazil-wood  extract,  with  chalk,  evaporating  to  dryness,  and  subjecting  the 
residue  to  dry  distillation.  This,  according  to  E.  Kopp,  is  the  easiest  and  cheapest  of 
all  methods  of  preparing  resorcin. 

Eesorcin  molts  at  98°-99°  and  distils  at  266°-267°.  A  very  characteristic  test  for 
it  is  to  treat  a  small  quantity  with  fuming  sulphuric  acid,  which  dissolves  it  with  an 
orange-yellow  colour,  gradually  darkening-  and  changing  in  20-30  minutes  to  greenish- 
blue,  and  ultimately  to  a  pure  blue :  on  warming  the  liquid  to  90°-100°  this  blue 
changes  to  a  fine  purple-red  (E.  Kopp,  Dent,  Chm.  Gcs.  Bcr.  vi.  446). 
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A  mixture  of  resorcin  witli  furfural,  touched  with  a  drop  of  hydrochloric  acid,  forms 
nn  indigo-bluc  substance  whicli  dissolves  -with  green  colour  in  water,  and  is  precipi- 
tated by  hydrochloric  acid  in  blue  flocks  (A.  Baeyer,  Bcut.  Chem.  Ges.  Bcr.  v.  25). 

Benzoic  aldehyde  reacts  with  resorcin  in  the  same  way  as  with  pyrogallol  (p.  1031). 

Eesorcin  heated  to  195°  with  •phthalic  anhijdrklc  yields  resophthalein  or 
fluorescein,  C-"PI'-0^  =  2G''W0''  +  CWO'  -  2H-0  (p.  524).  Heated  with 
succinic  anhydride,  it  yields  a  yellow,  resinous  substance,  similar  in  character  to 
fluorescein,  and  doubtless  consisting  of  the  succinein  of  resorcin, 
C'«H'--0'^  =  2C°H«0-  +  C'H'03  _  '2W0.  Heated  with  oxalic  and  sulphuric  acids,  it 
yields  a  yellow  substance,  which  differs  from  the  phthalein  and  succinein  just  men- 
tioned in  forming  a  non-fluorescent  sohition,  and  appears  to  be  identical  with  euxan- 
thono(l5i!  Suppl.  610),  which  may  accordingly  be  regarded  as  the  carbonein  of 
resorcin : 

C"H»0*  =  2C«H«05  +  C0=  -  2H-'0 
(Baeyer,  Beut.  Chem.  Gis.  Ber.  iv.  662). 

Azo-derivatives  of  Resorcin  (Weselsky,  Bciit.  Chem.  Ges.  Bcr.  iv.  613).  Di- 

azo-resorciu,  C'H'-N'-O",  is  formed  by  the  action  of  nitrous  acid  on  an  ethereal  solution 
of  resorcin : 

SC"H«0-  +  N-O^  =  C'^H'-N'^O"  +  SH^O. 

It  forms  brown  gi-anular  crystals,  with  a  green  metallic  lustre ;  is  sparingly  soluble 
in  water,  dissolves  more  freely  in  alcohol  and  acetic  acid,  with  a  dark  cherry-red 
colour,  and  its  alkaline  solutions  have  a  splendid  blue-violet  colour.  By  the  action  of 
strong  sulphuric  or  hydrochloric  acid  it  is  converted  into  diazo  -  resoruf i  n, 
QaiijjisN-'O^  which  separates  from  the  hydrochloric  acid  solution  in  small,  dark  rod, 
granular  crystals.  It  is  nearly  insoluble  in  water,  alcohol  and  ether  ;  concentrated 
sulphuric  acid  dissolves  it  with  a  crimson  colour,  and  the  same  colour  is  exhibited  by 
its  alkaline  solutions,  which  have  also  a  beautiful  vermilion-red  fluorescence. 

When  diazo-resorcin  is  heated  with  tin  and  strong  hydrochloric  acid,  the  solution 
.Tssumes  an  emerald-green  colour,  and  on  cooling,  hydro-diazo-resorufin  hydro- 
chloride, C'H'^N^O'.H'-  +  3HC1,  crystallises  out  in  the  form  of  green  leaflets  with 
a  silvery  lustre,  or  of  light,  green  needles.  The  crystals,  when  exposed  to  the  air, 
assume  the  colour  and  the  coppery  lustre  of  indigo.  On  heating  this  compound  in  a 
current  of  air,  the  hydrochloric  acid  escapes,  and  oxidation  takes  places,  diazo-resorufin 
being  reproduced.  When  a  solution  of  the  hydrochloride  is  heated  with  diazo- 
resorufin,  a  dark-blue  solution  is  obtained,  from  which  dark  bottle-green,  shining 
needles  crystallise  out,  which  are  a  combination  of  the  two  substances,  analogous 
to  quinhydrone. 

By  heating  diazo-resorcin  with  acetyl  chloride  in  closed  tubes,  dehydro-diazo- 
resorcin  hydrochloride  is  formed  : 

CH'^N^Cl^O^  =  C'8H'-N=0«  —  H-0  +  3HC1. 

It  crystallises  in  yellow  scales,  resembling  mosaic  gold,  insoluble  in  water  but  soluble 
in  alcohol  with  a  straw  colour,  and  in  alkalis  with  a  magnificent  violet.  By  cold 
nitric  acid  it  is  converted  into  a  brick-red  floccident  body,  which,  when  treated  with  warm 
nitric  acid,  gives  purple  plates,  the  alcoholic  or  ethereal  solution  of  which  shows  a  re- 
markable vermilion-red  fluorescence.  Both  compounds  are  true  colouring  matters,  and 
the  former  has  the  property  that  the  fluorescence  of  its  ammoniacal  solution  appears 
also  on  silk  dyed  with  it.  The  above  reaction  of  acetyl  chloride  also  gives  rise  to 
acotyl-diazo-resorcin,  in  the  form  of  an  amber-yellow  resin. 

By  heating  diazo-resorcin  with  strong  nitric  acid  tetrazo-rosorcin  nitrate, 
C'»H''N<0"'.(NO^)^  is  obtained  : 

1.  C>'H'=N=0«  +  =  3H-0  +  C'^ffN^O" 

2.  C'»H"N^O«  =  3N0=  +  C'»H"N^06.(N0')'. 

This  nitrate  crystallises  in  well-defined  garnet-rod  needles,  which  have  a  brilliant 
metallic  lustre,  dissolve  in  water  and  alcohol,  and  very  readily  in  ether  with  a  pure 
indigo-blue  colour.  By  further  action  of  nitric  acid,  tetrazo-resorufin  nitrate, 
C^^H"N''0^(NO^)'S  is  formed.  The  crystals  contain  water,  have  the  appearance  of  po- 
tassium permanganate,  and  dissolve  with  the  same  colour  in  water,  alcohol,  and  ether. 
On  drying,  the  water  of  crystallisation  escapes,  and  a  dull,  brick-red  powder  is  left 
behind.  On  boiling  it  with  water,  decomposition  takes  place,  which  is  accelerated  in 
presence  of  alkalis  ;  from  the  brown  solution  dark  flakes  separate  out.  By  the  action 
of  nascent  hydrogen,  it  is  transformed  into  dihydro-tetrazo-resorufin  nitrate, 
C"H"N  '0''.H'^(NO')^  which  crystallises  from  its  cherry-red  alcoholic  solution  in  small 
needles. 

2nd  Sup.  3  X 
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Hydrocmido-tetrazo-resorufin,  C^'IP-NSO'.CNH-.OHCI  is  tho  final  product  oLtained 
by  heating  any  of  the  aljove  totrazo-compounds  vith  tin  and  hydrochloric  acid.  It 
crystallises  in  long,  colourless  needles,  -which,  on  exposure  to  the  air,  assume  a  rose 
colour  ;  in  alkalis  it  dissolves  with  a  blue  colour.  By  passing  air  through  the  ammo- 
niacal  sohition,  it  becomes  brown,  whilst  green  crj'stals,  with  a  canthnridic  reflec- 
tion, separate  out.  This  body  is  hydro-imido-tctrazo-resorvfin,  C^'^H--iSt''0'(NB[)'' ;  it  is 
insoluble  in  water,  and  dissolves  in  concentrated  hydrochloric  and  diluted  nitric  acid, 
with  a  wino-red  colour. 

Bromoresorcins.  Pcntahromoresorcin,  C^HBr^O-,  is  prepared  by  adding  an 
aqueous  solution  of  resoroin,  with  constant  agitation,  to  a  cooled  mixture  of  bromine 
and  water  (in  the  proportion  of  aboiit  5  :  1).  By  two  or  three  crystallisations  from 
carbon  sulphide  it  is  obtained  pure  in  large  colom-less  or  sulphur-yellow  prisms.  It 
melts  at  113'5°,  is  nearly  insoluble  in  water,  dissolves  easily  in  ether  and  in  alcohol, 
moderately  in  benzene.  From  solution  in  hot  petroleum  oil  it  separates  for  the  most 
part  on  cooling.  Hydriodic  add  converts  it  into  a  compound  which  crystallises  in 
colourless  needles;  probably  tribronioresorcin  (Stenhouse,  Ann.  Ch.  Pharm. 
elxiii.  182). 

Tho  composition  of  pentabromoresorcin  appears  to  be  at  variance  with  Kekule's 
theory  of  tlio  constitution  of  the  dioxybenzenes,  C^H"0-,  according  to  which  one  of  tlie 
five  hydrogen  atoms  which  are  replaced  by  bromine  to  form  the  eompoimd,  CHBr^O-, 
should  exist  in  the  form  of  hydroxyl,  and  should  therefore  not  be  thus  replaceable. 
This  diflSculty  suggested  to  Liebermann  a.  Dittler  {Detit.  Chem.  Gcs.  Ber.  v.  1090)  the 
idea  that  the  compound  in  question  might  be  really  an  addition-product,  CH^Br^O'-'.Br-, 
containing  2  at.  hydrogen  more  than  are  assigned  to  it  by  Stenhouse.  To  decide  this 
point  they  determined  the  quantity  of  bromine  required  for  its  formation,  and  tho 
quantity  of  hydrobromic  acid  evolved  thereby.  The  result  showed,  however,  that 
the  reaction  takes  place  exactly  as  stated  by  Stenhouse,  that  is  to  say,  according  to 
the  equation : 

C''H'(OH)=  +  5Br2  =  5HBr  +  C^HBr^O^ 

and  not  as  represented  by  the  equation  : 

C«H\OH)=  +  4Br2  =  3HBr  +  C^H^Br'O^Br". 

Liebermann  a.  Dittler  also  find  that  pentabromoresorcin  heated  to  150°-160°  gives 
off  2  at.  bromine  according  to  the  equation  : 

CHBr^O-  =  C^HBr^O-  +  Br-, 

leaving  a  substance  which,  after  washing  with  ether  to  remove  a  little  resinous  matter, 
forms  a  crystalline  powder  having  tho  composition  CHBr^O-.  This  body  may  be  re- 
garded as  tribromoresorcin-quinone : 

.0  /O— 0. 

CHBr'^C^  I  ,  or  as  C«HBr<  ^CHBr', 
^0  \o— 0^ 

and  pentabroracrosorcin  may  then  be  regarded  as  the  additive  compound : 

.0-0. 

(Br=)C'=HBr^;^  ^CHBr'CBr'). 
^0—0'''^ 

It  is,  however,  quite  possible  that  tribromoresorcin-quinone  may  be  derived  from  a 

.OBr 

pentabromoresorcin  having  the  constitution  C"HBr'<f 

^OBr 

Chlororesorcins.  Pcntachlororesorcin,  CHOPO^  is  best  prepared  by  adding 
alternately  in  small  portions  5  pts.  potassium  clilorate  and  a  solution  of  2  pts.  resorein 
in  8  pts.  hydrochloric  acid  to  40  pts.  of  hydrochloric  acid,  keeping  the  potassium 
chlorate  always  in  excess,  and  cooling  the  mixture  to  prevent  too  great  a  rise  of 
temperature.  The  crude  product  which  separates  on  leaving  the  liquid  at  rest,  appears 
to  consist  mainly  of  a  hydrate  of  chlororesorein  ;  for  on  heating  it  with  a  small 
quantity  of  carbon  sulphide,  and  filtering  the  solution  quickly,  small  white  crystalline 
scales  separate  out,  which  are  but  sparingly  soluble  in  carbon  sulphide  ;  and  on 
distilling  the  carbon  sulphide  solution,  water  passes  over,  and  tho  concentrated  liquid 
now  deposits  anhydrous  pentachlororesorcin  in  shining  colourless  plates  or  flat 
prisms.  By  one  or  two  re-crystallisations  it  maybe  obtained  pure.  It  melts  at  92-5°, 
is  moderately  soluble  in  hot  water,  and  separates  therefrom  on  cooling,  evidently  as 
hydrate,  in  the  form  of  a  white,  opaque  mass,  in  which  no  crystals  can  be  distinctly 
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reeon;iiiso[l.  It  dissolves  easily  in  carbon  sulphide,  bonzeuo  and  potroleum-oil,  still 
iiKji'o  easily  in  alcohol  and  ccher  (Stenhonse,  Ami.  Ch.  I'harm.  clxiii.  182;  Pi-oi:.  Boi/. 
hhc.  XX.  78). 

Pentachlororesorcin  is  converted  by  hydriodic  acid  into  a  crystalline  compound, 
which  appears  to  be  trichlororesorcin  (Stenhouse,  Chem.  Ncivs,  xxiii.  230). 

lodoresorcisi,  G^WIO-,  is  prepared  by  agitating  an  ethereal  solution  containing 
1  niol.  rcsorciii  to  1  mol.  iodine,  with  dry  precipitated  mereiiric  oxide,  or  better  with 
litliai'^o,  then  distilling  off  the  ether,  and  exhaustintc  ihn  residue  with  hot  benzene. 
lodurusDrcin  tlioi  separates  on  cooling  in  the  crystal'.iiir  .md  may  bo  purified  by 

two  ur  thriM.  altci-nato  crystallisations  from  benzene  .-iimI  Imi  uaici-.  It  is  a  colourless, 
cryslallinu  body,  resembling  iodorein  (p.  879)  in  its  general  characters,  btit  much 
iiioro  soluble  in  water  (Stenhouse,  Chem.  News,  xsvi.  179). 

KTitrcresorcins.  3Iononitroresorein,  ^^(NO-)^^  is  contained  in  considerable 
qiiaiitily  in  t lie  ethereal  mother-liquors  obtained  in  the  preparation  of  diazo-rcsorcin. 
To  si'|iaiMl  !■  il,  I  lie  resinous  residue  is  boiled  witli  water,  and  the  filtered  solution 
iiii.M  il  v  itli  Ic.el  acetate,  whereby  a  dirty-brown  precipitate  is  formed.  From  the 
filtrate  IVuiii  this  jirecipitate,  the  excess  of  lead  is  removed  by  sulphuric  acid,  and  the 
yellow  liquid  is  shaken  np  with  ether,  which,  on  evaporating,  loaves  the  crude  nitro- 
resnrcin  .-is  a  evvstalline  mass.  Tliis  is  pressed  and  dissolved  in  water,  and  the  solution 
is  saturated  with  baryta-water  and  left  to  cool,  whereupon  the  neutral  barium  salt  of 
nitroi-esorcin  crystallises  out  in  long  needles.  The  solution  of  this  salt,  decomposed  by 
sul[ilnirie  acid,  is  exhausted  by  ether,  and  the  residue  left  when  the  other  evaporates 
is  purified  by  recrystallisation  from  hot  water. 

Monouitroresorcin  crystallises  from  hot  water  or  from  alcohol  in  long  capillary, 
felted,  thread-like,  lemon-yellow  needles,  which  do  not  taste  bitter,  are  not  explosive, 
and  cannot  bo  sublimed  without  decomposition.  Its  melting  point  is  115°.  In  hot 
water  it  melts  to  an  <nl  before  dissolving. 

The  neutral  hariiiNi-cnnipound,  C«ff(N0-)02Ba  +  5H-0,  cry.stallises  from  hot  water 
in  tufts  of  needles,  olteii  half  an  inch  long,  and  having  tho  colourof  potassium  dichro- 
mato.  ])y  slow  separation  from  more  dilute  solutions,  thicker  prisms  are  obtained, 
liaving  the  aspect  of  potassium  ferricyanide,  and  a  bluish  metallic  lustre.  According 
to  Ditscheiner's  measurements,  they^very  ^irobably  belong  to  the  triclinic  system. 
Combination:  ooP'.oo'P.  oofco  . 'P'oo  .  ,P,oo  .  Anglo  »'P:  oo  Poo  =  117°30'; 
GO  P'  :  ooP  righ.t  behind  =  129°  50'  ;  co  F  :  oo 'P  =  50^  ;  oofco  :  co  P'  =  111°  50'. 
Tho  f  ices 'P'oo  and  ^I'^oo  are  deeply  striated. 

The  monobasic  barium  compound,  [G''H^(NO-)(OH)0]-Ba  +  H-0,  is  obtained  by 
passing  carbon  dioxide  into  the  hot  solution  of  the  preceding  salt.  It  crystallises  in 
drusy  aggregates  of  dark  yellow,  slender  ueedles,  which  are  more  soluble  in  water  than 
tho  preceding  salt. 

An  acid  hariim  compowid  represented  by  the  formula: 

CH^NO^)  9^ 

X  Ba .  2C'=n'(N0=)(0II)-  +  2H-0 

C«H3(N0=) 

separates  from  a  solution  of  the  neutral  salt  mixed  with  acetic  acid,  in  golden-yellow, 
moderately  long,'  shining,  brittle  needles,  arranged  in  tufts  or  stellate  groups.  It 
may  also  be  prepared  by  dividing  the  hot  solution  of  a  weighed  quantity  of  mono- 
uitroresorcin into  two  equal  parts,  saturating  one  with  barium  carbonate  and  then 
adding  the  otlier.  The  potassium  sal/,  6bta.\ned  by  decomposing  the  neutral  barium 
salt  with  potassium  sulphate,  forms  orange-red  flat  needles,  easily  soluble  in  water. 
The  magnesium  salt,  prepared  in  like  manner  from  the  neutral  barium  salt,  crystallises 
in  orange-red,  long,  capillary,  felted  needles,  somewhat  more  soluble  than  the  corre- 
sponding barium  salt  (Weselsky,  Ann.  Ch.  Pharm.  clxiv.  1). 

Dihromonitrorcsorcin,  CHBr-(NO-)(OH)^,  is  obtained  by  dropping  bromine  into 
an  ethereal  solution  of  nitroresorcin  till  the  colour  no  longer  disappears,  evaporating 
the  ether,  and  crystallising  the  residue  from  alcohol,  in  yellow  laminoe  resembling 
ioiliile  of  lead.  It  is  also  formed  by  the  action  of  nitric  acid  containing  nitrous  acid 
on  an  ethen  al  solution  of  tribromoresorcin.  It  melts  at  147°.  The  barium,  compound, 
|<!"]|[!r(Nn-)(()ll)0]2Ba  +  4H'^0,  forms  small  orange-red  needles,  which  have  a 
blue  reflex,  and  are  verj'  slightly  soluble  in  water  (Weselsky). 

Trinitroresorcin.  Oxypicric  ov  Styphnic  acid,  C''ff(NO-)^0-. — This  compound 
may  be  prepared  in  the  same  way  as  trinitro-orcin  (p.  879).  It  crystallises  in  light 
yellow  laminse  melting  at  175-5°,  dissolves  in  156  pts.  water  at  14°,  and  is  precipitated 
from  this  solution  by  stronger  acids,  even  when  added  in  very  small  quantity.  Its 
3x2 
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barium  salt,  C<'H(NO-)^0'-Ba  +  3H-0,  forms  small,  light  yellow,  rliomLic  laminae, 
more  soluble  in  water  than  the  corresponding  orcin  compound ;  gives  off  its  water 
when  heated  a  little  above  100°,  and  explodes  with  great  violence  at  a  higher  tempera- 
ture. The  tecZ  saZi!  crystallises  from  hot  aqueous  solution,  jn  dark  yellow  needles; 
it  is  slightly  soluble  in  water,  easily  soluble  in  acetic  acid,  and  is  precipitated  from 
this  solution  by  alcohol.  The  silver  salt,  C'^H(NO-)'0-Ag-,  crystallises  from  hot  water 
in  long,  slender,  yellowish-brown  needles  (Stenhouso,  Proo.  Boy.  Soc.  six.  410). 

KESOKCm-CARBOn'Sm,  0"ffO<  =  2G'^W0'^  +  CO  -  2H'-0  (see  p.  1041). 

KESOBCIW-IWDOPHAWB,  C'H'N<0«.  This  name  is  given  by  J.  Schreder 
{Ann.  Ch.  Pharm.  clxiii.  297)  to  an  acid  compound,  the  potassium-salt  of  which  is 
obtained  by  the  action  of  potassitim  cyanide  on  the  potassium  salt  of  trinitroresorcin 
(potassium  styphnate).  To  prepare  this  salt,  a  solution  of  20  grams  potassium 
cyanide  in  100  c.c.  water  at  40°-50°  is  gradually  added  to  a  solution  of  100  grams  of 
potassium  styphnate  in  a  litre  of  water,  heated  to  70°-80°  ;  the  heat  is  continued  for 
10-15  minutes  longer;  the  liquid  quickly  filtered  through  linen;  and  the  separated 
salt  is  washed  with  cold  water  till  the  wash-water  begins  to  show  a  green  colour, 
and  theu  pressed.  The  filtrate  contains  a  large  quantity  of  potassium  nitrite.  On 
adding  dilute  sulphuric  acid  to  the  warm  concentrated  dark  green  solution,  crude 
resorein-indoi^hane  separates  on  cooling  in  slender  needles.  For  further  purification, 
the  pressed  crystalline  mass  is  redissolved  in  boiling  water,  and  the  filtered  solution 
is  mixed  with  strong  hydrochloric  acid,  whereby  the  resorcin-indophane,  which  cannot 
be  reorystallised  from  water,  is  reprecipitated. 

Eesorcin-indophane  thus  prepared  forms  small,  anhydrous  needles,  which  exhibit 
very  distinct  forms  under  the  microscope,  and  have  a  lustre  of  bronze,  changed  to  that 
of  copper  by  friction.  It  dissolves  easily,  even  in  cold  water,  with  pure  blue-violet 
colour,  is  insoluble  in  alcohol  and  ether,  and  is  dissolved  in  not  inconsiderable 
quantity  by  hot  concentrated  acetic  acid.  It  likewise  dissolves,  without  decomposition, 
in  cold  concentrated  sulphuric  acid,  and  is  precipitated  from  the  solution  by  water. 
When  heated  in  the  air,  it  burns  away  with  slight  detonation.  Nitric  acid  converts 
it  into  a  yellow  syrup  in  which  crystals  of  oxalic  acid  form  on  standing.  The  blue 
solution  of  resorcin-indophane  is  decolorised  by  chlorine-waier,  and  the  resulting  wine- 
yellow  liquid  yields  to  ether  a  product  which,  as  the  ether  evaporates,  remains  as  a 
resin  having  the  pungent  odour  of  chloropicrin. 

Eesorcin-indophane  appears  to  be  completely  decomposed  by  melting  potash.  On 
heating  it  with  sodium-amalgam,  the  insoluble  sodium  salt  is  immediately  produced, 
on  which  the  evolved  hydrogen  exerts  no  action.  In  like  manner,  on  treating  it  with 
tin  and  hydrochloric  acid,  the  only  product  is  a  tin  compound,  very  difficult  to  purify, 
and  apparently  consisting  for  the  most  part  of  the  tmaltered  substance.  Eesorcin- 
indophane  is  not  attacked  by  acetyl  chloride.  When  heated  with  soda-lime  it  gives 
off  only  three-fourths  of  its  nitrogen  as  ammonia,  showing  that  one  atom  of  nitrogen 
must  be  contained  in  it  as  NO^. 

Potassium  Eesorcin-indophane,  CH-K-N^O^  +  H'^O,  crystallises  in  microscopic 
needles.  After  pressing  and  drying  it  forms  a  black-brown  mass,  acquiring  metallic 
lustre  by  friction.  It  dissolves  with  difficulty  in  cold  water,  but  completely  in  boiling 
water,  the  solution  having  a  pure  green  colour  liko  that  of  alkaline  manganates.  It 
cannot  be  reorystallised  from  water,  for  the  hot  concentrated  solution  solidifies  to  a 
jelly  on  cooling.  On  adding  potash  to  the  solution,  the  salt  separates  in  its  original 
form.  It  is  quite  insoluble  in  alcohol.  On  mixing  a  solution  of  pure  resorcin-indo- 
phane with  a  solution  of  pure  potassium  carbonate,  a  dark  flocculent  amorphous  pre- 
cipitate is  formed,  which,  after  washing  with  water  containing  a  trace  of  alkali,  dries 
up  to  a  hard  dark-coloured  mass,  having  a  green  metallic  lustre.  The  water  of 
crystallisation  is  not  given  off  till  the  salt  is  raised  to  a  temperature- at  which  it 
decomposes  with  explosion.  The  sodium  salt,  C'H^Na-N^O"  +  H-O,  is  analogous  in 
properties  to  the  potassium  salt.  The  barium  scdt,  C'H-BaN^O''  +  H-O,  separates  as 
a  dark-coloured  precipitate  on  mixing  the  solution  of  the  sodium  salt  with  barium 
chloride. 

KESORCIN-PHTHAI.EZK-,  C-oJI'^O*  =  2C''W0-  +  C^H-'O'  -  2H20.  Syn. 

with  I'LVOEKSCEIN  (p.  .524). 

KESORCEW-StrcCIWEIOT,  C'H'^O^  =  2C''H''0=  -^  C^H^O^  -  2H=0  (p.  1041). 

ZtESPXRiLTXOSr.  As  far  as  the  chemistry  of  respiration  is  concerned,  the  most 
important  points  which  remain  to  be  settled  are  those  relating  to  the  so-called  '  in- 
ternal respiration,'  and  much  attention  has  lately  been  given  to  this  point.  We  are, 
however,  still  much  in  the  dark  as  to  the  substances  mainly  oxidised  in  various  tissues, 
and  as  to  the  stages  of  oxidation  attained  in  each ;  and,  in  fact,  it  is  yet  far  from  defi- 
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nitely  settled  how  much  of  the  oxidation  of  the  body  goes  on  in  the  blood  itself,  aud 
how  much  in  the  tissues  outside  the  blood-vessels. 

Estor  and  tit.  Pierre  found  that  blood  obtained  from  arteries  distant  from  the  heart 
contained  much  less  loose  oxygon  than  blood  drawn  from  arteries  nearer  to  it,  and 
they  concluded  that  the  difference  was  due  to  great  oxidation  going  on  in  the  arterial 
blood  itself.  Both  Hirschmann  aud  Pfliiger  {Arch.f.  d.  Gesam.  Pkys.  1868)  maintain, 
however,  that  the  difference  in  loose  o.xygen  which  the  above  observers  found  does  not 
exist:  the  latter  observer  could  find  no  constant  difference  in  the  quantity  of  loose 
oxygen  in  the  blood  of  the  femoral  and  carotid  arteries  of  the  dog ;  and  Hoppe-Seyler, 
wlio  finds  some  difference,  makes  it  much  less  than  Estor  and  St.  Pierre  supposed,  and 
believes  it  due  to  the  action  of  the  arterial  walls,  and  not  to  n  dnring  matters  in  the 
blood  itself.  On  the  other  hand,  Pfliiger  {Geniralb.  f.  d.  J/-  J.  W  i^s^  „.  1887,  No.  46) 
has  shown  that  blood,  after  removal  from  the  body,  very  riipidl  v  s  sumo  of  its  looso 
oxygen,  and  ttiis  at  first  sight  would  seem  to  point  to  a  normal  rapid  o.xidation  going 
on  in  the  circulating  blood.  Using  improved  methods  which  enabled  him  to  extract 
the  gases  from  fresh-drawn  blood  very  rapidly,  he  found  that  all  the  previous  estima- 
tions of  them  were  erroneous,  the  oxygen  being  given  too  low,  and  the  carbonic  anhy- 
dride too  high  ;  the  average  quantity  of  oxygen  which  he  finds  in  tlte  arterial  blood  of 
the  dog  is  16  9  vols,  in  100  vols,  of  blood,  the  gas  being  calcuLated  at  0°  C.  and  1  M. 
mercury  pressure  (  =  22-23  vols,  at  760  mm).  A.  Schmidt  gets  almost  exactly  the 
same  average  quantity.  The  extremely  small  difference,  if  any,  as  regards  its  gases, 
which,  as  mentioned  above,  Pfliiger  has  found  to  exist  between  blood  taken  from 
arteries  near  the  heart,  and  that  from  those  more  distant  from  it,  appears  to  show  that 
this  oxidation,  which  goes  on  so  rapidly  in  blood  removed  from  the  body,  does  not  go 
on  at  anylhing  like  the  same  rate  in  the  circulating  blood;  the  process  is  probably 
almost  entirely  ^osi;  mortem,  and  due  to  that  partial  decomposition  of  the  haemoglobin 
which  is  knoflTi  to  occur  in  blood  exposed  to  a  vacuum,  witli  formation  of  products 
which  rapidly  combine  with  oxygen.  Stale  blood  (in  which  tlie  hfemoglobin  is  par- 
tially decomposed),  after  saturation  with  oxygen,  very  rapidly  becomes  again  venous, 
while  fresh  blood,  left  to  itself,  does  so  comparatively  slowly  ;  this  goes  to  show  that 
the  heemoglobin  products  are  powerful  reducing  agents,  and  Pfliiger  and  Zuntz  have 
also  proved  that  the  addition  of  acids  (as  phosphoric  and  tartaric),  which  Preyer  found 
to  diminish  the  quantity  of  loose  oxygen  in  blood,  does  so  only  when  they  are  added 
in  such  quantity  as  to  decompose  the  haemoglobin,  and  that,  after  it  has  been  all  broken 
up,tlie  further  addition  of  acid  is  without  effect.  Maintaining  the  view  that  oxidation 
goes  on  mainly  in  the  tissues  around  and  not  in  the  blood  itself,  Pfliiger  points  out 
also  {Arch.f.  d.  Gcs.  Phys.  1872,  vi.)  that,  from  what  we  know  of  the  laws  of  gaseous 
diffusion,  oxygen  must  pass,  as  such,  from  the  blood  into  the  neiglibouring  tissues,  and 
carbonic  anhydride  in  the  opposite  direction,  and  he  shows  that  even  asphyxiated 
blood,  if  it  be  examined  quite  fresh,  contains  an  extremely  small  amount  of  reducing 
matters.  In  reference  to  this  question  Preyer  has  pointed  out  that  it  is  almost  certain 
that  uncombined  oxygen  passes  in  the  placenta  from  the  maternal  blood  through  the 
vascular  walls  into  the  fcetal  blood,  and  if  such  a  passage  of  uncombined  oxygen  occurs 
in  this  tissue,  there  can  be  no  doubt  that  it  takes  place  in  others  also.  Putting  these 
facts  together,  it  seems  probable  that  most  of  the  oxidation  going  on  in  the  body  occurs 
outside  blood-vessels ;  but  as  to  the  rate  at  which  it  occurs  in  different  tissues,  or  as 
to  the  stages  of  oxidation  attained  in  each,  we  know  but  little.  Bert  {Logons  sur  la 
Phys.  dc  la  Rcsp.,  Paris,  1870)  found  that  equal  weights  of  different  tissues,  taken  from 
an  animal  bled  to  death,  took  up  different  quantities  of  oxygen  from  blood.  Arranged 
in  order,  beginning  with  those  which  take  up  most,  the  series  runs — muscle,  brain, 
kidney,  spleen,  testicle,  and  bone.  A.  Schmidt  found  that  blood  sent  repeatedly  through 
the  vessels  of  fresh  kidneys,  kept  at  the  body  temperature,  lost  very  rapidly  nearly  all 
its  loosely  held  oxygen  ;  no  urine  was  secreted. 

As  to  the  matters  which  are  burnt  in  the  small  oxidation  which  goes  on  normally 
in  the  blood  almost  as  little  is  known.  Beaumstark  compared  the  quantity  of  fat  in 
blood,  before  it  had  passed  through  the  lungs,  with  that  in  blood  after  passing  through' 
tlioso  organs :  he  found  0-1803  p.c.  in  the  former,  and  0-0962  p.e.  in  the  latter,  which 
also  contained  little  or  no  fluid  fats,  while  the  former  contained  a  considerable  pro- 
portion of  them ;  from  this  ho  concludes  that  the  fluid  fats  of  the  blood  are  oxidised 
in  their  circulation  through  the  lungs.  Schemenetjewski  also  {Zdtschr.  f.  Biologic, 
1868,  Dec.)  has  investigated  the  effect  on  the  respiratory  gases  of  the  injection  of 
combustible  non-azotised  matters  into  the  blood ;  he  found  that  sodic  lactate  or 
caproate  increased  the  quantity  of  oxygen  taken  up  in  the  lungs  and  the  quantity  of 
carbonic  anhydride  given  out,  and  J.  .J.  MuUer  obtained  the  same  results.  Glycerin, 
acted  similarly  but  more  rapidl_y,  while  sodic  acetate  and  formate  were  without  effect; 
grape-sugar  sometimes  increased  the  respiratory  gas  exchanges,  but  sometimes  not, 
from  which  he  concludes  that  it  is  not  oxidised,  as  such,  ia  the  blood.    It  does  not 


1046 


RESPIRATION. 


indeed  appear  at  all  certain  that  any  of  these  matters  were  oxidised  in  the  blood 
itself. 

With  respect  to  the  carbonic  anhydride  of  the  blood,  considerable  modifications  Tvill 
have  to  be  introduced  into  the  views  which  have  hitherto  prevailed,  both  as  to  its 
origin  and  state  of  combination.  Until  recently  it  has  been  very  generally  assumed 
that  it  was  contained  wholly  in  the  plasma  and,  in  it,  existed  in  three  conditions,  viz. 
dissolved*  simply,  feebly  combined,  in  the  form  of  a  double  salt,  with  phosphate 
(Fernet's  salt),  and  stably  combined  in  the  form  of  normal  carbonates.  'PTeyeT{CentraIb. 
f.  d.  Med.  Wissen.  1866)  found  that  alkaline  fluids,  such  as  solutions  of  sodic  carbonate 
or  phosphate,  or  blood  serum,  or  the  urine  of  herbivora,  all  become  acid  or  neutral 
when  treated  with  carbonic  anhydride,  before  such  a  quantity  of  the  gas  was  added  to 
them  as  to  cause  some  of  it  to  be  simply  in  solution  in  the  fluid ;  from  this  he  con- 
cludes that  the  alkaline  circulating  blood  can  contain  no  simply  dissolved  carbonic  an- 
hydride, especially  as  it  is  known  that  fresh  blood  can  combine  with  CO-  when  exposed 
to  it ;  ho  believes  that  those  phenomena  presented  in  the  vacuum  by  blood,  which  have 
been  taken  to  prove  that  it  contains  free  CO'',  are  really  due  to  the  development  of 
acids  by  the  decomposition  of  the  ha;moglobin,  which  acids  turn  out  carbonic  anhy- 
dride from  some  of  its  compounds.  In  connection  with  this  point  Schoffer,  Zuntz,  and 
others  have  shown  that  an  acid  does  not  develop  in  the  blood  when  it  is  removed  from 
the  body,  and  that  its  development  is  dependent  on  the  presence  of  the  red  blood  cor- 
puscles. Now,  if  no  free  carbonic  anhydride  exists  in  the  circulating  blood,  this  must 
modify  the  viev/-  that  another  portion  of  this  gas  is  combined  in  it  in  the  form  of 
Fernet's  salt ;  for,  as  Hermann  has  shown,  this  salt  can  only  exist  in  the  presence  of 
a  certain  tension  of  CO",  which  would  not  be  exerted  if  none  of  it  were  present  in  the 
blood  in  an  uncombined  state  ;  either,  then,  some  carbonic  anTiydride  exists  in  the  blood 
in  simple  solution,  or  the  view  that  a  good  deal  of  it  is  held  in  the  form  of  Ferntt's 
salt  is  incorrect.  Hermann  inclines  to  the  former  opinion,  but  there  is  a  good  deal  of 
evidence  tending  to  show  that  the  latter  is  the  correct  one.  Sertoli  {Ccntmlb.  /.  d. 
Med.  Wissen.  1868,  and  Med.  Chcm.  JJnters.  v.  Hopiic-Seylcr,  3  Heft.)  found  that  the 
quantity  of  sodic  phosphate  which  exists  in  the  blood  of  oxen  is  extremely  small. 
Laying  a  side  the  quantity  of  phosphoric  acid  wliich  is  combined  with  calcium  in  the  blood, 
he  found  that  almost  all  the  rest,  which  had  been  previously  considered  as  combined  in 
the  form  of  sodic  phosphate,  really  belonged  to  the  lecithin  of  the  serum,  which  had 
been  neglected  by  former  observers  ;  estimating  the  sodic  phosphate  as  high  as  pos- 
sible, he  found  that  the  quantity  of  carbonic  anhj-dride  which  it  could  hold  as  Fernet's 
salt  was  not  more  than  0-76  vol.  in  100  vols,  of  blood.  The  observations  of  other  ob- 
servers have  at  the  same  time  shown  that  the  rod  blood  corpuscles  are  capable  of 
combining  with  carbonic  anhydride.  Schmidt  (1  Abth.  d.  K.  Sacks.  Gescll.  1867,  and 
Centralb.f.  d.  Med.  Wissen.  1867)  found  that  a  part  of  the  carbonic  anhydride  of  the 
blood  was  stably  combined  with  some  body  in  the  corpuscles,  but  that  the  quantity  so 
combined  was  very  variable,  and  greatly  dependent  on  the  amount  of  the  gas  obtain- 
able from  the  plasma  by  the  air-pump,  and  Zuntz,  who  has  investigated  the  matter 
more  thoroughly,  confirms  this  {Ccniralb.  f.  d.  Med.  Wissen.  1867,  and  BeifrUge2  Phjs. 
d.  Bhiics,  Bonn.  1868).  He  found  that  drawn  blood  exposed  to  a  partial  pressure  of 
8  p.c.  of  C0=  took  up  about  its  normal  quantity  of  carbonic  anhj'dride  :  under  10  p.c. 
partial  pressure,  the  quantity  taken  up  was  disproportionately  increased,  and  the  ex- 
cess was  mainly  held  chemically  bound  by  the  corpuscles ;  which  he  therefore  con- 
cludes to  contain  a  body  (perhaps  the  alkali-haemoglobin  of  Pfluger)  which  is  capable, 
under  different  partial  pressures  of  carbonic  anhydride,  of  combining  with  different 
quantities  of  that  gas;  under  a  partial  pressure  =  8  mm.  of  mercury,  he  finds  theCO- 
of  the  blood  only  to  exist  in  the  plasma  {Berl.  Klin.  Woclicnschrift:,  1870, 186).  From 
the  mean  of  three  analyses  of  the  gases  of  normal  blood,  he  concludes  that  92  p.c.  of 
its  carbonic  anhydride  is  chemically  combined,  35"5  p.c.  in  the  plasma,  and  o6'5  p.c. 
in  the  corpuscles.  From  Wolff  burg's  experiments  (^rc/i. /.  d.  Ges.  Ph?/s.  1871  and 
1872)  it  appears  also  that  the  tension  of  the  carbonic  anhydride  in  venous  blood  and 
in  the  air-cells  of  the  lungs  has  been  previously  reckoned  too  high ;  he  makes  it  equal 
to  that  in  a  gaseous  mixture  containing  3-6  ji.c.  of  the  gas  ,  if  this  lower  tension  in  the 
air-cells  be  correct,  and  if  a  great  part  of  the  carbonic  anhydride  of  the  blood  exists 
in  combination  in  the  corpuscles,  it  becomes  more  easy  than  before  to  undersUmd  how 
the  taking  up  of  oxygen  and  the  formation  of  oxhfemoglobin  in  the  corpuscles  during 
the  pulmonary  circulation  is  able  to  turn  combined  carbonic  anhydride  there  into  free, 
and  so  raise  the  tension  of  the  gas  sufficiently  to  enable  it  to  diffuse  into  the  air-cells 
in  spite  of  the  percentage  of  the  gas  in  the  air  which  they  contain. 

AVith  regard  to  the  source  of  the  carbonic  anhydride  which  is  found  in  the  blood,  it 
is  probable  that  a  great  part  of  it  is  not  nearly  so  directly  the  result  of  oxidation  as 
has  been  more  or  less  definitely  believed,  but  that  a  portion  of  it  arises  from  the 
breaking  up  of  more  complex  molecules  withoiit  any  necessary  simultaneous  oxidation ; 
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sucli  a  process  certainly  appears  to  occur  in  the  muscles  (see  Mtjscclae  Tissue),  and 
J.  J.  Muller  {Bcricht  d.  K.  Sachs.  Gcscll.  Wiss.  1869)  repeating,  in  a  modified  form, 
Schemenetjewslcys  experiments  -with  sodic  lactate,  referred  to  above,  finds  that  its  in- 
troduction into  the  blood  increases  the  quantity  of  carbonic  anhydride  expired, 
quite  out  of  proportion  to  the  extra  quautity  of  oxygen  taken  up  at  the  same  time  ;  lie 
concludes  that  the  lactate  is  not  simply  oxidised  in  the  blood,  but  is  broken  up 
there,  carbonic  anhydride  being  one  of  the  prodiicts.  The  origin  of  carbonic  anhy- 
dride from  such  sources  as  these  probably  is  the  reason  of  the  great  diiFerence  between 
day  and  night  ■with  respect  to  the  oxygen  taken  up  and  the  carbonic  anhydride  given 
out  during  each,  which  Pettenkofer  and  Voit  found  to  exist.  During  the  day  the 
greater  amount  of  muscular  work  going  on  develops  a  large  amount  of  carbonic  anhy- 
dride in  the  body,  and  so  raises  disproportionately  the  amount  of  the  gas  given  off,  as 
compared  with  night,  when  Tnucli  less  muscular  work  occurs,  and  more  oxygen  is  taken 
up  by  the  lungs  than  is  expired  in  the  carbonic  anhydride.  Liebermeister  {Arch.  f. 
Klin.  Med.  1860.  vii.)  has  also  shown  that  the  difference  pointed  out  by  Pettenkofer  a. 
Voit  is  greatly  dependent  on  the  time  of  feeding. 

'Bevt{Compt.  rend.  1872)  has  made  observations  upon  the  effect  of  different  atmo- 
spheric pressures  on  respiration  ;  ho  found  that  birds  breathing  air  under  a  pres- 
sure of  20  atmospheres  died  with  convulsions  and  other  symptoms,  which  he  ermsiders 
are  due  to  oxygen  poisoning;  for  if  the  pressure  after  these  atmospheres  was  raised  ly 
nitrogen  only,  these  symptoms  did  not  appear.  Eapid  diminution  of  the  pressure  from 
seven  atmospheres  to  one,  killed  animals  either  immediately,  or  after  a  diiy  or  two, 
gases  being  set  free  from  the  blood  within  the  blood-vessels.  Analysis  of  the  gas  so  set 
free  showed  that  it  contained  70-90  p.c.  of  nitrogen,  the  rest  being  carljonic  anhy- 
dride. H.  N.  M. 

^ESTbamSlS'TE.  A  hydratcd  aluminium  silicate  from  Ecstormel  in  Cornwall, 
exhibiting  the  characters  of  a  decomposition-product  of  felspar.  It  is  greenish-grey, 
amorphous,  with  a  conehoidal  fracture,  and  resembles  agalmatolite  in  external  appear- 
ance. "When  heated,  it  gives  off  water,  and  Ijecomos  grey  and  opaque.  It  does  not 
gelatinise  with  sulphuric  acid.  Sp.  gr.  =  2-58.  Hardness  =  li.  Its  composition, 
according  to  the  mean  of  six  analyses,  is  : 

,S10=  APO'         FeO         MgO         K=0         Na=0  H=0 

-1.5-66       35-09       1-18       0-85       2'30       4  39       11-68  =  10M.3. 

Thcss  numbers  correspond  pretty  well  with  the  formula  of  kaolinite, 
Ar-0'.2SiO=  +  2H-0  (46-3  p.c.  SiO^,  39-8  APO^  13-9  water),  supposing  the  hydro- 
gen to  be  partly  replaced  by  sodium  and  potassium,  and  the  aluminium  by  iron. 
Restormelito  appears,  however,  to  be  an  immature  rather  than  an  altered  kaolinite 
(Church.  Chem.  Soc.  J.  [2],  viii.  165). 

SlI2B.MOTBGI3y.  On  the  synthesis  of  this  substance,  the  glucoside  of  rhamnetin, 
Iiy  boiling  the  load-compound  of  rhamnetin  with  diacetyl-saccharose,  see  Gltjcosides 
(p.  567). 

KHISSrAXTTHm,  C-»H»=0=".  This  glucoside,  which  Ludwig  obUxined  from  the 
seeds  of  the  common  yellow  rattle  {RhinanUms  Crinta  Gcdli,  Is;  Siipj)!.  095),  he  has 
also  prepared  from  those  of  Alcctrolophu.i  hirsidus  (Rhinanthus  buccaUs,  AVallroth).  It 
crystallises  in  stellate  groups  of  prisms  ;  has  a  slightly  bitter  and  nauseously  sweet 
taste  ;  dissolves  easily  in  alcohol  and  in  water.  Its  alcoholic  solution  mixed  with 
hydroeliloric  acid,  and  heated,  turns  bluish-green,  and  decomposes.  By  dilute  mineral 
acids  it  is  resolved  into  a  brown,  non-crystallising  substance  ealled  rhamnogenin, 
and  a  kind  of  sugar  (H.  Ludwig,  Arch.  Pharm.  [2],  cxlii.  199). 

The  seed  of  purple  cow-wheat  {Mclam'pyrum  arvcnsc)  yields  to  alcohol  a  chromo- 
glucoside,  which  in  its  reactions  exhibits  a  close  resemblance  to  rhinanthin  (Ludwig  a. 
Miiller,  ibid,  cxlix.  6). 

RKOaSEEffSS.  The  name  given  by  Gladstone  {Chcr,u  Soc.  J.  [2],  s.  3)  to  the 
hydrocarbon  ?/C'"II"'  from  rosewood  oil. 

RHffiABIWE,  C-'H^'NO"  {\st  Suppl.  p.  995).  This  base  may  bo  regarded  as 
dioxypapaverine  (Hesse,  Ann,  Ck.  Pharm.  cliii.  47). 

^ICI'Mtns,  According  to  E.  Werner  {Chc?n.  News,  xxii.  203)  the  constituent  of 
castor-oil  seeds,  thus  named  by  Tuson  (v.  109)  is  not  an  alkaloid,  but  a  magnesium 
salt  having  the  composition  C"H-"0"'Mg-  +  6H-0.  To  this  statement  Tuson  replies 
(ibid.  229)  that  the  substance  obtained  by  Werner  is  totally  different  from  that 
designated  by  himself  as  ricininc,  the  latter  containing  20-79  p.c.  nitrogen  and  form- 
ing fine  crystals. 
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aaiCIBTUS  021..    See  Castor  Oil  (p.  270). 

RIOOTITE.  A  bismuth  falil-ore  occurring,  together  with  heavy  spar  and  quartz, 
at  Crcmenz  in  the  Einfischthal  (Val  d'Anniviers)  in  the  Canton  Wallis.  Analysis  A  is 
by  Brauns,  published  by  Petersen  {Jahrb.  f.  Mineralogie,  1870,  p.  46-i).  The 
quantities  of  metal  determined  by  this  analysis  require  only  25'13  p.c.  sulphur. 
Petersen  himself  found  26-67  sulphur,  which  he  regards  as  too  high,  the  excess  arising 
from  .n.dmixed  copper-pyrites.  Petersen  therefore  refers  the  analysis  to  the  formula 
3ES.ES',  which  he  regards  as  the  typical  formula  of  fahl-ores. 

Petersen  also  gives  an  analysis  (B),  by  E.  Senfter,  of  another  bismuth  fahl-ore  from 
Neubulach  in  the  Wurtemberg  Sehwarzwald.  The  mineral  occurs  in  crude  lumps, 
closely  intergrown  -with  the  quartz  matrix,  one  specimen  ouly  being  crystallised  in  the 
O  202 

combination  —  .        ,  00  0.    Sp.  gr.  =  4  908. 

S        As        Sb         Bi        Cu        Ag       Pb       Zu        Fe       Co  Ki 
29-10    11-44    2-19    13-07    37-52    0-04     —      —      6-51     1-20      —  =101-07 
24-85    13-63    4  28      6-33    41-43    trace    1-52    3-82    3-74    trace    trace  =  99-50 

RXTTXirGSSS^XTB  (v.  112,  1052).  This  mineral,  from  the  Joachimsthal,  has 
been  re-examined  by  A.  Schrauf  (Jahrb.  f.  Mineralogie,  1872,  189).  The  small, 
many-faced  mouoclinio  cr^'stals  are  frequently  t-ndnned  with  the  plane  of  combination 
parallel  to  OP  or  <x  Poo  .  Sp.  gr.  =  6-63.  It  contains  57-7  p.c.  silver,  together  with 
arsenic  and  a  little  selenium,  but  no  sulphur. 

KSJCKS.  On  the  chemical  character  and  composition  of  certain  Cornish  rocks, 
see  KiLLAS  (p.  713). 

On  the  Permian  rocks  of  the  Lower  Odenwald,  see  E.  Cohen  {Jahrb.  f.  Mineralogie, 
1872,  98) ;  Chem.  Soc.  J.  [2],  x.  706). 

On  the  character  of  the  crust  produced  upon  terrestrial  rocks  by  atmospheric  agency, 
compared  with  the  black  coating  of  certain  meteorites,  see  S.  Meunier  (Compt.  rend. 
Ixxv.  890  ;  Chem.  Soc.  J.  [2],  si.  141). 

liOBaESSSr.  From  a  recalculation  of  Damour's  analysis  of  this  mineral  (v.  115) 
Kenngott  {Jahresb.f.  Mineralogie,  1870,  999)  deduces  the  formula  : 

3(CaO.Sb^O')  +  3Ca0.2Sb=05. 

^OOT-CnOPS.    The  principal  root-crops  cultivated  by  the  farmer  are  : — 

Tiirnips,  Brassica  Sapa  (Fr.  na  vet.  Get.  Tiirnipsrilbe,  Weisnrilbe) ;  Swedes, 
B.  campestris ;  Beet,  Beta  vulgaris,  of  which  two  main  varieties.  Mangel-wurzel 
(Fr.  betteravc,  Ger.  Fiitterrimkelrube),  and  Sugar-beet  (Fr.  betterave-a-sucre,  Ger. 
Zuckerrube)  are  cultivated ;  Carrots,  Daucus  Carota  (Fr.  carottc,  Ger,  3idhre) ;  and 
Parsnips,  Pastinaca  sativa  (Fr.  panais,  Ger.  Fasfina7i-wwscl).  These  plants  are  all 
biennials,  the  first  season  being  devoted  to  storing  up  matter  in  the  root,  and  the 
second  season  to  the  production,  out  of  the  matter  so  accumulated,  of  a  flowering  stalk, 
and  seed.  As  the  root  is  in  every  case  the  part  which  is  of  economic  importance,  the 
attention  of  chemists  has  been  concentrated  upon  the  first  period  of  the  plant's  life, 
and  the  second  stage  of  gro-(vth  has  been  little  studied. 

The  composition  of  a  cultivated  root  will  depend — 1.  On  its  species ;  2.  On  its 
size  ;  3.  On  its  maturity,  dependent  upon  its  age  and  the  climate  it  has  been  exposed 
to;  4.  On  the  character  of  the  soil  and  the  manure  employed.  The  differences 
of  composition  between  various  kinds  of  roots  are  shown  in  the  table  on  p.  1049, 
which,  except  in  the  case  of  sugar-beet,  gives  the  mean  of  all  available  analyses. 
The  amount  of  variation  among  these  analyses  which  yield  the  above  means  is,  in 
most  cases,  very  considerable  ;  one  cause  is  the  distinctive  characters  of  the  different 
varieties  of  the  same  root ;  other  circumstanceij  which  produce  variations  in  composi- 
tion wiU  be  considered  presently. 

The  specific  gravity  of  roots  is  generally  less  than  that  of  their  sap.  Turnips  float 
in  water,  Swedes  of  good  quality  sink.  The  sp.  gr.  of  Swede  sap  is  1-016-1-024 
(Murray).  Sugar-beet  sap  rises  sometimes  to  1-08.  The  sp.  gr.  of  sugar-beet  roots 
rises  and  falls  with  that  of  the  sap  in  the  case  of  small  roots,  but  with  largo  roots 
discrepancies  occur  from  the  presence  of  air  spaces. 

The  dry  matter  in  fresh  roots  varies  from  6-7  p.c.  in  some  white  turnips,  to  21  p.c. 
in  high  quality  sugar-beet.  Eoots  begin  to  lose  water  as  soon  as  thoy  are  pulled  from 
the  field ;  determinations  of  water  are  therefore  fi-equently  too  low. 
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Average  pcrccii/ar/e  Composition  of  Boots. 


Number 
ot 

Water 

Albumi- 
iio'ids 

Fat 



Extractive 
matter 

Sugar 

Cellulose 

Ash 

- 

Turnips 



23 

0179 

1-17 

-20 

1-85 

1-08 

-69 

Swedes 

31 

89-32 

1-47 

-20 

2-06 

5-25 

1-10 

-60 

Mangels 

61 

88-58 

1-22 

•10 

1-45 

6-23 

1-32 

1-10 

Sugar-beet  . 

78 

83-62 

1-47 

•10 

2-43 

1010 

1-42 

-86 

Carrots 

2-i 

85-81 

-97 

2-79 

7-33 

1-81 

l-Ol 

Parsnips 

2 

85-17 

1-44 

■37 

8-05 

2-91 

1-25? 

-81 

Average  percentage  Composition  of  Leaves. 


Turnips 

27 

86-60 

2-71 

8-93 

1-76 

Swedes 

26 

85-00 

3-78 

9-47 

Mangels 

15 

90-93 

1-74 

•50 

3-76 

1-16 

1-91 

Sugar-beet  . 

12 

88-80 

2-32 

4-16 

1-90 

2-82 

Carrots 

79-35 

3-51 

1-14 

9-33 

3-22 

Parsuips 

1 

83-15 

1-81 

•40 

9-88 

2-17 

2-59 

The  nitrogen  in  roots  is  by  no  means  all  in  the  form  of  albuminoids,  though 
calculated  as  such  in  analyses  ;  the  figures  given  for  albuminoids  are  therefore  in 
every  case  too  high.  E.  Schulze  {Landw.  Versuchs-Stationen,  ix.  445;  xv.  170)  found 
in  mangels  0-37-3-13  of  nitric  acid  in  100  of  dry,  substance ;  the  riean  of  21  specimens 
•was  1-44  p.c.  In  the  extreme  case  31  p.c.  of  the  nitrogen  in  the  root  existed  as  nitrates. 
Six  kinds  of  turnips  gave  a  mean  of  0  276,  and  three  specimens  of  carrots  0-189  p.c. 
of  nitric  acid  in  their  dry  substance.  Friihling  found,  in  the  dry  matter  of  the  leaves 
of  sugar-beet,  0-28-1-60  p.c.  of  nitric  acid.  Schulze  has  determined  the  ammonia  in 
the  sap  of  various  roots ;  in  mangels  it  varied  from  0-0084-0-0223  p.c.  of  the  fresh 
•sap;  the  mean  of  eight  examples  was  0-0158  p.c. ;  in  the  sap  of  four  carrots  the  mean 
■was  0-0215  p.c.  Ammonia  is  found  in  the  condensed  water  from  evaporating  the 
juice  of  sugar-beet.  According  to  Hesse,  trimethylamine  and  ammonia  are  present  in 
the  sap  of  the  leaves.  Asparagine  has  been  found  by  Scheibler  in  sugar-beet,  and 
is  probably  generally  present  in  roots  in  small  quantity ;  in  sugar-beet  ■which  had 
been  stored  Scheibler  found  aspartic  acid.  B  etai  n  e ,  the  nitrogenous  base  discovered 
by  Scheibler  in  the  sap  of  sugar-beet,  has  been  already  described  (see  Betaink, 
\st  SiippL  340  ;  2nd  Siippl.  186)  ;  the  percentage  of  betaiue  in  the  sap  diminishes  as 
the  root  matures.  Scheilder  found  -234  p.c.  in  the  sap  on  July  1,  and  -084  p.c.  on 
October  1.  In  the  molas.'^es  of  the  sugar-beet  factories  the  betaine  ro.aclu  s  1  ■5!)-2-78  p.c. 
The  nature  of  the  albuminoids  in  roots  has  not  been  thoroughly  invcsl  ii^.il  cd  :  they 
appear  to  contain  both  legumin  ,and  albumin.  In  sugar-beet  the  cimil  iniii  is  snid  to 
be  the  part  ofthe  root  richest  in  albuminoids.  In  parsnips  Voelckcr  funi'd  tliat  thointu'- 
mediate  layer  separating  the  heart  from  the  exterior  was  by  much  the  most  nitrogenous. 

The  fatty  matter  of  roots  has  not  been  especially  investigated;  according  to  Kiinig 
the  fat  in  beet-root  is  chiefly  concentrated  in  the  rind.  The  fat  mentioned  in  the 
analyses  as  present  in  the  leaves  doubtless  includes  chlorophyll. 

Sugar  is  one  of  the  most  important  constituents  of  cultivated  roots,  and  upon  it 
their  feeding  T.alue  greatly  depends.  In  the  case  of  sugar-beet,  Ly  careful  selection 
of  seed  and  appropriate  cultivation,  the  proportion  of  sugar  has  been  raised  to  1 3-1 4  p  c. 
for  small  roots,  and  under  exceptional  circumstances  much  higher  quantities  are  ob- 
tained ;  according  to  Vilmorin  21  p.c.  has  actually  been  reached  in  some  cases.  Sugar 
is  not  uniformly  distributed  in  beet-root;  the  cellular  tissue  which  lies  in  contact  ■with 
the  cambium  is  the  richest.  The  top  of  the  root  is  always  poor  in  sugar ;  the  pro- 
portion, according  to  Viollette,  increases  regularly  do^wnwards.  Sebor,  however,  found 
the  extremity  poorer  than  the  centre.  The  sugar  in  beet-root  is  almost  entirely  sac- 
charose, only  a  very  small  quantity  of  glucose  and  Ifevulose  being  present ;  this  quan- 
tity increases,  however,  when  the  roots  are  stored,  especially,  according  to  Pasteur,  if 

*  These  niuttbcrs  refer  I.-  ■.-.•v.iV  -.  m  \vli:.  li  •.\:\u-y.  unr.™-.  II,  :!•»)  a«h  have  an  been  determined ; 
determinations  of  fat,  e,  li  ,  .  i  .  i  .  , m  .  i ,  ,  ,   .M-t.  "Where  isolated  determina- 
tions have  been  introilie'i  I  I,,  ,  ti,  .  '  - 'vml  -nith  the  mean  dry  matter. 
Thus  the  sugar  in  Swede-  ;  i  ne  i.,.r  in  i.i  I  'iMerr,iiii;,i;.i;:-  i-,  ;Mi,Ni;in.  He  found  7-20  p.c;  but  the 
rll-y  matter  in  his  roots,  wlucli  liud  bgeu  e.\iioted  tome  wcuk.^,  wai  14-75  JLCJ  the  sugar  therefore  in 
l  J-fi8  of  dry  matter  is  0-2u. 
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the  heap  of  roots  is  ill-ventilated,  and  carbooic  acid  is  allowed  to  aecumulat^?.  TI;o 
sugar  in  the  leaf  and  leaf-stalk  of  sugar-beet  is,  according  to  Mehay  {Jakrcsb.  Agri. 
Chem.  1868-9,  278),  almost  entirely  uncrystallisable.  In  carrots  a  large  proportion 
of  the  sugar  is,  according  to  Dietrich,  in  the  form  of  glucose  (fructose,  Bretschneider) ; 
mannite  has  also  been  found  in  this  root. 

Starch  has  not  been  recognised  in  turnips  or  Swedes;  in  unripe  sugar-beet  a  small 
quantity  has  occasionally  been  found  by  Sullivan,  which  disappeared  as  the  root 
matured.  In  wild  carrots  starch  is  abundant ;  in  cultivated  carrots  the  quantity  is 
much  diminished,  and  may  apparently  disappear  altogether,  being  probably  replaced 
by  sugar.  Karsten  fouud  6-8  p.c.  of  starch  in  carrots;  Voelcker  found  none.  Parsnips 
also  contain  starch ;  Voelcker  found  3-5  p.c.  in  the  fresh  root.  In  both  carrots  and 
parsnips  the  starch  is  deposited  next  the  rind;  the  internal  parts  of  the  parsnip, 
according  to  Voelcker,  contain  no  starch. 

The  insoluble  fibrous  matter  of  roots,  which  forms  the  substance  of  the  mark  when 
roots  are  pressed,  consists  of  cellulose,  a  small  quantity  of  lignose  (suberin), 
which  constitutes  the  cuticle  of  tlie  root,  and  a  more  or  less  considerable  amount  of 
pectose.  Scheibler  (T)eut.  Chem.  Gcs.  Ber.  vi.  612)  has  also  shown  that  in  tl^esugar- 
l3eetof  some  seasons  a  considerable  amount  of  insoluble  arabin  (metarabin)  is  present. 
Tliearabin  appears  to  consist  of  two  bodies — the  principal,  a  powerfully  Ifevorotatory 
substance,  yielding  arabinose,  aright-handed  crystalline  sugar,  when  acted  on  by 
dilute  sulphuric  acid ;  the  other,  a  closely  allied  body,  apparently  dextrorofcitory, 
which,  on  treatment  with  sulphuric  acid,  yields  a  non-crystalline  sugar.  These  bodies 
have  not  yet  been  separated.  Only  a  few  determinations  of  cellulose  have  been  made 
in  roots,  the  crude  fibre  being  generally  weighed  -without  previous  separation  of  the 
pectose ;  both  pectose  and  metarabin  may  be  removed  by  boiling  the  crude  fibre  with 
an  alkali. 

H.  Schultze  a.  E.  Schulze  {Landw.  Versuchs- Stationen,  ix.  439)  have  made  ultimate 
analyses  of  the  mark  of  roots  from  which  all  matter  soluble  in  cold  water  had  been 
removed ;  in  the  case  of  carrots  the  mark  was  previously  treated  with  malt-extract 
to  remove  the  starch. 


Composition  of  Mark 

Mnrk  .iftcr  deducting 
albumino'ids  and  asli 

C 

n 

0 

N 

Ash 

C 

0 

Mangel,  unripe 
Mangel,  after/ 
wintering  ( 

44-80 
44-92 

6-11 
5-92 

45-  07 

46-  21 

1-21 
•73 

2-81 
2-22 

45-50 
45-59 

6'22 
6-01 

48-28 
48-40 

Carrot,    after ) 
wintering  \ 

43-34 

6-78 

46-o3 

1-19 

3-16 

44-07 

5-89 

50-04 

The  numbers  for  the  pure  carbo-hydrate  differ  little  from  the  composition  of  cellulose  ; 
the  differences  in  the  first  two  analyses  are  in  the  direction  of  lignose,  and  in  the  last 
in  the  direction  of  pectin.  It  is  evident  in  the  case  of  mangels  that  the  insoluble 
albumino'ids  and  ash  found  in  the  mark  diminish  as  the  root  matures. 

The  mark  obtained  from  beet-root  in  the  sugar-factories  on  the  continent  is  largely 
consumed  as  a  cattle-food ;  the  average  composition  of  the  residues  obtained  by  the 
old  process  of  pressure,  and  by  the  newer  and  more  effective  plan  of  diffusion,  is  about 
as  follows : 


Water 

Albumi- 

iioMs 

Fat 

Sugar 

Extractive 
matter 

Cellulose 

Ash 

Press  residue 
Diffusion   ro-  J 
sidue       .  \ 

70-00 
91-62 

1-84 
0-67 

0-20 
0-07 

3-00 
0-30 

16-83 
4-75 

5-13 
1-75 

3-00 
0-84 

The  diffusion  residue  contains  in  the  dry  more  albuminoid  than  the  press  residue ; 
the  large  amount  of  ash  is  owing  to  the  earth  adhering  to  t4ie  roots. 

Of  the  organic  acids  present  in  roots,  oxalic  acid  is  the  most  important ;  it  is 
present  in  mangel  and  sugar-beet,  and  readies  a  high  percentage  in  their  leaves.  The 
sap  of  sugar-beet,  according  to  jVIichaelis,  contains  -08  p.c.  of  oxalic  acid,  and  -11  p.c. 
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of  citric  acid  ;  this  oxalic  acid  is,  of  coursp,  in  a  solulile  form.  Tlio  total  oxalic  acid 
in  tliG  root  of  sugar-beet  was  found  by  Mehay  to  be  '22  p.c.  ;  the  leaf-stalk  of  the 
same  roots  contained  -43  p.c,  and  the  leaves  1-86  p.c.  A.  Miiller  puts  the  oxalic  acid 
in  mangel  leaves  at  2  p.c,  with  citric  and  malic  acid  "15  p.c.  Mitteuzwey  has  shown 
{Landw.  Vcrsuchs-Stc(tioncn,\.  2-12)  that  the  different  circles  of  mangel  leaves  contain  very 
different  amounts  of  oxalic  acid ;  the  innermost  j'oungest  leaves  gave  1'85  p.c.  of  oxalic 
acid  in  their  dry  matter;  the  outermost  oldest  leaves  lO'OS  p.c.  ;  the  percentage  ro.se 
regularly  from  the  innermost  to  the  outrrniof:!  leaves.  About  two-thirds  of  the  acid 
existed  pretty  uniformly  in  an  in.^ol iil ilr  ^--i .i Cattle  are  occasionally  poisoned  by 
eating  the  leaves  of  mangel.  Oxalic  .iihI  t.n  l.i  ric  acids  have  been  mentioned  as  pre- 
sent in  turnip  leaves;  carrots  are  said  to  contain  malic  acid. 

The  colouring  matters  of  roots  do  not  appear  to  have  been  investigated,  save  in  the 
case  of  carrots  (see  Carotin,  i.  805). 

Ultimate  analyses  of  the  whole  sub.stance  of  turnips  and  mangels  have  been  made  hy 
Boussingault,  and  by  Richardson  {Jour.  Boy.  Agri.  Soc.  xiii.  458),  and  ultimate 
analyses  of  mangels  and  carrots  by  H.  Schultze  {Landw.  Vcrsuchs-Stationen,  ix.  439). 

The  average  composition  of  the  ash,  both  of  roots  and  leaves,  is  shown  in  the 
following  table ;  the  figures  arc  the  mean  of  nearlj'  all  tlic  available  analyses.  The 
percentage  composition  has  been  calculated  after  deduction  of  carbonic  acid,  Imt  tlio 
amount  of  carbonic  acid  in  the  original  ash  is  also  given  as  far  as  it  could  bo  ascer- 
tained ;  in  the  German  analyses  it  is  usually  omitted. 


Average  Composition  of  the  Ash  of  Eoots,  Carbonic  Acid  deducted. 


t  2 

CO'  in 

M 

K'O 

Na'O 

CaO 

MgO 

Fo=0' 

P=0= 

CI 

SiO= 

original 

n-sli 

Turnips  . 

38 

49-8 

7-8 

11-7 

2-fi 

•9 

10-3 

11-8 

5-0 

1-2 

14-0 

Swedes 

7 

38-9 

14-0 

12-8 

4-2 

.8 

10-4 

13-7 

4-2 

1-9 

12-9 

Mangels  . 

12 

46-6 

18-4 

5-9 

4-8 

•8 

8-3 

3-7 

9-9 

40 

19  0 

Sugar-beet 

40 

48-0 

10-4 

6-4 

9-5 

1-0 

14-4 

4-7 

2-3 

3-8 

13-7 

Carrots 

10 

37-0 

20-7 

10-9 

5-2 

1-0 

11-2 

6-9 

4-9 

2-0 

17-9 

Parsnips  . 

4 

46-7 

2-7 

15'7 

6-0 

1-3 

15-8 

5-6 

4-0 

2-4 

14-5 

Leaf  Ash 

Carbonic 

Acid 

deducted. 

Turnips  . 

37 

27-6 

5-1 

83'2 

2.6 

2'0 

13-1 

77 

3-5 

12-7 

Swedes 

3 

21-0 

12-3 

30-2 

3-2 

2-0 

6-4 

10-6 

11-0 

4-8 

8-4 

Mangels  . 

4 

25-5 

23-3 

10-4 

9-7 

1-2 

5-4 

17-8 

3-3 

14-5 

Sugar-beet 

7 

21-0 

16-6 

19-5 

18-1 

1-3 

7-3 

7-9 

6-7 

3-1 

Carrots 

7 

17-6 

18-2 

32-1 

3-0 

3-8 

8-2 

8-9 

6-2 

19-1 

The  range  of  variation  in  these  analy.scs  is,  in  every  case,  very  great.  TIic  most 
constant  ingredients  in  the  ash  of  roots  are  those  most  essential  to  plant-life,  potasli 
and  phosphoric  acid  ;  the  most  variable  constituents  are  soda  and  chlorine.  The  varia- 
tions in  the  ash-constituents  of  the  leaves  are  even  greater  than  in  the  case  of  roots. 

The  ashes  of  all  the  roots  are,  on  the  whole,  of  similar  character.  The  ashes  of  the 
Brassicae  are  particularly  rich  in  sulphates,  both  in  root  and  leaf.  The  ash  of  mangel 
and  of  sugar-beet  differ  from  each  other  considerably  in  some  points,  though  the 
plants  are  the  same  species.  In  cultivating  sugar-beet  the  aim  is  to  obtain  roots  with 
a  small  amount  of  ash,  as  saline  matter  prevents  the  crystallisation  of  the  sugar,  and 
to  this  end  small  roots,  scantily  manured,  axe  produced;  mangel  is,  on  the  other  hand, 
cultivated  with  a  view  to  bulk.  Tito  small  ash  of  the  sugar-l)eet  is  of  a  concentrated 
nature,  rich  in  potash,  phosphoric  acid  and  magnesia.  The  large  ash  of  tlic  mangel 
is  a  dilute  a.sh,  rich  in  soda  and  chlorine.  In  the  leaves  of  the  two  crops  similar  differences 
are  apparent,  but  in  this  wise  the  large  amount  of  lime  in  sugar-beet  is  probably  due  to 
the  greater  maturity  of  the  plant  when  harvested.  Peligot  remarks  that  beet  is  one  of 
the  plants  in  which  soda  is  always  found  abundantly,  while  parsnips  are  destitute  of 
soda  :  and  tliis  difference  is  maintained  even  when  beet-root  and  parsnips  are  cultivated 
in  tlio  sanioljcd.  Rubidium  occurs  in  minute  quantity  in  the  beet-root  of  the  north  of 
France,  and  may  be  obtained  from  the  ash  of  the  residue  which  remains  after  distill- 
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jng  the  fermented  molasses.  AccorJinsr  to  Lefebre,  the  amount  of  rubidium  chloride 
in  an  average  crop  of  sugar-beet  is  224  grams  per  hectare ;  PfeifFer  estimates  the 
quantity  at  255  grams.  A  trace  of  csesium,  and  small  quantities  of  iodine  and 
bromine,  but  no  lithium,  were  found  by  PfeifFer  in  the  same  ash.  Manganese  has 
also  been  recognised  in  the  ash  of  sugar-beet. 

The  ash  of  the  leaves  is  seen  to  have  a  very  different. composition  from  that  of  the 
roots,  the  potash  and  phosphoric  acid  being  much  smaller,  and  the  lime  and  chlorine 
far  greater.  In  connection  with  the  large  amount  of  chlorides  in  the  leaves,  Peligot 
and  Viollette  have  observed  that  the  chlorides  in  the  root  of  sugar-beet  are  most  abund- 
ant at  the  neck,  and  decrease  from  this  point  downwards. 

The  amount  of  carbonic  acid  in  all  these  ashes  should  correspond  with  the  combined 
amounts  of  organic  salts  and  nitrates  present ;  the  various  temperatures,  however,  at 
which  the  ashes  have  been  burnt,  prevent  any  stress  being  laid  on  the  figures  given  in 
the  table. 

Having  described  the  general  composition  of  the  various  plants  grown  as  root-crops, 
we  turn  to  the  circumstances  which  modify  this  composition.  Luxuriantly  growing 
plants  always  contain  more  water,  and,  as  a  rule,  more  nitrogen  and  ash,  than  less 
vigorous  plants  of  the  same  age  ;  this  is  true  of  roots,  and  con-sequcntly  large  roots 
and  small  ones,  taken  at  the  same  time  from  the  same  field,  exhibit  considerable  dif- 
ferences in  composition.  The  following  comparative  analyses  by  different  chemists 
will  illustrate  this  point. 


Water 

Nitrogenous 
matter 

Sugar 

Extractive 
matter 

Crude 
fibre 

Ash 

Mangel,  9  lbs. 
„     7i  lbs. 

01-85 
89-48 

1-34 
1-24 

2-  86 

3-  95 

2-54 
4-51 

1-41 
0-82 

Mangel,    4  lbs. 
„    1-2  lbs. 

89-77 
86-90 

0-73 
0-61 

7-68 
10-51 

0-  89 

1-  07 

0-93 
0-91 

Sugar-beet,  6|  lbs. 

li  lbs.  . 

88-01 
84-35 

2-08 
1-17 

5-60 
8-10 

1-93 
5-28 

2-38 
1-10 

It  is  evident  from  these  facts  that  small  roots  will  always  contain  a  larger  proportion 
of  nutritive  matter  than  large  roots  of  the  same  ago.  The  feeding  power  of  a  crop  is 
thus  not  necessarily  in  proportion  to  its  weight ;  the  more  bulky  the  crop  the  smaller 
is  the  proportion  of  solid  matter  it  contains.  The  differences  of  composition  due  to 
the  size  of  the  root  are  more  strikingly  seen  in  the  case  of  beet  than  with  other  root 
crops.  Small  mangels  approach  sugar-beet  in  composition  ;  over-grown  sugar-beets 
are  quite  similar  to  mangels.  To  obtain  sugar-beet  of  the  highest  quality  it  is  Vfell 
known  that  the  roots  must  not  exceed  2  lbs.  in  weight. 

One  reason  of  the  difference  between  largo  roots  and  small  ones  of  the  same  age  is 
that  the  more  bulky  root  is  less  mature  than  the  small  one;  this  brings  us  to  the  nest 
point,  the  effect  of  age  on  the  composition  of  root-crops.  The  composition  of  the 
turnip  plant  in  different  stages  of  growtli  has  been  investigated  by  Anderson  {Trans, 
Highland  Soc.  1860,  307,  369),  and  by  Wunder  (Jahresb.  Agri.  Chcm.  1861-2,  74, 
107).  Mangel-wurzel  has  been  investigated  by  Wolff  {ibid.  1860-1,  139),  and  its 
leaves  by  A.  Midler  and  Mittenzwey  {Landw.  Versuchs-Stationen,  i.  241).  Sugar- 
beet  has  been  studied  during  its  first  stage  of  growth  by  Bretschneider  {Jahresb.  Agri. 
Cheni.  1860-1,  129;  1861-2,  88,  251),  Hoffmann  {ibid.  1862-3,  119),  Eylerts  {ibid. 
123),  Nobbe  a.  Siegert  (ibid.  69),  Scheibler  {ibid.  1870-2,  iii.  286),Lotmann  {ibid.  287), 
and  Church  ( Trails.  'High.  Agri.  Soc.  [4],  iv.  85).  The  changes  in  its  sap  have  been 
observed  by  Hoffmann  {Jahresb.  Agri.  Chem.  1860-1,  132  ;  1861-2,  83),  and  Mehay 
{ibid.  1870-2,  iii.  285).  The  second  period  of  growth,  in  which  seed  is  produced,  has 
been  studied  by  Hoffmann  {ibid.  1S61-2,  87),  and  by  Corenwinder  {ibid.  1867,  12G). 
Carrots  have  been  investigated  by  Bretschneider  {ibid.  1861-2,  101). 

In  the  life  of  all  root-crops  the  leaf  is  the  part  which  is  at  first  most  actively 
developed,  but  as  growth  proceeds  the  proportion  of  root  to  leaf  steadily  increases. 
AVhen  active  growth  comes  to  an  end  the  older  leaves  wither  and  fall  off,  a  consider- 
able part  of  their  constituents  being  transferred  to  the  root.  Anderson's  research  on 
turnips  will  serve  to  illustrate  the  general  relation  of  leaf  to  root,  and  at  the  same 
time  supply  information  on  the  turnip  crop.  The  crop  amounted  to  16  tons  of  roots 
per  acre  ;  it  was  heavily  manured. 
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Composition  of  a  Turnip  Crop  at  various  periods  in  lbs,  per  acre. 


July  7 

August  11 

September  1 

October  0 

Loaf 

Root 

Leaf 

Boot 

Leaf 

Root 

Leaf 

Root 

Organic  matter 

100 

1720 

1293 

1084 

■2709 

Ash  ... 

1-3C 

.04 

''SO 

0- 

734 

Dry  matter 
_  

17-49 

1-40 

1238 

215 

2094 

1441 

1294 

3490 

Potash  . 

0-14 

005 

41-2 

8-0 

87-2 

43-1 

32-6 

205-6 

0-09 

0-02 

21-2 

3-5 

30-5 

14-4 

19-9 

87-3 

Lime 

0-30 

0'03 

34-9 

21 

48-8 

12-6 

14-2 

88-9 

Magnesia 

0-08 

0-02 

16-7 

1-0 

27-6 

6-0 

28-9 

36-4 

Ferric  oxide 

007 

0-01 

6-9 

0-6 

8-4 

20 

5-6 

101 

Phosphoric  acid 

0-15 

0-03 

29-4 

3-0 

39-1 

16-4 

238 

74-5 

Sulphuric  acid  . 

0-13 

0-02 

37-4 

2-3 

48'2 

24-6 

20-4 

95-8 

Chlorine  , 

0-10 

0-01 

JG7 

1'2 

34-8 

8-0 

22-7 

42-5 

Silica 

0-01 

0-02 

7-2 

■6 

10-3 

4-5 

7-5 

22-8 

On  July  7  the  dry  matter  of  the  root  was  to  that  of  the  leaf  as  8  :  100 ;  on  October  5 
the  proportion  was  270  :  100. 

The  results  of  AVunder  and  of  Anderson  in  their  three  series  of  experiments  -with 
turnips  are  somewhat  discordant ;  vra  will  therefore  mention  only  some  general  fects. 

As  a  rule  the  composition  of  a  root-crop  undergoes  the  following  changes.  In  tho 
seedling  the  proportion  of  dry  matter  is  at  its  maximum  ;  tho  water,  in  Loth  root  and 
leaf,  afterwards  increases  up  to  the  period  of  most  active  growth,  but  as  tlie  plant  matures 
the  water  again  diminishes.  In  the  case  of  turnips  the  increase  of  dry  matter  in  the 
root  during  the  latter  part  of  its  growth  is  but  little  marked,  and  is  apparently  con- 
fined to  the  latest  stage.  Tho  nitrogen  in  the  dry  matter  is  also  at  its  maximum  in 
the  seedling  (Anderson  and  Wunder  both  found  5-6  p.c.  of  nitrogen  in  seedling  turnips), 
and  falls  afterwards  lioth  in  root  and  leaf.  With  turnip-roots  tho  nitrogen  appears  to 
rise  after  the  first  fall  uijlil  I  lie  l.-ist  stage  is  reached,  when  tho  amount  again  diminishes. 
Theamountof  ash  in  thr  .li'v  mkiI  tcr  of  the  root  tends  to  diminish  as  the  plant  matures. 
With  turnip-root  tlu- n-li.  ;i  I  n  i-  1,1  lling,  rose  in  all  cases  during  tho  final  stage  of  growth. 
The  proportion  of  ash  in  the  tli-y  matter  of  the  leaves  is  often  more  constant  than  in 
the  root ;  in  the  case  of  turnip-le.if  the  ash  appears  to  diminish  as  tlie  plant  matures ; 
probably,  however,  rising  again  when  -withering  commences.  The  maximum  content 
in  nitrogen  generally  occurs  very  early  in  a  plant's  life,  the  maximum  contents  in  water 
and  ash  generally  coincide  -with  the  period  of  most  active  growth. 

The  relative  proportion  of  the  ash-constituents,  as  sho-n-n  in  the  composition  of  the 
ash  per  cent.,  varies  during  the  growth  of  the  turnip  as  follows.  In  leaf  and  root 
there  is  in  the  first  case  a  rise  in  potash,  which,  in  the  case  of  tho  root,  is  very  eon- 
sideraljle,  and  a  corresponding  fall  in  lime  and  magnesia.  The  potash  in  the  leaf  gene- 
rally diminishes  somewhat  in  the  last  stage  of  growth,  the  other  bases  rising.  Chlorides 
increase  steadily  in  the  loaf  throughout  its  growth.  At  the  end  of  the  growing  time 
tho  root-ash  is  richer  both  in  potash  and  phosphoric  acid  than  at  the  beginning,  and 
poorer  in  lime  and  magnesia;  the  last-named  bases  rise  somewhat  in  the  final  stage  of 
growth.    The  changes  in  the  leaf-ash  are  more  irregular. 

In  Bretsehneider's  experiments  with  carrots  the  alterations  in  composition  were  very 
regiilar.  His  experiments  did  not  commence  with  the  seedling;  the  great  changes 
which  usually  occur  in  the  primary  st^ige  were  therefore  not  observed.  In  the  leaf  the 
dry  matter  was  at  its  minimum  (11-61  p.c.)  on  August  14,  and  then  roso  steadily  to 
17-72  p.c.  on  October  10.  The  dry  matter  of  the  root  slowly  increased  from  the  first, 
and,  with  but  one  irregularity,  reached  its  maximum  at  tho  end  of  the  experiment. 
The  amounts  of  nitrogen  and  ash  in  the  dry  matter  of  the  root  regularly  diminished. 
The  dry  matter  in  the  root  was  to  that  in  tho  leaf  as  34  :  100  on  July  25,  and  rose  to 
87  :  100  at  the  close  of  the  experiment.  Bretsehneider's  analyses  of  tho  carrot-root 
in  various  stages  are  very  typical  of  the  changes  which  usually  take  place  in  root- 
crops  ;  his  results  were  as  follows  : 
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Cnrrot-root, 

fresh 

Carrot-root,  dry 

July 

Aug. 

Sept 

Sept. 

Oct. 

July 

Aug. 

Sept 

Sept 

0  t 

25 

14 

4  ' 

19 

10 

25 

14 

4 

19  " 

10 ' 

Water 

90-68 

90-20 

89-95 

90-47 

89-24 

Albuminoids 

1-10 

1-00 

1-03 

•83 

•73 

11-67 

10-20 

10-24 

8-71 

6-78 

Extractive  matter 

2-34 

2-11 

1-89 

1-95 

2-10 

24^84 

18-80 

20-46 

19-51 

Cane-s\igar  . 

1-17 

1-04 

1-30 

1-35 

2^49 

12^42 

10-61 

12-94 

14-17 

23-14 

Fruit-siigiir 

3-13 

3-65 

3-91 

3  63 

3-69 

33-23 

37-2rj 

38-91 

38-09 

33-37 

Fibre  . 

1-07 

1-31 

1-29 

1-20 

V20 

11-36 

13-37 

12-84 

12-59 

1116 

Ash  . 

0-61 

0-69 

0-03 

0-57 

0-65 

6^48 

7-04 

6-27 

5-98 

6-04 

The  total  sugar  in  the  dry  matter  steadily  increases,  but  at  first  it  is  the  fruit-sugar 
-which  rises,  and  afterwards  the  cane-sugar.  The  fibre  comes  to  a  maximum  early  in 
the  growth,  and  then  diminishes. 

The  ash-analyses  of  the  carrot-root  and  leaf  exhibited  little  variation  during  the 
experiment ;  the  percentage  composition  of  the  ash  (carbonic  acid  deducted)  was  in 
the  first  ancl  last  stnges  as  follows  : — 


K"-0 

Na=0 

CaO 

■  MgO 

Fe=0» 

P=0= 

so= 

CI 

SiO= 

Leaf,  July  25  . 

18-12 

30-80 

20-89 

7-67 

1-23 

7-30 

7-26 

5-07 

2-80 

„    Oct.  10  . 

14-68 

28-70 

27-45 

6-70 

1-86 

6-38 

9-72 

2-71 

2-40 

Eoot,  July  25  . 

28-67 

34-67 

8-75 

5-72 

0-39 

13-19 

4-44 

2-55 

2-19 

„    Oct.  10  . 

30-48 

28-88 

11-53 

6-46 

0-49 

14-99 

3-49 

2-08 

2-08 

In  the  case  of  sugar-beet,  the  alteration  in  the  composition  of  the  root  during 
growth  is  far  more  striking  than  in  the  preceding  instances  ;  the  following  arc 
Bretschneider's  results.  His  experiment,  as  in  the  case  of  carrots,  did  not  commence 
at  the  youngest  stage.  The  proportion  of  the  dry  matter  in  the  root  to  that  in  the 
leaf  was  at  the  eommenceraent,  on  July  20,  51  : 100  ;  it  had  risen  by  October  16  to 
417  :  100. 


Sugar-beet  roots,  fresh 

Sugar-beet  roots,  chy 

July 
20 

Aug. 
9 

Aug. 
31 

Sept. 
15 

Sept. 
30 

Oct. 
IG 

July 
20 

Aug. 

Aug. 
31 

Sept. 
15 

Sept. 
SO 

Oct. 
IG 

Water  _ 

88-78 

88-99 

86-62 

85-46 

82-19 

82»19 

Albuminoids 
Extractive  ) 
matter  ) 

2-08 
2-61 

2-35 
1-67 

2-01 
1-66 

1  30 

2-48 
1-53 

2-28 
1-85 

18-61 
23-12 

18-67 
17-86 

15-06 
11-61 

14-74 
8-92 

13-92 
8-01 

12-84 
10-10 

Cane-sugar  . 
Fibre  . 
Ash  . 

4-54 
1-17 
0-82 

5-15 
1-09 
0-75 

7-81 
1-01 
0-89 

9-17 
1-21 
0-73 

11-81 
1-22 
0-77 

11-90 
1-10 
0-68 

40-46 
10-50 
7-31 

46-77 
9-89 
6-81 

58-37 
8-30 
6-66 

62-98 
8-.34 
6-02 

66-31 
7-43 
4-33 

66-81 
6-42 
3-83 

We  see  that  after  August  9  the  beet-root  increased  rapidly  in  dry  matter,  and  that 
this  increase  was  practically  an  increase  of  sugar,  the  composition  of  the  dry  substance 
showing  a  regular  fall  in  nitrogen,  ash,  fibre,  and  extractive  matter,  and  a  correspond- 
ing rise  in  cane-sugar.  The  sap,  forming  as  it  does  the  mass  of  the  root,  undergoes  a 
similar  change.  Sugar-beet,  when  harvested,  contains  about  4  p.c.  of  insoluble  mark; 
the  rest  is  sap.  The  proportion  of  ash  and  nitrogen  in  the  sap  falls  considerably  in 
the  earliest  stages  of  growth,  and  then  remains  tolerably  constant;  the  sugar,  however, 
continues  to  increase;  the  relation,  therefore,  of  the  soluble  impurities  {NichtzucJccr)  to 
the  sugar  steadily  diminishes.  Thus  in  Seheiblers  experiments  the  sap  contained,  on 
July  1,  66-01  of  soluble  impurity  for  100  of  sugar;  but  on  October  1  the  proportion 
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had  Jjocorao  l'2  a9  :  10  0,  nnd  the  percentage  of  sugai'  in  the  dry  matter  of  the  snp 
{Zuckirquotknt)  had  increased  from  61-1  to  88-6.  This  is,  of  course,  the  view  of  the 
quesiinn  spueially  rogardod  by  the  sugar  manufacturer, 

In  Brotschncidcv's  investigation  the  alteration  in  the  composition  of  the  leaf  was 
as  follows ; 


Sagar-beot  leaf,  frcah 

Sugar-beet  leaf,  dry 

Au-. 
9 

All?. 

ai 

Sept. 

Sept. 
30 

Oct. 
10 

July 
20 

Aug. 
1) 

Aug.  Sept. 
31    1  13 

1 

Sept.  1  Oct. 
30  IG 

Water  . 
.Vllmminuids 

88-78 

OO'oO 
2-81 

90-28 
2-03 

87-33 
2-58 

86-92 
2-CO 

79-31 
3-95 

28-04 

29-56 

20-89  20-38 

19-8819-12 

Exti-a.rtiA-0  \ 
matter  j 

3o-l 

4-48 

6-88 

6-35 

8-92|30-46 

37-32 

46-1046-39 

48-56  43-00 

Fibre  . 
Asli  . 

2-19 

1-51 
1-64 

1-40 
1-72 

1-  95 

2-  26 

206 
2-07 

3-98'l3-00'l5-86 
3-84[19-50jl7-26 

15-32  15-39 
17-69|l7-84 

15-73  19-24 
15-83  18-56 

August  9  is,  as  in  the  ease  of  the  root,  the  date  from  which  the  increase  in  di-y  matter 
conniiences.  The  proportion  of  nitrogen  in  the  dry  matter  is  seen  to  diminish  rapidly 
at  first,  and  afterwards  to  be  but  slightly  altered.  The  ash  after  falling  rises  again 
at  the  last.  A  rise  in  the  incombustible  matter  of  leaves  always  takes  phiee  when 
withering  has  commenced.  A  Miillor  found  30  p.c.  of  ash  in  the  dry  matter  of  yellow 
niangel-ieavos  collected  in  August,  while  green  leaves  collected  on  the  same  day  gave 
17  p.c.  The  withered  leaves  contained  also  less  water.  The  extractive  matter  in  the 
analyses  includes  sugar  ;  it  therefore  rises,  instead  of  falling,  as  in  the  root. 

Tlie  cliauges  which  take  place  in  the  leaves  of  a  root-crop  are  much  complicated  by 
tlie  fact  tliat  new  and  old  leaves  are  very  dissimilar  in  composition.  Bretschneider 
cxauiinod  separately  the  different  circles  of  leaves  formed  by  sugar-beet.  The 
youiififst,  innermost  leaves  contained  10-88  p.c.  of  dry  matter,  and  this  dry  matter 
contained  8-35  p.c.  of  ash.  The  amount  both  of  water  and  ash  steadily  increased 
ii-om  the  centre  outwards,  till  tlio  oth,  outermost  circle  of  leaves,  which  contained 
8-91  p.c.  of  di-y  matter,  and  15-98  p.c.  of  ash  in  the  dry.  Mittenzwey  found  a  yet 
wider  variation  among  mangel  leaves,  the  innermost  giving  12-01  p.c.  of  dry  substance, 
and  14-3  p.c.  of  ash  in  dry,  and  the  7th  outermost  circle  8-64  p.c.  of  dry  matter,  and 
31-16  p.c.  ash  in  dry.  His  interesting  results  as  to  the  increase  of  oxalic  acid  from 
tlie  youngest  leaves  to  the  oldest  liave  been  already  mentioned. 

Bretschneider  made  complete  analyses  of  the  ash  of  the  root  and  leaf  of  sugar- 
beet  at  each  of  the  periods  mentioned  aliove,  and  also  on  another  occasion  analysed  the 
ash  of  the  different  circles  of  sugar-beet  leaves.  The  following  selection  will  give 
somo  idea  of  his  results : 


K=0 

Na=0 

CaO 

MgO 

Fe=0» 

p=0' 

so» 

CI 

SiO= 

Boot,  July  20  . 

„     Oct.  16  . 
Leaf,  July  20  . 
Oct.  16  . 

48-00 
44-08 
17-75 
22-62 

14-25 
5-73 
18-19 
12-86 

3-44 
6-46 
12-04 
18-20 

7-89 
10-48 
25-93 
16-46 

-73 
1-15 
1-65 
1-21 

15-99 
17-85 
10-38 
9-17 

4-22 
8-89 

4-89 
8-34 

2-76 
2-97 
9-73 
7-20 

3-34 
306 
1-65 
5-58 

Leaf,  innermost 
.,  outermost 

50-27 
18-74 

14-57 
18-26 

4-76 
24-20 

6-71' 
24-48 

0-  51 

1-  42 

12-69 
3-30 

5-  86 

6-  37 

3-97 
3-50 

1-56 
1-52 

Tho  alterations  brought  about  by  ago  are  on  the  whole  similar  to  those  observed 
in  the  case  of  carrots  (see  above)  ;  the  large  increase  of  lime  in  both  leaf  and  root  is 
in  all  cases  a  marked  feature.  Bretschneider  remarks  that  tho  sugar  contents  of  the 
root  is  greater  the  smaller  is  the  proportion  of  the  alkalis  to  the  alkaline  earths  ;  the 
diminution  of  this  proportion  is,  in  fact,  an  indication  of  an  advancing  maturity. 
The  same  rise  in  lime  was  also  observed  in  some  of  the  investigations  on  turnips. 
The  difference  between  tho  ash  of  the  youngest  and  oldest  leaf,  existing  together  on 
the  same  plant,  is  seen  to  be  far  greater  than  that  between  the  total  leaves  gathered 
at  remote  periods. 

The  different  circles  of  leaves  in  beet-root  are  in  connection  with  corrcspcndiog 
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cylindrical  layers  of  the  root.  The  plant  gro-n-s  by  producing  first  fresh  leaves,  which 
form  a  new  innermost  circle,  and  from  these  leaves  a  new  exterior  layer  of  the  root 
takes  its  rise.  The  function  of  new  leaves  is  thus  to  increase  the  size  of  the  root; 
the  function  of  the  mature  leaves  is  to  store  up  matter  in  the  root  layers  already 
formed.  In  experiments  by  Schaeht  it  appeared  that  removing  full-grown  leaves  did 
not  necessarily  lessen  the  weight  of  the  root  at  harvest,  but  it  considerably  diminished 
the  proportion  of  sugar.  The  composition  of  the  ash  of  the  youngest  leaves  is  seen 
to  be  of  the  most  concentrated  character,  rich  in  potash  and  phosphoric  acid,  and 
corresponds  with  their  function  of  producing  new  tissue.  Bretschneider  separated 
the  various  layers  of  beet-root  and  examined  them  separately;  his  results  have 
unfortunately  not  been  published  in  the  Jahrcsherickt. 

Tlie  changes  in  mangel-wurzel  during  growth  should  be  similar  to  those  in  sugar- 
Deet ;  the  crop,  however,  being  always  highly  manured,  the  period  of  active  growth  is 
long  continued,  and  the  increase  of  dry  matter  and  sugar  which  should  take  place 
during  ripening  occurs  to  only  a  small  extent. 

When  roots  are  taken  from  the  field  and  stored  for  future  consumption,  they  slowly 
lose  in  weight,  carbonic  acid  and  water  being  evolved.  The  quality  of  the  root  for 
feeding  purposes  is,  in  the  case  of  mangel,  much  improved  by  wintering,  but  the 
precise  nature  of  the  change  has  not  yet  been  investigated. 

The  changes  which  occur  during  the  second  year  of  the  life  of  a  root  crop  have 
been  investigated  only  in  the  case  of  sugar-beet.  The  fresh  development  of  leaves  in 
the  spring  is  accompanied  by  a  considerable  diminution  of  sugar,  but  after  this  point 
the  amount  of  sugar  remains  unchanged  until  tlie  formation  of  seed  commences. 
When  the  seed  is  ripe,  the  root  is  found  to  be  destitute  of  sugar,  and  also  to  have 
lost  the  whole  of  its  phosphoric  acid.  A  large  increase  of  nitrates  in  the  root  takes 
place  during  tlie  formation  of  seed  ;  the  nitrates  disappear  as  the  seed  ripens.  A 
root  which  had  produced  ripe  seed  contained,  according  to  Corenwinder,  water  90-35, 
cellulose  2-95,  pectose  and  extractive  matter  4-58,  ash  2-12  p.c.  When,  however,  as 
sometimes  happens,  a  sugar-beet  runs  to  seed  in  the  first  year  of  its  life,  the  altera- 
tions are  much  less  marked.  The  production  of  seed  being  less  vigorous,  the  root 
retains  a  considerable  amount  of  sugar  (tths,  according  to  Church) ;  it  contains, 
however,  more  cellulose,  ash,  and  less  phosphoric  acid. 

The  seeds  of  root-crops  have  been  little  examined.  For  ash-analyses  of  mangel, 
turnip,  and  carrot  seed,  see  vol.  i.,  pp.  683,  655,  807. 

We  have  now  to  consider  the  last  condition  affecting  the  composition  of  root-crops 
■ — the  influence  of  soil  and  manure.  The  effect  of  the  composition  of  the  soil,  both  on 
the  bulk  and  composition  of  root-crops,  is  best  illustrated  by  the  results  obtained  at 
Eothamsted.  Mr.  Lawes'  experiment<il  field  has  grown  roots  since  1843,  and  similar 
manures  having  been  applied  every  yearto  the  same  plots,  the  conditions  of  the  soil  have 
become  very  distinct.  The  following  selection  of  unpublished  results  relating  to 
turnips,  swedes,  and  sugar-ljeet  has  been  kindly  commuuicated  by  Messrs.  Lawes  and 
Gilbert. 


White  Tui-nips,  average  Produce  and  Composition,  1847-8. 


Manures 

Produce, 
cwts.  per 
acre 

Leaf 
to 
100 

Dry 
matter 
per  cent. 

Ash  in  dry 
per  cent. 

Kitrogen 
in  dry 
per  cent. 

Root 

Leaf 

root 

Root 

Leaf 

Root 

Leaf 

Root 

Leaf 

Ammonium  salts  .... 
Ditto,  and  rape-cake 

36 
40 
165 

26 
20 
118 

69 
50 
72 

9-1 
9-2 
8-3 

14-  3 

15-  0 
13-0 

7-3 

7-  6 

8-  1 

14-1 
14-1 
11-3 

Superphosphate  .... 
Ditto,  with  ammonium  salts  . 
Ditto,  ditto,  with  rape-cake  . 

160 
208 
228 

49 
93 
158 

31 

45 
60 

8-7 
7-7 
7-7 

14-6 
13-7 
12-6 

71 
8-5 
8-9 

11-6 
10-9 
10-2 

Superphosphate  and  alkali  salts 
Ditto,  with  ammonium  salts  . 
Ditto,  ditto,  with  rape-cake  . 

165 
240 
264 

48 
81 
150 

29 
34 
67 

8-4 
8-3 
7-6 

14-0 
13-4 
12-3 

7-  4 

8-  0 

9-  1 

11-9 
11-4 
11-5 

1-  63 

2-  57 
2-49 

3-90 
3-87 
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Swedes,  average  Produce  and  Composition,  1849-52. 


■  

Manures 

Produce, 
cwts.  per 
acre 

Leaf 
to 
100 

Bry 
matter 
per  cent. 

Ash  in  dry 
per  cent. 

Nitrogen 

in  dry 
per  cent. 

Root 

Leaf 

root 

Root 

Leaf 

Root 

Leaf 

Root 

Leaf 

Unmanured  .... 
Ammonium  salts  .... 
Ditto,  and  rape-cake 

46 
79 
140 

6 
6 

17 

13 

8 
12 

11-4 
11-3 
10-8 

17-  1 

18-  0 
18-9 

4-4 
4-5 
4-3 

12-2 
11-6 
11-6 

— 

— 

Superphosphato  .... 
Ditto,  -with  ammonium  salts  . 
Ditto,  ditto,  with  rape-cake  . 

149 
169 
224 

11 

13 
21 

7 

8 
9 

11-4 
11-3 
10-6 

17-0 
17-1 
15-8 

4-0 
4-0 
4-2 

11-6 
12'4 
10-6 

1-44 

1-  90 

2-  30 

4-11 
4'08 
4-16 

Superphosphate  and  alkali  salts  . 
Ditto,  with  ammonium  salts  . 
Ditto,  ditto,  with  rape-cako  . 

157 
189 
261 

10 
11 
18 

6 
6 
7 

11-9 
11-8 
10-6 

161 
18-3 
17'6 

4-6 

4-  7 

5-  1 

12-8 
12-3 
12-6 

1'38 

1-  59 

2-  14 

3-  87 

4-  06 
4-08 

Sugar-Bect,  average  Produce  and  Composition,  1871-3. 

Manures 

Produce, 
c^vts.  per 

acre 

Leaf 
to 
100 
root 

Dry 
matter 
per  cent. 

Ash  in  dry 
per  cent. 

Sugar 
in  root 
per  cent. 

Root 

Leaf 

Root 

Leaf 

Root 

Leaf 

Superphosphato  .... 
Ditto,  with  ammonium  salts  . 
Ditto,  with  sodium  nitrate 

118 
270 
391 

29 
90 
104 

25 
67 
27 

18-7 
17-6 
16-4 

12-5 
9-6 
9-8 

3-  9 

4-  2 
6-1 

23-  0 

24-  0 
23-2 

13-8 
12-5 
11-3 

Superphosphate  and  alkali  salts  . 
Ditto,  with  ammonium  salts  . 
Ditto,  with  sodium  nitrate 

129 
303 
395 

29 
67 
113 

22 
29 

18-9 
18-0 
16-8 

12-0 
11-3 
9-9 

4-1 
4-7 
5'2 

23-6 
22'2 

13-7 
12-8 
11-7 

Farmyard  manure  .... 

326|  86 

26  |l7-5 

10-6 

5-0 

23-3 

12-5 

We  must  first  look  at  the  proportion  of  leaf  to  root  at  the  time  of  liarvest.  Other 
things  being  equal,  a  low  proportion  of  leaf  to  root  signifies,  as  we  have  already  seen, 
maturity  in  the  root,  while  a  high  proportion  shows  that  the  crop  is  still  in  a  growing 
condition.  Looking  at  the  character  of  the  white  turnips  manured  by  superphosphate 
alone,  and  with  various  nitrogenous  manures  in  addition,  we  see  that  each  increase  in 
the  amount  of  nitrogen  is  followed  by  a  large  increase  in  the  proportion  of  leaf,  and 
consequently  by  a  less  matured  produce.  The  composition  of  the  turnips  varies  in  the 
same  direction.  In  the  less  mature  crops  the  percentage  of  dry  matter  falls  in  both 
root  and  leaf,  and  the  percentage  of  ash  and  nitrogen  in  the  dry  matter  of  the  root 
rises.  The  effect  of  the  manures  is  here  perfectly  consistent  with  the  facts  previously 
mentioned.  The  addition  of  nitrogen  to  phosphatic  manure  produces  larger  roots 
and  a  prolonged  period  of  active  growth,  and  is  attended  with  the  same  alteration 
in  composition  of  the  crop  as  we  have  already  seen  accompany  increase  of  size  and 
deficient  maturity.  In  the  case  of  Swedes  the  changes  produced  by  the  addition  of 
nitrogen  to  superphosphate  are  in  the  same  direction  as  with  turnips,  but  the  altera- 
tions in  the  proportion  of  leaf,  and  in  the  ash,  are  less  conspicuous.  With  sugar- 
beet  the  changes  in  composition,  with  a  similar  series  of  manures,  are  very  well 
nuirked  ;  the  percentage  of  sugar  clearly  follows  the  other  signs  of  maturity. 

Besides  these  general  facts,  the  tables  show  us  that  where  alkalis  (in  these  experi- 
ments, sulphates  of  potassium,  sodium,  and  magnesium)  are  employed,  the  amount  of 
leaf  is  always  much  less,  and  the  proportion  of  ash  in  the  produce  greater.  The  effect 
of  alkalis  on  the  leaf  explains  the  anomalous  proportion  of  leaf  in  the  sugar-beet 
manured  with  sodium  nitrate  in  the  first  series.  In  the  second  series  in  the  table  all 
the  plots  receive  alkalis,  and  in  this  ease  the  lesser  maturity  of  the  beet  grown  with 
sodium  nitrate  is  correctly  shown  by  the  larger  proportion  of  leaf. 

'ind  Sup.  3  Y 
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The  immanured  turnips  have  a  distinct  character  from  those  hitherto  considered  : 
■with  a  large  proportion  of  leaf,  they  liare  also  a  very  high  dry  matter,  and  a  compara- 
tively low  ash.  In  this  case  the  crop  is  so  small  that  no  active  growth  can  have  taken 
place ;  the  root  thus  remains  with  a  low  percentage  of  water,  though  still  immature. 
For  the  same  reason  these  diminutive  roots  are  very  rich  in  nitrogen.  We  have  already 
remarked  that  the  turnip  seedling  contains  5-6  p.c.  of  nitrogen  in  its  dry  matter,  and 
that.this  high  percentage  diminishes  as  soon  as  active  growth  sets  in.  In  1845  the 
nitrogen  was  determined  in  the  unmanured  white  turnips,  which  that  year  weighed 
less  than  2  ozs.  a  piece ;  it  amounted  to  3-31  p.c.  of  the  dry  matter,  a  greater  propor- 
tion than  was  yielded  by  any  of  the  manured  turnips. 

The  tables  show  that  the  composition  of  the  leaf  is  less  affected  by  manuring  than 
tlio  root.  The  percentage  of  nitrogen  in  the  leaf  remains  very  constant,  and  the  varia- 
tions in  the  ash  are  on  tlie  whole  less. 

AVe  see  from  these  experiments,  that  when  turnips  are  grown  vdth  superphos- 
phate only,  the  crop  comes  early  to  maturity  ;  and  that  when  nitrogenous  manures  are 
added  to  the  superphosphate,  the  crop  at  the  end  of  the  autumn  is  less  mature,  and 
contaiiis  a  smaller  amount  of  dry  matter,  and  more  ash  and  nitrogen.  For  the  reason, 
however,  that  growth  is  not  concluded,  the  latter  crop  is  better  able  to  withstand  the 
effect  of  frost. 

The  feeding  value  of  turnips  is  by  no  means  in  proportion  to  their  contents  in 
nitrogen.  In  1848  Mr.  Lawes  determined,  by  experiments  with  sheep,  the  feeding 
value  of  four  lots  of  white  turnips  from  the  experimental  field  ;  the  percentage  com- 
position of  the  turnip  and  the  result  of  the  trial  were  as  follow  : — 


Nature  of  manuring 

Cinei-eals 
only 

Cinereals 

with 
ammonia 

Cinereals 
witli  rape- 
cake 

Cinereals, 
ammonia,  and 
rape-cake 

Dry  matter  in  fresh 
Ash  in  dry  . 
Nitrogen  in  dry  . 

0-  37 
6-69 

1-  56 

B-42 
7-48 
2-08 

7-  78 

8-  21 
2-36 

7'88 
8-92 
3-20 

Dry    organic    matter  ] 
consumed  to  produce  I 
100  lbs.  of  live  weight  J 

lbs. 
2288 

lbs. 
1321 

lbs. 

2371 

The  sheep 
lost  weight 

The  turnips  grown  by  superphosphate  and  alkalis  only  were  over-ripe  and  pithy ; 
the  second  lot,  which  gave  the  best  result,  were  fully  ripe  ;  the  third  and  fourth  lots 
were  not  ripe.  The  most  unripe  and  nitrogenous  turnip  gave,  it  is  seen,  the  worst 
result  when  employed  as  food.  For  farther  information  as  to  the  effect  of  manures  on 
the  turnip-crop,  see  Mr.  Lawes'  paper  {Joior  Boy.  Agri.  Soc.  viii.  495). 

Numerous  experiments  have  been  made  upon  the  influence  of  manures  on  the  per- 
centage of  sugar  in  beet-root.  The  manures  which  have  the  most  favourable  effect 
appear  to  be  superphosphate  and  potash  salts ;  as,  however,  such  manuring  yields  a 
very  small  crop,  a  limited  quantity  of  nitrogenous  manure  must  also  be  applied.  Any 
large  application  of  nitrogenous  manure  so  as  to  produce  bulky  roots  will,  except 
under  excepnoual  conditions,  greatly  lower  the  proportion  of  sugar  in  the  roots.  In 
field  experiments  it  is  not  unusual  to  find  that  the  unmanm-ed  plot  yields  the  roots 
richest  in  sugar. 

The  influence  of  the  constituents  of  the  soil  on  the  composition  of  the  ash  of  roots 
is  considerable,  as  proved  by  the  variations  exhibited  in  different  ash-analyses.  Potash 
and  soda  are  clearly  replaceable  to  some  extent.  In  the  ash-analyses  of  which  the 
mean  has  been  already  given  (p.  1051),  the  variations  were — in  mangel -root  .^potash 
59-2-25-2,  soda  38-9-6'2;  in  sugar-beet:  potash  58-9-22-0,  soda  29-8-5-1;  in  carrots: 
potash  60-9-17'0,  soda  34-8-10-1.  From  mimerous  experiments  made  on  the  continent, 
it  appears  that  the  supply  of  potash  and  phosphoric  acid  to  sugar-beet  is  attended  with 
a  distinct  rise  of  these  substances  in  the  ash.  Manuring  with  chlorides  has,  however, 
the  most  marked  effect.  The  percentage  of  chlorine  may  be  readily  doubled  or  trebled 
if  a  considerable  amount  of  chlorides  be  applied  in  the  manure.  Common  salt  is  fre- 
quently emplo.yed  as  a  manure  for  mangels,  and  the  amount  of  chlorides  sometimes 
amounts  to  half  the  weight  of  the  ash  (49-5  p.c.  Way).  The  analyses  by  Gilbert  a. 
Campbell  of  the  ashes  of  the  experimental  turnips  at  Eothamsted  point  to  the  same 
general  conclusions. 

Assuming  that  average  root-crops  will  be:  turnips,  17  tons  roots,  root  to  leaf 
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100  :  30;  Swedes,  14  tons  roots,  root  to  leaf  100  :  15  ;  mangels,  22  tons  roots,  root  to 
leaf  100  :  37  ;  sugar-beet,  10  tons  roots,  root  to  leaf  100  :  25  ;  carrots,  10  tons  roots, 
root  to  leaf  100  ;  40* ;  tlie  quantities  of  tlie  principal  constituents  removed  in  the 
crop  "will  be  in  lbs.  per  acre  about  as  follows.  The  total  ash  is  reckoned  without  car- 
bonic acid : — 


Nitro- 
gen 

K=0 

Na=0 

CaO 

MgO 

P=0= 

£0' 

CI 

SiO= 

Total 
ash 

Tiurnips,  root 

leaf  . 

71 

49 

108-6 
40-2 

17-0 
7-5 

25-5 
48-5 

6-7 
3-8 

22-4 
10-7 

25-7 
19-1 

10-  9 

11-  2 

2-6 
5-1 

218 
146 

Total  crop  . 

120 

148-8 

24-5 

74-0 

9-5 

33-1 

44-8 

22-1 

7-7 

364 

Swedes,  root 
„  leaf 

74 

28 

63-3 
16-4 

22-8 
9-2 

19-7 
22-7 

6-8 
2-4 

16-9 
4-8 

22-3 
80 

6-8 
8-3 

3-6 

163 
75 

Total  crop  . 

102 

79-7 

32-0 

42-4 

9-2 

21-7 

30-3 

15-1 

6-7 

238 

Mangel,  root 
„  leaf 

96 
51 

191-1 
71-4 

75-4 
65-2 

24-2 
29-1 

19-7 
27-2 

34-0 
15-1 

15-2 
20-2 

40-6 
49-8 

16-4 
9-2 

410 
280 

Total  crop  . 

147 

262-5 

140-6 

63-3 

46-9 

49-1 

35-4 

90-4 

25-6 

600 

Sugar-beet,  root  . 

leaf  . 

53 
21 

76-8 
25-6 

16-6 
19-4 

10-2 
22-8 

15-2 
21-2 

23-0 
8-5 

7 '5 
9-2 

3-9 
6-7 

6-1 
3-6 

160 
117 

Total  crop  . 

74 

102-4 

36-0 

33-0 

36-4 

31-5 

16-7 

10-6 

9-7 

277 

Carrots,  root 
„  leaf 

35 
50 

72-2 
44-0 

40-4 
45-5 

21-3 
80-2 

10-1 
9-7 

21-8 
9-5 

13-5 
20-5 

9-6 
22-2 

3-9 
13-0 

195 
250 

Total  crop  . 

85 

116-2 

85-9 

101-5 

19-8 

31-3 

34-0 

31-8 

16-9 

445 

The  quantity  of  plant-food  removed  from  the  soil  by  root-crops  is  very  large.  An 
average  crop  of  wheat,  barley,  or  oats,  will  not  contain  more  than  50  lbs.  of  nitrogen  in 
corn  and  straw,  nor  more  than  190  lbs.  of  ash-constituents,  of  which  only  about  30  lbs. 
will  be  potash  and  19  lbs.  phosphoric  acid.  Koot-crops,  if  removed  from  the  land, 
arc  therefore  far  more  exhausting  than  corn-crops,  and  especially  in  respect  of  alkalis. 

It  was  formerly  imagined  that  the  turnip,  by  means  of  its  widespread  foliage,  was 
able  to  procure  a  large  amount  of  nitrogen  from  the  atmosphere,  and  that  in  this  lay 
the  secret  of  its  usefulness  in  a  rotation.  The  Eothamsted  experiments  have  shown, 
on  the  contrary,  that  turnips  are  greatly  dependent  on  the  nitrogen  of  the  soil,  and, 
when  they  are  grown  for  successive  years  with  purely  cinereal  manures,  impoverish  the 
soil  of  nitrogen  to  a  far  greater  extent  than  would  result  from  a  similar  cropping  of 
wheat  or  barley.  It  is  probable,  indeed,  that  a  part  of  the  advantage  of  turnip  culture 
arises  from  the  crop  utilizing  soil-nitrogen  existing  in  conditions  unsuitable  for  cereal 
crops.  Notwithstanding  the  greater  capacity  of  root-crops  for  appropriating  soil- 
nitrogen,  nitrogenous  manures  must  generally  be  employed  if  maximum  cropsare  desired. 
Nitrates  appear,  from  the  experiments  at  Eothamsted,  to  have  a  distinctly  gi-eater  elFect 
both  on  Swedes  and  beet,  than  the  same  amount  of  nitrogen  applied  as  ammonia. 

Turnips  are  apparently  well  able  to  supply  themselves  -with  alkalis  from  the  soil, 
applications  of  potassium  salts  scarcely  increasing  the  produce,  except  on  poor  li^ht 
soils.  The  crop  is,  on  the  other  hand,  clearly  deficient  in  the  power  of  appropriating 
soil  phosphates,  applications  of  soluble  phosphates  producing  a  great  effect  on  tho 
crop.  Turnips  also  appear  more  dependent  on  the  soil  for  a  supply  of  carbonic  acid 
than  is  the  case  with  cereal  crops,  organic  manures,  such  as  farmyard-manure  and 
rape-cake,  producing  a  relatively  greater  effect  than  with  wheat  or  barley. 

Analysis  of  Boots. — All  adhering  soil  is  first  removed  by  washing,  and  the  root 
wiped  dry.  Leaves  and  stalks  are  then  cut  off,  and,  in  the  case  of  sugar-beet  analysed 
for  manufacturing  purposes,  the  green  upper  part  of  the  root  is  also  removed,  as  this  is 
alwiij's  separated  by  the  sugar  manufacturer.  The  root  is  then  divided  into  quarters, 
or  other  convenient  portions,  by  cntting  it  exiictly  through  the  middle  from  top  to 
*  The  data  for  Uiis  proportion  are  very  meagre. 
3  Y  2 
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bottom ;  thus  prepared,  each  segment  -will  fairly  represent  the  whole,  if  the  root  is 
symmetrical.  Water  is  determined  in  a  segment  of  about  100  grms. ;  the  weighed 
portion  is  cut  into  thin  slices,  strung  on  a  wire,  dried  first  at  a  very  low  temperature, 
and  finally  at  110°.  Saccharine  substances  being  difficult  to  desiccate,  the  drying  is 
best  completed  in  a  current  of  diied  air.  The  dry  matter  is  very  hygroscopic.  Total 
nitrogen,  ash,  and  fatty  matter  are  determined  in  the  powdered  dry  matter  by  the  ordi- 
nary methods.  To  determine  nitrogen  present  as  nitrates,  H.  Schultze  and  E.  Schulze 
(Landiv.  Verswohs-Stationen,  ix.  445)  extract  5-10  grms.  of  the  powdered  dry  matter  with 
hot  90  p.c.  alcohol,  evaporate  the  clear  solution  to  dryness,  dissolve  in  water,  filter, 
and  determine  the  nitric  acid  by  Schloesing's  method.  For  the  determination  of  mark 
and  cellulose,  a  segment  of  the  root  is  reduced  to  pulp  by  rubbing  on  a  grater  ;  the 
pulp  is  then  weighed,  pressed  in  a  cloth,  the  solid  matter  treated  with  water,  again 
pressed,  and  the  extraction  with  water  continued  as  long  as  soluble  matter  is  removed. 
In  the  case  of  turnips  or  beet  the  extraction  of  the  pulp  may  be  more  conveniently 
performed  on  a  vacuum  filter,  or  by  a  method  of  Schulze  described  in  the  paper  just 
referred  to,  but  with  roots  containing  starch  the  method  given  above  is  probably  best. 
The  insoluble  matter,  dried  at  110°,  gives  the  weiglit  of  crude  fibre  (mark),  from  which 
(in  the  case  of  turnip  or  beet)  the  percentage  of  sap  in  the  root  can  be  reckoned.  The 
percentages  of  sap  and  mark  are  also  often  ascertained  by  Grouven  a.  Stammers 
method,  in  which  water  is  determined  in  a  portion  of  filtered,  undiluted  sap,  and  also 

in  the  original  root,  and  the  calculation  made  according  to  the  formula:  x=  'LLM?, 

0 

i  n  which  a  is  the  percentage  of  water  in  the  root,  h  that  in  the  sap,  and  a:  the  percentage 
of  sap  in  the  root.  This  method  is  the  only  one  that  will  yield  the  percentage  of  sap 
accurately  in  the  case  of  roots  containing  starch.  To  determine  cellulose,  the  crude 
fibre  must  be  boiled  with  a  dilute  solution  of  soda  to  remove  pectose,  &c. ;  in  roots  con- 
taining no  starch,  boiling  with  dilute  sulphuric  acid  may  probably  be  omitted.  See 
determination  of  fibre.  Fodder  Plants  (p.  532).  Sugar  is  determined  in  the  watery 
extract  of  the  pulp,  or  in  the  undiluted  sap ;  if  in  the  latter,  the  percentage  of  sap  in 
the  root  must  be  ascertained  by  one  of  the  methods  already  given.  In  the  case  of 
Bugar-beet  the  best  and  speediest  method  of  determining  sugar  is  with  the  polariscope. 
A  -weighed  quantity  of  the  expressed  sap  is  placed  in  a  measured  flask,  treated  with 
basic  lead  acetate,  and  -water  added  to  the  mark,  the  whole  well  Shaken  and  filtered. 
The  tube  of  the  polariscope  is  filled  with  the  clear  colourless  filtrate,  and  an  observa- 
tion made.  The  reading  furnished  by  the  instrument  expresses  at  once  the  percentage 
of  cane-sugar  in  the  sap.  As  the  sap  forms  very  uniformly  96  p.c.  of  ripe  sugar-beet, 
this  proportion  is  often  assumed,  and  the  percentage  of  sugar  in  the  root  calculated  on 
this  basis.  The  weight  of  sap  to  be  taken,  and  the  amount  of  its  dilution,  are  fixed 
quantities,  -which  depend  on  the  kind  of  polariscope  employed.  For  further  infor- 
mation, see  iii.  674,  v.  471.  In  roots,  as  carrots,  containing  invert-sugar,  Fehling's 
method  maybe  employed.  The  sap  is  boiled  and  filtered,  and  the  filtrate  concentrated 
with  some  sulphuric  acid  to  complete  the  inversion  of  the  sugar.  For  further  details  see 
ii.  864.  Starch  may  be  approximately  determined  in  carrots  and  parsnips  by  mixing 
the  pulp  with  water,  squeezing  through  a  piece  of  fine  linen,  and  repeating  the  opera- 
tion till  the  water  runs  clear.  The  washings  are  then  made  alkaline  with  a  little 
caustic  soda,  and  allowed  to  stand.  The  deposited  starch  is  collected,  dried,  and 
■weighed.  K.  W. 

H.OSABTIIiEK'S,  C-'H^N^.  On  the  change  of  colour  produced  in  rosaniline  solu- 
tions by  heat,  see  Light  (p.  747). 

Decomposition  hy  ?ffli!er  (Liebermann,  Deut.  Chem.  Ges.  Ber.  v.  144;  vi.  951). — 
Eosaniline  and  its  salts  are  scarcely  attacked  by  water  at  220°  ;  but  if  the  heating  be 
continued  for  several  hours  at  235°,  the  tube  after  cooling  is  found  to  contain  a  wine- 
red  liquid,  considerable  quantities  of  red  needle-shaped  crystals,  ammonia  (sal-am- 
moniac when  the  hydrochloride  is  operated  on),  a  small  quantity  of  resin,  and  plienol. 
The  cold-filtered  liquid  gives  oif  ammonia  on  evaporation,  and  deposits  colourless 
crystals  which  gradually  turn  red.  These  crystals  dissolve  in  boiling  water  and  in 
alcohol,  forming  red  solutions  from  which  the  compound  separates  in  red  needles 
having  the  composition  C^^Hi'NO-.H'-'O.  This  con-ipound  behaves  like  a  -weak  acid, 
dissolves  with  cherry-red  colour  in  ammonia,  and  is  reprecipitated  on  neutralisation, 
but  an  excess  of  hydrochloric  acid  redissol-ves  a  large  portion  of  the  precipitate.  Ee- 
ducing  agents  convert  it  into  a  colourless  substance.  AVhen  the  residue  in  the  diges- 
tion-tube is  washed  -with  cold  water  and  then  exhausted  with  boihng  water,  the  water 
on  cooling  deposits  red  needle-shaped  crystals,  part  of  -which  dissolves  with  red  colour 
in  ammonia,  while  the  greater  portion  remains  undissolved  on  the  filter.  T'he  com- 
pound thus  obtained  may  be  recrystallised  in  the  same  way  as  the  preceding,  and 
g-ives,  by  analysis,  numbers  leading  to  the  formula,  C-°H"'N'''O.H=0.    It  exhibits  basic 
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properties ;  its  solution  in  liydroohlorie  acid  is  precipitated  hy  alkalis,  and  yields  an 
oily  compound  with  platinic  chloride.    It  melts  at  176°. 

If  the  tubes  are  heated  to  245°,  the  reaction  appears  to  proceed  in  the  same  way ; 
the  resulting  crystals,  however,  are  not  red,  but  yellow  or  colourless  ;  and  the  crystals 
of  both  kinds  thus  obtained  give  Ijy  analysis  the  same  numbers  as  the  two  correspond- 
ing kinds  of  red  crystals,  with  the  exception  of  a  few  tenths  more  per  cent,  of  hydrogen. 
The  yellow  compounds  are  therefore  the  leuco-conipounds  of  the  red;  the  latter  like- 
wise exhibit  partial  reduction. 

The  following  are  regarded  by  Liebermann  as  the  most  appropriate  constitutional 
formidee  for  rosaniline  and  leucaniline  : 


The  reaction  of  rosaniline  with  water  proceeds  in  a  totally  different  manner  when 
a  little  hydrochloric  acid  is  added  to  the  water.  In  this  ease  at  240°  the  rosaniline 
salt  is  completely  resolved  into  aniline  and  toluidine. 

When  rosanihne  is  heated  with  water  in  a  copper  digester  to  270°  a  large  quantity 
of  phenol  is  formed,  which  may  be  got  rid  of  by  boiling  the  product  with  steam. 
The  residue  contains  carbonaceous  matter  and  a  compound  containing  no  nitrogen, 
together  with  nitrogenous  bodies.  The  latter  are  removed  by  boiling  with  water,  and 
heating  the  crystals  which  separate  out  from  the  filtrate  with  crude  hydrochloric  acid, 
which  dissolves  only  the  nitrogen-compounds.  The  residue  crystallises  from  boiling 
water  in  pointed  plates  melting  at  200°,  and  from  alcohol  in  small  plates.  It  dissolves 
in  alkalis  without  colour,  and  with  sodium-amalgam  and  water  it  gives  a  red  solu- 
tion, which  soon  becomes  colourless.  This  compound  contains  C  =  72  5  ;  72-6  ; 
73'.3 ;  73-4  ;  and  H  =  5'0 ;  5-3  ;  5-9,  or  less  than  required  for  the  formida 
(j2ojpso3  .j.  2J20 ;  it  does  not  change  its  composition  at  170°.  It  has  nothing  in 
common  with  rosolic  acid  or  with  liydrorosolic  acid.  By  heating  it  with  hydriodic 
acid  to  160°,  or  with  hydrochloric  acid  to  200°,  it  is  resolved  into  phenol  and  cresol. 
Acetic  anhydride  converts  it  at  160°  into  a  compound  crystallising  from  alcohol  in 
needles  melting  at  156°,  and  containing  C  =  68-25  and  H  =  5-21.  Heated  with 
phosphorus  pentachloride  containing  trichloride  to  170°,  it  yields  the  compound 
(j2oj£j5Qpo-,  crystallising  from  alcohol  in  colourless  plates  melting  at  137°.  This 
last  compound  is  not  changed  by  heating  it  witli  alcoholic  potash,  and  gives  up  only 
part  of  its  chlorine  when  boiled  with  sodium-amalgam. 

aOSS  OXXi.    See  Oils  Volatile  (p.  872). 

ROSZN'  OIK.  On  the  preparation  and  purification  of  this  oil,  and  its  use  as  a 
lubricator  for  machinery,  and  in  the  preparation  of  railway  and  waggon  grease,  see 
Diiigl.  iwl.  J.  ccvi.  246;  ccvii.  237  ;  Chcm.  Soc.  J.  [2],  xi.  304,  1175. 

StOSOCVAN'III'.    See  Curcumin  (p.  404). 

3£OSO£XC  ACID.  This  name  has  been  somewhat  vaguely  applied  to  a  number 
of  red  compounds  obtained  from  phenol  by  various  reactions,  but  it  is  now  restricted 
to  the  product,  also  called  pscicdoco7-aUin,  obtained  by  treating  phenol  with  a  mixture 
of  oxalic  and  sulphuric  acids  (Isi /S;*^^/.  999,  and  p.  391  of  this  volume).  Caro  a. 
Wanklyn  assign  to  it  the  formula  C'-''H'80'.    H.  Fresenius  regards  it  as  C*-''II-''0'". 

Fresenius  attributes  the  formation  of  rosolic  acid  on  heating  a  mixture  of  oxalic 
acid  and  phenol  with  sulphuric  acid,  to  the  action  of  nascent  carbon  monoxide  on 
sulphophenic  acid;  but,  according  to  Prud'homme  {Bull.  Soc.  Chim.  [2],xix.  359),  the 
presence  of  a  conjugate  phonol-acid  is  not  essential,  the  sulphuric  acid  acting  merely 
as  a  dehydrant.  In  fact,  on  replacing  the  sulphuric  acid  by  boric,  arsenious,  or 
arsenic  acid,  or  even  on  heating  a  mixtiu'e  of  phenol  and  dehydrated  oxalic  acid,  rosolic 
acid  is  formed  ;  moreover,  the  colouring  matter  is  not  produced  on  heating  a  mixture 
of  crystallised  oxalic  acid  and  phenol.  Prud'homme  infers  from  these  results  that 
rosolic  acid  is  a  product  of  the  direct  action  of  nascent  carbon  monoxide  on  phenol,  and 
that  its  con.stitution  is  correctly  expressed  by  the  formula  C"H''.COH.OH,  suggested 
by  Kolbe  {\st  Suppl.  391). 

Fresenius  purifies  rosolic  acid  by  converting  it  into  a  magnesium  salt,  dissolving 
this  salt  in  hot  water,  precipitating  with  sal-ammoniac,  repeating  this  treatment  till 
the  aqueous  solution  of  tlie  magnesium  salt  is  no  longer  coloured  darker  by  an  alkaline 
solution  of  potassium  ferricyanide,  and  finally  decomposing  the  magnesium  salt  with 
hydrochloric  acid,  and  crystallising  the  precipitate  from  alcohol  or  glacial  acetic  acid. 
The  crystals  are  red  by  transmitted  and  green  by  reflected  light,  melt  at  15'6°  to  a 
mass  having  the  colour  of  cantharides,  and  give  otf  water  at  a  still  higher  temperature. 

By  fusion  with  potash,  rosolic  acid  is  converted  into  a  resinous  mass,  which  is 


GH^— C^H'— NH— C"H' 


CH'^— C^H^— NH— C«ff 


CH^— C«H'— NH— Nil 

Eosaniline 


CH^—CH'— NH=  NH- 
Leucaniline 
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resolved  by  sulpliurle  acid  into  a  flocculent  and  a  resinous  mass,  both  of  wliicli  are 
dissolved  by  ether  and  by  alkalis.  An  alkaline  solution  of  potassium  ferricyanide 
added  to  the  alkaline  solution  of  the  decomposition-products,  gives  rise  to  the  repro- 
duction of  rosolic  acid.  Iron  and  acetic  acid  convert  rosolio  acid  into  leiicorosolic 
acid.  Strong  nitric  acid  forms  nitro-products,  one  of  which  is  crystalline.  When 
rosolic  acid  is  distilled  with  potash,  diphenyl  appears  to  be  formed,  together  with 
other  products. 

Eosolic  acid  is  recommended  by  Schultze  a.  Marker  {Zcitschr.  anal.  Chem.  ix.  334) 
as  an  indicator  in  the  estimation  of  carbonic  acid  by  Pettenkofer's  method  (absorption 
of  the  carbonic  acid  by  lime-  or  baryta-water  of  known  strength,  and  subsequent 
titration  with  oxalic  or  hydrochloric  acid).  The  rosolic  acid  is  dissolved  in  alcohol 
and  carefully  neutralised  with  potash.  A  few  drops  of  this  tincture,  added  to  the 
baryta-  or  lime-water,  produce  the  deep  red  colour  of  barium  or  calcium  rosolate, 
which  is  changed  to  a  faint  yellow  by  the  slightest  excess  of  acid.  According  to 
Schultze  a.  Marker  this  change  of  colour  is  more  delicate  than  that  afforded  by  litmus 
or  turmeric. 

Eosolic  acid  has  been  also  recommended  as  an  indicator  in  nitrogen  determinations, 
when  the  evolved  ammonia  is  absorbed  by  standard  sulphuric  acid  ;  but  in  this  case  it 
does  not  give  equally  good  results,  since  the  colour  which  the  liquid  generally  ac- 
quires from  absorption  of  organic  matter  greatly  interferes  with  the  delicacy  of 
its  indications. 

HOTATXSJG  FUBXTACS  (Siemens').    See  Iron  Metallubgy  (p.  702). 


RITBSmUM.  This  metal  has  been  found  in  the  ash  of  beet-root.  To  separate 
it,  the  mother-liquor  left  in  preparing  saltpetre  from  the  ash  of  beet-root  molasses  is 
mixed  with  saw-dust  and  deflagrated,  the  charred  mass  exhausted  with  water,  the 
solution  evaporated  to  1-317  sp.  gr.,  and  the  sulphates  and  chlorides  allowed  to 
crystallise  out.  This  second  mother-liquor  is  mixed  with  hydrochloric  acid,  heated, 
filtered  from  precipitated  sulphur,  &c.,  and  boiled  with  nitric  acid  till  all  iodine  and 
bromine  are  expelled.  The  rubidium  is  now  precipitated  from  the  diluted  solution  by 
platinum  tetrachloride,  and  separated  in  the  usual  way. 

Direct  experiment  shows  that  one  kilogram  of  the  beet-ash  of  Northern  France 
contains  1'75  grm.  of  rubidium  chloride,  and  that  the  rubidium  chloride  is  to  the 
sodium  chloride  and  potassium  chloride  as  1  to  126  and  331  (Pfeiffer,  Arch.  Phann. 
[2],  cl.  97;  Bmgl.iMl.  J.  ccvi.  498). 


RVE  OXIi,  The  principal  constituent  of  this  oil  is  methyl-nonyl  ketone, 
C"H-'0  =  CH^.CO.CH"'  (p.  808). 


RUFXGAIiXiXC  ACXS,  C"H*0'. — This  compound,  which  Eobiquet  obtained  by 
heating  gallic  acid  with  sulphuric  acid  to  140°,  is  more  easily  produced  by  the  action 
of  sulphuric  acid  at  80°-90°  on  digallic  acid,  C'^Hx^O",  from  which  it  differs  by  H^O  ; 
fmther,  by  the  action  of  sulphuric  acid  on  tetracetyl-tannic  acid,  C'^H''(C'^H^O)^0'  ■ 
similarly  from  ethyl  gallate,  C''H2(0H)IC00C-H*,  with  separation  of  alcohol,  and 
from  ethyl  triacetyl-gallate,  C''H2(C2H'02)'.COOC-H5,  with  separation  of  etliyl  acetate. 
Sulphuric  acid  acts  therefore,  in  the  formation  of  ruflgallic  acid,  on  the  carbonyl 
groups,  and  as  ruflgallic  acid  no  longer  exhibits  the  properties  of  an  acid,  we  may  infer 
that  it  is  nothing  more  than  the  anhydride  of  digallic  acid  : 


Eufigallie  acid  can  in  fact  take  up  four  atoms  of  acetyl,  forming  the  compound 
C''H'(C^H'0)''0^,  which  crystallises  from  boiling  glacial  acetic  acid  in  small  yellow 
or  greenish-yellow  pirisms,  sparingly  soluble  in  alcohol  even  at  the  boiling  heat.  AVlien 
treated  with  potash,  these  crystals  turn  yellow,  and  afterwards  -\-iolet  (H.  Schiffe, 
Bent.  Chem.  Ges.  Bcr,  iv.  967),  (see  Tannic  Acid). 


StTlBIBSBrE,  C"II''N.  This  base  has  been  detected  in  tobacco-smoke  (see 
Tobacco). 


Digallic  acid 


Digallic  anhydride 
or  rufigallio  acid 
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SABASXZiZiA.  The  alkaloids  of  sabadllla  seeds  have  T)6en  examined  by 
H.  Woigelin  (C/zct;.  Ccntr.  1872,  220).  The  pouuded  seeds,  Ireod  from  their  capsules, 
are  boiled  -mth  very  dilute  sulphuric  acid,  and  the  extract  is  treated  with  three  times, 
its  volume  of  80  p.o.  alcohol  to  precipitate  mucilaginous  matters  ;  after  evaporation  of 
the  alcohol,  tlie  boiling  solution  is  precipitated  by  ammonia,  whereby  a  resinous  mass 
is  obtained  containing  veratrine,  which  maybe  purified  by  solution  in  ether,  evapo- 
ration, solution  of  the  residue  in  alcohol,  and  repeated  precipitation  by  water.  The 
ammoniacal  filtrate  is  agitated  with  amylic  alcohol,  the  extract  evaporated,  the 
residue  dissolved  in  alcohol  and  precipitated  with  water,  and  the  precipitate  purified 
by  animal  charcoal :  finally,  the  concentrated  solution  of  the  bases  is  precipitated  by 
ammonia.  Ether  extracts  from  the  precipitate  a  bright-red  substance,  sabatrino, 
C^'H^^N-O",  and  leaves  behind  sabadilline,  C"H'='*N-0'-S  to  be  purified  by  solution 
in  boiling  water.  The  latter  alkaloid  is  not  absolutely  insoluble  in  ether,  and  is  not 
carbonised  by  sulphuric  acid,  but  gives  a  yellow  solution,  becoming  blood-red,  and, 
finally,  carmine-coloured ;  ammonia  does  not  precipitate  it  from  its  salts,  and  alkaline 
carbonates  give  a  turbidity  only  with  boiling  concentrated  solutions  (1  to  5).  It  is 
soluble  in  benzene,  amylic  alcohol,  petroleum  spirit,  and  chloroform,  and  crystal- 
lises from  benzene,  but  not  from  water  or  alcohol ;  it  does  not  produce  sneezing  or 
emetic  action  in  frogs,  but  accelerates  the  action  of  the  heart.  Its  gold  salt, 
C*'II'"'N-0".2HCl.Au-CP,  is  amorphous ;  its  hydrochloride  and  sulphate  are  gummy. 

Sabatrine  much  resembles  sabadilline  in  properties;  it  gives  two  compounds  with 
gold  chloride,  one  amorphous  =  C-''H^'*N20'.2HCl.Au-Ci'',  the  other  crystalline, 
=  5(C5>Hs»N=0'.2HCl).llAu-CK 

Veratrine  can  be  obtained  in  two  modiiicatiGns,  one  of  which  is  readily  soluble  in 
water.  Weigelin  finds  the  quantity  of  nitrogen  contained  in  this  alkaloid  to  be  much 
less  than  that  previously  assigned  to  it,  and  represents  it  by  the  formula  C^'H^^N-O'-' 
(compare  v.  996). 

SACCHAmMETR'Z'.    See  Sugar. 

SACCHARTJMIC  ACID,  C'^H'«0'i  =  0'<H'-0'.3H=0  (H.  Eeichardt,  Viertel- 
jahrschrift  ft.  I'harm.  xix.  384,  503).  An  acid  formed,  together  with  ghicic  acid 
(p.  556),  by  the  action  of  baryta  on  grape-sugar.  A  mixture  of  baryta- water  and  grape- 
sugar  deposits,  when  heated,  a  barium-compound,  which  is  likewise  obtained  when 
the  brown  mass  formed  by  melting  grape-sugar  with  barium  hydrate,  is  diluted 
with  water  as  long  as  a  precipitate  forms.  To  obtain  the  acid  contained  in  this  pre- 
cipitate free  from  glucic  acid,  the  precipitate  is  suspended  in  water,  and  dilute  sul- 
phuric acid  is  added  in  quantity  sufficient  to  produce  a  slight  acid  reaction.  The 
filtrate  mixed  with  lead  acetate  yields  a  precipitate  of  lead  saecharumate ;  and  by 
decomposing  this  precipitate  with  hydrogen  sulphide,  evaporating  the  filtrate  at  a 
gentle  heat,  and  drying  at  80°,  saccharumic  acid  is  obtained  as  a  yellow-brown  powder 
having  an  astringent  taste,  easily  soluble  in  water  and  in  alcohol,  sparingly  in  ether. 
Its  solution  when  exposed  to  the  air  gradually  becomes  darker,  and  deposits  brown 
substances.  Alkalis  colour  the  acid  solution  darker.  The  acid  decomposes  the  car- 
bonates of  calcium  and  barium,  forming  acid  salts,  like  C^HX'BaO".  Lime-water 
produces  a  slight,  haryta-w,ater  a  more  copious  precipitate  of  the  salt, 
C"H"Ba-0"  -I-  5H'-0.  Cufric  salts  give  with  neutral  solutions  a  grey-brown  pre- 
cipitate having  the  composition  C'^H'  'Cu^O"  3H''0,  which  dissolves  easily  in  free 
alkali  and  acid,  and  decomposes  readily  when  heated.  The  precipitates  thrown  down 
from  a  neutral  solution  of  the  acid,  by  neutral  and  basic  lead  acetate,  are  respec- 
tively C'<H"Pb-0"  and  C'^U'^Pb^O". 

SAPSAUIM'E,  C^'H-'ON*  (Hofmann  a.  Geyger,  Beiit.  Chem.  Gcs.  Bcr.  v.  526).  A 
rod  dye  prepared  commercially,  according  to  Mene  {Chem.  News,  xxv.  215),  by  treating 
aniline  with  nitrous  acid  and  arsenic  acid  successively,  the  higher-boiling  portions  of 
aniline  oil  being  best  adapted  for  the  purpose.  Hofmann  a.  Geyger  find  that  this  pro- 
cess yields  but  a  small  quantity  of  safranine,  mixed  with  a  large  amount  of  secondary 
products,  and  that  the  preparation  of  s,ifranine  succeeds  best  when  chromic  acid  is  used 
as  the  oxidising  agent  instead  of  arsenic  acid.  Safranine  cannot,  however,  be  pre- 
pared from  pure  aniline  or  solid  toluidine,  or  a  mixture  of  the  two,  but  it  can  be 
obtained  from  liquid  toluidine  boiling  at  198°.  Safranine  appears  therefore  to  be  a 
derivative  of  toluidine,  and  its  formation  may  be  explained  by  the  equations  : 

SC'H^N  -I-  NO-'H  =  2H-0  +  C-'R-m* 

C2>H-'N'-  2W     =  C-'H--»N^ 
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Safranine  is  met  with  in  commerce  in  the  form  of  a  paste,  and  of  a  yellowish-red 
powder,  which  contains  the  hydrochloride  of  the  base  mixed  with  calcium  carbonate 
and  common  salt.  On  boiling  this  with  water,  and  allowing  the  solution  to  cool,  a 
crystalline  substance  separates,  which,  after  repeated  recrystallisatiou  from  water,  will 
be  found  to  leave  no  residue  when  burnt.  It,  however,  loses  hydrochloric  acid  by 
these  operations,  and  becomes  more  soluble,  so  that  the  addition  of  hydrochloric  acid 
to  the  mother-liquors  causes  a  further  separation  of  the  crystalline  hydrochloride. 

The  free  base  is  obtained  by  decomposing  the  solution  of  the  hydrochloride  with  silver 
oxide,  and  evaporating  the  deep  red  liquid.  On  cooling,  red-brown  crystals  are  do- 
posited,  which  closely  resemble  the  hydrochloride  in  appearance.  Safranine  dissolves 
easily  in  water  and  in  alcohol.  Dried  at  100°,  it  acquires  a  faint  greenish  metallic 
lustre.  The  addition  of  hydrochloric  acid  to  the  aqueous  solution  of  the  base  precipi- 
tates safranine  hydrochloride. 

The  most  characteristic  reaction  of  safranine  is  that  when  strong  hydrochloric  acid, 
or,  better,  sulphuric  acid,  is  gradually  added  to  its  solutions,  the  colour  changes  first 
to  a  fine  violet,  and  tlien  successively  to  blue,  dark  green,  and  light  green.  On  dilut- 
ing the  solution,  the  same  changes  of  colour  are  observed  in  reverse  order. 

Safranine  Hydrochloride,  C-'H^oN^.HCL— To  obtain  the  normal  hydrochloride,  it  is 
necessary  to  acidify  the  boiling  solution  of  the  salt  with  hydrochloric  acid.  It  forms 
thin  reddish  crystals,  which  are  soluble  in  water  and  in  alcohol,  especially  when 
heated,  It  is  insoluble  in  ether  and  in  a  concentrated  solution  of  salt.  Both  the 
aqueous  and  alcoholic  solutions  have  an  intensely  yellowish-red  tint.  The  addition  of 
ether  to  the  latter  solution  causes  the  precipitation  of  the  hydrochloride. 

The  'platbiochloride,  2(C-''H-°N''.HCl).PtCl'',  is  obtained  by  precipitating  a  warm 
solution  of  the  hydrochloride  with  excess  of  platinic  chloride,  and  washing  the  precipi- 
tate with  dilute  hydrochloric  acid.  It  is  a  crystalline  yellowish-red  powder,  almost 
insoluble  in  water,  alcohol,  and  ether. 

Safranine  Hydrohromide  is  precipitated  in  microscopic  needles  on  adding  hydrobromic 
acid  to  a  solution  of  the  base.  It  is  almost  insoluble  in  cold,  but  soluble  in  boiling 
water.  The  addition  of  bromine  to  a  solution  of  the  hydrochloride  causes  a  precipitate 
which,  when  recrystallised  from  water,  yields  needles  having  a  metallic  green  lustre. 
The  hydriodide  is  similar  to  the  hj'drobromide. 

Safranitie  Nitrate,  C^'H-oN^.HNO'.— On  adding  an  excess  of  dilute  nitric  acid  to  a 
hot  aqueous  solution  of  the  free  base,  and  leaving  the  liquid  to  cool,  the  nitrate  sepa- 
rates in  fine  red-brown  needles,  which  are  difficultly  soluble  in  cold,  but  readily  in  hot 
water.    It  is  decidedly  less  soluble  than  the  hydrochloride. 

Safranine  Sulphate  is  a  moderately  soluble  salt,  precipitated  by  the  addition  of  sul- 
phuric acid  to  a  concentrated  solution  of  the  base.  On  warming  the  liquid  it  redis- 
solves,  and  separates  again  in  fine  needles  on  cooling.  The  oxalate  is  very  similar, 
but  somewhat  less  soluble.    The  acetate  is  very  soluble. 

Safranine  Picrate,  C'W'NKCK^'NO-yO.—When  picric  acid  is  added  to  a  dilute 
solution  of  safranine  hydrochloride  or  nitrate,  the  picrate  is  precipitated  in  brownish- 
red  needles  which  are  insoluble  in  water,  alcohol,  or  ether. 

SAKKZTE.  Calcio-mag7icsio-ferruginous  Augite.- — This  mineral  occurs,  together 
with  graphite,  in  some  of  the  dense  limestones  imbedded  in  the  mica-  and  hornblende- 
slate  of  Valpellina  in  the  Pennine  Alps.  The  augite  forms  rounded  grains  having  a 
fused  appearance,  generally  from  ^  to  1  mm.  in  size,  and  of  a  bluish  colour  on  the 
outside,  whitish-grey  within.  Some  of  these  grains  exhibit  crystalline  faces,  namely, 
those  of  the  vertical  prism  of  augite,  and  of  the  ortho-  and  clinopinacoi'd.  They  ex- 
hibit distinct  cleavage  in  two  directions  parallel  to  the  faces  of  the  vertical  prism, 
indistinct,  parallel  to  the  clinopinacoi'd.  Before  the  blowi^ipe  the  mineral  melts  easily 
and  with  violent  intumescence.  Sp.  gr.  =  3'329.  Loss  by  ignition  0'14  p.c.  Analysis 
gave: 

SiO=         CaO         MgO         FeO  APO' 
54-02      24-88      13-62       8-07       0-20    =  100-69, 

which,  neglecting  the  alumina,  agrees  nearly  with  the  formula(^FeO.|MgO.  jCaO)SiO^ 
or  FeMg^Ca^Si«0=«  (cale.  63-57  SiO-,  25-00  CaO,  13-39  MgO,  8-04  FeO). 

SAXiANT.  This  name  is  applied,  in  the  Departments  bordering  on  the  Mediter- 
ranean, to  a  thin  saline  incrustation,  which  in  some  places  completely  covers  barren 
lands,  and  in  others  forms  isolated  barren  spots  in  the  fertile  soil.  These  .spots  con- 
sist essentially  of  sodium  chloride  mixed  with  6  to  10  p.c.  calcium  sulphate.  The 
analysis  of  the  soils  on  which  they  occur  gave  in  100  pts. — (1)  on  the  surfece  ;  (2)  30  cm. 
deep ;  (3)  from  a  salant  spot  in  the  midst  of  a  cultivated  soil,  which  close  to  it  con- 
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taiiieJ  only  0-0002  of  tho  salts.  The  samples  examined  were  from  Agde,  in  tho  De- 
partment of  Herault : 

NaCl  CaSO'  JlgSO* 

(1)  6-163  0-176  0-228 

(2)  0-761  0051  0-129 

(3)  0-845  —  0-300 
(E.  P.  Berard,  Cojnft.  rend.  Ixxiii.  1155). 

SAIiXCTILZC  ACID,  C'H«0^  =  CffOH.CO^H.  Formation  and  Constitution. 
— On  the  formation  of  salicylic  acid  from  sulphobenzoic  acid,  and  from  orthotoluene- 
sulphonic  acid,  and  the  proofs  that  it  belongs  to  the  ortho-  (1  :  2)  series,  see  pp.  134, 
135. 

Hiibner  {Ann.  Chem.  PJiarm.  clxii.  71)  finds  that  when  ordinary  bromobenzoic  acid 
(purified  by  several  crystallisations  and  melting  at  155°)  is  fused  with  potassium 
hydrate,  salicylic  acid  is  formed  as  well  as  oxybenzoic  acid ;  whereas  the  latter,  which 
is  the  analogue  of  ordinai-y  bromobenzoic  acid,  might  be  expected  to  be  the  sole  pro- 
duct. As,  however,  salicylic  acid  is  known  to  bo  formed  by  tho  action  of  potassium 
carbonate  on  phenol,  its  production  in  this  case  m.ay  be  supposed  to  take  place  in  tho 
manner  represented  by  the  following  equations,  tile  bromobenzoic  acid  being  first  con- 
verted into  bromobenzene,  then  into  phenol,  and  the  phenol  into  salicylic  acid  : 

CH^Br.CO^K  +  KOH    =  CO'K-  +  C«H^Br 
Cm'Br  +  KOH    =  KBr      +  Cm^Oll 

CH-'OH         +  CO^K-  =  H-0      +  C»H^OK.Co-K. 

Pirparation. — Tlio  preparation  of  salicylic  acid  from  wiutergreen  oil  being  very  ex- 
pensive when  large  quantities  are  required,  Kolbe  (J.  pr.  Chcm.  [2],  x.  89)  has  en- 
deavoured to  improve  the  method  of  obtaining  it  from  phenol,  devised  by  himself  and 
Lautemann  some  years  ago  (v.  153). 

Sodium-phenol  is  prepared  by  dissolving  crystallised  phenol  in  a  strong  solution  of 
commercial  soda  (in  the  exact  proportions  of  the  molecular  weights,  as  an  excess  of 
phenol  causes  the  product  to  be  highly  coloured,  and  diminishes  the  yield  of  sali- 
cylic acid),  evaporating  to  dryness  in  iron  vessels,  and  finally  heating  the  pasty  mass 
over  a  flame,  stirring  all  the  while.  The  sodium-phenol,  being  very  hygroscopic, 
slioidd  be  placed  when  hot  in  stoppered  bottles,  as  moisture  diminishes  the  yield  of 
acid.  The  sodium-phenol  is  then  heated  in  a  retort  to  100°,  a  slow  stream  of  carbonic 
anhydride  is  passed  through  the  apparatus,  and  the  temperature  after  many  hours  ia 
allowed  to  rise  to  180°.  Phenol  then  distils  over,  till  tho  temperature  rises  to  220°- 
250°,  the  operation  being  completed  when  no  more  phenol  passes  over  at  this  tempera- 
ture.   It  was  supposed  that  the  reaction  would  take  place  as  follows  : — 

C^ffONa  +  COO  =  C^ffO.COONa. 

Sodium-  Sodium  salicylate 

phenol 

but  as  the  retort  contained  basic  sodium  salicylate,  and  phenol  distilled  over,  the  pro- 
cess evidently  takes  place  according  to  the  following  formulae  : 

2  mols.  sodium-  Disodium  salicylate  Phenol 

phenol 

which  is  tho  result  of  two  simultaneous  reactions  : 

Disodium-phenol 
C^H^lSa  ^  COO  =  C«H.|ONf^^. 

On  decomposing  the  basic  salt  with  hydrochloric  acid,  the  salicylic  acid  is  separated, 
and  can  be  purified  by  dissolving  it  in  etherated  alcohol,  boiling  with  soda,  and  again 
decomposing  by  acid. 

Salicylic  acid  is  also  formed,  but  in  smaller  quantities,  when  barium  or  calcium 
phenol  is  used.  Potassium-phenol  gave  various  results,  at  one  time  salicylic  acid,  at 
another  time  paraoxybenzoio  acid.  These  irregularities  were  at  first  considered  to  be 
due  to  the  presence  of  sodium  in  the  potassium  used,  but  tliey  are  now  attributed  to 
the  influence  of  the  heat  at  which  the  operation  is  performed.  To  determine  this  two 
series  of  experiments  were  instituted.  Potassium-phenol,  prepared  in  the  same 
manner  as  tho  sodium-phenol,  when  heated  for  four  hours  at  100°,  and  subjected  to 
the  action  of  carbonic  anhydride,  yielded  but  a  small  amount  of  acid,  consisting  wholly 
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of  salicylic  acid.  When  it  was  heated  to  135°,  and  carbonic  anhydride  then  passed 
through  it,  the  temperature  being  allowed  to  rise  to  145°,  phenol  ^vas  produced,  and 
a  large  amount  of  salicylJc  acid,  but  no  paraoxybenzoic  acid.  But  ■when  carbonic 
anhydride  v,-as  allowed  to  '&ct  first  at  170°,  and  the  temperature  then  raised  to 
200°-210°,  phenol  distilled  in  its  proper  proportions,  and  a  large  amount  of  paraoxy- 
benzoic acid  ivas  formed  without  a  trace  of  salicylic  acid. 

In  other  experiments  carbonic  anhydride  was  passed  through  heated  phenol,  and 
■when  the  temperature  had  risen  to  130°,  potassium  was  added  till  it  rose  to  150°. 
When  the  equivalent  quantity  of  potassium  had  been  added,  the  product  yielded  pure 
salicylic  acid.  Another  portion  of  phenol  saturated  with  potassium  yielded  a  distillate 
of  phenol  at  about  200°,  and  the  retort  contained  a  considerable  quantity  of  paraoxj-- 
benzoio  acid  free  from  salicylic  acid.  If  sodinm-phenol  be  treated  with  carbonic 
anhydride  at  240°-280°  for  four  hours,  pure  salicylic  acid  is  produced  without  a  trace 
of  paraoxybenzoic  acid. 

From  a  mixture  of  salicylic  and  paraoxybenzoic  acids,  the  greater  part  of  the 
salicylic  acid  may  be  separated  in  the  form  of  a  sparingly  soluble  basic  calcium  salt, 
by  mixing  the  aqueous  solution  of  the  acids  with  excess  of  milk  of  lime,  A  moro 
exact  method  of  separation,  however,  is  to  dry  the  mixture  of  acids  at  100°  and  digest 
it  in  boiling  chloroform,  which  dissolves  the  salicylic  acid  easily,  and  takes  up  but 
little  of  the  paraoxybenzoic  acid  (Kolbe). 

On  the  Heat  of  Combination  of  Salicylic  acid  with  Bases,  see  Heat  (p.  62). 

Fhysiological  action. — Given  in  large  doses  (6  grams  in  two  days)  salicylic  acid 
produces  singing  in  the  ears,  and  passes  out  in  the  lu-ine,  partly  as  salicyluric  acid, 
partly  unchanged  ;  it  may  also  be  detected  in  2  hours,  and  even  after  20  hours  in 
urine,  although  the  dose  maybe  only  0'3  gram.  Owing  to  the  fact  that  it  is  easily 
decomposed  into  phenol  and  carbonic  anhydride,  it  acts  antiseptically,  preventing 
fermentation  and  decomposition,  and  may  therefore  be  applied  to  the  preservation 
of  meat.  For  this  latter  purpose  it  is  preferable  to  phenol,  as  it  is  tasteless,  or 
nearly  so.  Neither  paraoxybenzoic  nor  oxybenzoic  acid  acts  antiseptically.  Salicylic 
acid  has  also  been  applied  to  the  dressing  of  wounds,  and  has  been  found  to  work 
very  satisfactorily,  aiding  granulation,  &c.,  and  preventing  fever  (Kolbe,  loc.  cit.) 

Action  of  Phosplioriis  oxycliloridc. — With  this  reagent,  salicylic  acid  yields  con- 
densation-products. The  portion  of  the  product  insoluble  in  hot  water  contains  the 
compounds : 

C'H^O-  =    CH'^O'  -  W-0 
Salicylide 

C=«H'«0»  =  4C'H«0'  -  3H=0 
Tetrasalicylide 

The  former  crystallises  from  boiling  alcohol,  the  latter  is  a  solid  brittle  resin. 

Nitrosalicylio  add  is  likewise  attacked  by  phosphorus  oxychloride  (H.  SchiflF,  Beut, 
Clicm.  Ges.  Ber.  iv.  969). 

Xodosalicylic  iLcid.  Hlasiwetz  a.  Weselsky  {ihid.  v.  380)  have  succeeded  in 
replacing  part  of  the  hydrogen  in  salicylic  acid  and  its  isomerides  by  iodine,  by  the 
process  which  they  formerly  applied  to  the  formation  of  iodophenols  (\st  Swppl.  910), 
viz.  the  action  of  iodine  in  presence  of  mercuric  oxide.  Salicylic,  oxybenzoic,  and  para- 
oxybenzoic acid  when  tlius  treated  exhibit  different  degrees  of  capability  of  taking  up 
iodine  in  exchange  for  hydrogen. 

]K'itrosalicylic  Acids.  When  salicylic  acid  is  nitrated,  not  only  is  ordinary  nitro- 
salicylic  acid  formed,  but  also  two  moro  soluble  isomerides,  one  of  which  crystallises 
in  long  colourless  needles  melting  at  124°.  This  modification  dissolves  sparingly  in 
cold  water,  readily  in  hot  water  and  alcohol,  and  gives,  with  ferric  chloride,  a  reddish- 
blue  colour.  The  potassium  salt,  C^H\NO^)OK.CO-K,  crystallises  from  hot  water  in 
long  yellow  needles.  The  magnesium  salt,  C"H'(NO-)O.CO-]Mg -I-  3H-0,  forms  yellow 
needles  which  readily  dissolve'in  hot  water.  The  barium  salt,  (C''SXN0-)0H.C0-')^Ba, 
crystallises  from  a  hot  aqueous  solution  in  scales,  and  from  a  dilute  in  slender 
needles.  The  lead  salt,  C''H'(N0=)0.C0-Pb,  is  a  yellow  precipitate.  The  silver  salt, 
CH^NO'OH.CO^Ag,  is  readily  soluble  and  forms  glistening  brownish  needles.  The 
second  isomeric  acid  remains  in  the  mother-liquor  of  the  barium  salt  of  the 
first,  and  crystallises  in  long  colourless  needles  melting  at  218°.  Its  barium  salt, 
(C°H'(N0-)0H.C0-')2Ba  -f-  4H=0,  forms  hard,  light  yellow,  compact  crusts  (L.  B.  Hall, 
Deut.  Chcm.  Gcs.  Bcr.  vii.  1320). 

SAXiXCVXiXC  AXiBBHYSS,  or  SAXXCVI.O&,  C'H'O-.  This  compound, 
treated  with  phosphorus  oxychloride,  yields  a  purple-red,  non-crystallising  product 
which  dissolves  in  alkalis  ■sdth  splendid  violet  colour  (SchiflF). 
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SAIiXCYl^XC  ATTKVBRIBES.  Several  anhydrides  of  salicylic  acid  have  becu 
described  by  Gerhardt  (v.  160)  and  by  Kraut  {1st  Sujjpl.  1007).  SchifF  {Ann.  Ch. 
Pharm.  cbtiii.  218)  prepares  salieylide,  C'H'O-,  and  tetrasalicylide,  C^'H'^O",  by  the 
action  of  jsliosphorous  oxychloride  on  salicylic  acid.  This  acid  when  heated  dissolves 
easily  in  the  oxyehloride,  with  abundant  evolution  of  hydrochloric  acid.  At  the  end 
of  the  reaction  the  liquid  is  decanted  from  the  separated  metaphosphoric  acid,  the 
excess, of  oxyehloride  is  distilled  off,  and  the  residue  is  decomposed,  while  well  cooled 
by  throwing  in  lumps  of  ice.  The  mass,  which  soon  solidifies,  is  boiled  with  water  to 
remove  unaltered  salicylic  acid,  and  treated  several  times  with  boiling  alcohol.  The 
alcoholic  solution  yields,  by  repeated  crystallisation,  large  spherical  groups  of  shining 
needles  which  shrink  up  very  much  when  dried.    These  crystals  consist  of  salieylide : 

C'W  =  C«ff  or  C«H'jc°zS°ic»H^ 

Tho  reaction  takes  place  in  the  manner  represented  by  the  equation: 

2C'H^03  +  POCP  =  PHO^  +  3HC1  +  20'ffO=. 

Salieylide  is  insoluble  in  water,  does  not  give  tho  purple  reaction  with  iron  salts,  or 
a  precipitate  with  lead  salts,  and  is  not  attacked  by  acetyl  chloride.  It  melts  for  tho 
most  part  at  196°-200°,  but  decomposes  partially  at  the  same  time,  so  that  the  whole 
does  not  become  liquid  till  heated  to  220°-22o°.  By  boiling  with  potash  it  is  recon- 
verted into  salicylic  acid. 

The  portion  of  the  original  product  which  is  nearly  insoluble  in  boiling  alcohol, 
forms  a  white  hard  resinous  mass,  insoluble  in  water,  and  only  slightly  soluble  in 
alcohol,  ether,  and  benzin,  even  at  the  boiling  lieat.  Tho  results  of  its  analysis  agree 
very  well  with  the  formula  C-«H'^0'  =  dC'H'O^ -  3H-0,  which  is  that  of  Kraut's  tetra- 
salicylic  acid;  Schiff  calls  it  tetrasalicylide.  It  softens  at  205°,  is  perfectly 
fluid  at  230",  and  decomposes  at  about  250°.  Strong  sulphuric  acid  dissolves  it  with 
yellow  colour,  and  water  partly  precipitates  it  from  the  solution  unaltered,  partly 
converts  it  into  salicylic  acid.  When  heated  with  strong  sulphuric  acid  it  forms 
sulphosalicylic  acid. 

As  tetrasalicylide  exhibits  no  iron  reaction,  and  does  not  yield  any  acetyl  derivative, 
it  may  be  regarded  as  tho  first  anhydride  of  disalicylic  add  : 

pOOB.       0        CO  CO       0  COOH 

To  Gerliardt's  salicylic  anhydride,  which  Kraut  designates  as  Salicyh-saliciilic  acid, 
C'HnCOOH 

Schiff  assigns  the  formula,         \0       ,  as  otherwise  its  formation  from  acoto- 

cm*  (cooH 

salicylic  acid  should  be  attended  with  the  elimination  of  an  atom  of  acetyl  in  the  form 
of  acetic  acid,  and  the  presence  of  a  phenolic  hydroxyl  should  give  rise  to  the  well- 
known  iron  reaction,  wliich  is  not  the  case. 

The  existence  of  Kraut's  trisalicylo-salicj/lio  acid  is  doubted  by  Schiff,  inasmuch  as 
the  more  exact  calculation  of  the  analyses  given  by  Kraut  does  not  yield  very  accordant 
results.  Kraut,  on  tho  other  hand  {Ami.  Ch.  Pharm.  clxv.  1 59),  upholds  the  existence  of 
the  acid  in  question,  and  the  correctness  of  the  analytical  numbers  which  he  obtained. 

SAX.ZGSia-Xia'  ami  SAX.XRETXU.  Kraut  {Ann.  Ch.  Pharm.  cl.  123)  pre- 
pares salirctin  by  drcm-liiiii;  finrly-pulverised  salicin  with  lO^Dts.  fuming hj'drochloric 
acid  of  sp.gr.  112.').  wariiiiiifj,  tho  solution  with  agitation,  and  then  heating  it  to  80°, 
whereupon  part  of  tlie  salirctin  jjroduced  separates  as  a  pulverulent  precipitate.  The 
precipitation  is  completed  by  pouring  the  pasty  mass  into  a  large  quantity  of  water; 
the  precipitate  is  washed  till  free  from  chlorine,  and  dissolved  in  moderately  dilute 
spirit,  a  small  quantity  of  gelatinous  matter  then  remaining  undissolved ;  and  the 
salirctin  is  separated  by  pouring  the  filtrate  into  a  large  quantity  of  salt  water.  It 
then  falls  down  quickly  in  curdy  flocks,  whereas  pure  water  merely  renders  the 
alcoholic  solution  turbid. 

Saliretin  thus  prepared  is  a  yellowish  or  reddish-yellow  powder.  After  drying 
over  oil  of  vitriol,  ic  gives  off  no  more  water  at  100°  or  even  at  200^^,  but  cakes 
together  and  turns  brown  at  the  latter  temperature.  It  is  soluble  in  aqueous  alcohol, 
and  if  its  preparation  has  been  conducted  at  the  temperature  above  mentioned,  it 
likewise  dissolves  almost  completely  in  absolute  alcohol.  If,  on  the  other  hand,  tho 
salicin  has  been  decomposed  by  hydrochloric  acid  at  a  teraperatm-e  not  exceeding  40°, 
the  solution  of  the  product  in  aqueous  alcohol  yields,  on  addition  of  absolute  alcohol, 
a  precipitate,  which  however  docs  not  differ  from  saliretin  either  in  composition  or 
in  properties. 
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Saliretin  is  commonly  represented  by  tlie  formula  C'E^O  or  C'^H'-O- ;  but  Kraut's 
analysis  leads  to  the  formula  C'*H"0',  originally  suggested  by  Moitessier  {Jahresb.  f, 
Chcm.  1866,  677),  who  regarded  saliretin  as  related  to  saligenin,  in  the  manner  as  an 
ether  to  a  mouatomie  alcohol : 

S-aUgenin  Saliretin 

Kraut,  however,  regards  saliretin,  not  as  the  ether  of  saligenin,  but  as  saligcno' 
saligenin  : 

H.O.CH^CH^.O.C'iff.CHlO.H 

a  compound  analogous  to  salicylo-salicylic  acid  (Isi!  Suppl.  1007) : 

H.o.c«H^co.o.c»n^.cmo.H. 

Saliretin  is  likewise  precipitated  by  salt  water  from  its  alkaline  solution,  and  the 
precipitate,  after  continuous  washing  with  the  same  liquid,  contains,  after  deduction  of 
sodium  chloride,  a  quantity  of  soda  less  than  sufBcient  to  form  a  saturated  or  half- 
saturated  sodium-compound. 

Piria  found  that  saliretin,  when  oxidised  by  chromic  acid,  does  not  yield  salicylol ; 
and  Kraut  finds  that,  when  oxidised  by  potassium  permanganate,  it  does  not  yield 
either  salicylol  or  salicylic  acid,  or  in  general  any  well-characterised  product  of 
decomposition. 

A  substance  called  saliretin,  which  Gerhardt  prepared  by  the  action  of 
sulphuric  acid  on  saligenin,  exhibits  the  composition  of  trisaligeno-saligenin, 
Q'jsjj26Q5  _  4C'H*0-  —  3H"0 ;  some  resinous  products  prepared  by  Beilstein  a. 
Seelheim  {Jahresb.  1861,  765)  from  saligenin,  by  the  action  of  acetic  anhydride  or 
ethyl  iodide,  appear  to  consist  of  heptasaligeno-saligenin,  C^H^^O"  =  SC'ffO-  —  7H-0 
(Kraut). 

Action  of  the  Acetyl-dcrivativcs  of  Sugars  on  Sodium-saligcnin. — Acetyl-glucose  and 
sodium-saligenin,  heated  together  in  presence  of  alcohol  or  benzene,  yield  a  small 
quantity  of  a  substance  which  forms  glucose  and  saliretin  when  boiled  with  dilute 
sulphuric  acid.  This  substance  is  obtained  pure  by  evaporation  to  dryness,  solution 
in  water,  precipitation  by  lead  acetate,  and  decomposition  by  hydrogen  sulphide  ;  and, 
finally,  by  evaporation  to  dryness  in  a  vacuum,  there  is  obtained  an  amorphous, 
yellowish,  brittle  mass,  soluble  in  water  and  in  alcohol.  The  greater  part  of  the 
substances  employed,  however,  react  diiFerently,  producing  acetosaliretin  and 
sodium  glucinate  ;  the  former  of  these,  which,  by  saponification,  yields  saliretinand 
sodium  acetate,  is  likewise  formed  by  the  action  of  acetic  anhydride  on  saliretin 
(Schiitzenberger,  Ann.  Chim.  Phys.  [4],  xxi.  235). 

Diacetosaccharose  and  sodium-saligenin,  heated  in  an  open  vessel  with  absolute 
alcohol,  also  form  a  small  quantity  of  a  glucoside  which  splits  up  into  glucose  and 
saliretin ;  the  greater  portion  of  the  substance,  however,  is  converted  into  aceto- 
saliretin, and  the  sodium  salt  of  an  acid  very  similar  to  glucinic  acid,  which  may  be 
termed  saccharinic  acid.  This  sodium  salt,  C'-H"NaO'°,  separates  from  boiling 
absolute  alcohol  in  small,  wiiite  crystals ;  it  is  very  soluble  in  water,  gives  with  basic 
lead  acetate  a  precipitate  soluble  in  excess  of  the  acid,  and  yielding  the  acid  itself  by 
decomposition  with  hydrogen  sulphide  ;  the  acid  forms  a  very  sour  syrup  (Schiitzen- 
berger). 

The  lead  precipifeite  obtained  by  treating  saligenin  with  lead  acetate  also  yields, 
when  heated  with  an  aqueous  solution  of  acetyl-glucose  or  acetyl-saceharose,  a  con- 
siderable quantity  of  a  glucoside,  which,  when  treated  with  acids,  splits  up  into 
saliretin  and  glucose  (Schutzenberger). 

SAZiXITE  SOXiVTXOXrs.  On  the  Capillarity  of  Saline  Solutions,  and  its  relation 
to  their  Density,  see  pp.  243,  244. 

On  the  Electrolysis  of  Saline  Solutions,  see  Electricity  (pp.  460-462). 

On  the  Specific  Heat  of  Saline  Solutions,  see  Heat  (pp.  596-601). 

Solidifying  Points  of  Saline  Solutions. — L.  C.  de  Coppet  {Ann.  Chiiri.  Phys.  [4],  xxiii. 
366-405;  xxv.  502-553;  xxvi.  98-121)  has  made  elaborate  experiments  on  the 
lowering  of  the  freezing  point  and  point  of  maximum  density  of  saline  solutions 
below  those  of  pure  water,  and  has  applied  the  results  to  the  determination  of  the 
chemical  constitution  of  the  solutions.  The  experiments  of  Eiidorff  on  the  freezing 
of  water  from  saline  solutions  (iii.  80  ;  also  Pogg.  Ann.  cxiv,  63  ;  cxvi.  65  ;  Jahrcsh. 
f.  Chem.  1861,  56  ;  1862,  23)  have  shown  that  if  M  denotes  the  amount  of  anhydrous 
salt  in  100  pts.  of  water,  and  E  the  lowering  of  the  freezing  point  of  the  solution 

below  0°,  the  ratio  ^  is  sometimes  constant,  sometimes  increases  with  the  increase  of 
M 
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M  ;  and,  assuming  that,  in  the  former  case,  the  salts  are  present  in  the  solutions  in  the 
anhydrous  state,  and  iu  the  second,  in  combination  with  a  certain  number  of  molecules, 
r,  of  water  of  hydration,  it  follows  that  if  M,.  denotes  the  amount  of  this  hydrate  in 

100  pts.  of  water,  the  ratio       is  constant.    De  Coppot  recognises  a  third  case,  in 

■which  ^  decreases  with  increase  of  M,  and  ho  further  finds  that  in  many  cases  in 

wliich  increases,  no  value  of  /  can  be  found  for  which  the  ratio  —  is  constant. 
JM  Mr 
To  explain  these  two  cases,  De  Coppet  supposes  that,  in  the  solutions  in  question,  a 
partial  decomposition  (dissociation)  of  the  salt  takes  place,  in  such  a  manner  that  in 
many  cases  the  dissociation  extends  only  to  the  state  of  hydration  of  the  salt,  while  in 
others  the  salt  itself  is  modified  by  the  action  of  the  water,  so  that  the  solution  con- 
tains a  mixture  of  compounds,  the  proportion  between  which  varies  with  the  concen- 
tration and  the  temperature.  This  decomposition  of  a  hydrate  dissolved  in  water 
may  bo  compared  with  that  of  a  hydrated  salt  in  a  limited  space  filled  with  aqueous 
vapour  (\U  Suppl.  425),  the  quantity  of  water  combined  with  a  dissolved  salt  depend- 
ing, not  only  on  the  temperatiu-e,  but  likewise  on  the  degree  of  concentration  of  the 
solution. 

Denoting  by  E  and  D  the  depressions  of  the  freezing  point  and  of  the  maximum 
density  of  a  solution,  and  by  M  the  amount  of  anhydrous  salt  in  100  pts.  of  water, 
De  Coppot  draws  from  the  whole  of  his  investigation  the  following  conclusions  : 

1.  If  the  ratios  ^  and      are  both  cojisifawi!  between  given  limits  of  pressure  and 

MM  O  l:- 

temperature,  it  may  be  inferred  that  between  these  limits  the  salt  is  present  iu  the 
solution  in  the  anhydrous  state. 

2.  If  the  ratios  ?  and      increase  as  M  increases,  the  solution  will  contain  at  least 

M  M 

one  compound  formed  at  the  expense  of  the  solvent.  If  solutions,  between  certain 
limits  of  temperature  and  concentration,  contain  only  one  hydrate,  the  number  of  water 
molecules  r  in  the  latter  may  be  calculated  by  tlio  following  formula  established  by 
Eiidorlf  (2^0^17.  Ann.  cxvi.  62): 

^  100A(M<'— M'O 
18MM'(«'— i) 

in  which  A  is  the  molecular  weight  of  the  salt  M,  and  M'  two  different  quantities  of 
the  dissolved  salt,  t  and  t'  the  corresponding  freezing  points. 
E  D 

3.  If  the  ratios  —  and  —  decrease  as  M  increases,  the  salt  in  the  solution  has 

M  M 

probably  been  altered  by  the  action  of  the  solvent. 

These  conclusions,  taken  in  their  strict  sense,  arc  applicable  to  eacli  particular 
solution  only  at  its  freezing  temperature  or  at  the  point  of  maximum  density. 

The  following  table  (p.  1070)  exhibits  some  of  the  numerical  results  of  De  Coppet's 
experiments.  The  second  column  contains  the  formulae  of  the  anhydrous  salts  or  hy- 
drates which  are  supposed  to  exist  in  the  solution  attlie  freezing  point ;  those  liydrates 
which  are  not  yet  known  in  the  solid  state  are  distinguished  by  an  asterisk.  The 
fourth  and  fiftli  columns  exhibit  the  coefficients  of  depression  of  the  freezing  2>oint  h, 
referred  to  the  unit  of  weight  of  substance  dissolved  in  100  pts.  of  water,  and  the 
depressions  of  the  freezing  point  H,  referred  to  one  molecule. 

From  this  table  it  appears  that  bodies  belonging  to  the  same  molecular  group  exiiibit 
nearly  equal  inolemilar  depressions  of  the  freezing  point.  Potash  and  soda  are  related  to 
tlie  group  including  the  chlorides,  bromides,  and  iodides  of  the  alkali-metals  ;  but  for 
ammonia  the  molecular  depression  is  not  much  more  tlian  half  as  great,  whence  Do 
Coppet  infers  that  the  constitution  of  amnioniacal  solutions  differs  from  that  of  solu- 
tions of  potash  and  soda. 

A  similar  relation  exists  between  the  molecular  weights  of  salts  and  the  lowering 
of  their  temperatures  of  ma.vimum  density,  and  affords,  for  a  large  number  of  salts,  in 
default  of  direct  observations,  tlie  means  of  calculating  the  temperatni-es  of  freezing, 
and  of  the  maximum  density  of  their  aqueous  solutions.  Do  Copprl.  imlrcil.  l.y  .  om- 
paring  the  two  kinds  of  molecular  depression,  arrives  at  the  genrr.il  ciiih  liisi'in  ihai,, 
for  each  group  of  the  chlorides,  bromides,  and  iodides  of  the  alkali-metals  and  alk.iliiie 
earth-metals,  for  caustic  potash  and  soda,  and  probably  for  a  large  number  of  otlior 
bodies  of  corresponding  chemical  constitution,  the  molecular  depression  of  the  tem- 
perature of  maximum  density  of  aqueous  solutions  is  nearly /oejr  tivies  as  gxeat  as  the 
molecular  freezing  point  depression.  For  that  particular  solution  of  each  substiince 
for  which  the  freezing  point  coincides  with  the  point  of  maximum  density,  both  these 
temperatures  arc  situated,  within  a  few  huudrclths  of  a  degree,  at  —1-33°. 
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Bepression  of  the  Freezing  Points  of  Saline.  Solutions. 


Mole- 
cular 
weight 
A. 

Coefficient  of 
depression  h 

Depression 
for  1  molecule 
H  =  A.  A 

Potassium  chloride  . 

KCl 

7-1-6 

0-451 

33-6 

„        bromide  . 

KEr 

119'1 

0-292 

34-8 

„  iodide 

KI 

1060 

0-212 

35-2 

Sodium  cliloride       .  | 

NaCI.2H=0  . 
NaC1.3H-'0 

94-5 
112-5 

< 
> 

33-8 
31-4 

NaBr.xH-O* 

oVi 

33-9 

,,  iodide 

Nal.SH'^O* 

203-9 

0-170 

34-7 

Ammonium  chloride 

NH'Cl 

53-0 

0-660 

34-8 

Potassium  hydrate  . 

KH0.2H=0 

92 



33-9 

Sodium  ,, 

NaHO.UH^O 

67 

< 

34-1 

(NH*)Hb* 

O^i" 

19-0 

Barium  chloride 

BaCP.loH^O* 

47S-2 

— 

43-4 

Strontium 

> 

41-6 

Calcium  „ 

CaOP.lSIPO* 

381 

0-1135 

43-2 

Cupric  „ 

CuCP.12H20* 

350-5 

0-127 

44-5 

Manganous  „ 

MnCl-.12.tI^0- 

342-2 

0-138 

47-2 

Potassium  nitrate  . 

KNO' 

27-0 

Sodium  ,, 

NaNO^ 

^85 

0-310 

26-4 

Potassium  carbonate 

K^CO^CH^O* 

246 

0161 

39-6 

„  chromato 

K=CrO* 

104-5 

0-196 

38-1 

, ,         sulphate  . 

K^SO-" 

174 

0-201  0-224 

3. 

-0—39-0 

Ammonium  „ 

132 

0-276 

36-4 

Ferrous  sulphate 
Zinc 

Magnesium  „ 
Cupric  „ 

FeS0'.7H=^0- 
ZnS0<.7H-0 
MgS0'.7H=0 
CuSO'.oH^O 

278 
2S7 
246 
249-5 

0-055 
0-065 
0-073 
0-070 

15-3 
15-8 
18-0 
17-5 

The  numbers  in  the  following  table  afford  examples  of  the  above-mentioned  decrease 
of  the  ratio  —  with  increase  of  M.    Tliose  distinguished  by  an  asterisk  refer  to 


supersaturated  solutions. 


Bepression  of  the  Freezing  Point  of  Solutions  of: 


Sodium  Sulphate 

Sodium  Nitratfe 

Ammonium  Nitrate 

M 

E 

E 

M 

E 

E 

M 

E 

E 

M 

M 

2 

0-6° 

0-300° 

12 

4-25° 

0-354° 

0-83° 

0-415° 

203 

0-6 

0295 

20 

6-7 

0-335 

6 

2-03 

0406 

4 

0-300 

6-7 

0-335 

6 

2-4 

0-400 

4-06 

1-2 

0-295 

30 

9-7 

0  323 

10 

3-S5 

0-385 

1-4 

0-280 

40 

12-7 

0-318 

12 

4-55 

0-379 

5-08«- 

1-45 

0-285 

50 

15-7 

0-314 

20 

6-9 

0-345 

6-09'"' 

1-7 

0-286 

16-4 

0-308 

30 

9-35 

0-312 

10 

0-275 

15-4 

0-308 

9-35 

0-312 

10-15* 

0-2G6 

60 

18-8 

0-313 

40 

11-75 

0-294 

12-2* 

3-05 

0-250 

18-6 

0-310 

50 

13-6 

0-272 

15* 

305 

0-243 

70 

21-55 

0-308 

60 

15-6 

0-260 

15-2* 

3-65 

0-240 

21-8 

0-311 

70-24 

17-4 

0  248 

20 

4-05 

0-225 
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Imh-  Do  Coppet's  experiments  on  the  depression  of  the  freezing  point  in  solutiom  of 
ruixcd  salts,  and  for  his  comparison  of  his  own  results  with  the  conclusions  arrived  at 
liy  ^\'lilhlcr  in  his  Memoir  on  the  Tension  of  the  Aqueous  Vapour  from  Saline  Solu- 
tions (iii.  95),  see  the  original  paper  {Ann.  Chivi.  Phys.  [4],  xxvi.  98). 

ironi  experiments  by  Kiidorff  {Pogg.  Ann.  cxlv.  599),  it  appears  that  the  molecular 

decrease  of  the  ratio     with  increase  of  M  is  most  strikingly  exhibited  in  solutions 

of  silver  nitrate,  in  which  it  varies  from  0-175°  to  0-108°  bftween  M  =  4  and  M  =  62, 
and  of  acetic  acid,  in  which  it  decreases  from  0-325°  to  0-237°  between  IM  =  2  and 
M  =  62. 

Contraction  acconi'panying  the  Solution  of  Salts. — The  following  ob- 
servations on  this  phenomenon  have  been  made  by  Valson  {Comft.  rend.  Ixxiii.  1376). 
For  very  soluble  salts  the  contraction  continually  diminishes  down  to  an  imperceptible 
amount,  as  the  contraction  approaches  its  maximum. 

With  regard  to  strength  of  contraction,  the  substances  examined  form  the  following 
series: — 1.  According  to  the  metalldidal  radicles:  Carbonates,  sulphates,  chlorides, 
nitrates,  iodides.  2.  According  to  the  metallic  radicle :  Iron,  zinc,  copper,  magnesium, 
strontium,  barium,  calcium,  sodium,  lead,  potassium,  ammonium.  Hydrated  salts 
exhibit  a  much  smaller  coefficient  of  contraction  than  the  corresponding  anhydrous 
salts,  and  the  contraction  is  smaller  the  greater  the  number  of  molecules  of  water  of 
crystallisation.  Hence  the  chief  -part  of  the  contraction  apipears  to  be  completed  in 
the  formation  of  the  crystal  itself  with  the  first  molecule  of  crystallisation-watci-  ^^  hich 
the  anhydrous  salt  takes  up.  Amongst  anliydrous  salts,  those  which  crystallise  appear 
to  have  the  smallest  coefficients  of  contraction.  On  the  other  liand,  the  number  of 
molecules  of  crystallisation-water  is  greater  as  the  coefficient  of  contraction  referred 
to  the  anhydrous  salt  is  higher.    (See  also  pp.  293-304.) 

Solubility  and  Density  of  Solutions  of  Potassium  and  Sodium  Salts. 
—Page  a.  Kcightley  (Ckem.  Soc.  J.  [2],  x.  566)  have  determined  the  density  and 
saline  contents  of  saturated  solutions  of  the  chloride,  nitrate,  and  sulphate  of  potassium 
and  of  the  nitrate  and  chloride  of  sodium  at  15-6° ;  also  the  density  of  each  of  these 
salts  in  the  solid  state  at  15-6°,  and  the  soluliility  of  each  in  presence  of  one  or  two  of 
the  others.  The  solutions  were  prepared  at  the  constant  temperature  of  16-6°.  AVhcn 
two  numbers  are  attached  in  the  following  table  to  the  same  salt,  the  second  refers  to 
a  solution  saturated  at  100°  and  cooled  to  15-6°. 


Solubility  and  Specific  Gravity  at  15-6°. 


Salt 

Amount  of  Salt 

Amoiuit  of 

Specific  gi 

avitj' 

in  100  pts.  of 
saturated  holution 

to  100  pts. 
of  -(vater 

water  to 
1  pt.  of  salt 

of  the  saturated 
solution 

■  of  the 

... 

NaCl  j 

26-24 
26-61 

35-  76 

36-  26 

2-79 
2-75 

1204-05 
1206-93 

|-  2-06 

KCl  j 

24-74 
24-84 

32-88 
-  33-06 

304 
3-02 

1171'1() 

1171-S2 

1  ... 

NaNO^  1 

45-71 
45-85 

84-21 
84-69 

M8 
1-18 

1137-fil 
1378-43 

I  1-90 

KNO'  1 

20-60 
20-82 

26-04 
26-30 

3-84 
3-80 

1141-  23 

1142-  25 

j  ... 

K=SO» 

8-48 

9-20 

10-79 

1176-84 

Decomposition  by  Heat  {Dissociation)  of  Salts  in  Solution.  (C.  li.  C. 
Tichborne,  Chem.News,  xxiv.  123,  190,  209,  230;"xxv.  133.)— Experiments  with  solu- 
tions of  ferric  chloride,  ferric  sulphate,  chromic  sulphate,  chrome-alum,  ammonia-iron 
alum,  potash-iron  alum,  ammonia  alum,  and  potash  alum  (partly  in  sealed  tubes  at 
177°),  showed  that  all  these  compoimds  are  more  or  less  decomposed  by  heating  their 
aqueous  solutions,  the  ferric  salts  most  easily  of  all.  The  solutions  of  these  latter 
gradually  become  darker,  and  when  dilute  deposit,  even  below  the  boiling  point,  a  pre- 
cipitate of  a  basic  salt ;  while  at  higher  temperatures,  tinder  pressure,  or  in  very  dilute 
solutions  even  under  ordinary  circumstances,  anhydrous  ferric  oxide  may  be  formed. 
Chromic  salts  decompose  in  a  similar  manner,  excepting  that  the  point  of  decomposi- 
tion is  higher.  In  solutions  of  aZzminiWOT  salts  it  is  still  considerably  higher ;  these 
solutions  give  precipitates  at  the  boiling  heat  imder  a  pressure  of  1 1  or  1 2  atmospheres, 
or  even  at  100°,  if  they  contain  from  50,000  to  60,000  pts.  water  to  1  pt.  of  salt. 
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SoluhUity  oj  Mixed  Salts  at  and  Specific  Gravity  of  the.  Sohiii< 


Mixture  of  Salts 

Quantity  of  Salt 

1 

Specific  gravity 
of  the  solution 

in  101)  pts.  of 
solution 

to  100  pts.  of 

<KC1 
jNaCl 

9'62 
21-21 

13-92 
30-65 

1  1233-7i 

15'29 
40-39 

34  53 
91-16 

1  1478-22 

<  K^NO^ 
jNaCl 

18-79 
23-03 

32-32 
39-57 

}  1330-92 

<  K'SO« 
)NaCl 

4-99 
25-52 

7-19 
36-71 

[  1241-51 

(KCl 
\  NaCl 
(liNO^ 

0-82 
22-51 
18-33 

1-39 
38-58 
31-44 

1  1329-7-1 

fNaCl 
\  NaNO' 

(kno= 

12-  65 
25-68 

13-  83 

26-44 
63-68 
28-92 

1  1438-63 

-^KCl 
(NaCl 

3-19 
6-88 
21-88 

4-69 
10-11 
32-15 

1  1250-42 

Solutions  of  kydrated  salts  of  cobalt,  copper,  and  nickel  gave  the  following  results: — 
Neutral  aqueous  solutions  of  tlie  chlorides,  e.g.  the  light  rose-coloured  solutions  of 
cobalt  chloride,  do  not  change  colour  when  boiled  under  ordinary  atmospheric  pressure. 
But  in  every  case  in  which  a  difference  of  colour  is  observed  between  the  dry  and  the 
hydrated  salt,  the  dehydration  may  bo  brought  about  by  increasing  the  pressure.  Of 
the  greatest  importance  is  the  observed  opposite  influence  of  dilution  on  salts  which 
decompose,  like  ferric  and  chromic  salts,  with  formation  of  a  basic  salt,  and  of  those 
■which  merely  sufPjr  dehydration.  In  the  former  the  temperature  of  decomposition 
is  lowered  by  dilution,  in  the  latter  it  is  raised,  as  shown  by  the  following  table : 


Decomposition  of  Ferric  Chloride,  -with 
separation  of  base 

Decomposition  of  Cobalt  Chloride,  with 
separation  of  hydration-water 

Percentage  of 
Hydrated  Salt 
in  the  solutions 

Temperature 
of 

decomposition 

Colour 

Percentage  of 
Hydrated  Salt 
in  the  solutions 

Temperature 
of 

decomposition 

Colour 

60 

above  100° 

60 

\  60° 
I  100 

altered 
blue 

10 

94 

25 

85 
135 

altered 
blue 

5 

82 

10 

$  180 
\  207 

altered 
blue 

The  decomposition  by  heat  of  certain  ammonia  salts  and  acetates  in  aqueous  solution 
has  been  investigated  by  H.  C.  Dibbits  {Deitt.  Chcm.  Gcs.  Ber.  v.  820).  The  ammonia 
salts  named  in  the  following  table  give  off  ammonia  at  ordinary  temperatures,  as  well 
as  at  the  boiling  points  of  their  solutions  ;  a  solution  of  the  acetate,  through  which  a 
stream  of  hydrogen  was  yiassed,  gave  off  ammonia  even  at  0°.  The  quantity  of  free 
ammonia  in  the  distillate  is  proportional  to  tlip  concentration  of  the  solution.  The 
proportions  of  the  several  salts  thus  decomposed  in  solution  are  given  in  the  following 
table : 


Sodium  acetate  0-14  p.c. 
Barium     „      0-064  „ 
Lead        „      6-0  „ 
Silver       „      0-72  „ 


100-102='  I 
100-101-5 
100  ! 
100  I 


L  chloride 
nitrate 
sulphate 
oxalate 
acetate 


0  06; 

0-  075 

1-  1 

6-  7 

7-  0 


I.e.  at  100° 
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In  the  case  of  tho  clilorido  and  acetate  of  ammonium,  which  give  off  acid  as  well  as 
ammonia,  these  numbers  must  bo  regarded  only  as  maxima. 

For  Favrc  a.  Valson's  experiments  on  the  Dissociation  of  Crystallised  Salts  in  Solu- 
tion, see  Chemical  Action  (pp.  292-304). 

For  Eertlielot's  experiments  on  tho  state  of  Acid  Salts  in  Solution,  and  on  the 
Division  of  a  base  in  Solution  between  two  Acids,  see  pp.  285-290. 

Siii^^rsaturatcd  Saline  Solutions. — These  solutions  are  usually  prepared  by 
leaving  a  solution  saturated  while  hot  to  cool  in  a  vessel  in  which  it  is  protected  from 
the  dust  of  the  air.  De  Coppet  {Comin.  rend.  Ixxiii.  1324)  finds  that  a  supersaturated 
solution  of  sodiim  sidphatc  is  formed  when  anhydrous  sodium  sulphate  previously 
heated  above  33°,  and  cooled  out  of  contact  with  the  dust  of  the  air,  is  dissolved  in  cold 
water,  the  salt  being  added  by  small  quantities  at  a  time  to  prevent  any  considerable 
rise  of  temperature.  By  operating  in  this  manner,  water  may  be  made  to  take  up  a 
quantity  of  sodium  sulphate  five  times  as  great  as  that  which  is  contained  in  a  solution 
of  the  hydrate,  Na'-SO'.IOH-'O,  saturated  at  the  ordinary  temperature. 

In  like  manner  supersaturated  solutions  of  sodium  carbonate  n,xi<\.magncsium  sidphate 
may  be  prepared  without  lieating,  by  the  use  of  anhydrous  sodium  carbonate  and  par- 
tially dehydrated  magnesium  sulphate. 

On  the  causes  vvhicli  determine  the  separation  of  salts  from  supersaturated  solu- 
tions, see  Tomlinson  (Proc.  Boy.  Soc.  xvi.  403  ;  xviii.  633,  536  ;  xx.  41,  109,  342  ; 
I'Ml.  Mag.  [4J,  xxxvi.  222 ;  xl.  221,  224,  296  ;  xliv.  243  ;  Chcm.  Soc.  J.  [2],  vii.  125  ; 
X.  284,  784;  xi.  720;  Jahrcsb.  f.  Chcm.  1868,  43;  1870,  44;  1871,  36;  1872,  20), 
Gernez  {Compt.  rend.  Ixxv.  1705  ;  Jahresb.  1872,  20  ;  Cliem.  Soc.  J.  [2],  xi.  720),  Van 
der  Mensbrugghe  {Compit.  rend.  Ixxvi.  46 ;  Chem.  Soc.  J.  [2],  xi.  721).  Liversidge 
{Chem.  News,  xxii.  90  ;  Free.  Roy.  Soc.  xx.  497;  Chcm.  Soc.  J.  [2],  si.  469). 

SAXiVZiXC  ilCSK.  This  name  was  given  by  Kolbe  a.  Lautemann  to  a  supposed 
isomerido  of  benzoic  acid,  tho  existence  of  which  has,  however,  not  been  satisfactorily 
established  (v.  186). 

The  same  name  is  applied  by  G.  Stiideler  (Ann.  Ch.  Fharm.  Suppl.  \\\.  159)  to  two 
acids,  distinguished  as  a  and  j3,  derived  from  salicylol,  CffO-,  by  addition  of  the 
elements  of  water. 

When  salicylol  which  had  stood  for  twclvt^  j'onrs  under  water,  was  treated  in  the 
dry  state  with  sodium-amalgam,  the  ma^s  (ii>siilvr.l  in  water,  tho  solution  saturated 

with  carbonic  acid,  the  saligenin  thereby  pro^ In  I  di-SLilved  out  with  ether,  and  the 

soda  solution  evaporated  to  dryness,  the  resiiluo  vieldcd  to  alcohol  a  sodium  .salt  from 
which  sulphuric  acid  separated  an  oily  acid  soluble  in  hot  water  and  separating  there- 
from in  small  crystals.  This  acid,  called  by  Stadeler  jS-salylic  acid,  has  the  com- 
position C''"H--0'  =  3C'IP0  '  +  2H-0.  It  is  sparingly  soluble  in  cold  water,  easily 
soluble  in  alcohol  and  ether.  It  melts  in  the  dry  state  at  94°-95°,  much  more  easily 
under  water.  A  hot  aqueous  solution  of  the  acid  becomes  turbid  on  cooling,  frofti 
separation  of  oil-drops,  which  afterwards  turn  to  crystals  resembling  benzoic  acid,  and 
giving  off  vapours  of  similar  odour  when  heated.  By  slower  crystallisation  tufts  of 
■widely  radiating  crystals  are  obtained.  The  aqueous  solution,  even  when  very  dilute, 
acquires  a  fine  violet  colour  on  addition  of  ferric  chloride.  The  acid  appears  to  be 
tribasic,  but  there  appears  to  be  considerable  difficulty  in  obtainiug  its  neutral  salts. 

Recently  prepared  salicylol  similarly  treated  yielded  only  saligenin,  without  a  trace  of 
organic  acid.  This  observation  led  to  the  suspicion  that  tho  0-salylic  acid  was  contained 
in  the  salicylol,  which  had  long  been  under  water,  and  was  not  produced  by  the  action 
of  tlie  sodium-amalgam  ;  and  this  proved  to  be  the  case,  for  on  dissolving  the  salicylol 
in  soda,  saturating  with  carbonic  acid,  agitating  with  ether,  &c.,  two  organic  acids 
were  obtained,  separable  by  crystallisation.  The  one  which  separated  first,  called  by 
Stadeler  a-salylic  acid,  had  the  composition  C'-iH^O'^  =  2C'II«0"-fII-0 ;  after- 
wards |S-salylic  acid  crystallised  out,  but  only  in  small  quantity  ;  so  tliat  it  seems 
probable  that  a-salylic  acid  is  resolved  by  the  action  of  sodium-amalgam  into  water  and 
j8-salylic  acid. 

a-Salylic  acid  forms  small,  distorted,  four-sided  prisms  with  oblique  end-face,  some- 
times shortened  into  rhombic  or  six-sided  tables.  It  melts  at  100°-101°,  dissolves 
easily  in  alcohol  and  ether,  melts  to  an  oil  with  water,  and  when  heated  alone  gives  off 
vapours  which  excite  coughing.  Its  aqueous  solution  is  not  coloured  by  ferric  chloride. 
It  appears  to  be  bibasic,  but  the  neutral  salts  are  difficult  to  obtain.  The  silver  salt 
crystallises  in  small  colourless  needles,  sparingly  soluble  in  cold  water,  and  contain- 
ing 42-78  p.c.  silver  instead  of  45'38,  as  required  by  calculation. 

An  attempt  to  prepare  the  two  acids  above  described  by  heating  salicylol  with  water 
did  not  jicld  dofiiiite  results. 

Sii.3S«AUS3SETE.    See  Tantalates. 
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SANHAl,  or  S  AWTAS.  WOOS  OH.  By  destroying  the  oxidised  constituent 
of  this  oil  with  sodium,  a  small  quantity  of  a  hydrocarbon,  C'°H"',  is  separated,  rather 
viscid,  slightly  soluble  in  alcohol,  having  a  density  of  0'9190,  and  a  refractive  index 
=  1-4867  for  the  lino  A.  (Gladstone,  Ckem.  Soc.  J.  [2],  x.  6). 

SAKTUBERG-EZtXTS.  From  the  analysis  of  this  fahl-ore  by  Mehrbach  {1st  Suppl. 
1012)  Kenngott  calculates  that  if  Cu^S  be  separated  from  ES,  the  mineral  may  be 
represented  by  the  formula,  2(4Cu-S.BS')  +  iB,S.B,S^  {Jahrbuchfiir  Mi7ieralogie,  1871, 
170). 

SAXJTOSTIC  ACXS,  C'^ff^O^  (Cannizzaro  a.  Sestini,  Gazzetta  chimica  italiana, 
iii.  241).  This  acid  is  formed  by  the  prolonged  action  of  hot  alkaline  solutions  on  san- 
tonin. 60  grams  of  crystallised  santonin  are  gradually  added,  with  agitation,  to  500 
grams  of  a  boiling  solution  of  barium  hydrate,  whereupon  a  white  amorphous  mass  is 
deposited,  consisting  of  the  barium  salt  of  santonin  {bariimi  santoniic  or  santoiiinate). 
The  liquid  with  the  precipitate  is  boiled  for  about  12  hours  in  a  flask,  with 
reversed  condenser,  whereby  the  santonite  is  gradually  converted  into  santonate,  which 
dissolves,  the  liquid  acquiring  a  yellow  colour.  Into  this  yellow  solution,  after  cool- 
ing (and  dilution,  with  water,  if  barium  hydrate  has  crystallised  out),  a  stream  of  car- 
bonic anhydride  is  passed  as  long  as  a  precipitate  is  formed ;  the  liquid  is  heated, 
filtered,  and  mixed  with  sulphuric  acid,  which  precipitates  barium  sulphate,  together 
with  the  greater  part  of  the  santonic  acid ;  and  the  precipitate  is  collected  on  a  filter, 
washed,  dried,  and  treated  with  alcohol,  which  dissolves  the  santonic  acid,  together 
with  a  small  quantity  of  yellow  resinous  matter.  The  alcoholic  solution  is  evaporated, 
the  residue  treated  with  ether,  and  the  resulting  ethereal  solution  filtered  and  evapo- 
rated, whereupon  it  deposits  santonic  acid  in  fine  large  crystals,  which  have  a  faint 
yellowish  colour,  but  may  be  obtained  perfectly  colourless  by  one  or  two  fractional 
crystallisations  from  ether.  For  complete  jjurification  the  product  must  be  further 
crystallised  by  cooling  from  alcohol  diluted  with  an  equal  bulk  of  water. 

Santonic  acid  is  coloiirless,  and  is  not  affected  by  the  solar  rays,  which  quickly  turn 
santonin  yellow.  It  is  slightly  soluble  in  cold  water  (100  pts.  water  at  17°  dissolve 
0'559  pt.) ;  more  soluble  in  hot  water,  from  which  it  separates  in  prismatic  crystals ; 
very  soluble  in  ether,  still  more  in  alcohol;  moderately  soluble  also  in  chloroform  and 
glacial  acetic  acid,  very  sparingly  in  carbon  sulphide. 

Thj3  crystals  of  santonic  acid  are  orthorhombic,  exhibiting  the  combination. 
Pod  .Poo  .OP.the  macrodome  generally  predominating.  Axes,  a:h:c  =  0-4589 : 1 : 0-6544 ; 
angle  OP:  Poo  =114°  39';  OP::&oo=123°  12'.  Cleavage  easy  parallel  to  the 
faces  f'co . 

Santonic  acid  melts  at  161°-163°  (santonin  at  170°),  to  a  colourless  liquid,  which 
crystallises  to  a  white  mass  on  cooling,  but  often  exhibits  the  phenomenon  of  super- 
fusion.  Fused  santonic  acid  undergoes  alteration  at  a  temperature  not  exceeding  170°, 
ttirning  brown,  and  giving  off  an  odour  like  that  of  some  of  the  pyrogenous  products  of 
santonin.  With  alcohol  and  caustic  potash,  it  does  not  give  the  fine  violet-red  colour 
■which  is  characteristic  of  santonin. 

Sanionates. — Santonic  acid  has  a  very  decided  acid  reaction,  and  decomposes  carbo- 
nates with  brisk  effervescence  when  the  solution  is  heated  with  them.  It  is  mono- 
basic. The  sodium  salt,  C'^H'^NaO*,  separates  from  a  solution  concentrated  to  a  syrup 
and  placed  over  sulphuric  acid,  as  an  amorphous,  transj)arent,  or  vitreous  mass,  having 
a  faint  straw-yellow  colour ;  but  by  open  evaporation  over  the  water-bath,  it  is 
obtained  in  radiate  or  stellar  groups  of  needles.  It  is  deliquescent,  very  soluble  in 
water  and  in  alcohol ;  soluble  also  in  ether  containing  alcohol.  The  silver  salt, 
C'*H°AgO',  obtained  by  precipitating  the  barium  salt  with  silver  nitrate,  is  white,  but 
alters  on  exposure  to  light.  It  may  be  washed  on  a  filter  with  cold  water,  in  which, 
however,  it  dissolves  somewhat  freely.  The  barium  salt,  (C"*H"0')-Ba,  is  very  soluble 
in  water,  but  may  be  obtained  in  crystals  by  evaporating  its  concentrated  solution 
over  sulphuric  acid.  It  is  not  precipitated  from  its  aqueous  solution  by  alcohol ;  but 
on  adding  a  mixture  of  alcoliol  with  a  little  ether  to  its  concentrated  aqueous  solution, 
it  separates  in  delicate  needle-shaped  crystals  which  remain  for  a  long  time  suspended 
in  the  liquid. 

H.  Hvoslef  {Beut.  Ghem.  Ges.  Ber.  vi.  1471)  states  that  he  prepared  santonic  acid 
by  the  same  process  as  Cannizzaro  a.  Sestini,  as  long  ago  as  1863.  He  gives  the  same 
formula  and  basicity  for  the  acid,  but  finds  tliat  it  melts  at  171°. 

The  santonates  of  the  heavy  metals  are,  according  to  Hvoslef,  for  the  most  part 
soluble  in  boiling  alcohol,  and  the  solutions  when  cooled  yield  gelatinous  masses  which 
gradually  crystallise. 

The  further  action  of  baryta  on  the  solution  from  which  santonic  acid  lias  been 
precipitated  by  hydrochloric  acid  yields  two  bodies,  one  of  which  is  apparently  a  sugar, 
Santonic  acid  would  therefore  seem  to  be  a  glucoside  (Hvoslef). 
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SAWTOMTIW,  C'  -H'^'Ol  Detection  in  Urine.— W.  G.  Smith  (P/umn.  J.  Trans.  [3], 
i.  628),  finds  that  the  urine  of  a  person  who  has  taken  santonin  acquires  a  greenish- 
yellow  colour,  immediately  changed  to  red  by  alkalis.  The  greenish-yellow  colour, 
which  sometimes  approaches  to  a  light  saffron-yellow,  is  most  easily  observed  Ly  look- 
ing obliquely  along  the  surface  of  the  liquid.  The  reddening  is  produced  by  potash, 
soda,  ammonia,  lime  and  baryta,  but  the  reaction  is  most  distinct  with  potash.  With 
acids  this  urine  gives  reactions  similar  to  those  exhibited  by  urine  containing  bile.  A 
small  quantity  of  nitric  acid  produces  in  it  a  transient  purple-red  colour;  sulphuric 
acid  a  red-brown  colour,  gradually  changing  to  a  darker  brown.  This  reaction  must 
bo  borne  in  mind  in  testing  urine  for  bile.  The  reaction  with  alkali  is  so  distinct, 
that  santonin  may  with  certainty  be  detected  by  it  in  the  urino  from  10  to  50  minutes 
after  it  has  been  swallowed.  After  a  dose  of  5  to  10  grains,  the  reaction  was  still 
perceptible  after  two  days.  The  red  liquid  examined  by  the  spectroscope  showed  that 
the  red,  orange  and  yellow  rays  were  transmitted,  whilst  the  blue  end  of  the  spectrum 
was  absorbed.  In  very  dilute  solutions,  the  middle  rays  only  were  absorbed,  the  rod 
and  blue  being  transmitted. 

The  red  colouring-matter  may  be  isolated  by  lead  acetate,  and  appears  to  be 
moderately  permanent.  It  unites  with  basic  lead  acetate,  and  forms  a  brown  precipi- 
tate with  iron  salts.  It  appeared,  therefore,  probable  that  the  substance  was  a  weak 
acid,  formed  by  oxidation  of  santonin  ;  and,  indeed,  by  heating  santonin  with  nitric 
acid,  a  greenish-yellow  liquid  is  formed,  which,  when  treated  with  an  alkali,  imme- 
diately acquires  an  orange-red  colour,  exactly  like  that  which  is  produced  by  similar 
means  in  urine  after  ingestion  of  santonin.  This  colouring  matter,  however,  is  not 
identical  with  that  separated  from  the  urine,  inasmuch  as  its  solution  is  not  precipi- 
tated by  acetate  of  lead. 

Santonites. — This  name  is  applied  by  Cannizzaro  a.  Sestini  ( Ga~~ctta  cJiimica 
italiana,  iii.  241)  to  the  metallic  derivatives  of  santonin,  C'^H"RO^  originally  called 
santonatcs  by  Heldt,  who  first  examined  them  (v.  190).  They  are  really  salts  of 
santoninic  acid,  and  should  therefore  be  called  santoninates. 

Cannizzaro  a.  Sestini  find  that  when  sodium  santonite,  which,  according  to  Heldt, 
contains  four  molecules  of  crystallisation-water,  is  heated  above  100°,  it  is  converted, 
by  assimilation  of  the  elements  of  one  molecule  of  water,  partly  into  santonate,  partly 
into  a  substance  having  a  red  colour  changing  to  brown. 

Santonin  Bromide,  C"*H"O^Br-,  is  formed  on  adding  bromine  to  a  solution  of  santonine 
in  bromine,  or  in  glacial  acetic  acid.  It  is  best  prepared  by  means  of  the  latter  sol- 
vent, the  bromine  being  added  in  molecular  proportion  (Br-  :  C'^H'"0''  =  160  :  246). 
After  two  or  three  hours  the  bromine-compound  separates  in  fine,  red,  needle-shaped 
crystals,  which  must  be  collected  on  a  well-dried  double  filter,  washed  four  or  five 
times  with  glacial  acetic  acid,  pressed  in  the  filter  between  two  glass  plates,  then 
within  several  folds  of  thoroughly  dried  paper,  placed  between  bricks  and  squeezed  in 
a  press,  and  finally  dried  over  sulphuric  acid  or  sticks  of  potash. 

This  compound  dissolves  with  red  colour  in  ether  and  in  acetic  acid ;  it  emits  a 
faint  odour  of  bromine,  absorbs  water  from  the  air,  and  quickly  alters,  yielding 
hydrogen  bromide  and  a  red-brown,  amorphous  substance.  When  heated  in  the 
water-bath,  it  first  gives  off' bromine,  then  suddenly  turns  brown,  and  gives  off  large 
quantities  of  hydrogen  bromide.  In  contact  with  water,  it  gives  up  its  bromine  in  a 
few  seconds,  colouring  the  water  yellowish-red.  The  solution  is  decolorised  by 
potash,  with  formation  of  hydrobromic  acid,  and  a  white  residue  possessing  all  tlie 
properties  of  santonin. 

From  these  reactions  it  may  be  inferred  that  the  red  compound  is  a  brominated 
addition-product  of  santonin,  although,  on  account  of  the  difficulty  of  purifying  it,  the 
numbers  obtained  by  analysis  do  not  agree  very  closely  with  the  formula.,  C'-'H"'Br-0'' 
(35-24  and  35'42  p.c.  bromine,  instead  of  the  calculated  quantity  of  39-41 ). 

Action  ef  Nascent  Htjdrogen  on  Santonin. — Santonin  treated  with  water  and  sodium- 
amalgam  containing  3  p.c' sodium,  gradually  dissolves,  forming  a  strongly  alkaline 
liquid,  wliich  when  (r.ialcil,  ii  II ci-  cooling,  with  very  dilute  sulphuric  acid,  yields  a 
white  floeculent  precipitai  which  may  be  washed  with  cold  water,  dried  by  pressure 
between  paper,  and  finally  over  sulphuric  acid. 

This  white  substance  is  soluble  in  ether,  very  soluble  in  alcohol,  sparingly  in  water, 
and  separates  from  these  solvents  in  the  amorphous  state,  with  yellow  colour  and 
resinous  aspect.  Between  80°  and  90°  it  becomes  somewhat  viscid  ;  at  100°  it  turns 
yellow,  and  may  lie  drawn  out  into  threads,  becoming  hard  and  friable  on  cooling  ; 
between  107°  and  109°  it  exhibits  signs  of  actual  fusion.  Towards  120°  it  gives  off 
slightly  acid  water,  smelling  like  formic  acid  ;  towards  160°  a  few  drops  of  an  acid 
liquid  which  reduces  silver  nitrate  ;  and  above  180°  a  small  quantity  of  oily  matter, 
which  solidifies  to  a  white  mass  on  coolinc.  When  dissolved  in  glacial  acetic  acid  and 
8z2 
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treated  -with  bromine,  it  gives  off  liydrobromic  acid,  even  -when  tlio  liquid  is  cooled, 
and  does  not  yield  any  crystalline  compound.  This  reaction  indicates  that  it  contains 
more  hydrogen  than  santonin;  that,  in  fact,  it  is  a  hydrosantonin ;  a  view  which 
accords  ■with  its  mode  of  formation.  It  has  not,  however,  been  obtained  in  a  state  fit 
for  analysis.  It  forms  crystalline  compounds  with  alkalis  and  alkaline  earths 
(Canuizzaro  a.  Sostini,  loc.  cit.) 

SASTTOSffmiC  C'^ffO^  (0.  Hesse,  Deuf.  Chem.  Gcs.  Bcr.  vi.  1280). 

This  acid,  of  which  santonin  is  the  anhydride,  is  isomeric  vnth  santonic  acid.  The 
so-called  santonites  are  its  salts,  and  it  maybe  obtained  in  the  free  state  by  adding  an 
excess  of  dilute  hydrochloric  acid  to  a  cold  aqueons  solution  of  the  sodium  salt,  and 
at  once  shaking  the  milky  liquid  with  ether  (at  higher  temperatures  santonic  acid  is 
formed).  From  the  ethereal  solution  granular  crystals  soon  separate  out,  -which  may  be 
recrystallised  from  alcohol. 

Santoninic  acid  forms  -white,  rhombic  crystals,  which  are  not  coloured  yellow  by 
exposure  to  light.  It  is  sparingly  soluble  in  cold  ■\vater,  more  freely  in  boiling  water, 
and  readily  in  alcohol,  but  not  very  freely  in  ether.  Its  aqueous  solution  has  a 
strongly  acid  reaction,  and  when  hot,  decomposes  the  carbonates  of  sodium  and  calcium. 
The  santoninates  have  an  alkaline  reaction,  and  are  not  coloured  red  by  alcoholic  potash. 
When  the  acid  is  heated  to  120°,  it  is  resolved  into  santonin  and  -water  ;  the  same 
decomposition  is  produced  by  adding  sulphuric  acid  to  its  aqueous  solution ;  hydro- 
chloric acts  in  the  cold  in  a  similar  way,  but  more  slowly,  while  by  adding  either  of 
these  acids  to  a  hot  solution  of  a  salt,  santonin  is  at  once  precipitated. 

SAWTOOTOI.,  C^'H'^O^  (L.  Saint-Martin,  Co77ipt.  rend.  Ixxv.  1190).  A  monato- 
mic  phenol  obtained  from  santonin.  "When  one  part  of  santonin  and  four  parts  of  zinc 
are  heated  in  a  current  of  hydrogen,  a  brownish-yellow  liquid  is  obtained,  in  which, 
after  some  days,  needle-shaped  crystals  begin  to  form.  These  are  purified  by  distilla- 
tion, at  350°,  when  two  isomeric  bodies  neutral  to  litmus  are  obtained,  the  one 
crystalline  and  the  other  liquid,  to  both  of  -w-hich  the  name  of  santonol  is  given. 
Crystalline  santonol}?,  similar  in  appearance  to  stearin,  and  melts  at  135°.  It  is  in- 
soluble in  -water,  and  very  s61uble  in  alcohol  or  ether.  Sulphuric  acid  forms  with  it  a 
sulpho-conjugated  acid,  the  barium  salt  of  which  is  soluble.  Santonol  dissolves  when 
it  is  mixed  -with  a  moderate  quantity  of  potash  solution,  but  a  large  excess  of  potash 
gives  rise  to  fotassium  santonolate,  which  is  an  oil  yielding  santonol  on  treatment  with 
an  acid. 

Liquid  santonol  is  very  changeable  on  exposure  to  air.  Like  the  solid,  -with  which 
it  is  saturated,  it  is  insoluble  in  water,  but  soluble  in  alcohol  or  ether. 

SAPPAia-SW,  C'-H'^O^  (J.  Schredor,  Beiit.  Chcm.  Ges.  Ber.  v.  672).  A  crystal- 
Usable  substance,  obtained,  together  with  resorcin  and  a  little  pyrocatechin,  by  fusing  the 
commercial  extract  of  sapan  wood  with  caustic  soda.  It  is  nearly  insoluble  in  cold 
water,  and  separates  readily  from  solution  in  hot  -water  in  crystals  containing 
0''^H'°0^.2EP0.  By  recrystallisation  or  by  keeping  in  well-closed  vessels,  it  acquires 
a  faint  red  colour  -which  is  not  removed  by  animal  charcoal,  but  completely  by  zinc 
and  sulphuric  acid.  Sappanin  has  no  well-marked  characteristics ;  it  is  neutral, 
soluble  in  alcohol,  ether,  and  boiling  water,  and  insoluble  in  chloroform,  carbon 
sidphide,  and  benzene ;  it  gives  (in  aqueous  solution)  a  deep  cherry-red  colour  with 
ferric  chloride,  and  a  dark  grass  green,  soon  becoming  brown,  -with  alkaline  hypo- 
chlorites ;  bromine-water  colours  the  liquid  brown,  and  when  added  in  excess  causes 
resinous  brown-black  flakes  to  separate.  Lead  acetate  gives  a  yellowish-white  pre- 
cipitate which  becomes  coloured  and  decomposed  on  drying.  Ammoniacal  silver- 
solution  and  Fehling's  copper-solution  are  reduced  on  -warming.  Sappanin  distils  ibr 
the  most  part  unaltered ;  nitric  acid  converts  it  into  styphnic  acid ;  melting  caustic 
potash  and  nascent  hydrogen  produce  no  change. 

Acetyl  chloride  acts  readily  on  sappanin  at  ordinary  temperatures,  giving  a  product 
•which  is  crystallisable  from  hot  alcohol,  and  hardly  soluble  in  water;  this  substance 
gives  no  colour  with  ferric  chloride  or  hypochlorites,  and  appears  to  Ije  tetracetyl- 
sappanin. 

The  production  of  styphnic  acid  shows  that  sappanin  is  a  resorcin-dcrivative  : — 

It  is  perhaps  related  to  resorcin  in  the  same  manner  as  diphenyl  to  benzene : 
C^ff  C<'H^(0H)2 

C'ff  C«ff(0H)2 
Diphenyl  Sappanin 
SARCIJTE,  C''H''N^O.  This  base  is  formed  from  carnine  by  the  action  of  bromine- 
water  (p.  270). 
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When  sarcino  is  lieated  with  fresh  chlorine-water  and  a  trace  of  nitric  acid  till  the 
evolution  of  gas  -which  takes  place  at  first  has  slackened,  and  the  liquid  is  then 
evaporated  on  the  water-bath,  a  residue  is  obtained  which,  when  exposed  under  a  bell- 
jar  to  an  atmosphere  containing  ammonia,  acquires  a  dark  rose-red  colour. 

SA5£C03,ilCTlC  ACIB.    See  Lactic  Acid  (p.  719). 

SARCOSEBTS.  Reaction  in  the  Animal  Organism. — When  to  a  well-fed  dog 
there  Avas  given,  in  addition  to  his  ordinary  food,  a  quantity  of  sarcosine  containing 
nitrogen  equal  in  amount  to  that  whicli  was  daily  excreted  in  the  urine,  the  urea  and 
uric  acid  disappeared  completely  from  the  urine,  and  instead  of  them,  there  were 
obtained  :  (1)  splendid  transparent,  colourless,  tabular  crystals  of  a  body  having  the 
I  nTT3 

composition  H-NCO — Q£['iCO^II  '  ^^^^^^  say,  urea  having  the  two  hydrogen- 
atoms  attached  to  one  of  its  nitrogen-atoms  replaced  by  methyl  and  acetoxyl,  or 
f-arcosine  having  a  carbamic  acid  residue  attached  to  its  nitrogen ;  (2)  An  acid, 

H'-NSO^.N  I  Q2-C0^H  '  ■^^■'^'^^'-^  combination  of  sulpliamic  acid  and  sarcosine, 

with  elimination  of  water. 

The  formation  of  these  substances  may  lierh.-i])';  l>o  explained  as  fi)llo^\'s The 
sarcosine,  in  its  passage  through  tlh' nii-m.  ]w-  \<  with  i-:irb:iiiiir  acid 
group,  and  unites  therewith,  with  cliniiii.-ilioii  n\'  w-Mi  r,  in  I'lnn  ili-'  snlisiiniird  urea. 
If  ammonia  were  to  come  in  contact  willi  {\iv.<  group,  nrJiuary  un  a  would  bi^  formed 
instead  of  sarcosine.  2.  The  sulphuretted  acitl  above  mentioned  is  formed  by  the  union 
of  the  sarcosine  with  sulphuric  acid.  Under  normal  circumstances,  the  sulphamic 
acid  pre-existing  in  the  albumin  yields  sulphuric  acid  and  ammonia,  the  latter  of 
which  unites  with  carbamic  acid  to  form  urea.  Other  bodies  are  formed  at  the  same 
time  (0.  Schultzen,  Dcut.  Chcm.  Ges.  Bcr.  v.  578). 

ECiiPOSilTE.  A  greenish-Vv'hite  translucent  mineral  from  Attloljorough.  Bucks 
Co.,  Pennsylvania,  has  been  recognised  by  Leeds  {Chem.  News,  xxii.  73)  as  Scapolite 
(Nebergite).  It  occurs  in  granular  limestone  in  imperfectly  developed  crystals,  toge- 
ther with  pyroxene,  graphite,  sphene,  and  phlogopite.    Analysis  gave  : 

SiO=  ArO'         Fe'O--         MgO         CaO  Ka=0         K=0  H=0 

47-47       27'51       trace       1-20       17'5a       3-06       1-40       1-48  =  99-61. 

SCHSEE-ITE.  A  monograph  on  the  morphological  and  paragenetic  relations  of 
this  mineral  has  Ijeen  publislied  by  Max  Bauer  {Poffg.  Ann.  cxliii.  452;  abstr.  Jahrb. 
f.  Mincralogk;  1871,  879  ;  Jahrcsh.f.  Chcm.  1871,  1160). 

The  occurrence  of  scheelite  at  Domodossola  in  Piedmont  is  described  by  Le  Neve 
Tohtvi-  {Jahrh.  f  Mineralogic,  1870,  233). 

SCOSjEZITE.  Kenngott  (ibid.  430)  has  examined  the  behaviour  of  Icelandic 
scolezite  witli  acids.  The  powder,  wliich  has  a  very  faint  alkaline  reaction,  forms  a 
jelly  with  hydrochloric,  nitric,  and  sulphuric  acids,  and  with  the  last-mentioned  acid, 
macroscopic  crystals  of  gypsum. 

Igelstrom  {ibid.  1869,  1223)  found  in  scolezite  occurring  iu  white  divergent  needles 
in  the  diabase  porphyry  of  Lunddorrsfjall  in  Sweden  : 

SiO'  Ar-0'  CaO  H=0 

46-66  25-75  15'00  13-30  =  100-61, 

SSA-*WATEK.    On  the  estimation  of  Carbonic  acid  in  sea-water,  see  p.  561. 

On  the  detection  of  Gold  in  sea-water,  see  p.  674. 

On  the  detection  and  estimation  of  Iodine  in  sea-water,  see  p.  670. 

.SEBEC  or  SEBACEC  iLCIB.  On  the  formation  of  Cetyl  Alcohol  by  the  distil- 
lation of  this  alcohol  with  caustic  baryta,  see  p.  277. 

SEBXTIffi.  The  Biting  Stonccl'op  [Sediim  acre)  has  been  examined  chemically  by 
E.  Mylius  (Arch.  Fharm.  [3],  i.  97).  The  dried  and  powdered  plant,  treated  succes- 
sively with  ether,  alcohol,  cold,  hot,  and  acidulated  water,  yielded — besides  wax,  chloro- 
phyll, and  other  vegetable  matters— ruti n,  and  a  small  quantity  of  a  peculiar 
alkaloid,  amorphous,  and  forming  very  soluble  salts.  The  rutin,  by  boiling  with 
dilute  acid,  yielded  quercetiu  and  a  sugar  which  reduced  an  alkaline  cupric  solution. 

SnJiriii  ca/circum  contains,  according  to  Baudrimont  (Compf.  rend.  Ixxiv.  877), 
S7-81  11. c.  wall  ]'  and  volatile  matter,  7^76  organic  matter,  and  3-11  mineral  matter. 

SSjSBACHZXZ:.  This  name  is  given  by  Max  Bauer  {Jahrb.  f.  Mintralogic,  1872, 
736)  to  a  mineral  from  Ilichmond  in  Victoria,  formerly  regarded  as  Herschelito 
{Jahrcsh.f.  Chcm.  1870,  1301;  1871,  1159).  It  agrees  with  Herschelite  iu 
crystalline  form,  but  differs  from  it  considerably  in  chemical  composition  (iii.  150). 
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An  analysis  by  Kerl  gave  the  values  A,  which  Bauer  refers  to  the  formula 
52(2Na20.2AP0^7SiO=  +  12H=0)         .  .             ,  ^ 
i6(2Ca0.2APO=.7SiO=  +  i2H=ol' ^^^^''^  ^• 

SiO=        Al'O'        CaO      Na=0        K=0  H'O 

A,  ,       ,    437       21-8       8-5       3-5       trace  22-2  =  997 

B.  .       .    43-6       21-6       8-5       37         —  22  6  =  100 

Keiingott  designates  the  same  mineral  as  Levyn. 

SBSBS.  On'  the  effect  of  various  substances  in  promoting  or  retarding  the  Ger- 
mination of  seeds,  see  A.  Vogel  {N.  Sep.  Phar/n.  xs.  132 ;  Chem.  Soc.  J.  [2],  ix.  748). 

On  tlie  influence  of  Germination  on  the  amount  of  Fat  in  seeds,  see  A.  Miintz  (Ann. 
Chim.  Phys.  xxii.  472  ;  Chem.  Soc.  J.  [2],  ix.  1207);  also  A.  Vogel  {N.  Bep.  Pharm. 
xs.  693  ;  Chcvi.  Soc.  J.  [2],  x.  317). 

On  the  percentage  of  Fat  in  Oil-seeds,  see  p.  506  of  this  volume. 

Apparatus  for  the  Extraction  of  Oil  from  seeds  :  see  H.  Vohl  {Dingl.  pol.  J.  cci.  171 ). 

SEIiAClTE.    A  dark-coloured  micaceous  volcanic  rock  from  Monte  Catini.  It 
occurs  imbedded  in  mica,  has  a  specific  gravity  of  2789,  hardness  4'5,  and  contains  : 
SiO"-      A1=0'        FeO        MgO        CaO      Na=0      K^O  P=0= 

41-5       17       37-3       1-4       14-0  trace  M  =  100 

(E.  Bochi,  Sill,  Am.  J.  [4],  xlix.  401). 

SaSiESETIOTRITHIOSS-IC  .A.CXD,  H^SeS^O".  See  Trituionic  Acid,  under 
Sulphur. 

SSSiEWITE.  On  the  crystalline  form  of  this  mineral,  see  F.  Schrauf  (Jakrb.f. 
Mimralogir,  1871,  881). 

SSEiBSffSOVii.aERAS.BEHYBE,  C^^H^Se.    See  Valeealdehyde. 

SESiB3!?SUae.  Occurrence. — Oh.  Violette  (Compt.  raid.  Ixx.  729)  has  found 
seleniuna  in  copper,  probably  from  Chile.  To  detect  the  selenium  the  copper  was 
oxidised  in  a  mufBe,  and  the  oxide,  heated  to  redness  in  a  tube,  was  subjected  for 
several  hours  to  a  stream  of  pure  dry  air.  The  selenium  was  then  deposited  on  the 
colder  part  of  the  tube  in  the  form  of  a  white  ring  of  selenious  oxide. 

The  occurrence  of  selenium  in  sulphuric  acid  prepared  from  seleniferous  pyrites  is 
described  by  J.  Personue  {^bid.  lx.\iv.  1199),  Lamy  (ihid.  1285),  and  Scheurer-Kestncr 
{ibid.  1256);  see  also  Chem.  Soc.  J.  [2],  x.  695. 

On  the  Eefraction  and  Dispersion  of  selenium,  see  Light  (p.  741). 

Absor2>t ion -spectrum. — When  selenium  is  heated  in  a  porcelain  tube  by  a  series  of 
gas  jets,  whilst  a  ray  of  white  light  is  passed  through  the  tube,  the  spectrum  is  found 
to  be  gradually  extinguished  from  the  violet  up  to  the  red,  without  any  appearauce  of 
black  lines ;  on  raising  the  temperature  considerably,  the  spectrum  becomes  brighter, 
and  bundles  of  black  lines  appear,  furrowing  the  blue  and  violet.  This  spectrum 
resembles  that  of  selenious  anhydride,  but  as  it  was  obtained  in  an  atmosphere  of  dry 
carbonic  anhydride,  the  formation  of  selenious  anhydride  is  impossible. 

Vapour  of  selenious  chloride  gives  an  absorption-spectrum  of  lines  which  extend  from 
the  green  to  the  violet. 

Vapour  of  seleniotis  bromide  produces  a  system  of  lines  almost  equidistant  when 
observed  in  a  thickness  of  10  centimeters  (Gernez,  Compt.  rend.  Ixx.  1100). 

On  the  spectrum  of  selenium,  see  further,  Salet  {Compt.  rend.  Ixxiii.  1145  ;  Chem. 
Soc.  J.  [2],  ix.  1146),  and  Ditto  {Compt.  rend.  Ixxiii.  622;  CJiem.  Soc.  J.  [2],  ix. 
1146). 

_  Action  of  Light  on  the  Electric  Eesistance  of  Selenium. — The  electric  conductivity  of 
crystalline  selenium  varies  with  the  degree  of  light  to  which  it  is  exposed.  A  bar  of 
selenium  having  been  enclosed  in  a  box  and  the  resistance  measured  in  the  usual 
manner,  on  opening  the  box  suddenly,  and  exposing  tlie  selenium  to  daylight,  the  re- 
sistance fell  instantaneousl)^  and  considerably  ;  on  exposing  it  in  like  manner  to  full 
sunshine,  the  resistance  was  so  greatly  diminished  that  it  was  le.ss  by  one-half  than 
the  measurement  taken  in  darkness. 

The  bar  was  also  exposed  to  the  rays  of  the  solar  spectnmi  successive!}'.  The  least 
resistance  was  observed  in  the  extreme  red  r.ays,  and  the  greatest  in  the  violet  and 
blue  rays ;  it  will  be  noticed,  therefore,  that  the  locus  of  the  maximum  heat  rays  is 
nearly  coincident  with  tlie  point  of  minimum  resistance. 

The  spectrum  of  the  electric  light  produced  a  very  feeljle  effect,  but  the  phenomena 
were  identical  w'ith  those  produced  by  the  solar  spectrum. 

This  variation  in  the  electric  resistance  of  selenium  is  not  duo  to  any  change  in  the 
temperatiu-e  of  the  bar  (Lieut.  Sale,  E.E.,  Proc.  Eoy.  Soc.  xxi.  283). 
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On  the  Heat  of  Combination  of  Selenium  with  Oxygen  and  Hydrogen,  see  Heat 
(pp.  613,  615). 

On  the  Heat  of  Neutralisation  of  Selenioiis  and  Selenic  acids,  see  1st  Sitppl.  1086. 

Cblortdes  (Michaelis,  Jenaische  Zeitschr.  vi.  86).  When  selenious  anhydride  is 
placed  in  contact  with  phosphorus  pentachloride,  great  heat  is  evolved,  and  the  mass 
gradually  liqueiies  ;  but  if  further  heated  it  again  becomes  solid.  The  first  reaction  is 
analogous  to  that  of  the  pentachloride  on  sulphurous  anhydride,  the  products  being 
selenium  oxychloride  or  selenyl  chloride,  aud  phosphoryl  chloride  : 

ScO^  +  PGP  =  POCF  +  SeOCP; 

and  the  phosphoryl  chloride  then  acts  further  on  the  selenyl  chloride,  forming  phos- 
phoric anhydride  and  selenium  tetrachloride  : 

3SeOCP  +  2P0CP  =  P^O'  +  3SeCl^. 

This  last  reaction  is  in  fact  produced  when  selenyl  chloride  is  directly  heated  with 
phosphoryl  chloride.  The  action  of  phosphorus  pentachloride  on  selenious  anhy- 
dride affords  a  quick  and  easy  method  of  preparing  the  tetrachloride  of  selenium. 

Selenyl  chloride  boils  at  179-5°  (corr.),  not  at  220°,  as  stated  by  Weber(v.  233),  and 
solidifies  below  0°  to  a  colourless  crystalline  mass,  which  begins  to  melt  at  10°.  Sp.  gr. 
=  2-443  at  13°. 

Ammonia  acts  on  selenyl  chloride  according  to  tho  equation : 

6SeOCP  +  16NH'  =  3SeO'  +  3Se  +  4N  +  12NH*C1. 

When  phospJwriis  trichloride  is  added  by  drops  to  selenyl  chloride  in  a  cooled  vessel, 
selenium  tetrachloride  crystallises  out,  and  diselenium  dichloride  is  formed  at  the  same 
time,  the  liquid  turning  red  : 

3SeOCP  +  3PCP  =  SeCl'  +  So=Cl-  +  3PCP0. 

Hydride.  Hydrogen  Sdenide.  Sdcnhjdric  acid,  H'Se.  Formation  and  decompos- 
ition.— Hautefeuille  showed  {Compt.  rend.  Ixiv.  608)  that  selenium  and  hydrogen 
unite  directly  at  about  440°.  According  to  A.  Ditto  {ibid.  Ixxiv.  980)  the  quantity  of 
hydrogen  selenide  thus  formed  is  a  function  of  tho  temperature.  It  increases  from 
260°  to  620°,  and  decreases  regularly  from  the  latter  point  to  700°.  If  the  application 
of  heat  be  limited  to  the  part  of  the  tube  containing  the  selenium,  as  mnch  hydrogen 
selenide  is  formed  as  when  the  whole  of  the  tube  is  heated ;  but  selenium  is  deposited 
on  the  colder  part  in  beautiful  shining  crystals,  which  continue  to  increase  as  long  as 
there  is  any  selenium  remaining  in  the  heated  part  of  the  tube.  This  apparent  volati- 
lisation of  the  selenium  is  due,  in  fact,  to  decomposition  of  hydrogen  selenide  pre- 
viously formed.  Tho  quantity  of  the  gas  thus  decomposed  is  greater  as  the  tempera- 
ture to  which  the  cooler  part  of  the  tube  has  fallen  is  nearer  to  270°. .  The  decomposi- 
tion of  hydrogen  selenide  begins,  though  very  slowly,  at  150°,  is  considerable  at  270°, 
and  diminishes  slowly  above  that  temperature,  attaining  a  minimum  at  520°,  and  in- 
creases again  at  iiigher  temperatures.  That  the  deposition  of  the  crystallised  selenium 
in  the  experiment  above  described  is  really  duo  to  decomposition  of  hydrogen  selenide, 
and  not  to  simple  volatilisation  of  the  selenium,  is  proved  by  substituting  for  the 
hydrogen  a  gas  which  does  not  act  on  selenium  ;  in  this  case  the  upper  part  of  the 
tube  merely  becomes  coated  with  a  red  opaque  film. 

Oxtdes  and  Oxygen  Acids.  Selenious  Anhydride,  S&O'^. — When  this  com- 
pound is  brought  in  contact  with  phospkonis  trichloride,  both  bodies  become  hot  and 
red,  but  undergo  no  furtlier  alteration  in  the  cold.  Heated  together  in  a  sealed  tube 
to  100°  and  afterwards  to  110°,  tliey  yield  phosphoryl  chloride  and  free  selenium  : 

Se0=  +  2PCP  =  2P0CP  +  Se. 

In  one  experiment,  in  which  the  temperature  was  raised  to  130°,  the  phosphoryl 
chloride  acted  on  the  still  unreduced  selenious  oxide,  in  such  a  manner  as  to  produce 
selenium  tetrachloride,  which  was  then  reduced  by  the  free  selenium  to  diselenium 
dichloride  (Michaelis,  Jenaische  Zeiischrift,  vi.  93). 

Selenates. — Ammonium  Selenate,  (NH'j-SeO',  forms  monoclinic  crystals  having 
the  axes  a  :  b  :  c  =  1-2065  :  1  :  1-903,  and  angle  be  =  64-27.  The  observed  forms 
(expressed  in  Miller's  notation)  are  001,  100,  102,  Oil,  111,  111.  The  salt  has  the 
same  composition  as  the  rhombic  ammonium  selenate,  isomorphous  with  tho  sulphate, 
described  by  v.  Lang  (Wien.  Akad.  Ber.  [2  Ath.],  xlv.  109),  w-ith  which,  however,  it 
has  no  crystallographic  relation  (Topsoe,  ibid.  Ixvi.  5). 

Gluciniaii  Selenate,  GSeO^  -!-  4H'0,  crystallises  in  the  rhomliic  system; 
a-b-.c  -  0-9602  :  1  :  0-90275.    Observed  forms,  Oil,  101,  021,  111,  001.    It  is 
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analogous  in  composition  to  the  sulphate  G-SO*  +  4H-0,  wliicli  crystallises  in  the 
quadratic  system,  and  -when  mixed  solutions  of  these  two  salts  are  left  to  evaporate 
slowly,  mixed  crystals  are  obtained,  quadratic  if  7'33  or  more  atoms  of  sulphuric  acid 
are  present  to  1  at.  selenic  acid,  rhombic  in  the  contrary  case  (Topsoe,  loc.  cit.) 

Sulphides.  (BettendorfF  a.  Tom  Eath,  Pogg.  Ann.  cxxxix.  329.)  When  selenium 
and  sulphur  are  fused  together  in  the  most  yarious  proportions,  the  fused  mass  left  to 
•solidify  partially,  and  the  remaining  liquid  portion  poured  olF,  no  crystalline  products 
are  obtained,  the  fused  masses  remaining  pasty  and  completely  destitute  of  crystalline 
structure.  By  solution  in  carbon  sulphide,  however,  in  which  they  gradually  dissolve, 
they  may  be  slowly  brought  into  the  crystalline  state.  This  metamorphosis  takes 
place  in  a  short  time  at  100°,  and  more  quickly  as  the  proportion  of  sulphur  in  tlie 
compound  is  larger. 

The  following  products  were  obtained  by  fusing  1  at.  selenium  with  2,  3,  and  4  at. 
sulphur,  heating  the  mixture  for  some  time  to  100°,  dissolving  it  in  carbon  sulphide, 
and  evaporating  the  solutions.  The  masses  -which  contained  1  at.  selenium  to  2  and  3 
at.  sulphur  yielded  in  this  manner  monoclinic  crystals  from  2  to  4  mm.  long,  which 
were  previously  observed  by  Eathke,  but  described  by  him  as  rhombic  {\st  Stippl. 
1015).  At  first  there  separated  deep  red  crystals  rich  in  selenium ;  afterwards  light 
orange-coloured  crystals  containing  but  a  small  proportion  of  that  element ;  and  be- 
tween these  occurred  crystallisations  varying  in  colour  as  well  as  in  composition. 

The  solution  of  the  fused  mass  obtained  with  4  at.  sulphur  to  1  at.  selenium  de- 
posited, on  evaporation,  first  small  monoclinic  crystals  of  the  colour  of  chromic  acid, 
then  others  having  the  colour  of  acid  potassium  chromate,  and  finally  a  mixture  of 
lighter-coloured  crystals  with  numerous  large  orange-red  rhombic  octohodrons,  agree- 
ing nearly  in  composition  with  the  formula  SeS^ 

The  products  which  approximated  in  composition  to  the  formuloe  SeS-  and  SeS'  yielded, 
when  their  solutions  were  left  to  evaporate,  first  deposits  comparatively  rich  in  selenium, 
afterwards  deposits  containing  more  sulphur,  and  could  not  therefore  be  recrystal- 
lised  without  decomposition.  The  same  is  the  ease  witli  the  rhombic  octohedrons.  On 
dissolving  them  in  carbon  sulphide  they  become  opaque,  indicating  that  they  pass 
into  a  different  modification  in  dissolving.  The  solution  first  deposits  prismatic 
crystals  comparatively  rich  in  selenium,  then  follow  the  orange-red  rhombic  crystals  of 
various  shades  of  colour,  and  lastly  pure  sulphur  separates. 

AVith  exception  of  the  rhombic  octohedrons  just  mentioned,  all  the  crystals  examined 
by  Bettendorff  and  vora  Eath,  and  obtained  from  mixtures  of  sulphur  and  selenium  in 
the  proportions,  Se  :  S^,  Se  :  S^,  Se  :  S*,  hare  the  same  form  and  belong  to  the  mono- 
clinic system,  -with  the  following  axial  ratios  : 

Cliiiodiagonal  Orthofliagonal         Principal  axis 

1'0546  :  1  :  0-7146 

Angle  of  inclined  axes  =91°  43'  35".  Combination  coP2  .  (  ooPoo  ), -P  . P  .  (iPoo  ). 
Angle  a>P2  :  c»P2  =  124°  22';  -P  :  -P  =  119°  30':  -P  :  c»P2  =  132"°  35'. 
They  also  form  twins  (like  those  of  gypsum)  with  the  twin-plane  —  Pco  ,  which  does 
not  occur  as  a  crystal-face.  The  rhombic  octohedrons,  which  have  nearly  the  com- 
position SeS",  exhibit  the  form  and  angles  of  rhombic  sulphur. 

Ditto  {Compt.  rend.  Ixxiii.  625,  660)  has  obtained  a  crystallised  selenium  sulphide, 
SeS,  by  saturating  a  very  dilute  solution  of  selenious  acid,  cooled  to  a  temperature 
between  5°  and  0"^,  with  hydrogen  sulphide  previously  passed  through  a  bottle  filled 
with  ice.  The  compound  then  separates  as  a  fine  lemon-yellow  powder,  which,  after 
Toeing  well  washed  and  dried  in  a  vacuum,  may  be  brought  into  the  crystalline  state 
by  moistening  it  with  a  small  quantity  of  carbon  sulphide.  Crystallisation  then  begins 
on  the  surface,  and  in  a  few  days  the  entire  precipitate  is  converted  into  crystals,  while 
the  carbon  sulphide  becomes  saturated  with  sulphur.  This  saturated  liquid  is  decanted 
and  replaced  by  fresh  carbon  sulphide,  the  latter  poured  off  after  a  few  seconds,  and 
the  product  washed,  first  with  pure  benzene,  then  with  alcohol.  Its  formation  is  re- 
presented by  the  equation : 

Se02  +  H^S  =  H=0  H-  S  -f  SeS. 

Selenium  sulphide  thus  prepared  forms  small,  shining,  transparent,  orange-yellow 
laminae,  of  sp.  gr.  5'066  at  0°,  3-035  at  52°.  The  expansion-coefficient  between  these 
limits  is  0'00014176;  the  specific  heat  0-1274.  When  heated  it  melts,  and  gives  off 
first  sulphur-vapom-,  then  mixed  vapours  of  sulphur  and  selenium.  It  is  insoluble  in 
water  and  in  ether,  but  dissolves  in  carbon  sulphide.  In  contact  with  absolute  alcohol 
it  blackens,  and  is  gradually  resolved  into  its  constituents. 

SSOTIffA.    See  Cath.\etin  (p.  270) ;  also  Chcm.  Soc.  J.  [2],  ix.  1068. 

SS^SCIC  ACISS.  An  acid  prepared  from  silk  in  the  same  manner  as  Lmugiuic 
acid  from  wool  (p.  724).    By  evaporation  of  its  aqueous  solution  it  is  obtained  as  a 
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yellowish,  translucent,  uncrystallisablo,  deliquescent  mass,  soluljlo  in  ethci-  and  in 
alcohol.  From  the  analysis  of  its  barium  salt  it  appears  to  have  the  composition 
C^"H'>"N»'0"  (P.  Champion,  Compt.  rend.  Ixsii.  330). 

SEKSCITB.  This  mineral,  from  the  Taunus  range  in  Western  Germany,  regarded 
by  List  as  identical  with  damourite  (v.  235),  is,  according  to  v.  Lasaulx  {Jahrb.f. 
Mincralogic,  1872,  851),  a  mixture  of  several  compounds. 

SBRE'EHrTmE.  S.  Mounier  {Compt.  rend.  Ixxiv.  1325)  has  examined  a  number 
of  grey  serpentines  from  the  Alps,  Brazil,  the  Grecian  Archipelago,  &c..  and  finds  them 
to  be  composed  of  magnetic  iron  ore,  augite,  olivin,  and  a  hydrated  silicate  of  mag- 
nesium. The  entire  analysis  nf  a  specimen  from  which  the  several  varieties  examined 
did  not  differ  materially,  yielded  the  following  numbers : 

SiO=       APO»       MgO        CaO       FcO         H=0  Sp.gr. 
39-90      1-25     38  10     2-00     6  42      11-60  =  99  27  2-37-2-52 

Proximate  analysis  yielded  0-79  p.c.  magnetic  iron  ore  and  0-80  undecomposible 
silicate  (angite);  the  rest  -was  decomposible,  and  could  be  separated  by  treatment  with 
alkalis  into  an  anhydrous  mineral  (olivin)  and  a  hydrated  mineral.  These  results 
were  confirmed  by  microscopic  examination.  , 

Eespecting  Mcunier's  views  of  the  relation  of  serpentine  to  meteorites,  see  p.  793. 
A  serpentine  from  the  Timbertop  mountain,  Victoria,  Australia,  analysed  by 
C.  Newbery  {Jahrb.f.  Mincralogic,  1871,  464),  gave: 

SiO"  A.W  Fe'O^  MgO  H=0 

39-9  8-2  3G-8  Ur4  =  lOOS. 

Rocks  allied  to  the  serpentine  group,  from  Xorth  TjtoI  and  Carinthia,  have  been 
analysed  by  E.  v.  Drosche  {ibid.  1871,  322;  Jahrcsb.f.  Chem.  1871,  1205). 

SXIiZCA,  SiO-.  Separation  from  Aqueous  Solutions. — When  a  solution  of  sodium 
silicate  is  strongly  heated  in  sealed  glass  tubes,  the  glass  is  attacked  layer  by  layer, 
and  silica  is  dissolved,  forming  a  more  acid  sodium  silicate,  which,  on  cooling,  deposits 
free  silica  in  nodules.  The  glass,  by  losing  silica,  is  converted  layer  by  layer  into  a 
more  basic  silicate,  which,  by  taldng  up  water,  is  ultimately  transformed  into  a  strati- 
fied zeolitic  substance.  At  about  180°  and  aliove,  free  silica  separates  from  aqueous 
alkaline  solutions  in  the  form  of  quartz  ;  below  180°  in  that  of  tridjTnite  ;  at  still 
lower  temperatures  as  crj'stalliscd,  and  finally  as  amorphous  hydrate  of  silica.  At 
ordinary  or  slightly  higher  temperatures,  and  under  ordinary  pressure,  quartz  is  not 
formed  under  any  circumstances  (0.  Maschke,  Fogg.  Ami.  cxlv.  549  ;  cxlvi.  90). 

According  to  Rammelsberg  {DeiU.  Chem.  Ges.  Tier.  v.  1006),  silica,  as  it  is  obtained 
in  the  analysis  of  silicates,  is,  after  prolonged  ignition,  insoluble  in  a  concentrated 
solution  of  potassium  or  sodium  carbonate.  This  ignited  silica  has  a  specific  gravity 
of  2-3,  and  must  therefore  have  passed  into  the  crystallised  state  of  tridymite. 

Hydrates,  Silica,  separated  from  alkali-silicates  (or  from  Wollastonite),  contains, 
after  drying  over  sidphuric  acid,  from  4'5  to  4^7  p.c.  water;  after  drying  at  100°-140°, 
it  contains  4  to  5-7  p.c.  water.  These  numbers  represent  hydrates  «SiO=  -t-  aq,  in 
which  n  lies  between  4  and  8.  Air-dried  silica  docs  not  contain  any  constant  amount 
of  water.  Dry  dusty  silica  contains  from  36  to  13  p.c.  water,  or  has  a  composition 
between  SiO-  -(-  2aq,  and  2SiO-  H-  aq.  Between  these  limits  quantities  equal  to  23 
and  15  p.c.  water  are  the  most  frequent,  or  hydrates  containing  SiO-  -i-  aq,  and 
SSiO-  +  2aq  (Eammelsberg). 

J.  Gottlieb  {J.pr.  Chem.  [2],  vi.  185)  finds  that  pure  silica  (prepared  from  silico- 
fluoric  acid),  dried  at  100°  in  air  freed  from  moisture  by  standing  over  oil  of  vitriol, 
contains  4-47  p.c.  water,  which  is  nearly  the  same  as  that  contained  in  silica  dried 
in  ordinary  air  at  130°-140°.  Between  180°  and  200°,  the  quantity  diminishes  to 
4-18  p.c. 

Soltibiliiy  in  Ammonia. — Pribram  {Zcitschr.  ancd.  Chem.  v\.  119)  found  that  silica 
in  all  its  states  is  more  or  less  soluble  in  aqueous  ammonia  {Isi  Supjyl.  1017).  These 
observations  have  been  confirmed  by  Souchay  {Zeitschr.  anal.  Chcra.  1872,  182). 
Gelatinous  silica,  in  the  very  loose  state  in  which  it  is  obtained  ly  mixing  a  dilute 
solution  of  water-glass  with  hydrochloric  acid  to  acid  reaction,  and  then  washing  it 
thoroughly,  dissolves  at  first  very  easily-  in  aqueous  ammonia  (of  0-96  sp.  gr.,  and 
0-75  p.c.  NH'^);  on  continually  adding  silica,  the  liquid  liecomes  turbid,  and  at  last 
attains  a  state  intermediate  between  solution  and  suspon.sion.  After  filtration,  it  was 
found  to  contain  in  one  experiment  1  gram  of  silica  to  86-5  pts.  of  aqueous  ammonia,  in 
another  1  to  156.  Pribram  found  140.  Silica  prepared  as  above,  and  dried  at  100°, 
till  its  M  eight  became  constaut,  required  for  solution  from  252  to  271,  mean  261-5  pts., 
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ammonia  to  1  pt.  silica.  One  part  of  ignited  silica  dissolved  in  280  pts. ;  1  pt. 
silica  in  the  form  of  rock-crystal,  in  12097  pts.  aqueous  ammonia. 

On  the  action  of  silica  on  sodium  carbonate  at  high  temperatures,  see  Maillard 
{Compt.  rend.  Ixxv.  472;  Chem.  Soc.  J.  [2],  xi.  243  ;  Jahrcsb.f.  Chem.  1872,  230). 

SXXiZCA,T£S.  To  estimate  the  alkalis  in  a  silicate,  J.  Lawrence  Smith  decom- 
poses it  by  ignition  with  pure  calcium  carbonate  and  sal-ammoniac.  For  the  defciils 
of  the  process,  see  Ann.  C'h.  Pharm.  clix,  82 ;  Sill,  Am.  J.  [3],  i.  269  ;  Ckc7>i.  News, 
xxiii.  222,  234;  Jahrcsb.  1871,  914. 

SXXiXCXC  ETHXIRS.  A.  Ladenburg  {Attn.  Ch.  PJiarm.  clxiv.  300)  has  published 
an  elaborate  research  on  the  reduction-products  of  silicic  ether,  Si(OC-ff  )S  and  their 
derivatives.  By  the  joint  action  of  sine-ethyl  and  sodium  on  this  ether,  the  following 
products  are  obtained : 

Boiling  point 

Orthosilicopropionic  ether      .       .    Si(C-H5)(OC-H5)^         .       .  166-6° 
Silicodiethylic  ether       .       .       .    Si(C-ff /XOC^ff  )^        .       .  169° 

''^tJt%^thTr''^^°1     •       •    Si(C^ff)3(0C^H^)         .       .  166-6° 

Silicon-ethyl  Si(C2H5)*     .       .       .  .163° 

Silicoheptylic  hydride    .       .       .    Si(C=H^)3H  ....  107° 

1.  Orthosilicopropionic  Ether,  Si(C-H*)(OC^H*)',  is  produced  in  this  manner 
much  more  readily  than  by  the  process  originally  described,  viz.,  treatment  of  the 
chloride,  SiCl(0C-ff  )^  with  zinc-ethyl  and  sodium  (\st  SujjpL  1020).  When  warmed 
with  hydriodic  acid  of  boiling  point  127°  it  decomposes,  producing  silicopropionic 
acid,  Si(C-H^)0^H,  in  accordance  with  the  equation  : 

SiG'^ff(0C=ff)'  +  3HI  =  Si(C^E^)0-H  +  30^M  -t-  H-0 ; 
this  is,  in  fact,  the  most  convenient  way  of  preparing  silicopropionic  acid. 

Heated  vnth  benzoyl  chloride,  orthosilicopropionic  ether  undergoes  the  reaction : 
Si(C=H'^)(0C=H^)'  -t-  SC'H^OCl  =  Si(C2ff)CF  -i-  3C'ffO-(C^ff), 
ethyl  benzoate  and  silicopropionic  trichloride  (silicon-ethyl  trichloride) 
being  produced.    This  latter  has  not  been  obtained  perfectly  pure  ;  it  boils  at  about 
100°,  and  is  decomposed  by  moist  air  ;  water  or  aqueous  ammonia  produces  hydrogen 
chloride  and  silicoiwopionic  acid. 

Phosphorus  pentachloride  appears  to  act  on  orthosilicopropionic  ether,  in  accordance 
with  the  equation : 

Si(C2H=)(OC=H*)3  +  POP  =  Si(0=H')(OC=H5)2Cl  +  POCF  -t-  C=H=C1 ; 
a  remarkable  action,  inasmuch  as  bodies  containing  OC-ff,  associated  with  carbon,  are 
for  the  most  part  not  attacked  by  phosphorus  pentachloride  (Henry,  Deut.  Chem.  Gcs. 
Ber.  1869,  664). 

The  compound,  Si(C-ff  )(0C2ff  )'C1,  passed  over  between  148°  and  153°,  but  could 
not  be  freed  from  phosphorus  oxychloride,  even  by  repeated  fractional  distillation. 

2.  Silioodicthyl  Ether,  Si(C=H5)2(0C-ff)=,  boils  at  156-8°,  has  the  specific  gravity 
0-8752  at  0°,  and  the  vapour-density  173-9  (calculated  176);  it  is  stable  in  the  air, 
insoluble  in  water,  soluble  in  alcohol  and  in  ether ;  unlike  orthosilicopropionic  ether, 
it  does  not  yield  silicopropionic  acid  by  the  action  of  concentrated  sulphuric  acid,  and 
is  not  attacked  by  alcoholic  ammonia  ;  it  is  acted  on  by  concentrated  potash-ley  only 
after  several  hours'  heating,  the  reaction  being  probably 

Si(C^H')=(0C2ff)=  +  4KH0  +  2B?0  =  SiC^ffO^K  +  ZC'WO'-K  +  IW. 
When  silicodiethyl  ether  and  acetyl  or  benzoyl  chloride  are  heated  together  to  200°  in 
a  sealed  tube  in  the  proportions  denoted  by  the  following  formulse  (the  former  slightly 
preponderating)  a  reaction  takes  place  represented  by  the  equation : 

Si(C=H5)X0C2H*)=  +  C=H'0C1  =  C=H'0=(C=HO  +  Si(C=H^)=Cl(0C=H5), 

silicodiethyl  chlorethylin  being  formed,  which  boils  between  146°  and  148", 
and  is  changed  by  contact  with  w;i,ter  into  a  viscid  oil  free  from  chlorine.  If,  how- 
ever, two  molecules  of  acetyl  or  benzoyl  chloride  and  one  of  silicodiethyl  ether  are 
heated  to  250°,  silicodiethyl  chloride,  Si(C-H^)-Cl-, is  produced,  boiling  between 
128°  and  130°: 

Si(C'^ff)=(0C2ff)2  -h  2C'ff0Cl  =  2(C'H30.0C^H5)  +  &\{Cm')"C\-. 

The  vapour  of  tliis  body  mixed  with  air  is  explosive.  Water  decomposes  it,  forming 
hydrogen  chloride,  and  a  syrupy  substance  which  contains  no  chlorine :  this  \s 
silicodiethyl  oxide,  Si(G'-H^)-0 ;  it  may  bo  more  conveniently  prepared  by  the 
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action  of  aqueous  liydriodic  acid  Cboiling  at  127°)  upon  silicodiethyl  ether,  according 
to  tlio  equation : 

Si(C-ff)=(0C=H=)2  +  2HI  =  Si(C=ff)-0  +  IPO  +  2C-ffI. 
It  is  a  thick  syrup,  distilling  unchanged  above  the  boiling  point  of  mercury,  uot 
solidifying  apt  — 15*^ ;  it  is  insoluble  in  water,  difficultly  soluble  in  alcohol,  and  readily 
soluble  in  etlier. 

From  its  formula  and  origin  this  body  appears  to  be  diethyl  ketone,  CO(C-H^)'-', 
having  its  carbon  replaced  by  silicon  ;  unlike  carbon  ketones,  however,  it  does  not 
combine  with  nascent  hydrogen  to  form  a  secondary  alcohol;  moreover  it  yields 
silicopropionic  acid  on  boiling  tor  a  day  with  concentrated  soda-ley,  whereas  diethyl 
ketone  yields  only  acetic  acid  by  oxidation  (Chapman  a.  Smith).  It  forms  a  notable 
exception  to  Mendelejeff's  rule  that  silicon-compounds  boil  at  a  lower  temperature  than 
the  corresponding  carbon-compounds,  as  do  also  the  following  bodies  : — 
BoiliiiR  poii 

Si(OC^'IP)'  .  .  .  166-0° 
Si(C-H=)^OH    .       .       .  154-0° 


Si(C=IP)'iII      .       .  .107° 


Boiling  point 
C(OC=H^)'    ....  128° 
C(Cq-P)^OH        .       .       .  141° 
C(C^H^)'H    ....  06° 


si(CH^)'  ....  30°       I  cicmy     ....  9° 

3.  Silicotriethylic  Ether  or  micohcptylic  Ether,  S\{C-WY{OG-W),  boils  at 
163°,  and  has  the  specific  gravity  0-8393  to  0-8414  at  0°,  and  the  vapour-density 
161  "6°  (calculated  160°);  it  is  stable  in  the  air,  soluble  in  ether  and  alcohol,  and 
insoluble  in  water.  It  is  not  attacked  by  alcoholic  ammonia,  or  by  aniline  at  250°, 
but  is  decomposed  by  water  at  that  temperature ;  it  is  soluble  in  concentrated 
sulphuric  acid,  wherein  it  differs  from  silicon-ethyl. 

Acetyl  cJiloride  acts  on  silicotriethylic  ether  at  180°,  producing  silicoheptyl 
chloride  or  silicotrietliyl  chloride,  Si(C'-'H*)'Cl ;  thus  : 

Si(C^H=)XOC-H^)  -t-  C^H'OCl  =  Si(C=H^)^Cl  +  C"-W0"{C"--3?). 

Silicoheptyl  chloride  is  a  colourless  liquid,  which  fumes  iu  the  air,  and  burns  with 
a  green-edged  flame,  leaving  a  white  residue.  It  has  a  pungent  camphorous  odour, 
boils  at  143-5°,  and  has  a  specific  gravity  of  0-9249  at  0°.  It  is  slowly  decomposed  by 
water;  absolute  alcohol  appoar.s  not  to  act  upon  it  in  the  cold,  whereas  silver  nitrate 
immediately  decomposes  it  -^vitli  separation  of  silver  chloride.  It  does  not  act  on 
mercuric  cyanide  even  at  270°,  neither  can  its  chlorine  be  replaced  by  hytlrogen  (by 
treatment  with  sodium-amalgam  and  glacial  acetic  acid ). 

With  aniline,  silicoheptyl  chloride  yields  aniline  hydrochloride.  On  dropping  it 
into  aqueous  «rawo?«i«,  triethyl-s  ilicol,  silicoheptyl  alcohol,  or  silicoheptyl 
hydroxide,  Si(C^H*)''OH,  separates  out  nearly  pure,  provided  that  the  liquid  lias  not 
been  allowed  to  become  hot  and  acid;  in  the  contrary  case  silicoheptyl  oxide  or 
silicotriethyl  oxide,  Si-(C'H*)"0,  is  produced: 

(1)  Si(C=ff)'Cl  +  -RW  +  WO  =  NII^Cl  +  Si(C=H'*)30H 

(2)  2Si(C=H«)'Cl  H-  H^O  =   2HC1    +  Si-(G2ff)''0. 

Triethyl-silicol  is  more  easily  produced  by  heating  silicoheptyl  ether  with  acetic 
anhydride  to  250°,  whereby  si Hcoheptyl-acetic  ether,  Si-(C-H*)'.O.C-H^O,  is  formed, — 
and  decomposing  this  compound  with  a  dilute  solution  of  sodium  carbonate: 

Si(C2ff)''.(OC2H'*)  +  (C^H^O)''0  =  C=H»0-.0-H*  +  Q\{G'B?y.O.Q-B?0. 

Triethyl-silicol  is  a  colourless  viscid  liquid,  having  a  strong  camphor-like  odour, 
burning  with  a  bright  flame,  and  leaving  a  residue  of  silica.  It  is  insoluble  in  water, 
slightly  soluble  in  aqueous  sodium  carbonate,  and  miscible  with  alcohol  and  ether. 
Boiling  point,  154°.  Sp.  _gr.  =0-8709  at  0°.  Determinations  of  the  vapour-density 
gave  for  tlie  molecular  weight  the  numbers  134-8  and  124-3  (calc.  132). 

Triethyl-silicol  exhibits  alcoholic  characters,  as  shown  by  the  following  reactions : 

A.  With  acetyl  chloride  it  yields  silicoheptyl  acetate;  thus  : 

Si(C^H5)'0H  +  C^H'OCl      HCl  h-  Si(C-^H^)'(OC-H-'0), 
the  product  being,  however,  decomposed  by  the  hydrochloric  acid  as  fast  as  formed  : — 
Si(C^H5)3(OC2H30)  -i-  HCl  =  C-WO^-  +  Si(C2H-')3Cl. 

B.  Sodium  exo\\&B  hydrogen,  giving  sodium  silicolate,  Si(C''H^)'ONa. 

C.  An  ethereal  solution  of  this  latter  yields,  on  passing  carbon  dioxide  into  it,  an 
amorphous  body,  which  is  si li colieptyl- sodium  carbonate,  Si(C-IP)^O.CO.ONa. 
When  heated  to  redness,  this  body  decomposes,  leaving  sodium  carbonate  ;  thus  : 

2SiCO^H0'OO^Na  =  CO^  4-  Na^CO"  -t-  {Si(C=ff)»j-'0. 


1084 


SILICO-ACETIO  ANHYDRIDE. 


D.  HydrMic  acid,  boiling  at  127°,  acts  on  triethyl-silicol  at  200°,  forming  ethane 
and  silicodietliyl  oxide : 

Si(C^ff)'OH  =  C'^H"  +  Si(C-'H5)20. 

E.  Oxidising  agents,  sucli  as  chromic  and  permanganic  acids,  have  no  action  on  tri- 
ethyl-silicol ;  Nordhausen  sulphuric  acid,  however,  converts  it  into  silicopropionic  acid, 
Si(C-H5)0-H,  according  to  the  equation  : 

si(C2ff)^0H  +  SO'  =  si(c=ff)02H  +  2C'-w  +  m  +  SO- 

the  reaction  being  analogous  to  that  which  tertiary  alcohols  undergo  by  oxidation 
(Butlerow,  Beut.  Chem.  Gcs.  Bo:  1871,  931). 

F.  Dehydrating  agents,  such  as  phosphoric  anhydride,  convert  triethyl-silicol  into  its 
corresponding  ether,  silicoheptyl  oxide,  {Si(C^H*)'}"0. 

Silicoheptyl  oxide  may  also  be  obtained  hy  the  action  of  hydriodic  or  sulphuric  acid 
on  silicoheptyl-ethyl  ether,  or  by  that  of  potash-ley  on  silicotriethyl  chloride  or 
bromide.  It  is  a  eoloiirless,  syrupy  liquid,  boiling  at  231°,  and  of  sp.  gr.  O'SoO  at  0°  ; 
it  is  soluble  in  sulphuric  acid,  and  separates  therefrom  unchanged  on  dilution,  if  heating 
is  avoided  ;  otherwise  some  triethyl-silicol  is  formed. 

4.  Bilicohcptyl  hydride,  Si(C-H'''')'H,  is  the  last  product  of  the  action  of  sodium 
and  zinc-ethyl  on  silicic  ether  ;  it  boils  at  107°,  and  resembles  the  petroleum  hydro- 
carbons in  smell ;  it  is  insoluble  in  water  and  in  concentrated  sulphuric  acid,  soluble 
in  ether  and  alcohol.  It  is  stable  in  the  air,  and  burns  with  a  brilliant  flame,  leaving 
silica ;  its  specific  gi'avity  at  0°  is  0-751,  and  its  vapour-density  118-4  (calculated  IIC). 
Nitric  acid  and  Nordhausen  sulphuric  acid  attack  it  readily,  the  latter  producing  the 
reaction : 

2Si(C^ff)'H  +  2S0'  =  H^O  +  280^  +  Si=(C-H=)«0. 

Bromine  added  drop  by  drop  to  the  well-cooled  liquid,  gives  hydrogen  bromide  and 
silicoheptyl  bromide,  Si(C-H'*)'Br,  boiling  at  161°,  and  forming  silicotriethyl 
oxide  by  the  action  of  caustic  alkalis  ;  also  triethyl-silicol  with  ammonia. 

5.  Simultaneously -with  silicoheptyl  hydride,  silicon-ethyl,  Si(C-ff)'',  is  formed 
by  the  action  of  zinc-ethyl  and  sodium  on  silicic  ether  ;  the  body  obtained  boiled  at 
1.51°-]  53°,  and  had  the  properties  of  the  silicon-ethjd  of  Priedel  and  Crafts  (v.  266). 

A  small  quantity  of  high-boiling  silico-earbonaceous  substances  was  also  formed, 
probably  reduction-products  of  polysilicic  ethers. 

The  specitic  gravity  of  the  bodies  belonging  to  the  silicon-ethyl-oxethyl  series 
diminishes  with  the  diminution  in  oxygen,  but  not  regularly : 

Si(C2H5)'0'   0-9676 

Si(C=H-'')^0'   0-9207 

Si(C=H5)''0''   0-8762 

Si(C=H5yO   0-8403 

Si(C=H*)*   0-8341 

The  substitution  of  C-H-'  for  CI  raises  the  boiling  point: 


SiCl'  ...  58° 
SiCl^C-ff  .  .100 
SiCl=(C2H0'  .  .129 
SiCl(C2H=)^  .  .  143-5 
■Si(C^n-'')'      •  .152 


SiCPC^ffO    .  .  104° 

sior-'(C^H=)-o  .  ? 

SiCl(C=ff')'0  .  .  147 

Si(C2ff)'0     .  .153 


SiCP(C^H5)=02  .  137° 
SiCl  (C-H>)^0=  .  151 
Si     {G-W-yO'^       .  155-5 


SiCl(C^H5)30'       166°  I 

8i   (C"-IP)'0'       159°        1        Si(C2H-'')'0*  166-5° 

SIZ.ICO-ACETIC  AJS-HYBRIDE,  Si(OC-ffO)'  (Friedel  a.  Ladenburg,  Ann. 
Chim.  Phys.  [4],  xxvii.  428).  This  compound  is  obtained  by  digesting  silicon  tetra- 
chloride with  a  mixture  of  acetic  acid  and  acetic  anhydride,  and  is  deposited,  on  cool- 
ing, in  beautifully  white  crystals,  apparently  belonging  to  the  quadratic  system. 

Silico-acetic  anhydride,  when  dropped  into  water,  is  decomposed  with  a  hissing  noise, 
gelatinous  silicaand  acetic  acid  being  formed.  Itcannot  be  distilled  under  the  ordinary 
pressure,  as  it  is  decomposed  at  a  temperature  of  160°-170°  into  silica  and  acetic 
anhydride ;  but  if  the  pressure  be  reduced  to  5  or  6  millimeters,  it  passes  over  un- 
changed at  about  148°,  and  condenses  in  beautiful  white  crystalline  masses  melting 
at  about  110°.  It  is  decomposed  by  alcohol,  with  formation  of  ethyl  acetate  and  gela- 
tinous silica;  cold  ether,  however,  does  not  change  it,  although  when  heated  to  200° 
with  that  sul3stance,  it  splits  up  into  silica  and  acetic  anhydride.  "With  dry  ammonia 
it  yields  acetamide  and  hydrated  silica. 
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Silieo-ncetie  anhydride  is  analogous  to  Ebelmen's  silicic  ether,  Si(OC-II^)S  and  the 
ethylic  silieo-acetin,  Si  'lof^^jjaQ  -  obtained  by  the  action  of  acetic  anhydride  on 
silicic  ether  (v.  26-1),  may  be  regarded  as  its  tri  ethylic  ether. 

SIIiICOBORC}Cil.I.CITE.  A  mineral  named  W'mJcworthite  by  How  {Phil.  Mag. 
[4],  xll.  270),  occun-ing  in  transjoarent  colourless  nodules  in  the  gypsum  of  Winkworth, 
Hants  Co.,  Nova  Scotia,  has  been  shown  by  Kenngott  {Jahrb.  f.  Mincralogic,  1872, 
3U0)  to  be  a  mixture  of  silieoborocalcito  and  gypsum.    Two  analyses  by  How  gave  : 

CaO  SO'  SiO=         B=0'*  H=0 

(1.)    .       .    31'66        36'10       3-31        10-13        18-80  =  100 
(2.)    .       .    31-U       31-51       4-98       14-37       18-00  =  100 
»  Dcterminca  by  loss. 
The  first  contains  77-87,  the  second  67-75  p.c.  gypsum. 
SIlICOBSETHTri.  ETHESffi,  Si(C'-ff )-(OC-ff  )=  (p.  1082). 
SSS.SCOBIETHYI.  CI^X.OHETH-H-Z.IW,  Si(C-H=)'-Cl(OC'n^)  (p.  1082). 
S1I.ICOB1ETHYI.  C2£E.OK3SE,  ,Si(C-ir')-Cl=  (p.  1082). 

SIMCOBISTH-STL      OXSBE     or      SES.ICOW-IJIETHl'-S.  XETOKTE, 

Si(C=H»)-0  (p.  1083). 

SII.ICOHEPTY-S.-AC3STIC  ETHEK,  ,Si(C2ff )'(OC-IPO)  (p.  1083). 
SIIiICOHSPX-K-i  CH2.G^X3>E,  Si(C'-IP)5Cl  (p.  1083). 

SII.ICOHEPT-2-I.  C-aKEOUATE  OF  SOLIUM,  8i(C-H^)=.C0=Na  (p.  1083). 
SIIICOHEPTYH.  BTHSK,  ,Si(C=n5)^(OC2H5)  (p.  1083). 
SII.ICOHBPTyS.  KYBRIBE,  Si(C-ff)'H  (p.  1084). 
SlilCOHEPTYI.  KTrDROXIBE,  Si(C'-TP)30H  (p.  1083). 
SIX.XCOHEFTV:&  ©XIBE,  Si-(C-H^)''0  (p.  1084). 

SlilCOffir  or  SXXiXCXUns:,    On  the  occurrence  and  condition  of  silicon  in  pig- 

iroii,  see  pp.  095,  000. 

Occurniicc  in  P/«;(/s.— Lndcnbiirg  {DcuL  C'heiit.  Gcs.  Ber.  v.  569)  suggests  that  at 
least  part  of  the  silica  fnind  in  plant-ashes  may  be  produced  by  tlio  combustion  of 
organic  compounds  in  which  the  carbon  has  been  more  or  less  replaced  by  silicon. 
Even  the  purest  cellulose  contains  a  small  quantity  of  silica.  The  liquid  remaining 
on  dialysing  the  purified  alkaline  extract  of  mare's-tail  {Equisetum  arvcnsc)  left,  on 
evaporation,  puro  silica,  -which,  when  burnt  with  copper-oxide,  yielded  only  1  p.c. 
carbon  dioxide. 

Ajipareiit  Volafilisafion.—'^hm  the  vapour  of  silicon  chloride  or  fluoride  is  passed 
over  silicon  fused  in  an  atmosphere  of  hydrogen,  compounds  are  formed  which  de- 
compose at  lower  temperatures,  and  deposit  a  ring  of  silicon  on  the  cold  part  of  the 
tube,  as  if  the  silicon  had  been  actually  volatilised  (Troost  a.  Hautefeuille,  Com-jtt. 
rend.  Ixxiii.  443  ;  Chcm.  Soc.  J.  [2],  ix.  997  ;  Jahrcsb.  1871,  268). 

Estimation. — On  the  estimation  of  silicon  in  Cast  iron  and  Steel,  see  Iron  (p.  692), 

On  the  estimation  of  the  Firo-rcsisting  qualities  of  Clays  and  other  Siliceou.s 
materials,  soo  Clay  (pp.  353-357). 

SI£SCOSf,  KASOSB  COHSPO^SSS  OF.  Spectra.— Tlw  haloid  compounds 
of  silicon,  heated  in  a  hydrogen  flame  fed  by  a  jet  of  air,  give  band-spectra 
very  similar  to  one  another,  and  exhibiting  a  predominance  of  green.  The  bands, 
however,  do  not  appear  to  be  due  to  pure  silicon,  since  silicon  hydride,  although  very 
volatile,  does  not  exhibit  the  same  bands,  neither  are  they  seen  in  the  electric  spectrum 
of  silicon.  Silicon  fluoride  gives  only  a  continuous  spectrum,  whereas  in  Geissler's 
tubes  it  gives  a  fine  band-spectrum.  Silicon  bromide  gives  in  such  a  tube  a  continuous 
spectrum  with  two  maxima  in  the  yellow  and  tho  indigo,  provided  the  electric  tension 
is  weak ;  with  stronger  tension  the  lines  of  bromine  and  silicon  come  out  (Salet,  Compt. 
rend.  Ixxiii.  1056). 

Subchlorides  and  OxycMorides  (Troost  a.  Hautefeuille,  ibid.  Ixxiii.  663). — 
When  silicon  tetrachloride  is  passed  over  fused  silicon  contained  in  a  porcelain  tube, 
heated  ne.-irly  to  the  softening  point  of  porcelain,  a  liquid  is  obtained  consisting  of  the 
tetraeliloride  mixed  with  a  small  quantity  of  the  subchlorides  of  silicon.  The  tetra- 
chloride was  passed  backwards  and  forwards  five  or  six  times  over  the  silicon  ;  and, 
to  prevent  decomposition  of  tlie  subchlorides,  a  central  cooling  tube  traversed  by  a 
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stream  of  ■water  at  60°  was  employed,  as  in  Deville's  experiments  on  dissociation 
{1st  Suppl.  427).  To  prevent  the  formation  of  oxychlorides,  air  must  be  carefully 
excluded  from  tlie  apparatus. 

The  tetrachloride  boiling  at  59°  is  easily  separated  from  the  other  chlorides ;  the 
latter  are  separated  from  one  another  by  repeated  fractional  distillation. 

Trichloride,  S\"CV. — Friedel  (Co»ip<.  re7id.  Ixxiii.  1011)  prepares  this  compound 
by  gently  heating  the  tri-iodide  -with  mercuric  chloride.  It  is  a  colourless  and  very 
mobile  liquid,  having  a  specific  gravity  of  1'58  at  0°.  It  solidifies  .it  — 1°  (Friedel); 
at  — 1'1°  (Troost  a.  Hautefeuille),  forming  large  crystalline  plates.  It  boils  at 
146° — 148°  ;  the  density  of  its  vapour,  taken  at  239-4°,  is  97,  corresponding  with  the 
formula  Si-Cl^,  which  requires  9'4. 

When  strongly  heated  it  gives  off  a  vapour  which  takes  fire  spontaneously  in  the 
air ;  heated  in  closed  vessels,  it  becomes  decomposed  very  slowly  at  350°  (into  tetra- 
chloride and  silicon) ;  by  heating  for  twenty-four  hours  to  440°,  about  nine-tenths  of 
the  chloride  employed  is  decomposed ;  at  800°  the  decomposition  is  complete.  Tri- 
chloride of  silicon  is  attacked  by  cold  aqueous  solution  of  ammonia,  silica  and  hydrogen 
being  produced.  In  contact  with  pure  water  at  zero,  it  gives  a  hydrate  of  the  sesqui- 
oxide,  SiO'.H-O,  identical  with  that  obtained  by  Friedel  a.  Ladenburg  from  the  tri- 
iodide  {Ist  Suppl.  1022).  This  sesquioxide  reduces  potassium  permanganate  very 
rapidly  in  the  cold,  and  chromic  acid  very  slowly ;  it  has  no  action,  at  ordinary 
temperatures,  on  solutions  of  chloride  of  gold  or  selenious  acid  (Troost  a.  Hautefeuille). 

Dichloride  of  Silicon,  Si-Cl'',  is  a  liquid  which  is  found  mixed  with  the  tri- 
chloride, especially  when  the  formation  of  the  latter  body  is  accompanied  by  that  of 
highly  condensed  oxychlorides  of  silicon.  Its  vapour-density  and  boiling  point  have 
not  yet  been  determined,  as  it  retains  pertinaciously  small  quantities  of  oxychloride. 
Decomposed  by  aqueous  ammonia,  it  evolves  a  larger  proportion  of  hydrogen  than  the 
trichloride.  I5y  contact  with  water  at  zero,  it  gives  rise  to  a  hydrated  oxide,  which 
reduces,  not  only  potassium  permanganate  and  chromic  acid,  but  also  solutions  of 
chloride  of  gold  and  selenious  acid,  with  separation  of  metallic  gold  and  red  selenium 
respectively  (Troost  a.  Hautefeuille). 

Oxychlorides. —  Several  of  these  compounds  are  produced  by  the  action  of  the 
induction  spark  on  a  mixture  of  the  tetrachloride,  the  trichlorosilicic  oxide,  Si^CPO, 
obtained  by  Friedel  a.  Ladenburg  (1st  Stqjpl.  1021),  and  oxygen,  or  better  by  passing 
a  mixture  of  oxygon  and  trichlorosilicic  oxide  several  times  through  a  heated  glass 
tube  filled  with  fragments  of  porcelain.  By  fractional  distillation  of  the  product  the 
following  compounds  have  been  obtained  : 

Empincal  formula        Formula  for  2  vols.         Boiling  poiiit  Vapour- density 

according  to  the  at  440' 

experimental  vapour- 
density 

Si^OCl'  _  _  _ 

Si'OCP  Si^O^Cl''  136—139°  — 

Si*0»01'»  Si'OsCl'"  152—164  — 

SiWCl*  Si^O'Cl'  108—202  15-5 

Si^O'Cl"  Si^O'^Cl'^  about  300  21-2 

Si<0»C12  —  above  400  — 

Si^O'Cl  — ■  nearly  40  — 

Tribromide,  Si^Br^.  This  compound  is  prepared  by  dissolving  the  tri-iodide  in 
carbon  sulphide,  adding  bromine  in  quantity  sufficient  to  displace  the  iodine,  separat- 
ing the  undissolved  iodine  by  filtration,  and  removing  the  dissolved  iodine  by  agitation 
witli  mercury.  The  liquid  on  evaporation  yields  crystals  of  the  tribromide,  which  are 
doubly  refractive,  and  may  bo  distilled  without  decomposition  at  about  240°.  On 
treating  it  with  potash,  hydrogen  is  evolved  in  the  proportion  of  H^  to  each  molecule  of 
Si-Br"  (Friedel,  Compt  rend.  Ixxiii.  1011). 

Chlorobromides.  The  trichlorohromide,  SiCPBr,  is  formed  by  the  action  of  bro- 
mine on  silicic  chloroform,  SiCl-'H.  It  is  a  colourless  fuming  liquid,  which  boils  at 
80°,  is  decomposed  by  water,  and  exhibits  great  similarity  to  silicon  tetrachloride. 

The  d ichlorodibromide,  SiCl'^Br^  is  also  formed  by  the  action  of  bromine  on 
silicic  chloroform,  and  is  found  among  the  products  boiling  at  about  100°  (Friedel  a. 
LadeiiburK.  Ann.  Chim.  Phys.  [4],  xxvii.  416). 

CMorosuIpliydrate,  SiCPSH.  This  compound,  analogous  in  composition  to 
methylic  mercaptan,  CffSH,  was  regarded  as  a  sulphochloride  by  Pierre,  who  obtained 
it  by  passing  a  mixture  of  the  vapour  of  silicon  tetrachloride  and  hydrogen  sulphide 
through  a  red-hot  tube  (v.  270).  It  is  a  colourless  liquid  boiling  at  96°,  and  having  a 
mixed  odour  of  hydrochloric  acid  and  sulphydric  acid,  these  two  acids  being  formed, 
together  with  silica,  when  it  is  exposed  to  the  air.    When  three  molecules  of  alcohol 
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are  made  to  react  on  one  molecule  of  silicon  chlorosiilphydrate,  an  evolution  of  hydro- 
chloric acid  takes  place,  and  the  compound,  SiSH(OO-H^)',  appears  to  be  produced  ; 
but  if  either  this  compound  or  the  original  silicon  chlorosulpliydrate  be  treated  with 
excess  of  alcohol,  a  reaction  resulting  in  the  formation  of  silicic  ether,  Si(C-H*0)^ 
takes  place.  Bromine  decomposes  silicon  chlorosulphydrato,  with  formation  of  the 
trichlorobromido,  SiSHCP  +  Br'  =  SiBrCP  +  «Br  +  IIBr  (Friedel  a.  Ladcu- 
burg,  loo.  cit.) 

Silicon  Subfluoride  is  a  -white,  very  light  powder  produced  by  passing  tlie  tetra- 
fluorido  over  silicon  heated  nearly  to  the  softening  point  of  porcelain.  It  is  probably 
a  trifluoride,  as  in  contact  with  water  it  yields  a  hydrated  oxide  which  exhibits  the 
same  characteristic  reactions  as  that  which  is  formed  in  like  manner  from  the  trichloride 
(Troosta.  H.iutufciiillo,  Compt.  riud.  Isxiii.  o63). 

SlZiZCOPKOPZOIfXC  AC1S>,  Si(C-ff )0=H  or  CH^— CH-— SiO=H  (see  Silicic 
Etheks,  p.  1082). 

Orthosilicopropionic  Ethyl-ether,  BiiC^WySlG-Wy,  formed  by  the  action  of 
zinc-ethyl  and  sodium  on  tetramethyl  silicate,  boils  at  159°  (p.  1082). 

Orthosilico2>ro2)ionic  Methyl-ether,  Si(C-ff)(OCB[^)^  is  formed  in  like 
manner  by  the  action  of  zinc-ethyl  and  sodium  on  tetramethyl  silicate: 

2Si(0CH^)'  +  Zn(C2ff)2  +  Na^  =  Zn  +  2NaOCH^  +  2Si(C2ff)(OOH')». 
The  orthosilicopropionic  methyl-ether,  purified  by  fractional  distillation,  boils  at  1 25°- 
126°,  and  has  a  specific  gravity  of  0-9747  at  0°.  It  resembles  the  corresponding  ethyl- 
compound  in  odour  and  appearance,  but  is  more  easily  decomposed  by  water,  ammonia, 
&c.  Hydriodic  acid  boiling  at  127°  acts  violently  on  it,  separating  a  solid  body. 
When  left  in  contact  with  water  it  undergoes  decomposition,  which  is  accelerated  by 
addition  of  ammonia.  The  product  of  the  reaction  is  a  translucent  jelly  which  dries 
up  to  a  white  powder  of  nearly  pure  silicopropionic  acid  (Ladonburg,  Beut.  Chem.  Gea. 
Ber.  vi.  1081). 

Tetrethyl  silicate,  zinc-methyl,  and  sodium  do  not  act  on  one  another  at  ordinary 
temperatures.  When  tetrethyl  silicate  is  heated  with  zinc-methyl  (without  sodium)  to 
a  temperature  above  300°,  crystals  of  the  compound  Zn(CH')(OC-ff)  are  obtained, 
and  the  silicic  ether  formed  at  the  same  time  yields  by  decomposition  a  combustible 
silicic  acid,  probably  tiilico-acetic  acid  (Ladenburg,  loo.  cit.) 

SriiICOTETaBTHYI.,  Si(C2ff)<  (p.  1084). 

SIIiSCOTRSBTH-S-a  BJKOMXSE,  Si(C'H')'Br  (p.  1083). 

SII.ICOTRIBTHYS.  CHI,OKIIJE,  Si(C=ff)'Cl  (p.  1083). 

SII.SCOT3ai2ETHTri.  OXIBE,  Si-(C=H')«0  (p.  108-t). 

Sill  VSR.  Ovciirmicc  and  Extraction. — On  tho  occurrence  of  silver  and  gold  ores 
in  California,  and  on  Eivot's  method  of  working  them,  see  Gold  (p.  572). 

On  Tessie  du  Mothay's  method  of  extracting  silver  and  gold  from  arseniosulphides 
of  lead,  copper,  &c.,  see  p.  573. 

On  Stetefeldt's  furnace  for  the  roasting  and  chlorination  of  silver  ores,  see  Ditiffl. 
pal.  J.  cxcvi.  244. 

On  Kroncke's  method  of  amalgamating  silver  ores,  see  L.  Eich  (Chem.  Centr.  1871, 
121  ;  Chem.  Soc.  J.  [2],  ix.  447). 

The  chemical  processes  in  the  amalgamation  of  gold  and  silver  ores  in  Washoo  are 
described  by  A.  Hague  (American  Chemist,  in.  98  ;  Jahresb.f.  Chem.  1872,  951). 

Claudet  has  devised  a  process  for  the  extraction  of  silver  from  copper  pyrites.  Tho 
lyes  obtained  by  treating  the  pyrites,  after  roasting  and  clilorination,  with  water, 
usually  contain  1  pt.  of  silver  to'lO.OOO  pts.  of  copper.  To  separate  the  silver  the 
solutions  of  tho  chloride  are  mixed  with  a  metallic  iodide,  best  with  iodide  of  potas- 
sium ;  and  the  deposition  of  the  silver  iodide  is  facilifcited  by  diluting  tho  solution  till 
turbidity  ensues,  perfect  mixture  being  ensured  by  blowing  in  steam.  The  precipitate 
thds  formed  contains  silver  iodide,  cuprous  chloride,  cupric  oxychloride,  and  small 
quantities  of  lead  and  iron.  The  otlier  salts  are  removed  by  dilute  hydrochloric  acid  ; 
the  silver  iodide  is  treated  with  metallic  zinc ;  and  the  solution  of  zinc  iodide  decanted 
from  the  reduced  silver  is  used  for  precipitating  tho  silver  from  a  fresh  portion  of  the 
crude  liquor  (Mechanic's  Maya~ine,  Sept.  1870,  p.  207).  A  favourable  report  of  the 
results  of  this  process  is  given  by  J.  A.  Phillips  (Clieni.  :News,  xxii.  184). 

Preparation  of  Pure  Silver.— Gvagev  (Dinffl.  2^1.  J.  cciii.  Ill,  292)  prepares  jnu-e 
silver  from  an  alloy  of  silver  and  copper  by  heating  the  solution  of  the  alloy  in  nitric 
acid  to  70°,  and  adding  calcium  carbonate  (levigated  chalk)  as  long  as  effervescence 
takes  place.   The  whole  of  the  copper  is  thereby  precipitated,  while  tho  silver  re- 
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mains  in  solution  together  with  calcium  nitrate.  This  solution  is  either  precipitated 
with  sodium  carbonate,  the  precipitate  ignited  and  then  exhausted  with  hydrochloriu 
acid,  which  leaves  the  silver  in  the  metallic  state  ;  or  it  is  digested  with  silver  oxalate, 
whereby  the  calcium  is  separated,  and  pure  silver  nitrate  remains  in  solution. 

J.  Kruger  (ibid.  ccvi.  243)  prepares  piire  silver  from  silver  residues,  by  mixing  them 
with  pliosphoric  ether  and  repeatedly  shaking  the  mixture.  The  whole  of  the  silver 
is  then  obtained  as  a  black  precipitate ;  and  on  filtering,  washing,  and  drying,  or  boil- 
ing the  still  moist  precipitate  in  a  porcelain  basin  with  caustic  potash,  pure  metallic 
silver  is  left  undissolved.  To  obtain  a  solid  regulus,  the  dried  precipitate  is  gradually 
added  to  potassium  carbonate  melted  in  a  crucible. 

Gladstone  a.  Tribe  {Chem.  News,  xxiv.  76)  describe  the  grovrth  of  silver  crystals 
during  the  action  of  a  plate  of  copper  on  a  solution  of  silver  nitrate. 

According  to  Tribe  {ibid.  xxiv.  135)  silver  precipitated  by  copper  always  contains 
copper,  if,  as  is  generally  the  case,  the  solution  has  absorbed  air.  If,  on  the  other 
hand,  the  air  be  expelled  by  carbonic  acid,  the  amount  of  copper  in  the  precipitated 
silver  is  extremely  small. 

According  to  C.  F.  Chandler  {ibid.  xxiv.  10)  silver  nitrate  is  immediately  reduced 
to  metallic  silver  by  glowing  charcoal,  the  reduced  silver  penetrating  the  charcoal  and 
taking  the  place  of  the  particles  of  carbon  consumed  in  the  reduction,  so  that  it 
exhibits  the  exact  structure  of  the  original  wood. 

On  Griiger's  method  of  reducing  silver  from  an  ammoniacal  solution  of  the  chloride 
with  zinc,  see  Chem.  Soc.  J.  [2],  ix.  499.  On  the  recovery  of  silver  nitrate  from  the 
silver-bath,  and  from  the  residues  obtained  in  electroplating,  see  Grager,  ibid.  600. 

On  the  precipitation  of  silver  by  ferrous  sulphate  from  the  solution  of  silver  siilphate 
obtained  in  tho  '  parting '  of  gold  and  silver,  see  Giitzkow  {JDeut.  Chem.  Ges.  Her,  iv, 
114  ;  Chem.  Soc.  J.  [2],  ix.  448). 

On  the  alteration  undergone  by  silver  vessels,  &c.,  long  biu-ied  in  the  earth,  see 
Church  (C7iem.  Soc.  J.  [2],  ix.  498)  and  Schertel  (ibid.  666). 

Estimation  and  Separation  of  Silver. — On  the  estimation  of  silver  in  presence  of 
mercury,  see  Debray  (Compt.  rend.  Ixx.  849,  995  ;  Jahresb.f.  Chem.  1870,  1014). 

On  the  assaying  of  silver,  see  Tookey  ( Chem.  News,  xxi.  246),  Blossom  (ibid.  xxiv. 
14,  42,  269),  and  Busteed  (ibid.  xxiv.  243,  259). 

On  the  separation  of  silver  from  copper,  see  Copper  (p.  388). 

Quantivalence  of  Silver. — Wislicenus  {Beut.  Chem.  Ges.  Ber.  iv.  63)  regards  silver 
(at.  w.  =  108)  "as  bivalent,  on  account  of  the  constitution  of  the  argentous  salts,  of  the 
silver-compounds  of  acetylene  and  its  homologues,  and  of  the  iodonitrate  of  silver, 
Ag-INO'  (prepared  by  prolonged  heating  of  a  concentrated  solution  of  silver  nitrate  in 
nitric  acid  with  silver  iodide,  p.  860),  and  of  the  corresponding  bromonitrate.  On  this 
view  of  the  quantivalence  of  silver,  many  of  its  compounds  may  be  represented  by 
formulae  exactly  analogous  to  those  of  cuprous  compounds,  with  which  they  are  iso- 
morphous ;  e.g. 

AgCl  CuCl 

I  Argentic  chloride  |  Cuprous  chloride 

AgCl  CuCl 
Agl 

I  Argentic  iodonitrate 

AgO.NO' 

Ag.  Cu^ 
I   ^0,       Argentic  oxide  |   J^O,      Cuprous  oxide 

Ag-^  Cu^ 

Ag  Cu. 
I    ^S,        Argentic  sulphide  |    >S,       Cuprous  sulphide 

Ag^  Cu-^ 

Ag.O.NO^ 
I  Argentic  nitrate 

Ag.O.NO= 

CH  CH 

Acetylene  silver  Acetylene  cu- 

CAg.Ag.Cl  C.CU.CU.C1      Prous  chloride 

Ag— Ag 

Argentous  oxide,    |        J^^,  is  analogous  to  the  quadrantoxido  of  copper, 
Ag— Ag-^ 

Cu-Cu^ 

1  ^0,  discovered  by  H.  Eose  (iv.  304). 

Cu— Cu-"'^ 
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SIX.V£I^,  SALTS  OS".    On  the  refraction  and  dispersion  of  light 

by  silver  chloride,  bromide,  and  iodide,  sco  Light  (p.  742). 

On  the  chemical  and  mechanical  changes  produced  by  light  in  the  haloi'd  compounds 
of  silver,  see  C.  Sehultz-Sellack  {Bent.  Ghcia.  Gcs.  Ber.  iv.  210,  343  ;  Chcm.  Soc.  J. 
[2],  ix.  302,  481). 

Eeactions  with  Mercury  Salts. — Preuss  observed  that  silver  iodide  dissolves  abun- 
dantly in  a  solution  of  mercuric  nitrate,  the  solution  solidifying  ou  cooling  to  a  crystal- 
lino  mass  consisting  of  a  double  compound  of  silver  iodide  and  mercuric  nitrate, 
4AgI.2HgN-'0«  +  H-0  {Gmdhi's  Handbook.xi.  199).  Afterwards  AVackenroder  {ibid. 
169,  165)  observed  that  the  bromide  and  chloride  of  silver  likewise  dissolve  readily 
in  aqueous  mercuric  nitrate  ;  and  Licbig  found  that  a  warm  solution  of  silver  chloride 
in  mercuric  nitrate  deposits,  en  .-uldilion  of  water  and  cooling,  shining  crystals  of 
silver  chloride  {Ann.  C//.  I'lmrm.  Ixxxi.  128).  These  statements  have  been  confirmed 
in  their  essential  particubirs  by  Di'ljray  {Conrpt.  rend.  Ixx.  996),  who  further  states 
that  iodide  and  bromide  of  silver  crystallise,  on  cooling,  from  a  hot  solution  of  mercuric 
nitrate.  He  also  confirms  the  statement  of  Eisse  (iv.  104)  that  silver  chloride  dis- 
solves in  aqueous  silver  nitrate,  but  he  was  not  able  to  obtain  tlie  definite  compound 
of  the  two  mentioned  by  Eisse,  the  crystals  which  separated  from  the  hot  saturated 
solution  consisting  simply  of  silver  chloride. 

Chloride,  AgCl.  According  to  Stas  {Compt.  rend.  Ixxiii.  998),  this  compound 
exists  in  four  different  states:  1.  gelatinous;  2.  ciirdy-flocculent ;  3.  pulverulent; 
4.  granulo-scaly-crystalline,  as  obtained  by  fusion.  In  the  last-mentioned  state,  its 
soluliility  in  -water  at  ordinary  temperatures  =  0-,  or  at  least  does  not  attain  the  limit 
at  which  dissolved  silver  chloride  can  .still  be  recognised,  a  limit  -which  Stas  fixes 
nt  1  part  in  ten  million.  Its  solubility  in  boiling  -water  is  proportionally  great,  but 
diminishes  rapidly  as  the  temperature  falls,  and  is  equal  to  nothing  at  16°.  The 
curdy  modification  obtained  by  precipitation  from  cold  dilute  solutions  is  the  most 
soluble,  but  its  solubility  diminishes  as  the  flocks  spontaneously  condense,  oi;  when 
the  precipitate  is  rendered  pulverulent  by  agitation.  A  solution  of  flocculont  or 
pulverulent  silver  chloride  in  pure  -water,  or  water  acidulated  with  nitric  acid,  is  pre- 
cipitated both  by  silver  nitrate  and  by  hydrochloric  acid.  To  precipitate  a  unit  of 
silver  or  of  chlorine  in  the  state  of  dissolved  flocculent  or  pulverulent  silver  chloride 
requires  3  units  of  chlorine,  or  of  silver  (as  nitrate).  The  preclf)itnti()n  is  always 
complete.  The  salts  formed  in  the  reaction  simultaneously  witli  the  mIm  i-  chloride 
have  no  influence  on  the  solubility  of  the  chloride  in  pure  or  aciilnl.ii  cd  w.ili  r.  The 
presence  of  nitric  acid  does  not  increase  the  solubility  of  curdy  m-  ll^.  i  nlrnt  silver 
chloride,  whereas  that  of  the  pulverulentvariety  increases  in  p)ropni-i  HiU  l  (j  l  \\r  quantity 
of  nitric  acid  contained  in  the  water.  Saturated  solutions  of  graiiiil;n'  silvi  i-  chloride 
are  likewise  precipitated  both  by  chlorine  and  by  silver  nitrate,  auil  llic  pi-c  rijjit.ation 
of  a  unit  of  silver  or  of  chlorine,  ns  silver  chloride,  likewise  requires  3  units  of  chlorine 
or  of  silver,  but  the  separation  of  the  dissolved  granular  silver  chloride  is  never  com- 
plete. 

With  hydrobromic  or  liydriodic  acid  the  precipitation  may  always  be  so  conducted 
that  the  liquid  shall  not  give  a  precipitate  either  with  silver  nitrate  or  with  a  haloi'd  salt. 

Pierre  {Compt.  rend.  Ixxiii.  1090)  observes  that  when  solution  of  silver  nitrate  is 
added  drop  Ijy  drop  to  concentrated  hydrochloric  acid,  the  precipitate  formed  disap- 
pears so  rapidly  that  it  sometimes  escapes  observation  altogether.  The  weight  of  the 
silver  chloride  dissolved  may  exceed  one-half  p.c.  of  the  weight  of  the  hydrochloric 
acid  employed.  The  subsequent  addition  of  water  very  slowly  reprecipitates  the 
whole  of  the  chloride. 

When  nitric  acid  is  distilled  over  a  small  quantity  of  silver  chloride,  in  the  state  of 
powder,  the  latter  disappears  gradually  ;  this  is,  however,  not  a  simple  solution, 
because,  at  the  end  of  the  operation,  crystallised  silver  nitrate  is  found  in  the  retort 
instead  of  the  chloride. 

Thorpe  {Chcm.  Soc.  J.  [2],  x.  453)  finds  that  100,000  pts.  of  strong  nitric  acid 
dissolve  about  2  pts.  of  pure,  white  silver  chloride,  and  that  the  solubility  is  not 
sensibly  affected  by  the  presence  of  lower  oxides  of  nitrogen  in  the  acid,  but  that  as 
the  chloride  darkens  by  exposure  to  light,  less  of  it  is  taken  up  by  the  acid, 
100,000  pts.  of  the  acid  dissolving  only  O'S  pt.  of  the  blackened  silver  chloride. 

Fluoride,  AgF.  The  following  observations  on  this  compound  have  been  made  by 
Gore  {Proc.  Boy.  Soc.  xx.  70),  in  addition  to  those  reported  in  the  1st  Swppl. 
(p.  1027). 

The  action  of  iodine  and  heat  on  silver  fluoride  produces  iodine  fluoride  (a  volatile, 
colourless,  fuming  liquid)  and  silver  iodide,  also,  if  the  temperature  approaches  redness, 
corroding  the  platinum  vessels  and  forming  a  double  salt  of  silver  iodide  and  platinum 
fluoride. 
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Silver  fluoride  is  reduced  by  heating  in  dry  cyanogen  vapour,  or  hydrogen  cyanide, 
or  coed  gas,  but  is  uii.ifFected  by  carbon  oxide  or  dioxide,  silicon  fluoridfi,  sulplmr  di- 
oxide, or  sulphur  fluoride  vapour,  or  by  liquid  cyanogen,  carbon  bisulphide,  hydrocymiic 
acid  (anhydrous),  carbon  tetra-  or  trichloride,  pure  carbon,  or  boron  crystals.  Fused  in 
the  vapour  of  carbon  tri-  or  tetrachloride,  it  forms  silver  chloride,  as  well  as  an 
insoluble  double  salt  of  silver  and  platinum  by  corrosion  of  the  vessels.  A  solution 
of  bromine  or  iodine  in  carbon  tetrachloride  or  bisulphide  is  quickly  decolorised  by 
agitation  -with  silver  fluoride.  The  fluoride  is  also  decomposed  violently  by  fusion  with 
yitreous  boric  acid,  silicon,  dry  silica,  or  sulphur.  In  the  latter  case  sulphur  fluoride, 
a  heavy  colourless  gas  of  a  peculiar  dusty  odour,  is  evolved.  Sulphur  chloride  with 
silver  fluoride,  either  fused  or  in  solution,  gives  silver  chloride  and  vapour  of  sulphide. 
Carbon  bisulphide  at  a  red  heat  yields  silver  sulphide  and  carbon  tetrafluoride, 
4AgF+CS=  =  CF<  +  2Ag'^S. 

Carbon  tetrafluoride  is  also  said  to  be  formed  when  silver  fluoride  is  added  to  liquid 
carbon  bisulphide  containing  bromine  or  iodine  in  solution. 

Xodide,  Agl.  According  to  A.  Vogel  (iV.  Bcp.  Pharm.  xx.  129),  silver  iodide  is  not 
decomposed  by  boiling  aqueous  potash,  the  grey  colour  which  it  acquires  being  due 
to  molecular  alteration ;  native  silver  iodide  from  Mexico  exhibits  a  similar  colour. 
Even  by  fusing  silver  iodide  with  potassium  iodide,  only  a  very  incomplete  decompo- 
sition is  effected,  and  the  separation  of  met;illic  silver  from  it  by  zinc  and  hydrochloric 
acid  is  less  complete  than  in  the  case  of  the  chloride.  When  dry  silver  chloride  is 
triturated  with  pulverised  iodine,  and  the  excess  of  iodine  removed  after  sometime  by 
solution  in  alcohol,  the  chloride  of  silver  is  found  to  be  partly  converted  into  iodide, 
and  no  longer  dissolves  completely  in  ammonia.  Silver  iodide  is  partly  decomposed 
by  a  strong  heat,  with  evolution  of  iodine.  In  closed  vessels  it  volatilises  at  a  white 
heat. 

On  the  compounds  of  silver  iodide  with  silver  nitrate,  see  Niteates  (p.  860). 

SIXiVEia  03Eia>SS.  To  decide  whether  the  alkaline  reaction  of  silver  oxide  is 
due  to  adhering  alkali,  or  belongs  to  the  oxide  itself,  A.  Vogel  (iV.  ife^;.  jPArtrm.  xx.  93) 
precipitated  an  acid  solution  of  silver  nitrate  with  lime-water,  keeping  the  silver 
nitrate  in  excess,  and  washed  the  precipitated  silver  oxide  thoroughly  witli  hot  water. 
The  still  moist  oxide,  laid  upon  reddened  litmus  paper,  immediately  produced  a  distinct 
blue  spot,  and  on  recently  prepared  turmeric  paper  a  brown  spot.  Silver  nitrate  also, 
especially  after  fusion,  has,  according  to  Vogel,  an  alkaline  reaction.  Crystals  of 
silver  nitrate  lose  their  acid  reaction  and  become  alkaline  when  their  solution  is  boiled 
with  silver  foil  or  silver  oxide. 

Peroxide,  Ag-0-. — For  the  preparation  of  this  oxide,  Bottger  (Zeitschr.  f.  Chem. 
[2],  vi.  82)  recommends  the  electrolytic  method  employed  by  Eitter  (v.  303).  The 
peroxide  sets  fire  to  hydrogen  sulphide  and  oil  of  cloves,  and  eliminates  nitrogen  from 
aqueous  ammonia,  as  formerly  observed  by  Grotthuss  {Jahresb.  1852,  423).  When  it 
is  triturated  with  gold  sulphide,  the  mixture  quickly  takes  fire. 

SILVER  SUIiffHISSSS.  A  double  sulphide  of  silver  and  iron,  called  silver 
pyrites,  occurring  with  proustite  in  the  mineral  veins  of  Joaehimsthal,  forms,  according 
to  S.  von  Waltcrshausen  {Jahrbuch.  f.  Min.  1868,  725),  very  small  monoelinic  cr3'stals 
of  hexagonal  character.  Colour,  light  lead-grey  with  a  tinge  of  yellow ;  streak  black; 
brittle;  fracture  uneven;  hardness  =  3-5;  sp.  gr.  =  6'47.  An  analysis  made  with  a 
very  small  quantity  of  material  gave  39-3  p.c.  Fe,  26-6  Ag,  and  34'2  S,  agreeing  with 
the  formula  Ag-S.3Fe'2S'.  According  to  Tschermak,  however  {ibid.  726),  silver  pyrites 
is  not  a  distinct  mineral  species,  but  a  psoudomorph  (consisting  of  marcasite,  pyrrhotin, 
argentite,  and  pyrargyrite),  and  probably  identical  with  Zippe's  pseudomorph  of  iron 
pyrites  after  pyrargyrite  and  stephanite.  On  the  other  hand,  A.  Schrauf  {ibid.  1872, 
94)  maintains  that  the  mineral  is  not  a  pseudomorph,  but  a  distinct  species,  crystal- 
lising in  the  rhombic  system,  and  isomorphous  with  sternbergite.  He  found  the 
specific  gravity  to  be  5-63  at  13°,  and  the  amount  of  silver  21-2  and  22-3  p.c,  the 
above  formula  requiring  2477  pi.c. 

On  the  sulphide  of  silver  and  gold,  6Ag'S.2Au-S',  discovered  by  Muir,  see  Gold 
(p.  676). 

SIREOWYITB.  Bloedite.—A.  sodio-magnesic  sulphate,  Na=SOMIgSO' +  4H-0, 
occurring  in  the  carnallite  of  Stassfurt  {Jahresb.  f.  Chem.  1871,  1181 ;  1872,  1141). 

SIETAIaBlKT,  C5»H"N-S=0">.  A  constituent  of  the  seed  of  white  mustard.  See 
MrsTARB  (p.  832). 

smsTlGRIIffE.    Syn.  with  Pot.^ssitjm  Myeonatb  (iii.  1073). 
SXffAUUiraiTB.    This  name  is  given  by  Ereithaupt  {Jahrb.  j.  Min.  1872,  820 
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to  a  mineral  from  Suarum  in  Norway,  agreeing  in  composition  with  spcdiimcnc,  but 
differing  from  it  (being  micaceous)  in  pliysical  properties : 

SiO»        A1=0^       Fe'O^      Mn»0"      CaO       Na=0  Li=0 
6y43      28'21       0-42      0-18      0-24      09-3       2-15      0-23  =  9978. 

SOSB..  On  the  composition  of  Crude  Soda,  and  the  loss  of  Sodium  in  Leblanc's 
process,  soo  Scheurer-Kestner  (Compt.  rend.  Ixx.  1352;  Jahresb.f.  Chem.  1870, 114); 
also  Maclear  {Chem.  News,  xxv.  54;  Jahrcsb.  1872,  975). 

On  the  quantity  of  Arsenic  introduced  into  the  products  of  the  soda-manufacture 
from  the  pj-ritos  used  for  the  preparation  of  sulphuric  acid,  see  H.  A.  Smith  {Chem. 
News,  xxiii.  221;  Jakresb.  1871,  1014). 

On  the  recovery  of  Sulphur  from  Soda-waste,  see  L.  Mond  {Bingl.  fol.  J.  ccii.  206  ; 
Jahresb.  1871,  1015),  Stahlscbmidt  {mngl.  ccv.  229  ;  Jahrcsb.  1872,  977). 

Bachet's  process  for  preparing  caustic  soda  by  decomposing  common  salt  with 
litharge  and  lime  is  described  by  E.  C.  Clapham  {Chem.  News,  xxi.  148;  Jahresb. 
1870,  1114);  further  by  Clapham  a,  Ball  {American  Chemist,  iii.  181;  Jahrcsb.  1872, 
078). 

A  method  of  preparing  silicate  of  soda  by  decomposing  common  salt  with  silica  and 
aqueous  vapour  is  given  by  A.  lingerer  {Bingl.  pol.  J.  cxcvii.  343  ;  Jahrcsb.  1870, 
1116). 

SOaJITTM.    On  the  solubility  of  sodium  in  liquid  ammonia,  see  p.  60. 

Bromide,  NaBr. — Castelhaz  {Comft.  rend.  Ixx.  1050)  prepares  this  salt  by  decom- 
posing ammonium  bromide  with  an  equivalent  quantity  of  pure  hydrate  or  carbonate  of 
sodium.  The  ammonium  bromide  is  prepared  by  dropping  bromine  into  pure  dilute 
ammonia,  and  purified  from  the  much  more  soluble  iodide  by  recrystallisation. 

Chloride,  NaCl. — On  the  crystallisation  of  this  salt  in  transparent  cubes  from  solu- 
tions containing  ferric  chloride,  magnesium  chloride,  &c.,  soo  Buehner(iV.  Tharm. 
XX.  151  ;  Jahrcsb.  1871,  274  ;  Chem.  Soc.  J.  [2]  ix.  311). 

Hydrate,  NaHO.— 0.  Hermes  {Togg.  Ann.  cxix.  170;  Beitt.  Chem.  Ges.Ber.  iii.  122) 
observed  that  a  solution  of  caustic  soda,  of  sp.  gr.  r365,  deposits  the  hydrate  at  low 
temperatures  in  crystals  having  the  composition  2NaH0.7H-0.  These  crystals  were 
described  in  1863  by  G.  Eose,  who  regarded  them  as  monoclinic.  According  to 
Hermes,  however,  they  are  rhombic  prisms  of  98°  slightly  truncated  on  the  acute 
lateral  edges.  They  are  transparent  and  colourless,  with  a  vitreous  lustre,  melt  at  6°, 
and  separate  tolerably  pure  from  a  solution  of  caustic  soda  containing  chloride,  sul- 
phate, and  earl  ionate  of  sodium. 

SOXiE'il.TASSAS.  On  the  gases  evolved  from  the  solfataras  of  Vesuvius  and  tho 
Canipi  I'legrei,  see  Gases  (p.  650). 

ACIB,  C^ffO-.  This  acid,  which  Hofmann  obtained  from  unripe 
mountain-a.sh  berries  (v.  352),  has  been  further  examined  by  Barringer  a.  Fittig 
{Zeiixh.f.  Chem.  1870,  425;  Ann.  Ch.  Pharm.  clxi.  307)  with  the  view  of  determining 
whether  it  is  analogous  in  its  chemical  relations  to  the  acids  of  the  series  C°H-"'-''0-, 
or  C"H-''-^.COOH  (palmitolic,  stearolic,  lichenolic).  These  chemists  confirm  Hof- 
mann's  statements  with  regard  to  the  properties  of  sorbic  acid,  excepting  as  to  its 
alleged  capability  of  volatilising  without  decomposition.  They  find  indeed  that  the 
pure  acid  begins  to  boil  at  225°,  part  of  it  distilling  unaltered  at  this  temperature, 
while  the  rest  is  converted,  with  emission  of  a  distinct  odour  of  acrolein,  into  a  very 
thick  brown  mass,  hardening  on  cooling  to  a  resin,  from  which  sorbic  acid  is  not  re- 
generated by  boiling  with  water. 

When  1  mol.  sorbic  acid  is  triturated  under  water  with  2  mols.  bromine,  a  semifluid 
mass  is  obtained,  consisting  of  the  solid  tetrabromido  of  sorbic  acid,  C*H'Br*0'' 
— isomeric  or  identical  with  tetrabromocaproic  acid,  and  a  liquid  which  is  probably 
the  dibromide  CH^'Br-O'-.  On  dissolving  the  crude  product  in  hot  alcohol,  and  leaving 
tho  solution  to  cool,  or  allowing  tho  alcoholic  solution  to  evaporate  spontaneously,  a 
thick  oil  is  obtained  which,  when  separated  from  the  mother-liquor,  solidifies,  for  the 
greater  part,  in  a  few  days.  By  pressing  the  product,  dissolving  it,  and  repeating  these 
operations  several  times,  tho  tetrabromido  is  finally  obtained  in  large  well-defined, 
apparently  monoclinic  crystals,  which  are  transparent,  have  a  vitreous  lustre,  and  no 
longer  separate  from  hot  alcohol  in  the  liquid  state.  This  compound  is  very  sparingly 
soluble  in  water  oven  at  the  boiling  heat,  and  crystallises  therefrom  in  capillary 
needles.  It  melts  at  178°-1 79°,  dissolves  in  alkaline  carbonates,  and  is  precipitated 
therefrom  by  acids  without  alteration. 

Hydi'osorbic  Acid,  C'^H'°0'-.    This  acid,  belonging  to  the  oleic  series,  and 
isomeric  with  pyroterebie  and  ethyl-crotonic  acid,  is  easily  formed  by  treating  sorbic 
acid  with  water  and  sodium-amalgam.    It  is  a  colourless  liqiiid  having  a  peculiar 
4  A  2 
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odour  of  perspiration  and  slightly  soluble  in  water.  Sp.  gr.  =  0'969  at  10°.  Boiling 
point  201°  (204°-205°  corr.)    Kemains  liquid  at  - 18°. 

Calcium  Hi/drosorbaie,  {CIL^O''yCa, +  11-0,  crystallises  easily  in  groups  of  small, 
very  soluble  needles.  The  barium  salt,  (C''H''0-)-Ba,  crystallises  in  very  beautifid 
anhydrous  needles  having  a  silky  lustre,  easily  soluble  in  -water.  The  copper  salt, 
(C^ffO-y-Cu,  is  a  greenish-blue  precipitate  ■which  loses  part  of  its  acid  at  100°,  and 
melts  to  a  deep  green  liquid  at  180°-185°.  The  silver  salt,  C-H^O-Ag,  is  a  white  pre- 
cipitate insoluble  in  water,  turning  brown  at  90°-100°.  The  ethylic  ether,  C^H'O^.C'^H'', 
is  a  colourless  liquid,  having  a  fruity  odour,  boiling  at  166°-167°  ;  slightly  soluble  in 
water. 

Bromine  acts  violently  on  hydrosorbic  acid  at  ordinary  temperatures,  with  evolution 
of  hydrogen  bromide,  but  at  low  temperatures  the  additive  compound,  CH'^Br^O-, 
hydrosorbic  dibromide  or  dibromo-caproic  acid,  is  formed.  It  is  a  colourless 
viscid  liquid  insoluble  in  water,  reconverted  by  alcoholic  potash  into  sorbic  acid. 

Hydrosorbic  acid  is  not  altered  by  heating  it  with  potassium  hydrate  to  180°;  but  if 
the  heat  be  raised  till  gas  begins  to  be  evolved,  carbonic  and  butyric  acid  are  formed, 
but  no  other  acid  of  the  fatty  series. 

Constitution  of  Hydrosorbic  and  Sorbio  acids. — Fittig  a,  Barringer  represent  hydro- 
sorbic  acid  by  the  formula  : 

.CO.OH 

CH^— CH=!— CH< 

which  accords  best  with  its  behaviour  with  fused  potash,  whereby  the  group  CH=CH^ 
is  split  off  and  replacedby  hydrogen,  producing  butyric  acid,  CH' — CH- — Cff — COOH, 
while  the  group  CH — -CIP  itself  is  oxidised  to  oxalic  and  finally  to  carbonic  acid. 
Sorbic  acid  may  be  represented  by  the  formula : 

.CO.OH 

CH==CH— CH< 

^CH=CH 

which  explains  its  probable  resolution  by  distillation  into  two  molecules  of  acrolein, 
CH'^CH — COH,  and  is  analogous  to  that  proposed  by  Fittig  for  sorbin,  viz. : 

/OHO 

OH^OH— CH(OH)— C(OH)< 

\CH(OH)— CH2(0H) 
Barringer  a.  Fittig  doubt  the  existence  of  Hofmann's  parasorbic  acid,  and  conclude 
from  their  experiments  that  it  was  nothing  but  impure  sorbic  acid.  Hofmanu  de- 
scribes it  as  a  liquid  having  less  decided  acid  properties  than  sorbic  acid,  and  dissolv- 
ing in  alkaline  carbonates  without  evolution  of  carbonic  acid.  Barringer  a.  Fittig, 
however,  find  that  it  dissolves  in  warm  sodium  carbonate  with  violent  evolution  of 
carbonic  acid,  and  that  the  filtered  solution,  concentrated  and  mixed  with  hydrochloric 
acid,  yields  pure  crystalline  sorbic  acid. 

SORBIN',  CH'^O^. — A  sugar,  isomeric  with  glucose,  obtained  from  the  fermented 
juice  of  mountain-ash  berries  (v.  352).*  Pelouze,  who  discovered  it,  was  unable  to 
decide  whether  it  existed  ready  formed  in  the  fruit,  or  was  a  product  of  decomposition. 
Byschl  (Jahresb.  f.  Chem.  1854,  664)  found  no  sorbin  in  the  juice  of  ripe  mountain-ash 
berries;  and  Delffs  {Chem.  News,  xxiv.  75  ;  Jahresb.  1871,  799)  has  observed  that  no 
sorbin  is  obtained  when  an  attempt  is  made  to  combine  the  preparation  of  malic  acid 
from  the  berries  with  that  of  sorbin,  the  malic  acid  being  for  that  purpose  pre- 
cipitated by  lead  acetate  before  the  preparation  of  sorbin  by  Pelouze's  process  is  com- 
menced. When  the  latter  process  is  strictly  followed,  a  large  quantity  of  sorbin 
crystals  is  obtained,  but  no  malic  acid  is  found  in  the  fermented  juice.  Delffs  there- 
fore supposes  that  there  is  an  intimate  connection  between  the  disappearance  of  the 
malic  acid  and  the  formation  of  sorbin,  which  may  perhaps  be  represented  by  the 
equation : 

C^H5(C2H5)05  +  H^O  =  CH'^Os 
Acid  miilio  Sorbin 
ether 

At  all  events,  sorbin  does  not  exist  ready  formed  in  the  berries  of  the  mountain- 
ash. 

Sorbin,  treated  with  bromine  and  water,  is  oxidised  to  glycollic  acid  (Hlasiwetz  a. 
Habermann,  Ann.  Ch.  Pharm.  civ.  120). 

SORBZTS,  C''H"0'*  (Boussingault,  Compt.  rend.  Ixxiv.  939).  A  non-fermentable 
sugar,  isomeric  with  mannite  and  dulcite,  obtained  from  the  juice  of  mountain-ash 

*  There  called  sorbite;  but  this  latter  name  is  now  applied  to  a  sugar  isomeric  with  mannite,  like- 
wise obtained  from  momitain-ash  berries  (see  the  next  article). 
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berries.  It  may  be  separated  from  the  fermented  juice,  but  is  not  a  product  of  fermen- 
tation, since  it  may  also  be  obtained  from  the  fresh  juice  immediately  after  expression. 

Sorbite  is  nearly  insoluble  in  cold  alcohol,  moderately  soluble  in  boiling  alcohol,  from 
which  it  separates  on  cooling  in  translucent,  opalescent,  warty  masses.  From  aqueous 
solution  it  is  obtained  in  nacreous  crystals  which  have  the  composition  2C'*H'^0''.H^0, 
and  give  off  their  water  of  cry.stallisation  when  heated  above  100°.  It  differs  from 
mannite  and  dulcite  by  several  properties.  It  melts  in  the  hydrated  state  at  102°, 
in  the  anhydrous  state  at  110°-!  11°,  whereas  mannito  melts  at  165°  and  dulcite  at 
182°.  With  water  it  forms  a  syrupy  solution  which,  after  some  time,  deposits  crystals, 
whereas  an  aqueous  solution  of  mannite  has  no  syrupy  consistence.  The  crystals  of 
sorbite  are  so  thin  that  their  form  is  diiiicult  to  determine,  whereas  mannite  forms 
quadratic  prisms,  and  dulcite  oblique  rliombic  prisms  (sorbin  also  forms  well-defined 
crystals,  v.  352,  35.3).  It  is  inactive  to  polarised  light,  and  does  not  reduce  an  alka- 
line cupric  solution.  Sulphuric  acid  does  not  carbonise  it,  even  with  the  aid  of  heat, 
but  dissolves  it,  the  solution  neutralised  with  barium  carbonate  yielding  insoluble 
barium  salts. 

SPECTKAX.  AltrAX.'Z'SXS.  There  appears  to  be  little  doubt  that  differences 
in  the  molceidar  structm-e,  as  in  the  case  of  allotropic  modifications  of  the  elements, 
and  also  in  the  case  of  compound  bodies,  are  accompanied  by  distinct  differences  in  the 
spectra  of  these  substances.  From  a  theoretical  point  of  view  this  would  appear 
likely,  as  the  vibrations  taken  up  or  given  out  by  a  complicated  system  of  molecules 
must  be  different  from  those  absorbed  or  emitted  by  a  simpler  system.  The  peculiar 
differences  between  the  spectra  of  elementary  bodies  and  of  compounds  has  already 
{1st  Suppl.  1031)  been  pointed  out.  The  characteristic  of  the  compound-spectrum, 
as  seen  at  temperatures  below  the  point  of  dissociation,  is  that  it  consists  of  bands  or 
maxima  of  light,  each  containing  rays  of  more  than  one  degree  of  refrangibility ; 
whilst  that  of  the  elementary-spectrum  is  the  existence  of  fine  lines,  each  of  which, 
as  a  rule,  contains  light  of  one  degree  of  refrangibility  only.  These  definitions,  how- 
ever, do  not  hold  good  universally ;  thus  in  the  spectra  of  manv  metals,  such  as  Al, 
Pb,  Mn,  Cd,  Sn,  Zn,  Sb,  and  Ba  (Lockyer,  Phi!.  Trans.  1873,  Part  I.  plates  11,  12), 
broad  bands  occur  which  are  especially  seen  as  lines  winged  at  the  poles,  and  the 
absorption-spectra  of  certain  compounds,  as  those  of  the  higher  oxides  of  nitrogen, 
arc  chiefly  made  up  of  masses  of  the  finest  lines  and  are  not  banded. 

It  may,  however,  bo  admitted  (with  Lockyer,  Proe.  Soy.  Soc.  Juno  11,  187-1)  that 
the  first  stage  of  molecular  complexity  corresponds  with  the  line- spectrum ;  that  tbo 
second  stage  is  represented  by  the  chanuelled-space-spectrum  ;  and  tliat  the  third 
stage  corresponds  with  a  continuous  spectrum  (whether  emissive  or  absorptive).  Lockyer 
(loc.  cit.)  proposes  to  extend  the  comparison  still  further,  as  ho  interpolates  two  other 
stages  after  that  of  the  channelled  spaces — («)  in  which  the  general  absorption  begins 
at  the  blue  end  and  does  not  extend  into  the  least  refrangible  rays,  (h)  in  which  the 
general  absorption  begins  in  the  red,  not  reaching  to  the  blue.  The  three  divisions  as 
above  given  appear,  however,  to  be  as  many  as  can  safely  be  relied  upon,  and  wo  should 
do  well  to  remember  Kirchhoff's  caution  respecting  change  of  the  spectra  with  change 
of  luminosity  {1st  Siqrpl.  1032). 

As  a  rule,  too,  it  may  be  admitted  that  the  spectra  of  compounds  contain  more  bands 
than  those  of  the  elements,  but  no  sharp  distinction  can  be  drawn  even  hero.  Thus, 
for  instance,  certain  lines,  as  those  of  sodium  and  hydrogen,  widen  under  certain  con- 
ditions; and  that  this  widening  cannot  be  explained  by  the  supposition  that  the  gas  is 
becoming  of  a  more  complicated  molecular  structure,  is  shown  by  the  fact  that  these 
bands  make  their  appearance  at  a  temperature  higher  than  that  at  which  the  lines  are 
frequently  seen  ;  thus  when  the  Leyden  jar  is  interposed  in  the  circuit  of  a  Geissler's 
tube  containing  hydrogen,  the  lines  are  widened,  and  here  it  is  evident  the  temperature 
cannot  be  lower  than  when  the  narrow  lines  were  seen  without  the  jar. 

As  regards  the  existence  of  more  than  one  spectrum  for  any  given  elementary  body, 
wo  have  in  the  case  of  sulphur  two  spectra  ;  a  continuous  one  to  begin  with,  which 
breaks  up  on  heating  into  a  second  spectrum  of  channelled  spaces.  In  the  case  of 
oxygon  we  should  expect  that  the  alisorption-speetrum  of  the  denser  ozone  would  ex- 
hibit a  difference  from  that  of  ordinary  nxvcoii,  1  Hit  observations  on  this  point  have 
yet  to  be  made.  The  spectrum  of  nil  i-ii;jcii  li.is  rrrciil  ly  lici  n  inurh  worked  upon,  with- 
out, however,  completely  solving  l!h'  4iirMh)ii  (it  il-^  ihi.il  unctmm  {ibid,  i.  1031). 
When  the  spectrum  of  nitrogen  containing  a  tracu  of  air  or  uxygun  is  examined  in  a 
vacuum-tube,  the  characteristic  channelled  spaces  usually  called  the  nitrogen  bands 
are  invariably  seen.  If  now  the  gaseous  contents  of  the  tube  be  freed  from  oxygen 
and  vapour  of  water  by  licating  some  metallic  potassium  or  sodium  in  the  tube,  these 
bands  never  again  aiiiicar  (Si'Inislcr,  Si(  arn,  Wnllner).  The  lines  which  make  their  ap- 
pearance after  the  mhIiiiiii  lias  been  i  1 1  1 1 1  r  gas  scem  to  Vary  with  tlie  mode  in 
which  tho  experiment  xs  coiidiKttd,  thus  W  uilucr  obtained  the  carbonic-acid-spcctrum 
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(perhaps  from  the  grease  of  his  glass  stopcocks) ;  Stearn  saw  the  acetylene-spectrum 
(probably  because  he  used  sodium  which  liad  been  in  contact  vnih.  rock-oii);  and 
Schuster  saw  onlj'  the  hydrogen  lines  (his  sodium  never  having  been  in  contact  with  oil). 
The  fact  that  the  lines  of  hydrogen  appear,  whilstno  nitrogen  lines  are  seen,  is  certainly 
very  remarkable,  and  cannot  bo  easily  explained  ;  for  a  mixture  of  air  and  hydrogen 
always  gives  the  air-  as  well  as  the  hydrogen-spectrum.  Thus  ammonia  gas  collected 
with  great  care,  and  decomposed  by  the  spark,  always  shows  the  air  band  together 
witli  the  hydrogen  lines.  ■  It  is  possible  that  the  nitrogen  lines  are  not  seen  by  reason 
of  the  bad  conductivity  of  the  gas,  and  the  most  probable  supposition  (in  spite  of  the 
experiments  and  conclusions  of  Wiillner  and  Salet)  appears  to  be  that  the  ordinary 
band-spectrum  of  nitrogen  is  that  of  an  oxide.  At  any  rate,  if  this  is  due  to  nitrogen 
itself,  this  substance  must  exist  in  three  allotropic  modifications,  for  the  band-spectriim 
consists  of  two  different  spectra,  the  red  bands  and  the  blue  bands.  These  two  spectra 
can  readily  be  separated  so  that  one  tube  shows  only  the  red  and  another  only  the 
blue  bands,  the  former  corresponding  with  a  higher  temperature  than  the  latter.  As 
regards  hydrogen  there  can  be  no  doubt  that  Angstrom's  opinion  (ibid.  1032)  is  correct, 
and  that  only  one  spectrum  of  hydrogen  is  known. 

Goldstein  {Phil.  Mag.  [4],  49,  p.  333)  has  recentl}'  come  to  the  conclusion,  in  opposi- 
tion to  Wiillner's  views,  that  the  change  from  a  band-  to  a  liue-spectrum  in  the  case 
of  gaseous  spectra  is  to  bo  ascribed  rather  to  a  change  of  temperature  than  to  a  change 
of  density  in  the  gas. 

Absorption-Spectra  of  the  Metals. — New  absorption-spectra  of  the  metals  sodium 
and  potassium  have  recently  been  observed  by  Eoscoe  and  Schuster  (Proc.  Eoi/.  Soc, 
June  11,  1874),  who  examined  the  absorption  of  the  vapours  of  these  metals  at  low 
temperatures,  first  heated  in  glass — and  afterwards  in  iron  tubes.  These  new  spectra 
are  of  a  complicated  character,  consisting  of  several  splendid  series  of  channelled 
spaces  both  in  the  red  and  blue  portions  of  the  spectrum ;  that  these  are  caused  by  the 
vapour  of  the  metals  in  question,  and  not  by  any  oxide,  is  proved  by  tlie  facts  that 
the  metal  contained  in  the  sealed  glass  tubes  was  frequently  melted  and  allowed  to 
stand  until  the  surface  remained  perfectly  bright  and  metallic,  showing  absence  of 
every  trace  of  oxygeTi ;  also  that  when  the  metals  were  heated  in  an  iron  tube  filled 
with  hydrogen  the  peculiar  bands  disappeared  at  once  when  air  was  admitted.  The 
following  numbers  give  the  wave-lengths  of  the  chief  bands  of  these  two  spectra  in 
tenth-metres. 

Bands  of  potassium  shaded  olF  towards  red : — 


From  this  we  see  that  each  of  the  alkaline  metals  exhibits  two  distinct  absorption- 
spectra,  one  consisting  of  channelled  spaces  and  one  of  dark  lines  coincident  with  the 
ordinary  emission-spectrum  of  the  metal. 

Lockyer  a.  Eoberts  {Proc.  Roy.  Soc.  xxiii.  354)  have  obtained  absorption-spectra 
of  several  heavy  metals  by  volatilizing  them  in  a  lime  crucible  heated  by  the  oxy- 
hydrogen  flame,  and  they  thus  found  that,  in  addition  to  the  well-known  spectra, 
channelled-space-spectra  are  produced  by  the  vapours  of  certain  metals,  and  such 
spectra  are  produced  by  vapours  which  are  competent  to  give,  at  other  times,  not  only 
line-spectra,  biit  continuous  spectra  in  the  blue  or  blue  and  red. 

Metallic  Spectra. — A  most  remarkable  feature  in  the  spectra  of  metals  has  been 
pointed  out  by  Lockyer  {Phi!.  Trans.  1873,  253),  viz.,  that  when  the  electric-spark- 
spectrum  of  any  metal — say  of  iron — is  examined  by  throwing  an  image  of  the 
electrodes  on  to  the  slit  of  the  spectroscope,  a  difference  in  length  of  the  several 
metallic  lines  is  observed ;  and  in  this  way,  that  the  brightest  of  the  metal 
lines  is  invariably  the  longest.    In  other  wordsj  the  vapours  close  to  the  electrodes 
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Absorption  bands  of  sodium,  wave-lengths  in  tenth-metres  :— 
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give  lines  -wliich  disappear  at  a  greater  distance  from  the  electrode,  causing  the 
appearance  of  long  and  short  lines  in  the  spectrum.  The  length  of  the  lines  appears 
to  depend  on  the  pressure  to  -which  the  vapour  is  subjected  ;  thus  the  lines  gradually 
disappear  when  the  pressure  is  reduced  (the  electrodes  being  inclosed  in  glass  tubes), 
the  shorter  lines  disappearing  first  and  the  longest  lines  remaining  longest  visible. 
When  the  metals  are  combined  with  a  metalloid  (chlorine,  for  instance)  the  spark- 
spectrum  of  the  compound  exhibits  only  the  longest  and  brightest  of  the  metal  lines, 
all  the  shorter  lines  (as  is  the  case  under  diminished  pressure  with  the  metal  alone) 
having  disappeared.  The  proportion  of  the  metal  lines  seen  in  the  spark-spectrum  of 
the  compound  appears  to  be  connected  with  the  atomic  weight  (or,  more  probably,  with 
the  volatility)  of  the  metal ;  thus  fiO  p.c.  of  the  lines  of  lithium  are  seen  in  the  spec- 
trum of  the  chloride  of  lithium,  whereas  8  p.c.  of  the  barium,  and  only  3  p.c.  of  the 
load,  lines  are  seen  under  like  conditions  (Lockyer). 

A  valuable  contribution  to  our  knowledge  of  metallic  spectra  has  recently  been 
made  by  Thalen  {Kongl.  Svcnska.  Vet.  Akad.  Hcmdl.  Bd.  13,  No.  4,  1874),  "in  his 
accurate  maps  of  the  spectra  of  Yttrium,  Erbium,  Didymium,  and  Lanthanum. 

Ajjplicaiions  to  Solar  Chemistry. — Lockyer  applies  these  observations  to  elucidate 
the  peculiarities  of  the  solar  spectrum.  It  is  well  known  that  all  the  lines  of  the 
metallic  elements  in  the  solar  atmosphere  are  not  reversed,  but  without  exception  those 
lines  which  are  found  to  be  reversed  are  the  longest  lines.  Applying  this  discovery 
Lockyer  has  added  the  following  metals  to  the  last  list  of  solar  elements  given  by 
Thalen:  1.  {Proc.  Boy.  Soc.  Dec.  12,  1872)  zinc  (rejected  by  Thalen  from  Kirchhoffs 
first  list) ;  2.  (ibid.)  aluminium  (rejected  both  by  Kirchhoff  and  Thalen) ;  3.  {ibid. 
Nov.  27,  1873)  strontium ;  4.  cadmium;  5.  lead;  6.  cerium;  7.  uranium. 

3fap  of  the  Solar  Spectrum. — Lockyer  is  engaged  {Proc.  Roy.  Soc.  xxiii.  152)  in 
mapping  the  portion  of  the  solar  spectrum,  together  with  the  spectra  of  the  metals, 
extending  from  w.  1.  3900  to  4100,  on  a  much  larger  scale  than  has  hitherto  been 
attempted,  viz.  nearly  four  times  tliat  of  Angstrom's  '  spectre  normal.'  This  has  been 
done  by  the  aid  of  photography,  and  the  spectra  of  tlie  following  elements  have  been 
photographed  side  by  side  with  the  solar  spectrufti,  and  the  coincidences  shown  :  Fe, 
Co,  Ni,  Mn,  Ce,  U,  Cr,  Ba,  Sr,  Ca,,  K,  Al.  The  advantages  of  the  photographic 
method  over  eye-observation  may  be  estimated  from  the  following  comparisons  of  the 
number  of  lines  obtained  in  the  above  region  by  different  observers  : 

Number  of  lines  in  Angstrom's  '  Spectre  normal '        ...  39 
,,  ,,  ,,         and  Thalen's  map       .       .  .185 

,,  „        Cornu's  map  205 

,,  „        the  New  map        ......  518 

It  will  serve  further  to  illustrate  the  advantages  of  this  method  if  we  compare  the 
number  of  lines  in  the  spectra  of  metals  already  observed  with  the  number  of  Hues  of 
the  same  metal  as  given  l)y  Angstrom  in  his  '  spectre  normal ' : 


Ecgiou  3900  to  4100. 


Angstrom's 

Metal                                        New  map  map  and 

Thalen's 

Fo  71   19 

Mn  53   12 

Co  47   — 

Ni  17   — 

Ce  163   — 

U  18   — 

Cr  24   —  . 

Ba  7   — 

Sr  5   — 

Ca  7   6 

K  2   — 

Al  2   2 

Total    .       .416  Total    .       .  39 


Spectra  of  Cliemiccd  Compounds. — Lockyer  {ibid.  1873,  285)  has  investigated  the 
number  and  position  of  the  true  metallic  lines  seen  when  the  electric  spark  is  allowed 
to  pass  from  various  compoimds  of  the  given  metal.  The  following  load  salts  wore 
examined — PbF-',  PbCl^,  PbBr'-,  PbP;  and  it  appears  that  the  decrease  in  length  and 
number  of  tlie  metal  lines  observed  in  tlie  case  of  the  above  salts  follows  the  increase 
in  the  atomic  weight  of  the  non-metallic  element,  the  lines  dying  out  in  the  order  of 
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their  length.  In  other  words,  the  greater  the  number  of  metallic  lines  ■which  appear, 
the  greater  is  the  amount  of  dissociation  going  on.  This  was  also  found  to  hold  good 
with  the  haloi'd  compounds  of  the  metals  of  the  alkalis  and  alkaline  earths. 

Spectra  of  Mechanical  Mixtures  of  Metals. — When  an  alloy  of  two  or  more  metals 
is  iised  as  electrode,  only  certain  of  the  lines  of  each  metal  are  seen,  and  Lockyer  {loc. 
cit.)  has  shown  that  the  lines  of  the  metal  present  in  smallest  quantity  appear  in  least 
number,  the  shortest  lines  disappearing  first  as  the  percentage  of  metal  is  reduced,  so 
that  at  last  only  one  or  two  lines,  and  these  the  longest  lines,  remain. 

Suggestiotis  for  a  possible  quantitative  Spectrum  Analysis.— -'By  making  use  of  the 
observations  mentioned  in  the  last  paragraph  the  foundation  of  a  quantitative-spectrum 
test  is  rendered  possible  (Lockyer,  Phil.  Trans.  1873,  261;  1873,  655;  and  187-1, 
481  ;  Lockyer  a.  Eoberts,  Proc.  Roy.  Sac.  1873,  507).  A  series  of  experiments  made 
with  the  gold-copper  alloy  used  in  coinage  showed  that  it  is  possible,  by  carefully 
adjusting  the  striking  distance  of  the  spark,  and  by  accurately  observing  the  differences 
of  length  and  breadth  of  certain  lines  seen  in  the  spectrum  of  the  alloy,  to  distinguisli 
by  spectrum  observations  differences  in  the  composition  of  the  alloy  even  smaller  than 
those  ascertainable  by  the  ordinary  assay.  Thus,  in  the  above  alloy,  increase  in 
the  gold  made  the  lines  shorter,  and  a  similar  increase  in  the  copper  made  them  longer. 

Should  it  prove  possible  to  ensure  accuracy  of  observation  and  uniformity  of  con- 
dition, the  practical  importance  of  this  branch  of  the  inquiry  can  scarcely  be  overrated. 

Photographing  Spectra. — No  process  of  mapping  or  drawing  spectra  of  any  kind  can 
compete  in  accuracy  and  delicacy  with  photography.  The  photographs  of  the  solar 
spectrum  obtained,  first  by  Rutherford  and  more  recently  by  Draper  {Phil.  Mag.  [4], 
xlvi.  419),  are  models  of  accm-ate  experimentation.  Lockyer  has  applied  this  process 
to  the  delineation  of  the  spark  of  the  electric-arc-spectrum  {Phil.  Trans.  1874,  484, 
Bakerian  lecture),  a  camera  carrying  a  6  x  6-inch  plate  and  a  3-inch  lens  of  23-in. 
focus  replacing  the  observing  telescope  of  the  spectroscope.  The  beam  passing  through 
the  collimator  and  prisms  was  very  small ;  the  electric  lamp  was  placed  on  its  side  so 
that  the  arc  was  horizontal,  and  thus  the  image  of  the  short  lines  was  projected  on  to 
the  middle  of  the  field,  the  longer  'ones  extending  beyond  them  on  either  side.  The 
solar  spectrum  was  used  as  a  scale,  au  image  of  ic  being  allowed  to  fall  immediately 
adjacent  to  the  metallic  spectrum  under  examination.  For  this  purpose  a  portion  of 
the  slit  was  covered  up  whilst  the  solar-spectrum  passed  through  the  free  part.  This 
portion  was  then  closed  by  a  shutter,  and  another  portion  opened  for  the  metal-spectrum. 
In  this  way  several  metallic  spectra  may  be  photographed  on  a  single  plate,  and  the 
solar  spectrum  may  be  added  for  comparison.  Of  course  maps  of  only  those  portions 
of  the  spectrum  can  thus  be  obtained  in  which  the  rays  are  capable  of  acting  on  the 
sensitive  film  ;  but,  on  tlie  other  hand,  this  method  is  capable  of  giving  us  informa- 
tion concerning  the  existence  of  lines  in  the  ultra-violet  portion  of  the  spectrum  which 
are  invisible  to  the  eye.  Lockyer  {ibid.  1874,  805)  has  constructed  maps  of  the  spectra 
of  calcium,  barium,  and  strontium  from  photographs  taken  by  the  method  above 
described.  The  maps  comprise  the  portion  of  the  spectrum  extending  from  wave- 
length 3900  to  wave  length  4609. 

On  Lines  coincident  in  different  Spectra. — Lockyer  {loc.  cit.  611)  has  come  to  the 
conclusion  that  many  of  the  cases  hitherto  supposed  to  be  coincidences  of  lines  in  the 
spectra  of  two  mefcils  are  due  to  the  presence  of  traces  of  the  one  metal  in  the  other. 
He  bases  his  conclusions  on  the  fact  that  most  of  these  so-caUed  coincidences,  such  as 
line  4607'5  of  strontium,  are  foimdto  belong  in  the  spectrum  of  one  metal  and  short  in 
that  of  the  other.  Thus  the  above  line  is  long  in  strontium,  appears  in  calcium  as  a 
short  line,  and  the  coincidence  is  due,  according  to  Lockyer,  to  the  presence  of  a  trace 
of  strontium  in  the  calcium.  This  is  as  a  rule  true  in  the  case  of  those  lines  of  iron, 
cobalt,  chromium,  and  manganese,  coincident  with  lines  of  calcium,  which  in  the  cal- 
cium-spectrum are  long,  but  in  that  of  the  other  metals  are  seen  to  be  short.  Hence, 
Lockyer  concludes,  we  are  justified  in  assuming  that  the  short  lines  seen  in  the  spectra 
of  the  above  metals  to  be  coincident  with  long  and  strong  lines  of  calcium,  are  really 
due  to  traces  of  the  latter  metal  occurring  in  the  former  as  an  impiu-ity. 

On  the  Spectrum  .of  the  Bessemer  Flame. — Hecent  observations  made  by  Dr.  W. 
Marshall  Watts  at  the  Barrow  Hsematite  Iron  and  Steel  Company's  Works  {Phil.  Mag. 
[4],  46.  p.  81,  1873),  prove  that  the  peculiar  lines  seep  in  the  spectrum  of  the  Bessemer 
flame  are  diie  to  the  presence  of  an  oxide  of  manganese,  and  not,  as  was  previously  and 
on  good  ground  supposed,  to  that  of  carbon.  The  results  of  these  observations  are 
given  in  a  diagram  which  shows  the  spectrum  on  the  scale  of  wave-lengths.  With  it  are 
given  upon  the  same  scale  the  spectrum  of  iron,  that  of  the  flame  obtained  on  adding 
the  Spiegel  and  that  of  oxide  of  manganese.  A  comparison  of  these  drawings  shows 
that  the  '  spiegel-spectrum '  is  essentially  the  same  as  the  Bessemer^spectrum,  only 
further  developed,  and  that  the  Bessemer-spectrum,  whilst  containing  a  few  lines  of 
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iron,  sodium,  and  litliiiim,  is  essentially  the  spectrum  of  oxide  of  manganese.  No  lines 
certainly  known  to  be  produced  by  caibon  have  been  observed.  It  has  been  repeatedly 
affirmed  that  the  lines  in  the  Bessemer-spectrum  arc  duo  to  metallic  manganese,  and 
this  lias  been  as  frequently  denied.  The  above  experiments  prove  that  no  single  coin- 
cidence is  observed  between  the  spark  taken  from  manganese  poles  and  the  Bessemer- 
spectrum  ;  but  that  if  the  spectrum  of  a  manganese  oxide  is  obtained  by  bringing  pyro- 
lusito,  manganese  chloride,  or  other  manganese  compound  into  the  oxyhydrogen  flame, 
the  coincidence  between  the  lines  thus  obtained  and  those  of  the  Bessemer  flame  is  so 
complete  as  to  convince  any  one  who  sees  them  that  the  two  spectra  are  identical.  It 
is,  however,  singular  that  these  bands  should  be  seen  -with  equal  or  nearly  equal 
brightness  when  iron  containing  a  mere  trace  of  manganese  is  used  as  when  a  highly 
manganiferous  iron  is  worked,  and  still  more  strange  that  this  spectrum,  which  is  not 
that  of  carbon,  should  disappear  at  the  exact  moment  when  all  the  carbon  is  burnt 
out.  Possibly  the  point  which  it  is  necessary  to  hit  is  not  that  of  the  exact  removal  of 
the  carbon,  but  that  at  which  the  injurious  oxidation  of  the  iron  begins,  and  this  takes 
place  when  the  quantity  of  manganese  becomes  too  small  to  combine  with  the  excess 
of  oxygen. 

071  the  Carbon  Spcctnm. — W.  M.  Watts  {Phil.  Mag.  [4],  xlviii.  456)  has  shown  that 
the  so-called  second  spectrum  of  carbon,  obtained  by  passing  the  induction  spark  through 
t  ubes  containing  carbonic  oxide,  carbonic  acid,  or  olefiant  gas,  is  in  reality  the  spectrum 
of  an  oxide  of  carbon.  For  when  the  gases  giving  this-spectrum  are  heated  with 
metallic  sodium,  the  spectrum  changes  to  that  known  as  the  first  carbon  spectrum, 
whilst  if  oxygen  be  again  introduced,  the  bands  characteristic  of  the  second  carbon 
spectrum  reappear. 

On  the  Spectrum  of  the  Aurora  Borealis. — The  late  Professor  Angstrom,  to  whom 
this  branch  of  science  owes  so  much,  has  recently  shown  that  a  spectrum  containing  at 
least  three  of  the  lim  s  of  the  aurora  (viz.  428-6,  470-3,  and  622-6)  can  be  obtained  by 
passing  an  induetinn  (li^i  li  n-L'i'  tlirougli  a  partial  air-vacuum  over  powdered  phosphate 
of  lime.  A  violet  liijlii  llms  (.!.t;iiuecl,  similar  to  that  which  is  usually  seen  only  at  the 
negative  pole,  fills  the  llaslc.  and  gives  the  following  lines— 427-2,  470-7,  and  522-7.  A 
red  line  about  630  and  the  bright  yellow  band  are  not  thus  obtained,  and  the  only 
way  in  which  Angstrom  can  account  for  this  is  that  it  probably  owes  its  existence  to 
phosphorescence  or  fluorescence.  The  spectrum  of  the  aurora  is  composed,  according 
to  Angstrom,  of  two  distinct  spectra  ;  one  consisting  of  this  homogeneous  yellow  light 
and  the  other  of  extremely  feeble  bands  of  light  seen  only  in  the  strongest  auroral  dis- 
plays. H.  C.  Vogel,  who  has  also  recently  carefully  examined  the  aurora-spectrum, 
lias  come  to  the  conclusion  that  it  is  to  1)6  regarded  as  a  modified  air-spectrum. 

A.  S.  Herschel  {Phil.  Mag.  xlix.  65)  gives  an  account  of  the  aurora-spectrum. 
J.  K.  Capron  {ibid.  xlix.  249)  has  also  made  comparisons  of  other  spectra  with  the 
spectrum  of  the  aurora,  as  the  results  of  which  he  concludes  that  much  yet  remains  to 
be  done  before  we  can  positively  decide  as  to  the  exact  nature  of  the  aurora-spectrum, 

Comctary  Spectra. — Huggins  has  shown  that  oljservations  on  the  spectra  of  five 
small  comets  examined  in  the  years  1866,  1868,  and  1871,  led  to  the  conclusion  that  a 
great  part  of  the  light  of  these  comets  was  not  reflected  solar  light,  but  light  emitted 
by  the  matter  of  the  comet,  and  that  the  coincidence  existing  between  the  three  bright 
bands  seen  in  the  spectra  of  three  of  these  comets  and  tlie  bright  lines  of  carbon  com- 
pounds, seemed  to  indicate  the  presence  of  that  body  in  some  form  in  the  cometary 
matter.  Coggia's  comet  (visible  in  July  1874,  Proc.  Eoj/.  Soc.  xxiii.  154)  is  the  first 
bright  comet  whose  spectrum  has  been  thus  examined,  and  this  exhibited  three  spectra, 
viz. : — 

1.  A  spectrum  of  three  bright  bands  similar  in  position  and  character  to  those  seen 
in  other  comets,  and  these  bands  could  be  resolved  into  lines  which  were  not  exactly 
identical  in  position  with  the  bright  lines  of  carbon  (spark  in  olefiant  gas),  all  the 
cometary  bands  being  shifted  towards  the  blue.  Supposing  that  the  comet's  bands 
are  identical  with  those  of  carbon,  the  observed  shift  would  indicate  a  relative  motion 
of  approach  of  comet  and  earth  <.f  hik.uI  Ki  miles  a  second,  a  velocity  nearly  double 
of  their  actual  rehitive  motion.  i\  n- >i  In  r  |iniiii  which  renders  the  conclusion  doubtful 
that  the  lines  of  this  comet  arc  ihie  In  c.irbon  is  that  the  bright  line  near  G,  seen  in 
all  carbon  spectra,  was  not  observed  in  the  spectrum  of  the  comet. 

2.  A  continuous  spectrum  of  the  nucleus  in  which  no  dark  lines  or  bright  lines, 
other  than  the  above-mentioned  three  bands,  could  be  seen. 

3.  A  continuous  spectrum  which  accompanies  the  gaseous  spectrum  in  the  coma, 
which  represents  almost  entirely  the  light  of  the  tail,  and  is  partly  due  to  reflected 
sunliglit,  as  a  portion  of  the  light  is  polarized,  and  partly  probalily  derived  from  the 
comet  itself. 

The  difficulty  which  presents  itself  in  accounting  for  sufficient  heat  to  maint^iin  this 
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matter  and  the  nucleus  in  a  state  of  incandescence  has  also  to  be  encountered  in 
respect  of  the  gaseous  matter,  -which  emits  the  light  and  is  resolved  into  bright  bands. 

Eenvier  ( Compt.  rend.)  has  shov/n  that  striped  muscular  fibre  acts  as  a  diffraction 
grating,  and  on  this  principle  he  has  constriieted  a  '  muscle  spectroscope.' 

SVXN'SSi.  Pseudomorphs  of  spinel  after  chlorite  from  the  district  of  Slatoust  in  the 
Ural  were  found  by  v.  Kokseharow  a.  TSfikolajew  (Jahrb.f.  Min.  1870,  102)  to  contain 

SiO»  APO'  FeO  MgO 

2-96  68-96  18-01  10-82  =  100-75. 

S]?£ELZT.  The  '  fii-st  runnings'  of  the  distillate  obtained  iu  the  manufacture  of 
alcohol  from  sugar-beet,  and  from  molasses,  consist  chiefly  of  aldehyde,  together  -with 
paraldehyde  and  metaldehyde ;  they  also  contain  crotonic  aldehj'de,  and,  according  to 
Kramer  a.  Pinner,  acetal  (see  Axdbhyde,  p.  32). 

STAFPEXiITS.  This  calcic  phosphate,  occurring  together  -with  carbonate 
fluoride,  &c.,  on  phosphorite  at  Staff'el,  and  in  other  localities  {1st  Sitppl-  1037),  is  by 
some  mineralogists  regarded  merely  as  an  impure  apatite  (see  Jahrcsb.f.  Chem.  1870, 
1317;  1871,  1172). 

STAWiffic  consForrnrBS.  See  Tix. 

STARCH.  On  the  structure  of  starch-grains,  see  Hartig  [Wien  A/cad.  Bcr.  [2te. 
Abth.]  bciii.  606);  Jahresb.  f.  Chem.  1871,  789). 

On  the  size  of  starch-grains,  see  Schonn  {Dhigl.  pol.  J.  cxcr.  469  ;  Jahrcsh.  1870, 
1189);  Hook  {iUd.  1872,  1021).  On  the  morphology  of  starch-grains:  Hock  ( W^jg^f^cr's 
Mikroscopische  Vntersuchungen,  pp.  66,  71 ;  Jahresh.  1872,  1021). 

Seaotiofts:  1.  With  Diastase.  According  to  Schidze  a.  M'drkov [Dingl. pol.  J.  ccvi. 
245),  the  ferment  of  malt-extract  does  not,  like  sulphuric  acid,  convert  the  whole  of 
a  given  quantity  of  starch  into  sugar,  but  only  the  half  of  it.  They  conclude  from 
their  experiments  that  the  action  of  diastase  consists  in  the  formation  of  a  definite 
compound  of  sugar  and  dextrin,  according  to  the  equation : 

2C8H'»0'  +  W-0  =  C^H'^O^  -r  C^H'^O" 
Starch  De.xtrin  Sugar 

O'Sulliran  {Chem.  Soc.  J.  [2],  x.  681)  finds  that  the  ultimate  product  of  the  action 
malt-ecetract  on  starch  is  maltose  (v.  798),  a  sugar  isomeric  with  milk-sugar,  and 
capable,  according  to  his  observations,  of  reducing 'onlj'  two-thirds  the  quantity  of 
cupric  oxide  that  is  reduced  by  dextroglucose  (p.  766).  By  the  prolonged  action  of 
acids,  this  sugar  is  completely  converted  into  dextroglucose.  On  the  action  of  malt- 
extract  on  starch,  see  also  Schwarzer  (J",  pr.  Chem.  [2],  i.  212  ;  Jahrcsh.  1870,  854)  and 
Contaret  {Compt.  rend.  Ixx.  282 ;  Jahrcsh.  1870,  1196). 

2.  With  Acetic  Anhydride. — Starch-powder  heated  to  140°  with  about  throe  times 
its  weight  of  acetic  anhydride  containing  1 0  to  15  p.c.  of  acetic  acid,  swells  up  to  a  mass 
which,  when  washed  with  water,  yields  triacetyl-amidin,  C'^H'(C-H'0)^0',  a  white 
powder,  insoluble  in  water,  alcohol,  ether,  and  glacial  acetic  acid,  not  coloured  blue 
by  iodine,  and  reconverted  by  saponification  into  the  original  insoluble  starch,  which 
gives  the  blue  reaction  -with  iodine.  If  the  mixture  of  starch  and  acetic  anhydride  is 
heated  to  160°,  a  triacetyl-amidin  is  also  formed,  insoluble  in  water,  alcohol,  and 
ether,  but  differing  from  the  former  in  being  soluble  in  glacial  acetic  acid,  and  in 
yielding  by  saponification  soluble  starch.  At  higher  temperatures  a  similar  tri- 
acetyl-amidin is  also  formed,  which,  however,  is  converted  by  saponification  into 
dextrin  (Schiitzenberger,  Ann.  Chim.  Phys.  [4],  xsi.  235). 

3.  With  Iodine. — According  to  Duclaux  {Ann.  Chim.  Phys.  [4],  xxv.  264  ;  Compt. 
rend.  Ixxiv.  533)  the  formation  of  iodide  of  starch  is  a  physical  process,  analogous  to 
the  absorption  of  lead-salts  by  charcoal.  This  conclusion  is  based  on  the  following  facts  : 
a.  The  composition  of  iodide  of  starch  is  not  constant,  b.  When  iodine  is  added  to  an 
aqueous  solution  of  starch,  it  does  not  act  on  the  starch  till  the  water  has  taken  up  a 
certain  quantity  of  the  iodine  in  the  free  state — that  is  to  say.  the  iodine  first  dissolves 
in  the  water,  then  becomes  divided  between  the  water  and  the  starch,  and  then  only 
does  the  blue  colour  appear,  c.  The  quantities  of  iodine  which  must  be  present  in 
the  water  to  produce  tlie  colour  vary,  under  otherwise  similar  circumstances,  with  the 
temperature,  and  this  explains  the  decoloration  of  iodide  of  sUirch  by  heat.  d.  The 
time  at  which  the  iodine  begins  to  act  upon  the  starch  may  often  be  accelerated  or 
retarded  by  scarcely  recognisable  causes,  to  which  no  chemical  action  can  l)e  assigned. 
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c.  Tho  establishment  of  a  state  of  equilibrium  between  iodine,  f^t.ivcli  :n\:\  water  de- 
pends upon  the  time,  just  like  the  absorption  which  is  product  d  by  i  h.irco  d. 

The  reactions  of  starch  with  iodine  and  ^ith  tannic  acid  li  iv.  Ikiii  ixMiiiliicd  by 
Griessmayer  Ch.  Pharm.  clx.  40;  Clicm.  Soc.  J.  [2],  x.  7^  ).  «hn  liiid>  l  li.it  filtered 

starch-paste  is  in  a  state  of  continual  change,  being  converted  in  about  a  week  into  a 
dextrin  which  gives  a  red  colour  with  iodine,  then  in  two  or  three  days  more  into  a 
dextrin  which  gives  no  coloration  with  iodine, — further  into  sugar,  and  finally  into 
acid  products.  Tannic  acid  added  in  excess  produces  a  precipitate  as  long  as  any 
unaltered  starch  is  present,  this  precipitate  disappearing  on  warming  the  liquid,  and  re- 
appearing on  cooling. 

On  the  reaction  of  starch  with  iodine  in  presence  of  dextrin,  see  0.  Knab  {Chcm. 
Ccntr.  1872,  492,  508  ;  Jahrcsh.  1872,  928). 

4.  With  Aniline. — Starch  heated  with  aniline  is  converted  into  dextrin  (Schiff,  Dcut, 
Chem.  Gcs.  Ber.  iv.  908). 

Animal  Starch. — Granules  exhibiting  the  physical  andcliemical  characters  of  starch 
have  been  found  by  Daresto  in  the  yolk  of  the  hen's  egg  {Compt.  rend.  Ixxii.  845; 
Chcm.  Soc.  J.  [2],  Ix.  838) ;  also  in  the  testicles,  from  which  they  disappear  during  the 
time  of  the  formation  of  spermatozoa  {Compt.  rend.  Ixxiv.  131). 

STA2tCH-S-2-aUP  and  STAKCH-SUGAR.  According  to  KrStke  (Dine/l.  pol. 
J.  ccix.  139),  the  addition  of  two  ounces  of  strong  nitric  acid  for  every  pound  of  sul- 
phuric acid  employed  in  converting  starch  into  sugar,  diminishes  the  time  of  boiling 
by  one-half. 

STASSrUETITS.    See  BonACiTE  (p.  206). 

STIS.3E3S'E  or  TOa.UTrS.S2ir3S,  C"H'=  =  C-'ff — CH^CII— CIP.  Thi:^ 
hydrocarbon  is  found  amongst  the  products  of  the  dry  distillation  of  Peru  lial.^ani 
(kraut.  Arch.  Pharm.  [2],  cxli.  113). 

It  is  formed  in  tho  decomposition  of  dibenzyl,  C'^H",  by  heat  (p.  177). 

Stilbene  crystallises  in  monoclinic  forms,  having  tho  axial  r.atio  : 

Clmodiagomil  Orthoiliagonal  Principal  axes 

2'16G1  :  1  :  1-8549. 

Angle  of  inclined  axes  =  113°  22'. 

Combination:  ccP  :  ooPco  .  OP  .  Pco  .  2Poo .  Anglo  ooP  :  aP  =  120°  20'; 
ooP  :  OP  =  100°  23':  odP  :  Poo  =  l01°  42';  ccP  :  coPot  =  110°  52'; 
OP  :  Poo  =  129°  46';  coPos  :  gPoo  =  134°  7';  SPoo  :  ccP  =  108°  31'(G.  vom 
Kath,  Beut.  Chem.  Ges.  Ber.  v.  622). 

Stilbene,  heated  for  some  time  to  150°-160°  with  fuming  hydrobromic  acid,  takes  up 
bromine  and  hydrogen,  forming  a  compound  probably  represented  by  the  formula, 
C«H''— CHBr— CH2— C^H^  (Zincko,  Beut.  Chcm.  Gcs.  Ber.  v.  342). 

Stilbene,  oxidised  hy  chronic  acid,  is  converted  into  benzoic  aldehyde  and  benzoic 
acid  (p.  175). 

STIiBElJE  ASiCOHOEi.  The  name  given  by  Limprioht  a.  Schwaucrt  toZinin's 
hydrobenzoin,  C'^H'^O^  (p.  172). 

STSRliSSTGETE.  This  name  is  given  by  Konngott  {Jahrhuch  f.  Mmeralogie, 
1 872,  18S)  to  a  zinc  chrysolite  from  Stirling  Hill,  Siissex  County,  New  Jersey,  analysed 
by  AV.  T.  Koepper  {ihid.  1870,  392),  and  formerly  regarded  by  him  as  tephroite.  It 
occurs,  with  willemite,  franklinite,  jeffersonite,  and  spinel,  in  rhomliic  crystals  two 
inches  long,  having  the  faces  ooP2,  Pco,  ooPoo  predominant,  and  2Poo  ,  P,  2P4  (?) 
subordinate.  Hardness  =5-5  to  6.  Sp.gr.  ^  3-95  to  4-08.  Dark  green  to  black. 
Analyses  1  and  2  were  made  on  carefully  selected  cleavage  specimens  ;  3  on  a  massive 
variety : 


SiO' 

FeO 

MnO 

ZnO 

MgO 

X* 

1. 

30-76 

33-78 

16-25 

10-96 

7-60 

09-35 

2a. 

29-90 

35-60 

16-90 

10-66 

5-81 

1-03  = 

99-90 

h. 

30-56 

35-44 

16-93 

10-70 

'  5-44 

1-04  = 

100-11 

3(?. 

30-67 

35-37 

17-81 

9-87 

5-69 

1-39  = 

100-80 

b. 

30-42 

34-20 

17-67 

9-09 

6-49 

2-65  = 

100-52 

STIfsrCHSfEETE,  C-'H--N-0-.  Bcactions:  1.  With.  Cyanides. — Potassium  cyanide 
added  to  a.  stryclinine  solution  thro-vs's  down  the  pure  base:  strychnine  does  not, 
indeed,  app'  iir  I  o  form  a  hydrocyanide  (Fliickiger,  N.  Jahrb.  Pharm.  xxxviii.  138; 
Weith,  Btat.  Chcm.  Gcs.  Ber.  iv.  627). 

*  Insoluble  residue  (admixed  siiiucl). 
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2.  With  Chloracctic  acid. — On  heating  3  pts.  of  finely  powdered  strychnine  with 
1  pt.  of  chloracetic  acid  to  180°  for  some  hours,  dissolving  in  water,  and  adding  excess  of 
ammonia,  some  unaltered  strychnine  separates,  whilst  the  filtrate  contains  a  new  base, 
C-'H='N^O*,  which  on  evaporation  is  obtained  in  groups  of  white  silky  needles,  readily 
soluble  in  hot  water  and  alcohol,  but  not  in  ether.  The  solution  has  a  neutral  reac- 
tion.   The  formation  of  this  compound  is  explained  by  the  equations: 

C='H"N^02     +  C-'H'C102  =  C^^ff^N^O'Cl. 

C^^H^N^O'Cl  +  NH^         =  C"F-'N-'0<  -i-  NH^Cl. 

The  nitrate  and  oxalate  are  very  sparingly  soluble  in  water.  The  solution  of  the  base 
gives  with  potassium  chromate  a  yellow  crystalline  precipitate,  and  with  silver  nitrate 
a  silver  compound  crystallising  in  long  colourless  needles.  It  is  also  precipitated  by 
bromine-water  and  tannic  acid.  AVith  potassium  chromate  and  sulphuric  acid  it  gives 
the  strychnine  reaction.  Subcutaneous  injections  of  it  produce  tetanus  in  frogs.  The 
constitution  of  this  base  and  of  its  hydrochloride  may  be  expressed  as  follows : 

Base,  C=>H«(NO^)N<^  \ 

.CI 

Hydrochloride,  C2'ff3(N02)N< 

^CH'^.CO.OH 

(F.  Eoemer,  Zcitschrift  f.  Chem.  1871,435). 

3.  With  Permanganic  acid. — Wenzel  {Zcitschr.  anal.  Chem.  1871,  226)  recommends, 
as  the  most  delicate  test  for  strychnine,  a  solution  of  1  pt.  potassium  permanganate  in 
2,000  pts.  sulphuric  acid,  which  produces  a  green  colour,  contrasting  very  strongly 
with  the  purple-red  of  the  aqueous  solution. 

4.  AVith  Ccroso-ccric  oxide. — See  Alkaloids  (p.  43). 

6.  On  the  separation  of  strychnine  and  morjjhinc,  see  p.  818. 

Pcriodides  of  Strychnine. — The  following  have  been  prepared  by  Jorgcnsen 
[J.pr.  Chem.  [2],  iii.  145;  compare  \st  Suf-pl.  1039): 

Strychnine  tri-iodide,  )        n     ^  i     i-  .i     i      i  • 

(i2ijj22j^2Q2  jjp  \       (crystals  of  the  rhombic  system. 

Methyl-strychnine  tri-iodide,  j  Eed-brown  plates  having  an  adamantine 

Q2ojj22j^202_Q23.I^  I     i„g(-].g_    Sparingly  soluble  even  in  boil- 
j     iug  alcohol. 

Ethyl-strychnine  tri-iodide, 
C=«H--N20>'.C=HM' 

Bromethylene-strychnine  tri-iodide,  )  Shining  brown  laminae,  isomorphous  with 

C'^'H^N^O^C^H^Br.I'  |    the  ethyl-compound. 

Amyl-strychnine  tri-iodide, 
C2iH"N-O^G5H>'.P 

Amyl-strychnine  pentiodide,  )  Nearly  black  prisms  having  an  adaman- 

C='ff'^N=O^.C^H>'.P  /    tine  lustre. 

Neither  methyl-,  ethyl-,  nor  bromethylene-strychnine,  nor  strychnine  itself,  appears 
to  form  a  pentiodide. 

Cobaltocyanidc  of  Strychnine  iom\s  well-defined  crystals  having  the  compo- 
sition Co^Cy>=(C-'H"N=0'^)H»  +  [8H-0.  The  niekelocyanidc  has  the  composition 
Nr^Cy>=(C-^'H==N'''0^)H«  -^  lOffO  (R.  H.  Lee,  Dcut.  Chem.  Ges.  Ber.  iv.  789). 

Oxethyl-Strychnine,  C^H-'N-O'  =  C='H='(OC-H5)N202.  (R.  Messel,  Ann.  Ch. 
Pharm.  clvii.  7).  The  hydrochloride  of  this  base  is  formed  by  heating  10  grams  of 
pulverised  strychnine  with  2-4  grams  of  the  hydrochloride  of  ethylene-oxide, 
C^H^O.HCl.  and  alcohol  in  a  sealed  tube  to  120°-160°  for  about  a  day.  On  sub- 
sequently rinsing  the  tube  with  alcohol,  expelling  the  alcohol  by  evaporation, 
and  treating  the  residue  with  water,  a  small  quantity  of  unaltered  strychnine  re- 
mains undissolved,  while  the  easily  soluble  oxcthyl-ntrychnine  hydrochloride, 
C"H-"N20MiCl  +  H^O,  separates  from  the  concentrated  solution  in 'white  silky 
needles.  This  salt  has  a  sweet  taste,  with  bitter  after-taste  ;  in  a  very  dilute  solution 
the  sweet  taste  alone  is  perceptible.  It  exerts  a  strong  paralysing  action  on  the 
motor  nerves. 
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The  fcolutions,  even  ■when  very  dilute,  give  with  plaiinie  chloride  a  crystalline 
double  salt  having  a  fine  orange-red  colour.  Fotassium  chromate  and  strong  sulphuric 
acid  colour  the  aqueous  solution  violet,  the  colour  disappearing  after  long  standing. 
By  boiling  with  strong  sulphuric  acid,  the  same  reaction  is  obtained  as  with  strychnine. 

Dilute  nitric  acid  forms  with  the  solution  of  the  hydrochloride,  after  addition  of 
water,  a  yellow  liquid  which  is  turned  red  by  stannous  chloride.  A  strong  solution  of 
the  chloride  forms  with  potassium  std-phocyanate,  after  12  hours,  large  transparent 
crystals  ;  with  xiotassium  iodide,  long  transparent  needles. 

Oxethyl-Btrychninc  nitrate  is  obtained  in  hard,  needle-shaped  crystals,  by  precipi- 
tating the  solution  of  the  hydrochloride  with  silver  nitrate.  The  sulphate,  obtained 
by  boiling  the  chloride  with  silver  sulphate,  forms  large  white  crystals  containing 
(C=^ff'N-0^)=SO'  -(-  2H--'0. 

Oxethyl- Strychnine  hydroxide,  C'-'H-^N^O*,  is  best  prepared  by  precipitating  the 
sulphate  with  a  boiling  saturated  solution  of  baryta,  removing  the  excess  of  baryta  with 
a  few  bubbles  of  carbonic  anhydride,  evaporating,  exhausting  with  alcohol,  and  pre- 
cipitating the  solution  with  ether.  A  small  quantity  of  a  brown  amorphous  body  is 
then  deposited,  and  adheres  closely  to  the  sides  of  the  vessel,  so  that  the  nearly 
decolorised  liquid  can  be  decanted  off  clear,  and,  on  further  addition  of  ether,  especially 
on  agitation,  the  free  base  separates  in  small  tufts  of  dazzling  white  crystals. 

For  the  hydrochloride  of  oxethyl-strychnine,  Messel  suggests  (from  analogy  with 
choline)  the  structural  formula  : 

Cff.OH 
I 

GH%N(C='H"N0-)"'C1. 
STYPHWIC  ACXB,    8yn.  with  Teinitro-eesoecin,  see  Eesoecin  (p.  1043). 

STVROIi  or  CIIffWAKSEN-E,  CH^  =  CW—CRZZQW.  When  secondary 
etliyl-beiizyl  alcohol,  C'H'' — Cn(OH)— CH'  (obtained  by  treating  a  solution  of 
acetophenone  in  dilute  alcohol  with  sodium-amalgam)  is  heated  for  some  time  vrith 
zinc  chloride  in  a  vessel  with  reversed  condenser,  water  is  given  up,  and  on  subsequent 
distillation,  a  liquid  passes  over  containing  a  large  quantity  of  benzene,  and  yielding 
after  repeated  fractionation,  a  small  quantity  of  a  liquid  which  boils  between  144° 
and  150°,  and  exhibits  the  properties  of  styrol  from  storax.  Styrol  appears  also  to 
be  produced,  and  in  larger  quantity,  by  the  action  of  alcoholic  potash  on  chlorethyl- 
benzene,  C^ff— CHCl— CH^  (Emmerliug  a.  Englor,  Deiit.  Chcm.  Gcs.  Ber.  iv. 
147). 

Bromostyrols  or  Bromocinnamencs  (C.  Glaser,  Ann.  Ch.  Pharm.  cliv. 
163). 

a-Bromostyrol,  CH^ — CH— CHBr,  is  formed  from  styrol  dibromide,  by  heating 
with  alcoholic  potash  ;  it  is  a  yellowish,  heavy  oil,  not  volatile  without  decomposition, 
and  having  a  sharp,  tear-exciting  odour.  Heated  to  1 20°  with  concentrated  alcoholic 
potash,  it  yields  acetenyl-benzene. 

H-Bromostyrol,  C^W" — CBr~CH-,  is  produced  from  phenyl-dibromopropionic  acid 
{\st  Suppl.  470)  by  boiling  with  water;  by  the  action  of  bromine  on  warm  aqueous 
solutions  of  alkaline  cinnamates;  and  by  heating  phenyl-bromolactio  acid  with  water 
to  200°.  It  forms  a  light  yellow  oil,  which  boils  without  decomposition  at  228°,  and 
has  a  fine  hyacinth  odour.  AVith  nitric  acid,  it  forms  benzoic  acid ;  it  is  not  decom- 
posed by  alcoholic  potash  or  potassium  cyanide. 

Chlorostyrols  or  Chlorocinnamenes  (Glaser,  loc.  cit.) — a-Chlorostyrol, 
Cff — CH~CHC1,  is  the  compound  obtained  by  Blyth  a.  Hofmann  {Ann.  Ch.  Pharm. 
liii.  292). — ;8.-Chlorostyrol,  C^H^ — CClZZCH-,  is  the  compound  which  Stenhouse 
obtained  by  treating  alkaline  solutions  of  cinnamic  acid  with  chlorine  {ibid.  Iv.  3  and 
Ivii.  79).  Glaser  obtained  it  as  a  bye-product  in  the  preparation  of  phenyl-chlorolactie 
.acid  {Jahrcsb.f.  Chem.  1867,  418);  it  may  also  be  produced  by  heating  phenyl-chloro- 
laetio  acid  with  water  to  200°-220°.  In  the  pure  state  it  is  a  colourless  oil,  having 
an  agreeable  odour  of  hj^acinths,  boiling  at  199°  under  a  pressure  of  766  mm.  and 
at  112°  under  a  pressure  of  40  mm.  vSp.  gr.  =  rii2  at  22-3°.  By  oxidation,  it 
yields  benzoic  acid.  On  heating  it  with  alcoholic  potash  and  with  potassium  cyanide 
to  200°-250°,  partial  resinisation  takes  place,  but  no  chloride  of  potassium  is  formed. 

SVSSRXC  ACXD,  C»H"0^  This  acid,  heated  to  160°  with  the  required  quan- 
tities (if  Ijromine,  is  converted  into  m onobrom osuberic  acid,  C^H"BrOS  and 
dibrnmosuboric  acid,  CH'^Br^G^ ;  and  these  acids,  boiled  with  i^otash  and 
treated  with  alcohol,  yield  suberomalic  acid,  CH'^O'*,  and  suberotartarie 
acid,  CH'^O'^,  both  uncrystallisable  and  forming  salts  which  crystallise  with  difficulty 
(H.  Gal.  a.  J.  Gay-Lussac,  Compt.  rend.  Ixx.  1175). 
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SVCCUO-XC  ACSB,  C'II'=0>  =  C^ff  .(COOH)=.  Alleged  occurrence  in  Urine.— 
The  statement  of  Meissner  a.  Joly  (v.  453),  that  succinic  acid  is  found  in  the  urine  of 
dogs  fed  on  llesh  and  fat,  is  contradicted  by  E.  Salliowski  {Pfluger's  ArcMv.  f. 
Physiologic,  iv.  31),  who  obtained  no  indication  of  its  presence  in  tlie  urine  of  a  dog 
fed  for  a  month  on  a  copious  diet  of  flesh  and  fat,  altliough  the  detection  of  it  is  easy. 
His  experiments  likewise  indicate  that  this  acid  does  not  occur  in  human  urine. 

Formation. — Wippermann  {Deut.  Chem.  Gcs.  Ber.  iii.  337)  has  obtained  succinic 
acid,  together  with  other  products,  by  the  action  of  ethylic  dibromacetate  ou  the 
mixture  of  sodacetic  ethers  which  Frankland  a.  Duppa  obtained  by  the  water  of 
sodium  on  ethyl  acetate. 

Succiiiates . — According  to  Bechamp  [Compt.  rend.  Ixx.  999),  ccdcium  succinate 
fermented  in  contact  with  microzyme  chalk  {\st  Suppl.  614)  and  a  small  quantity  of 
meat,  yields  not  a  trace  of  hydrogen,  but  only  propionic  and  carbonic  acids  : 

2C^H'CaOi  +  H'20  =  (O^ffO-)'Ca  +  CCaO^  +  00=. 

According  to  Lutsehak  (Dcui.  Chem.  Ges.  Her.  v.  30).  cine  succinate  is  capable  of 
uniting  with  3  niols.  ammonia,  forming  the  compound  C'ffZnO-.SNff. 

SUCCIETIC  ii.MSSES  and  .aSTSaSSES.  (Menschutkin,  Ann.  Ch.  Pharm. 
clxii.  165,  187). 

.CO 

Succinimide,  C<H'0%NH  =  C^H-i^;^  ^  ^NH,   is    obtained   in  satisfactory 

quantity  by  distilling  ammonium  succinate  as  quickly  as  possible.  It  boils  at  287°- 
288°,  leaving  a  small  residue  of  charcoal.  The  liydrogen  of  succinimide  is  replaceable 
only  by  silver  or  mercury.  Argcnto-succinimide,  C'H''0-.NAg,  has  been  already 
described  (v.  461).  In  the  hydrated  compound,  2(C*H''0''^.NAg)  +  H-Q,  the  water 
does  not  appear  to  exist  as  water  of  crystallisation. 

Mercuro-succinimicle,  (C^H*O^N)-Hg,  formed  on  dissolving  mercuric  oxide  in  a  hot 
aqueous  solution  of  succinimide,  is  moderately  soluble  in  alcohol,  extremely  soluble  in 
cold  water,  and  crystallises  therefrom  in  long  needles  having  a  silky  lustre. 

On  adding  solution  of  mercuric  chloride  to  an  aqueous  solution  of  mercuro-suecini- 
mide,  a  precipitate  is  formed,  consisting  of  microscopic,  shining,  rhombic  tables,  less 
soluble  in  water  than  mereuro-succinimide  itself,  and  represented  by  the  formula 
(C^H-'0=N)-Hg.HgCl. 

Succinamide,  C*H^O=(NH^)',  is  formed  by  the  action  of  alcoholic  ammonia  on  suc- 
cinimide even  at  ordinary  temperatures,  but  more  quickly  by  heating  the  materials 
together  to  100°  in  a  sealed  tube  for  several  hours. 

Mercuro-succinamide,  C'H'0-(NH2)2.HgO  +  AH=0,  is  formed  on  dissolving  recently 
prepared  mercuric  oxide  in  a  boiling  aqueous  solution  of  succinamide,  and  separates 
on  cooling  as  a  white  powder. 

Succinamates. — The  ammonium  salt  remains  in  the  alcoholic  mother-liquor  of 
succinamide  obtained  as  just  described,  when  the  alcohol  used  contains  water.  The 
calcium  salt,  (C'H''NO')-Ca,  is  formed  by  boiling  succinamide  with  milk  of  lime,  and 
separates  on  passing  carbonic  anhydride  into  the  filtrate,  evaporating  over  tlie  water- 
bath,  and  adding  alcohol,  as  a  pulverulent  crystalline  precipitate,  or  in  stellate  groups 
of  short  prisms  ;  from  dilute  solutions  in  long  needles. 

Succinanil  or  Phenylsuccinimide  maybe  conveniently  prepared  by  pom-ing 
aniline  (1  mol.)  on  succinic  acid  (1  mol.)  in  a  retort,  heating  gradually,  and  as  soon  as 
the  boiling  ceases,  distilling  the  succinanil  over  at  a  stronger  heat.  It  may  be  purified 
by  recrystallisation  from  water  or  alcohol ;  and  by  dissolving  it  in  strong  sulphuric 
acid,  precipitating  with  water  and  reerystallisingfrom  alcohol,  it  maybe  obtained  per- 
fectly colourless,  in  needles,  or  in  long,  thin,  strongly  refracting  prisms.  It  melts  at 
156°,  is  nearly  insoluble  in  cold,  sparingly  soluble  in  boiling  water,  more  easily  in 
boiling  alcohol ;  boils  above  300°  without  decomposition. 

Succinanilic  or  Phenylsucoinamic  acid. — The  barium  salt  of  this  acid, 
^Qioj£io]sf03)2Ba  +  3H^0,  is  obtained  by  dissoh-ing  succinanil  in  boiling  baryta-water, 
removing  the  excess  of  baryta  by  carbonic  acid,  and  concentrating,  in  tufts  of  crystal- 
line needles  having  a  satiry  lustre,  easily  soluble  in  water,  and  giving  oS  their  water 
of  crystallisation  at  110°.  The  calcium  salt,  (C'"H"'NO^)-Ga  4-  4H=0,  and  the  lead 
salt,  prepared  in  like  manner,  crystallise  in  needles.  The  silver  salt,  C"'H'"NO^Ag,  is 
obtained  by  double  decomposition,  as  a  precipitate,  which  quickly  becomes  crystalline, 
dissolves  with  difficulty  in  boiling  water,  and  crystallises  therefrom  in  anhydrous 
prismatic  crystals.  Pree  succinanilic  acid,  C''H'0=(C''H*NII)0H,  is  obtained  by  pre- 
cipitating the  calcium  salt  with  hydrochloric  acid,  and  recrystaUisiug  the  precipitate 


SUCCINIC  CHLORIDE—SUGARS. 


1103 


from  boiling  water,  in  small  concentrically  groupod  needles,  whicli  are  nearly  insoluble 
in  cold  •water,  but  dissolve  easily  in  alcohol  and  in  boiling  ■water.  The  acid  melts 
at  148'5°,  and  is  resolved  at  a  higher  temperature  into  water  and  succinanil.  It 
does  not  give  off  aniline  when  treated  with  aqueous  potash. 

Phcnylsuccina m i des.~Monophcnylsuocinamide,  CH^'O- 1 ^J^Qejjs ' foi'^od, to- 
gether with  a  small  quantity  of  ammonium  succinanilate,  by  heating  succinanil  with 
alcoholic  ammonia.  It  crystallises  from  water  in  broad  needles,  dissolves  with 
moderate  facility  in  hot  water,  sparingly  in  alcohol,  melts  at  181°,  and  forms  a  very 
sparingly  solublo  compound  with  mercuric  oxide.  Quicklime  converts  it  into  succin- 
anilic  acid. 

Diphenylsuccinamide  or  Succinanilide,  C^II'0-(NHC''H*)-,  is  obtained  as  a  bye- 
product  in  the  preparation  of  succinanil.  The  portion  insoluble  in  water  may  be  crystal- 
lised from  alcohol,  then  boiled  with  alcoholic  potash,  and  purified  by  reerystallisation. 
It  crystallises  from  alcohol  in  broad,  flat,  shining  needles,  which  melt  at  226"5°  to 
227°.  It  is  very  stable,  dissolves  in  nitric  and  sulphuric  acids,  and  is  precipitated 
therefrom  by  water  without  alteration.  When  heated  to  100°  in  a  sealed  tube  with 
strong  hydrochloric  acid,  it  is  resolved  into  aniline  and  succinic  acid,  and  when 
distilled,  it  splits  up  into  aniline  and  succinanil. 

SWCCmXC  CHlOSaSBS,  COCl— CII=— CH-— COCl.  This  compound,  mixed 
with  acetic  .icid,  and  treated  with  sodium-amalgam,  is  converted  into  a  butyleno  glycol, 
which  appears  to  bo  the  true  homologue  of  ethylene  glycol: 

COCl— Gil-'— CII=— COCl  +  SIX  =  2HC1  +  CH-OH-CH-— CH-— CH=OH 
(Saytzeff,  J.  pr.  Chcm.  [2]  iii,  427). 

SUCCIH'S'XiBESarZiilMtKC  ACI33S.  By  fusing  succinic  acid  with  amidobenzoic 
acid,  two  acids  are  oljtained,  namely,  succinylbenzamic  acid,  CH^j^^Q^  ^  ^  , 

which  is  soluble  in  water,  and  melts  at  235°,  and  succinyldibenzamic  acid, 
C'H^O-(Nn.C'H^O-)-,  which  is  insoluble  in  water.  The  former  isanimido!;en  acid,  and  is 
converted,  byfi.xation  of  water,  into  osysuccinylbenzamic  acid,  C°H''  Iqqq^j^^  ^  .OH^ 
The  second  acid  is  also  produced  by  heating  the  first  with  amidobenzoic  acid 
(Muretow,  Dcut.  Chcm.  Ges.  Bcr.  v.  330). 

SUCCEIff-5rX.-BSB3-ZoiTa-,  (C"II"0'-)=.C<H*02,  is  formed  by  the  action  of  succinic 
chloride  on  iMiizoin.  It  crystallises  from  alcohol  in  shining  leaflets;  is  insoluble  in 
water,  but  soliiliki  in  alcohol  other  and  carbon  sulphide;  melts  at  129°;  arid  is  con- 
verted by  ak'uliolic  potash  into  benzilio  and  succinic  acids  (A.  Lukanin,  Bout.  Chcm. 
Ges.  Bcr.  V.  331). 

SUCCIlff-H-E,-TOE,UESrs-SUS.PHAREIBE,    N2H'(C'H'S0=)=(C'H-'0=).  See 

T0LTJENE-SULP)IAMIDES  (p.  1168). 

StTGAKS.  1.  BeacLion  with  Chlorine  and  Water. — Hlasiwetz  a.  Earth,  in  18G1, 
by  treating  milk-sugar  with  bromine  and  water,  obtained  a  brominated  compound 
which,  when  decomposed  by  bases,  yielded  isodiglycolethylenic  acid,  C"II"*0"  (iii.  414, 
1023).  The  same  treatment  has  more  recently  been  applied  by  Hlasiwetz  a.  Haber- 
mann  {Ann.  Ch.  Tharm.  civ.  120)  to  other  kinds  of  sugar.  The  results  show  that  the 
capability  of  a  sugar  to  form  such  an  acid  containing  the  same  number  of  carbon- 
atoms  in  itself,  increases  with  the  fcrmeutability  of  the  sugar,  non-fermentablo  or  dif- 
ficultly fermentable  sugars  being  converted  by  this  process  into  acids  containing 
smaller  numbers  of  carbon-atoms. 

Moderately  dilute  solutions  of  sugars  were  treated  with  cAforme  yf«,  as  long  as  it 
continued  to  be  absorbed,  the  action  in  the  case  of  rather  large  quantities  going  on  for 
four  or  five  days.  The  liquid  was  then  freed  from  chlorine  by  drawing  air  through  it, 
warmed  in  a  dish,  and  a  magma  of  silver  oxide  added  to  it  till  the  liquid  becamo 
neutral.  It  was  then  filtered,  the  undissolved  matter  washed  for  a  long  time  with 
boilii;g  water  ;  the  filtrates,  which  generally  began  to  grow  brown  and  turbid  from  re- 
duced silver,  were  immediately  treated  with  hydrogen  sulphide  ;  and  the  mostly  limpiid 
acid  liquids  filtered  from  the  silver  sulphide  were  concentrated  on  the  water-bath. 
From  the  crude  acids  thus  obtained,  mostly  containing  more  or  less  undecomposed 
sugar,  the  calcium  salts  were  prepared,  and  from  these,  through  tlie  medium  of  the 
lead  salts,  the  free  acids  were  obtained. 

Cane-sugar  and  dextroglucose  yield  gluconic  acid,  CII'-O'  (p.  550),  differing 
by  from  Lictonic  or  isodiglycolethylenic  acid  from  milk-sugar.    Loevuloso  and 

sorbin  yield  glycoUic  acid,    Phloroghicin  yields  dichloracetic  acid.  Uisre- 
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garding  the  intermediate  products,  and  reducing  the  process  to  its  simplest  expression, 
the  four  following  cases  are  to  be  distinguished : 

C«H'»05'f  +    0    =  C^Hi'O" 

Lactose  Lactonic  acid 

C'H'-O"    +    0    =  CH'^O' 
Glucose  Gluconic  acid 

C^H'^O"    +    0'  =  3C-H^0' 

Sorbin  and  Glycollio 
lEBvulose  acid 

C'WO^     +  3H20  =  8C"-mO^- 
Phloroglucin  Acetic  acid 

The  chlorine  or  bromine  in  these  reactions  appears  to  be  simply  added  on  to  the 
sugar-molecule,  and  the  acid  to  be  formed  by  suljstitution  of  0  for  CI-  or  Br-  in  the 
chlorinated  or  brominated  eompound  thus  produced,  e.  g. : 

C''H'»0^  +  Br^  =  CsH'°O^Br,  whence  C''H>»0« 
Lnotosfl  BromolactosQ  Lactonic 

acid 

C^H'-O"  +  CP  =  CH'^O^CP  „  C«H>-0' 
Glucose  Clilorolaotose  Gluconic 

acid 

These  sugars  behave  then  like  unsaturated  compounds,  as  indeed  Linnemann  has 
shown  to  be  the  case  with  dextroglucose,  which  by  taking  up  H-  is  converted  into 
mannite  (iii.  823). 

2.  Action  of  Nascent  Hydrogen. — Bouchardat  (Cotm^!;.  rend.  Ixxiii.  199,  1008)  has 
shown  that  cane-sugar,  glucose,  and  milk-sugar  are  converted  by  the  action  of  sodium- 
amalgam  in  presence  of  water  into  mannite  or  dulcite,  and  a  certain  number  of  mon- 
atomic  alcohols,  viz.,  ethyl  alcohol,  isopropyl  alcohol,  and  a  hexyl  alcohol  identical 
with  that  which  Erlenmeyer  a.  Wanklyn  obtained  from  mannite  and  dulcite.  Dextro- 
glucose treated  in  this  manner  yields  the  three  volatile  alcohols  just  mentioned, 
togother  with  mannite ;  milk-sugar  the  same  volatile  products,  together  with  dulcite ; 
inverted  milk-sugar  a  mixtm-e  of  mannite  and  dulcite. 

3.  Tleactions  with  Acetic  Anhydride. — The  products  obtained  by  the  action  of  acetic 
anhydride  on  glucose  and  cane-sugar,  according  to  the  latest  investigations  of  Schutzen- 
berger  {Ann.  Ch.  Pharm.  [4],  xxi.  235)  differ  in  some  respects  fi'om  those  described  in 
the  First  Supplement  (p.  1045). 

1.  Pure  crystallised  dextroglucose  dried  at  100°  is  easily  attacked  by  acetic  anhy- 
dride at  120°,  the  products  differing  according  to  the  proportions  used.  One  part  of 
glucose  and  2i-  pts.  of  anhydride  heated  in  an  open  vessel  react  readily,  the  action 
being  over  in  a  few  moments ;  a  little  water  being  added  to  destroy  the  anhydride, 
and  the  whole  evaporated  to  dryness  on  the  water-bath,  an  amorphous  residue  soluble 
in  water,  and  of  a  very  bitter  taste,  is  obtained.  Boiling  benzene  only  partly  dissolves 
tliis  residue,  the  soluble  part  being  triacetyl-glucose,  ^^(C-H^O)^^*.  This  body, 
heated  to  140°  by  itself  or  with  acetic  anhydride,  loses  water,  giving  triacetyl-glu- 
cosan,  C''I1'(C-H^0)^0'*,  insoluble  in  water,  soluble  in  dilute  acetic  acid.  The  in- 
soluble part  dissolved  in  water,  and  decolorised  by  animal  charcoal,  yields,  on 
evaporation  in  a  vacuum,  an  amorphous,  light  yellow,  bitter  mass,  very  soluble  in 
water,  and  soluble  in  alcohol;  this  is  diacetyl-glucose,  CH"'(C-H^O)-0^. 

Glucose,  heated  with  a  large  excess  of  anhydride  to  160°  for  6  hom-s,  does  not  form 
a  glucose-derivative,  but  one  derived  from  two  molecules  of  glucose,  which  coalesce 
with  loss  of  H^O,  according  to  the  equation : 


2C»ff{[j3      .  H=0  H.  0  |0 

All  the  eight  hydrogen-atoms  of  the  hydroxyl  present  in  this  diglucose  may  be  re- 
placed by  acetyl,  forming  ^223Q')8  |o^)  which  is  either  identical  or  isomeric  with  the 
compounds  of  the  same  composition  obtained  by  the  action  of  acetic  anhydride  on 
cane-  and  milk-sugars ;  in  water  it  is  insoluble,  in  alcohol  soluble  ;  it  has  no  marked 
taste  of  any  kind. 

All  the  acetylated  derivatives  of  glucose  are  dextrorotatory. 

2.  Cane-sugar  heated  \vdth  i  pt.  acetic  anhydride,  and  3-4  pts.  glacial  acid,  entirely 

*  The  old  formula  of  milk-sugar  is  used  in  this  equation  merely  to  show  more  clearly  the  analogy 
of  the  reaction  to  that  which  takes  place  in  the  other  cases.  With  the  new  formula,  the  equation 
would  bo  :  C'"H==0"  +  0"-  =  H=0  +  2C°H'°0°. 
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dissolves;  ether  thro-ws  down  a  yellow  tarry  precipitate,  which,  when  dried  in  a 
vacuum  over  quicklime,  and  finally  at  100°,  is  a  solid  substance  soluble  in  water  and 
alcohol,  of  a  faint  sweet  taste,  somewhat  inclined  to  bitter,  insoluble  in  ether  and  Len- 
zene ;  this  3s  monoacotyl-saccharose,  C'-H-'(C-ffO)0".  The  ethereal  filtrate 
from  this  substance  evaporated  to  dryness,  dissolved  iu  water,  and  decolorised  by 
animal  charcoal,  gives  numbers  intermediate  between  those  required  for  tetra-  and 
penta-acetyl-saccharose,  and  is  probably  a  mixture  of  those  two  bodies;  it  is 
soluble  in  water,  alcohol,  and  other. 

Heated  with  a  large  excess  of  acetic  anhydride,  cane-sugar  yields  hepta-  and  octo- 
ac  etyl-sacchar  ose,  C'"-H'*(C'-H^O)''0"  and  C>-H»(C^H30)«0'>,  as  gummy  amorphous 
bodies  insoluble  in  water,  and  much  resembling  the  octoacetyl-diglucoso  obtained  with 
glucose. 

3.  Milk-sugar  is  less  easily  acted  on  than  cane-sugar ;  after  long  boiling,  however, 
in  an  open  vessel  it  dissolves  completely.  From  the  product  water  precipitates  octo- 
acetyl-lactose,  C'-H"(C2H'0)*0"  ;  the  solution  contains  tetra-acetyl-lactose, 
which  forms  indistinctly  shaped  crystals  of  a  bitter  taste  ;  these  bodies  have  the  rota- 
tory powers  [a]  =  -)-  31°,  and  [a]  =  +  60' 1°  respectively. 

On  tlio  Acetyl-derivatives  of  Manuite,  see  Mannite  (p.  774). 

On  the  Synthesis  of  Glucosides  by  means  of  the  Acetyl-derivatives  of  the  Sugars,  see 
pp.  560,  1068. 

EjtimatioH  of  Sugars. — 1.  Estimation  and  separation  of  Cane-sugar,  Invert- 
sugar  and  Dextroglucose  or  Grape-sugar.  The  following  method  is  given  by  J.  Apjohn 
{Ckem.  News,  xxi.  86  ;  Zeitschr.  anal.  (Jhcin.  ix.  498).  The  amount  of  cane-sugar  is 
first  determined  by  the  optical  method,  and  then,  after  inversion,  the  sum  of  the  three 
sugars.  If  then  x  denote  the  cane-sugar,  y  the  grape-sugar,  and  z  the  invert-sugar, 
0-24,  0'086,  and  0-182  being  the  rotations  produced  in  the  polarising  apparatus 
by  1  gram  of  cane-sugar,  grape-sugar,  and  invert-sugar  respectively,  ri6  the  ratio 
between  the  half-molecular  weight  of  the  cane-sugar  and  that  of  the  grape-sugar,  and 
ri  that  between  the  molecular  weight  of  the  invert-sugar  and  the  grape-sugar,  wo 
have  the  equations : 

0-24a:  -  0  086//  +  0-182^  =  t 

M6a'  +      \-\y  +  z  =  vi, 

from  wliich  the  magnitudes  //  and  z  can  bo  calculated. 

Instead  of  determining  the  amount  of  cane-sugar  by  the  optical  method,  which  is 
difficult,  as  the  syrup  always  acquires  a  more  or  less  dark  colour  by  inversion,  the 
determination  may  be  made  by  the  chemical  method.  For  this  purpose  it  is  merely 
necessary  to  test  the  syrup  with  copper-solution  before  and  after  inversion,  the  differ- 
ence of  the  two  determinations  giving  the  amount  of  cane-sugar.  The  equations  to  bo 
used  are  : 

V\y  +  ^  =  «/, 

where  vi  is  the  quantity  of  grapo-sugar  corresponding  with  y  and  z  ;  after  inversion  : 

1-lO.r  -t-  V\y       z  ^  w, 
whore    is  the  quantity  of  grape-sugar  corresponding  with  x,  y,  and  z.    Therefore : 


The  numbers  obtained,  according  to  these  equations,  from  direct  experiments,  did 
not  give  perfectly  accordant  results.  The  discrepancy  is  attributed  by  Apjohn  to  the 
isresence  in  the  syrup  of  a  substance  different  fropi  the  three  kinds  of  sugar,  but  never- 
theless capable  of  producing  circular  polarisation,  and  perhaps  also  of  reducing  copper 
solution,  e.g.  dextrin,  asparagin,  &c. 

A.  Duprii  {Chcjii.  News.  xxi.  97;  Zeitschr.  anal,  Chem.  ix.  501)  likewise  estimates 
the  three  kinds  of  sugar  above  mentioned  by  a  combination  of  the  optical  and  chemical 
methods,  which  he  regards  as  more  direct  than  that  of  Apjohn.  Cane-sugar  does  not 
reduce  copper  solution,  and  is  not  altered  by  heating  it  in  solution  with  caustic  alkalis, 
■whereas  grape-  and  fruit-sugar  are  completely  destroyed.  The  cane-sugar  mn.y,  there- 
fore, be  estimated  by  polarisation  after  the  other  kinds  of  sugar  have  been  destroyed, 
and  the  other  two  sugars  may  be  determined  together  by  the  chemical  method,  in- 
dependently of  the  presence  or  absence  of  cane-sugar.  It  only  remains,  therefore,  to 
determine  the  rotation  produced  by  all  the  three  sugars  together,  and  we  shall  then 
have  all  the  data  required  for  the  calculation.  In  a  .Tellett's  instrument  it  was  found 
that  1  p.c.  cane-sugar  required  for  compensation  0-2418  inch  of  Icevogyrate  turpentine- 
oil ;  1  p.c.  fruit-sugar  required  1'602  inch  of  a  10  p.c.  solution  of  cane-sugar;  and 
1  p.c.  grape-sugar  required  0-836  inch  of  the  same  solution  of  cane-sugar.  If,  then, 
.r  tlenotes  the  required  quantity  of  fruit-sugar,  y  that  of  the  grape-sugar,  p  the  sum  of 
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the  two  in  percentages,  as  given  by  the  copper-solution,  a  the  number  of  inches  of  a 
1 0  p.c.  solution  of  cane-sugar  which,  according  to  observation,  is  required  to  compensate 
the  mixture  p,  of  fruit-  and  grape-sugar,  or  is  equivalent  thereto,  we  have  the  equa- 
tions : 

a;  +  y  = 
r502a:  -  0-836y  =  ±  a 

'  - 

^  =  p  -  X. 

TIio  -f-  sign  is  used  for  a  when  the  mixture  of  the  two  sugars  relates  to  the  left. ; 
the  —  sign  when  the  same  mixture  rotates  to  the  right.  Dupre  lias  applied  this 
method  only  to  the  estimation  of  sugar  in  wine,  but  he  considers  that  it  will  be  like- 
wise applicable  to  cane-sugar  and  syrups. 

On  the  examination  of  sugars  containing  Glucose,  see  also  C.  H.  Gill  {Chem.  Soc.  J. 
[2],ix.  91). 

On  the  Decolorisation  of  Sugar  solutions  for  Polarimetric  Analysis,  see  Seheibler 
(ibid.  [2],  ix.  763)  and  Casamajor  {C'he)n.  News,  xxv.  306 ;  Cheyn.  Soc.  J.  [2],  x.  927). 

On  the  estimation  of  Sugar  by  Copper  solution,  see  F.  Weil  {ibid.  [2],  x.  1121). 

On  the  use  of  Sodio-eupric  glyceride  (Glycerin-kupferoxydnatron)  instead  of  sodio- 
eupric  tartrate  for  the  estimation  of  Glucose,  see  J.  Lowe  (Zeitschr.  anal.  Chem.  ix. 
20,  224  ;  Jahresb.f.  Chem.  1870,  1036). 

On  the  estimation  of  Glucose  in  presence  of  Dextrin,  see  Schubert  {Zeitschr.  anal. 
Chem.  ix.  112;  Jahresb.  1870,  1038);  also  Rumpf  a.  Heinzerling  {Zeitschr.  anal. 
Chem.  ix.  358  ;  Jahresb.  1870,  1042). 

On  the  estimation  of  Glucose  by  means  of  Mercuric  Cyanide,  see  C.  Knapp  {Ann, 
Ch.  Pharm.  cliv.  252  ;  Jahresb.  1870,  1033). 

Comparison  of  the  methods  of  Fehling,  Knapp  and  Gentele  with  Potassium  Ferro- 
cyanide  for  the  estimation  of  Grape-sugar :  Jahresb.  1870,  1034 ;  Chem.  Soc.  J.  [2],  x. 
329. 

On  the  occurrence  and  estimation  of  Sugar  in  "Wine,  see  Schubert  {Zeitschr.  anal. 
Chem.  ix.  112  ;  Jahresb.  1870, 1037).  Estimation  in  Grape-juice:  Pollaci  a.  Pasquini 
{J.  Pharm.  Chim.  [4],  xi.  80;  Zeitschr.  anal.  Chem..  ix.  274;  Jahresb.  1870,  1039); 
in  Urine:  &Qhv^h&^^  {Zeitschr.  anal.  Chem.  ix.  112;  Jahresb.  1870, 1064);  Seegen  {Pharm. 
J.  Trans.  [3],  ii.  202;  Chem.  Soc.  J.  [2],  ix.  1095). 

Manufacture  of  Sugar. — On  the  Extraction  of  Beet-juice  by  DiiFusion,  see  Walkhoff 
{J.pr.  Chem.  clxxxiv.  149  ;  Jahresb.f.  Chem.  1867,  936);  Duquesno  a,  Gil  {Bini/l.  jiol. 
J.  cxcvi.  83;  Jahresb.  1870,  1198);  Cech  {ibid,  cxcvii.  278,  445;  Jahresb.  1870, 
1198).  On  a  new  Diflfiision-apparatus  for  extracting  the  juice  of  any  plant,  especially 
of  the  Sugar-beet  and  Sugar-cane  :  J.  Robert  {Dincjl.  cci.  257).  On  Scliultz's  cold - 
diffusion-process  {ibid.  cci.  262;  Jahresb.  1871,  1078). 

On  the  Concentration  of  Sugar  juice,  see  Cech  {Bingl.  cxcviii.  428).  On  the  use  of 
Sulphurous  acid  in  the  Vacuum-apparatus  :  Seyfferth  {ibid,  cxcviii.  94  ;  Jahresb.  1870, 
1202  ;  Chem.  News,  xxii.  248). 

On  the  RefiniTig  of  Sugar  by  means  of  '  hydrosacrocarbonate  of  lime ' :  Bitigl.  cxcvi. : 
84;  Jahresb.  1870,  1204. 

On  the  formation  of  Molasses  and  the  influence  of  certain  Salts,  Organic  and 
Inorganic,  on  the  Crystallising  power  of  Cane-sugar :  Marschall  {Zeitschr.  d.  Vereinsf. 
BubenziwJcerindustrie  im  Zollverein,  1870,  52,  339;  Jahresb.  1870,  1204;  Chem.  Soc. 
J.  [2],  ix.  456). 

On  the  Eecovory  of  Sugar  from  Molasses  by  means  of  Baryta :  G.  Lunge  {Bingl. 
ccii.  164  ;  Chem.  Soc.  J.  [2],  x.  185). 

On  the  Separation  of  Iron  oxide  from  Eaw  Sugar :  JDingl.  cciii.  325 ;  Chem.  Soc.  J. 
[2],  X.  530. 

On  the  Manufacture  of  Starch-syrup  and  Starch-sugar,  see  Krotke  {Bingl. pol.  J.  cc. 
139;  cciv.  243;  Jahresb.f.  Chem.  1871,  1076  ;  1872,  1022;  Chem.  Soo.  J.  [2],  ix. 
458). 

Cane-sugar  or  Saccliarose.  On  the  specific  heat  of  cane-sugar  solutions,  see 
Heat  (p.  601). 

Solubility  in  mixtures  of  Alcohol  and  Water. — C.  Seheibler  {Beut.  Chem.  Ges.  Per.  v. 
343)  has  investigated  the  solubility  of  cane-sugar  in  aqueous  alcohol  of  different 
strengths  and  at  different  temperatures.  Mixtures  comparatively  poor  in  alcohol  can 
dissolve  more  sugar  than  the  water  contained  in  them  would  dissolve  by  itself,  but  in 
the  more  highly  alcoholic  mixtures  the  reverse  is  the  case.  The  proportion  in  which 
alcohol  neither  promotes  nor  hinders  the  solution  of  sugar  in  water,  is  66  p.c.  by 
volume  at  40°,  and  50  p.c.  at  14°.    An  aqueous  solution  of  sugar  saturated  at  0°  con- 
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tains  65  p.c.  sugar  ;  at  40°,  75^  p.c;  and  at  14°,  66  p.c.  The  last-mentioned  solution, 
•when  mixed  with  an  equal  volume  of  absolute  alcohol,  ■will  still  remain  saturated  at 
that  temperature,  but  a  further  addition  of  alcohol  causes  the  separation  of  sugar. 
Sugar  is  but  very  slightly  soluble  in  alcohol  of  more  than  90  p.c,  and  quite  insoluble 
in  absolute  alcohol. 
For  the  tabulated  results,  see  the  original  paper. 

Action  of  Light. — A  solution  of  10  grams  of  white  cane-sugar  in  .50  grams  of  water 
enclosed  in  a  scaled  tube,  from  which  the  air  had  been  expelled  by  boiling  the  liquid, 
and  kept  for  live  months  exposed  to  light,  was  found  to  bo  about  half  converted  into 
glucose.  A  similar  solution  kept  for  the  same  time  in  the  dark  remained  unaltered 
(Raoult,  Compt.  rend.  Ixxiii.  1049). 

For  Maumene's  experiments  on  the  action  of  water  and  heat,  or  of  heat  alone,  upon 
cane-sugar,  see  Sull.  Hoc.  CJiim.  [2],  xvii.  442. 

Distillation  with  Lime. — Fremy,  by  distilling  sugar  with  quicklime,  obtained  a 
distillate  consisting  chiefly  of  metacetone,  C^H'^O  (iii.  932).  R.  Benedikt  {Ann.  Oh. 
Fharm.  clxii.  303),  by  distilling  1  pt.  of  sugar  with  3  pts.  of  lime,  as  recommended  by 
Gottlieb  {ibid.  lii.  127),  obtains  a  distillate  consisting  of  a  watery  and  an  oily  layer. 
The  watery  layer  contains  acetone,  together  with  a  small  quantity  of  acetic  acid.  The 
oily  layer  contains  metacetone,  boiling  at  83°-84°  (isomeric  with  mesityl  oxide,  b.p. 
131°),  and  isophorone,  CH'^O,  boiling  at  210°,  yielding,  when  treated  with  phos- 
phoric anhydride,  a  hydrocarbon  having  approximately  the  composition  C'-'H'^,  but 
not  identical  with  cnmene  or  with  mesitylene. 

Metacetone  and  phorone  are  the  chief  liquid  products  of  the  distillation  of  sugar 
with  lime  ;  they  occur,  however,  only  in  small  quantity  in  comparison  with  thog.aseous 
products,  whicli  consist  mainly  of  hydrocarbons.  Benedikt  gives,  as  a  probable 
representation  of  the  decomposition  of  sugar  by  lime,  the  equation  : 

CSH'SO"  =  CH'-O  +  200=  -i-  CH'  +  YL-0, 

and  regards  the  metacetone  and  phorone  as  products  of  condensation  of  the  acetone 
formed  in  the  fii'st  instance : 

2C^H«0  -  WO  =  C«H'«0  (metacetone) 
3C3ff  0  -  2H=0  =  C"H»0  (isophorone). 

The  higher-boiling  portions  of  the  crude  distillate  probably  contain  still  higher 
condensation-products  of  the  same  kind. 

O.vidaiion  by  Potassium  Permanganate. — Maumene  {Compt.  rend.  Ixxv.  85)  flnds 
that  when  a  solution  of  200  grams  of  permanganate,  dissolved  in  4  litres  of  water,  is 
poured  into  a  solution  of  200  grams  of  sugar-candy  in  2  litres  of  water,  the  mixture  in 
fifteen  to  twenty  minutes  becomes  heated  to  45°-48°,  manganic  oxide  separates  in  a 
lump,  and  a  colourless  neutral  solution  is  formed,  no  longer  sweet,  but  retaining  its 
optical  rotatory  power  unaltered.  In  this  liquid  Maumont',  on  the  strength  of  a  few 
qualitative  reactions,  assumes  the  existence  of  two  acids,  which  he  designates  as 
hexcpinic  and  tricpinic  acids. 

Comhinations.^l.  AVith  Alkali  salts_(C.  H.  Gill,  Chcm.  Soc.  J.  [2],  ix.  269). 
Peligot  described  a  compound  of  cane-sugar  with  sodium  chloride  having  the  composi- 
tion C'-H--'0".NaCl  (v.  473).  Blondran  de  Carrollas  described  a  similar  compound 
containing  2C'-H-"0"'.2NaC1.3H=0.  Mitscherlieh,  and  afterwards  Iloclistetter  and 
several  other  chemists,  denied  the  existence  of  any  saline  compounds  of  cane-sugar. 
Gill,  on  the  other  hand,  by  leaving  a  sugar-solution,  boiled  with  excess  of  common 
salt,  to  stand  for  several  months,  obtained  a  few  small  crystals  having  the  composition 
2C'-H--0".3N'aC1.4H-0.  A  number  of  similar  experiments  were  made  with  solutions 
containing  a  double  molecule  of  sugar  to  1,  2,  3,  or  4  niols.  of  a  chloride,  bromide,  or 
iodide  of  an  alkali  metal. 

The  potassium  salts  did  not  yield  compounds  of  definite  composition ;  some  of  them, 
indeed,  yielded  well-defined  crystals  containing  sugar  and  salt,  but  always  in  variable 
proportion. 

Of  the  compounds  with  sodium  chloride,  that  which  was  obtained  from  the  mixture 
containing  the  smallest  proportion  of  salt  was  to  all  appearances  identical  with  that 
described  by  Peligot.  It  crystallised  from  the  mixture  containing  2  mols.  salt  to 
2  mols.  sugar.  The  crystals,  which  are  prisms  with  pyramidal  summits,  do  not  deli- 
quesce easily,  give  off  all  their  water  of  crystallisation  when  dried  for  several  hours  at 
a  temperature  of  60°  to  70°,  and  crystallise  anhydrous  from  a  solution  of  86  p.c.  spirit. 
When  a  solution  in  75  p.c.  spirit  is  mixed  with  ether,  an  oily  layer  separates  at  the 
bottom,  in  which  crystals  form  and  continue  to  grow  for  8  to  10  months.  These 
crystals  are  identical  with  those  of  the  original  compound  recrystallised  from  water, 
and  have  the  composition  C'-H--0".NaC1.2H-0.  The  two  other  solutions  containing 
4B2 
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sodinm  chloride,  also  gave  salts  of  the  same  composition.  The  crystals  accidentally 
obtained  at  the  beginning  of  the  investigation  were  never  reprodnced. 

Maumone  ( Cumft.  rend.  Ixxii.  503)  has  obtained  the  compound  of  sugar  with  sodium 
chloride  iu  fine  rhombic  prisms  containing  13'3  p.c.  NaCl ;  it  was  found  by  special 
experiments  to  contain  unmodified  cane-sugar. 

Sugar  solutions,  containing  sodium  hromide,  gave  Tvith  dif&culty  a  few  crystals,  the 
composition  of  which,  C''''H-'-0".NaBr.lgH^O,  seemed  to  indicate  the  presence  of  im- 
purities (Gill). 

Sodium  iodide  and  cane-sugar  form  extremely  fine  monoclinic  crystals,  the  same 
compound,  2C''-H--0".3NaI.3frO,  being  always  obtained  in  whatever  proportions  its 
components  may  be  mixed,  and  crystallising  without  alteration  any  number  of  times 
from  water  or  aqueous  alcohol.  In  the  aqueous  solutions  the  rotatory  power  of  the 
sugar  is  unimpaired  by  the  presence  of  the  sodium  iodide.  The  crystals  are  mnno- 
clinic,  and  have  their  optic  axes  in  a  plane  perpendicular  to  the  plane  of  symmetry 
(Gill). 

Lithium  chloride,  bromide,  and  iodide  do  not  form  definite  compounds  wit-h  cane- 
sugar.  The  corresponding  ammonittm  salts  form  very  deliquescent  crystals  containing 
variable  quantities  of  ammonia.  Acetate,  nitrate,  and  phosphate  of  sodium  do  not 
appear  to  combine  with  cane-sugar  (Gill). 

From  the  composition  of  the  compound  with  sodium  iodide  Gill  infers  that  the  true 
molecular  weight  of  cane-sugar  is  represented  by  the  formula  C-''H'"0-^. 

With  Lime.  According  to  Horsin-Deon  {Bidl.  Soc.  CUm.  [2],  syM.  155)  tribasic 
sucrate  of  lime,  treated  with  alcohol,  yields  the  sexbasic  sucrate,  just  as  the  monobasic 
sucrate,  similarly  treated,  yields  the  bibasic  compound  (v.  473).  The  mono-  and  tri- 
calcic  sucrates  contain  constitutional  water ;  the  bi-  and  sexoalcic  compounds  do  not. 
The  two  latter  are  therefore  formed  by  corresponding  reactions  : 

C'-H"0".6CaO  from  2(C'=H"0".3CaO  -h  Aq.) 

C'2H==0>'.2CaO  „  2(C'=H==Oi>.CaO    +  Aq.) 

The  compound  of  sugar,  lime,  and  carbonic  anhydride,  called  '  hydrosucro-carbonate 
of  lime,'  exhibits,  according  to  Horsin-Deon  {B^dl.  Soc.  Chim.  [2],  xv.  22),  the  following 
properties  :  a  composition  varying  with  the  particular  lime  sucrate  used  in  its  prepa- 
ration and  with  the  temperature ;  solubility  in  sugar-water  in  presence  of  lime ;  de- 
composition into  sucrate  and  carbonate  of  lime  by  sugar-water  ;  capability  of  for- 
mation at  all  temperatures  of  experiment  and  at  all  densities  of  the  liquid  employed. 
Its  varying  composition  is  shown  by  the  following  experimental  results  ; 


Solution  of  Lime  Sucrate 
employ  ed 

Weight  of  C0=  absorbed  to 
28  pts.  by  weight  of  Lime 

Experimenter 

6  eq.  Lime  -)-  1  eq.  Sugar 

5         „  4 

5         „         3  „ 

3         „         2  „ 

I          „  I 

1         „  1 

1 1  parts 

13-  2?  „ 
16-28  „ 
15-90  „ 

14-  70  „ 

Boivin  a.  Loiseau 
Horsin-Deon 

Dubrunfaut 
Horsin-Deon 

Milk-su^ar  or  Iiactose,  C'-H-O",  or  C-1H"0--.  Oxidation. — According  to 
Laubenheimer  {Ann.  Ch.  Thann.  clxiv.  283),  milk-sugar,  mixed  in  aqueous  solution 
with  a  small  quantity  of  soda,  is  oxidised  by  potassium  permanganate  at  ordinary 
temperatures  slowly,  but  at  the  boiling  heat  very  quickly  and  almost  completely,  to 
carbon  dioxide  and  water.  Attempts  to  convert  it  by  partial  oxidation  into  malic  or 
isomalic  acid  were  unsuccessful;  the  filtrate  separated  after  the  reaction  from  manga- 
nese dioxide,  containing  nothing  but  oxalic  acid  and  unerystalli sable  acids. 

Action  of  Anilitw. — Milk-sugar,  heated  with  twice  its  weight  of  aniline,  yields, 
according  to  circumstances  which  have  not  yet  been  clearly  made  out,  either  two 
nitrogenous  products,  or  only  one.  The  formation  of  these  bodies  may  be  represented 
by  the  equations : 

c^^H^O"  +  cmm  =  H-0  +  coh^'no-^' 

C=*H^'0"  -I-  2C«ffN  =  2ffO  +  cm^'wo-'". 
Both  these  bodies  arc  very  soluble  in  water,  very  sparingly  soluble  in  absolute  alcohol, 
nearly  insoluble  in  pure  ether.    They  rediice  alkaline  cupric  solutious.  Bromine, 
added  to  their  aqueous  solutions,  disappears  immediately  (K,  Saehsse,  Dent.  Chan, 
Gcs.  Ber.  jv.  834), 
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Glucose  (dextro)or  Bestrose,  Ssevulose,  and  Invert-Sugar,  CH'^O".  Action 
of  Haloids  and  of  certain  Chlorides  on  Dextrose. — Chlm-iur  (lors  not  act  on  anhydrous 
dextroso  nt  ordinary  temperatures,  but  at  80°  a  greenish  ciihiratiun  is  produced,  and 
at  112°  the  mass  swells  up  and  becomes  carbonised.  Lruiiiine  acts  in  a  similar 
manner,  but  the  sealed  glass  tubes  in  Tvhichthe  action  takes  place  always  break  at  80°. 
Iodine  does  not  act  on  dextrose  either  at  80°  or  in  sunshine.  In  a  stream  of  hydrogen 
chloride,  at  70°,  dextrose  turns  brown,  and  is  converted  into  a  dry  black  powder. 

Acetyl  chloride  acts  on  dextrose  at  ordinary  temperatures,  producing  acetochlor- 
hydrose,  C''H'(C-ffO)''C10^  together  with  acetic  and  hydrochloric  acids  (p.  12). 

By  the  action  of  chlorine  and  water,  dextrose  is  converted  into  gluconic  acid,  C"H'-0' 
(p.  659). 

When  dextrose  is  heated  with  baryta-water,  a  precipitate  is  formed;  consisting  of  tho 
barium  salt  of  saccharumio  acid,  CH^O"  (p.  3063),  and  the  liquid  filtered  there- 
from contains  the  barium  salt  of  glucic  or  glucinic  acid  (p.  656). 

Lpevulose  treated  with  chlorine  and  water  yields  glycoUic  acid  (p.  llOi). 

Invert-sugar  treated  with  water  and  soclium-amalgam  is  partly  converted  into 
mannite  (p.  773). 

Tho  action  of  the  electric  current  on  invert-sugar  has  been  examined  liy  H.  T. 
Brown  {Chem.  Soc.  J.  [2],  x.  578).  Twenty-four  hours  after  the  commencement  of 
the  experiment  the  evolved  gas  was  found  to  have  the  following  percentage  composition  ; 

Carbon  dioxide  14-15   j    Hydrogen  72'80 

Carbon  monoxide         3-34:  1    Oxygen  971 

The  distillate  netitralised  with  sodium  carbonate  exhibited  the  reactions  of  aldehyde, 
and  tho  residue  in  the  retort,  on  further  distillation  with  a  little  sulphuric  acid, 
yielded  a  ku'ge  quantity  of  acetic  and  a  small  quantity  of  formic  acid.  Tlie  formation 
of  alcohol  could  not  be  distinctly  proved,  but  Brown  regards  it  as  probable,  from  the 
composition  of  the  electrolytic  gases.  Brister  {Archives  Neerlandaises,  1866,  i.  296  ; 
Jahresb.  1866,  87)  obtained,  by  the  electrolysis  of  a  solution  of  cane-sugar,  carbon 
dioxide  and  an  acid  distillate  possessing  reducing  properties,  but  in  which  ho  coukl 
not  detect  either  acetic  or  formic  acid. 

Saoeliariiae  Substamee  from  S.ime-leaves,  A  viscous  saccharine  liquid 
adhering  to  the  upper  side  of  the  diseased  leaves  of  a  lime-tree  was  found  by 
Boussingault  {Ann.  Cidm.  I'hys.  [4],  sxv.  5)  to  consist  of  65'44  p.c.  cane-sugar,  24'75 
invert-sugar,  and  19-81  dextrin,  which  is  nearly  the  composition  of  manna  from  Sinai 
(65  cane-sitgar,  25  invert-sugar,  and  20  dextrin).  It  melted  when  exposed  to  the  sun, 
and  fell  in  drops  to  the  ground,  but  resumed  its  A'iscous  state  in  the  shade.  Sac- 
charine matter  was  also  found  in  tlie  healthy  leaves  of  the  same  tree,  but  in  much 
smaller  quantity,  and  it  was  free  from  dextrin. 

On  Boruesite,  see  p.  206  ;  Bambonite,  p.  421  ;  :Dulcite,  p.  440  ;  Inosite, 
p.  669  ;  ManKite,  p.  773. 

Synantlirose,  C'-ff-O"  (0.  Popp,  Ann.  Ch.  Pharm.  clvi.  181).  Tliis  is  a  variety 
of  sugar  which  always  accompanies  inulin  in  the  tuber-bearing  Composite  or  Synan- 
therete ;  it  occurs  in  all  stages  of  growth,  but  most  abundantly  in  the  ripe  bulbs. 
Dahlia  variabilis  yields  it  in  the  greatest  quantity  and  purest  state ;  but  the  tubers  of 
the  Jerusalem  artichoke  {Hclianthus  tidjcrosvs)  may  be  advantageously  used  for  its 
preparation.  The  freshly-expressed  juice  is  treated  with  lead  acetate  ;  the  excess  of 
lead  removed  by  sulphydric  acid;  the  filtrate  neutralised  with  magnesium  carbonate, 
again  filtered,  and  evaporated  to  the  consistence  of  an  extract ;  the  residue  re- 
peatedly exhausted  with  alcohol  so  long  as  the  solution  possesses  rotatory  power ;  the 
solution  evaporated  ;  and  the  residue  exhausted  with  small  quantities  of  alcohol  (not 
absolute).  The  resulting  solution  is  treated  with  animal  charcoal,  and  poured  in  a  thin 
stream  into  a  mixture  of  absolute  alcohol  and  ether,  and  tho  bulky,  white,  amorphous 
precipitate  is  quickly  filtered  off,  washed  with  a  mixture  of  alcohol  and  ether,  and 
dried  in  a  vacitum. 

Synanthrose  is  isomeric  with  cane-sugar;  deliquescent;  easily  soluble  in  water  and 
dilute  alcohol ;  difficultly  soluble  in  absolute  alcohol,  insoluble  in  ether ;  optically 
inactive  ;  does  not  reduce  the  solution  of  copper,  or  does  so  only  after  it  has  become 
altered  by  boiling.  Dilute  acids  convert  it  into  dextroso  and  Isevulose.  The  rotatory 
power  of  inverted  synanthrose  is  a  =  —  64-09°,  and  is  not  influenced  by  temperature. 
Its  flavour  is  faint,  but  not  sweet.  It  is  not  directly  fermentable ;  yeast  acts  upon  it 
indeed,  but  only  after  splitting  it  into  dextrose  and  Isevulose.  At  140°-145°  it  turns 
brown,  evolves  gas,  and  passes  into  caramel,  glucose  and  la^vulosan,  the  latter 
apparently  optically  inactive.  Cold  caustic  alkalis  do  not  turn  it  brown.  Cold  con- 
centrated sulphuric  acid  produces  less  colom-  with  it  than  with  caue-sugar.  Silver 
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nitrate  in  the  cold  gives  a  Tvhite  precipitate,  -which  is  reduced  on  heating,  and  par- 
tially on  drying.  Copper  salts  and  mercuric  chloride  give  no  precipitate,  mercuric 
nitrate .  gives  a  bulky  white  precipitate  without  reduction.  Mercurous  nitrate  and 
Millon's  solution  are  at  once  reduced  by  it  in  the  cold.  Neutral  and  basic  lead  acetate 
give  no  precipitate ;  lime  and  baryta-water  give  precipitates  only  on  addition  of 
alcohol.  Synanthrose  does  not  combine  -n-ith  sodium  chloride  or  other  neutral  salts  ; 
it  is  decomposed  by  chlorine  and  hypochlorites,  and  gives  by  dry  distillation  carbon 
oxide  and  dioxide,  marsh-gas,  acetic  acid,  and  acetone.  It  forms  a  hydrate, 
C'^H--0"  +  H^O,  the  water  in  which  cannot  be  driven  off  in  the  air-bath  without 
decomposition  of  the  synanthrose  ;  it  appears  to  form  a  similar  compound  with  alcoliol. 
The  barium  coynpoimd,  C'^H'"0"Ba^  easily  decomposed  by  carbon  dioxide,  is  difficultly 
soluble  in  water,  insoluble  in  alcohol,  and  easily  soluble  in  dilute  acids.  The  lead 
compoimd,  C'^il'"0"Pb-,  is  more  stable  than  the  barium  compound,  and  dissolves 
easily  in  acetic  acid  or  lead  acetate. 

Synanthrose  interferes  with  the  precipitation  of  copper,  iron,  and  chromium  oxides. 
Ferric  oxide,  freshly  precipitated  in  the  cold,  dissolves  in  solution  of  synanthrose,  and 
by  evaporation  is  reduced  to  magnetic  oxide,  glucose  being  also  formed.  By  treat- 
ment with  chromic  acid  or  lead  dioxide,  it  yields  formic  acid.  With  hot  dilute  nitric 
acid,  it  gives  saccharic  and  oxalic  acids. 

When  synanthrose  is  treated  with  a  cold  mixture  of  1  pt.  concentrated  oniric  acid 
and  2-2i  pts.  sulphuric  acid,  an  explosive  nitro-compound  is  formed,  soluble  in  alcohol, 
less  soluble  in  water  than  synanthrose  itself.  By  acetic,  butyric,  and  tartaric  acids  at 
100°,  synanthrose  is  converted  into  glucose.  The  prolonged  action  of  sulphuric  or 
hydrochloric  acid  produces  glucic  acid  and  finally  humus  compounds. 

SVZ.PHAX.BSHYBE.    See  Aldehyde  (p.  37). 

SUX.PKA»IIBOBE:uzoic  ACXDS.    See  SuLPHOBENZoic  Acids  (p.  1113). 
SUZiPHAMMOMXC  iS^CIBS.    See  Sulphazotised  Acids  {infra). 


SVX.PKAXQ-XX.IC  ACIS,  C»ffNSO'  =  CH*  |sq3jj.    This  acid,  formed  from 

aniline  and  sulphuric  acid,  is  converted  by  nitrous  acid  into  diazosulphanilic  acid, 
(N  =  N 

C'HM      /  ,  which,  when  heated  with  water,  yields  a  phenol-sulphonic  acid, 


CH'lgQajj  ,  convertible  by  fusion  with  potash  into  resorciu.    The  same  diazosulph- 


anilic acid,  heated  with  hydrobromic  acid,  yields  a  bromo-benzenesulphonic  acid, 


the  view  now  entertained  of  the  composition  of  rcsorcin,  these  facts  indicate  that  the 
sulphanilic  acid  prepared  by  direct  combination  is  a  meta-compound  (1  :  3).  On  the 
other  hand,  wlien  the  bromobenzenesulphonic  acid  obtained  as  just  described,  is  distilled 
with  potash,  it  yields  dicyanobeuzene,  C<^H''(CN)'^,  which,  by  boiling  with  potash,  is 
converted  into  terephthalic  acid,  which  is  a  para-compound.  Hence,  it  appears 
probable  that  the  conversion  of  the  bromobenzenesulphonic  acid  into  dicyanobenzene  is 
accompanied  by  a  molecular  transposition  (see  Bbxzene,  p.  135). 

SVIiPHAZOTISSS  ACXSS.  (Claus,  Bcut.  Chem.  Gcs.  Bcr.  iv.  186,  221  and 
504;  A7in.  Ch.  Pharm.  clviii.  62,  194;  Bull.  Soc.  CJdm.  [2],  xv.  179;  xvi.  76;  Chcm. 
Soc.  J.  [2],  ix.  307,  659).  These  acids,  of  which  the  sulphammonic  acids  {^st  Siifj)l. 
1047)  form  a  particular  group,  are  produced  by  the  action  of  sulphurous  acid  on 
potassium  nitrite.  Their  formation  depends  on  a  simple  reduction  of  the  nitrous  acid, 
but  with  this  peculiarity,  that  before  the  reduction  has  proceeded  so  far  as  the  forma- 
tion of  ammonia,  the  more  or  less  reduced  product  from  the  nitrous  acid  enters  into 
combination  with  the  group  SO'K,  resulting  from  oxidation  of  the  sulphurous  acid. 
Thus  the  sulphoxyazic  acids  are  the  stepping  stones  to  the  sulphammonic  acids,  the 
former  being,  in  fact,  convertible  into  the  latter  by  further  reduction  with  sulphurous 
acid.  The  formation  of  the  sulphazotised  acids  is,  however,  partly  assisted  by  the 
tendency  of  trivalent  nitrogen  to  pass  into  the  quinquivalent  condition.  Just  as 
potassium  nitrite  can  pass  into  nitrate  by  taking  up  an  atom  of  oxygen,  so  likewise 
has  it  a  tendency  to  take  up  the  bivalent  group  SO- : 


I  Br 
ISO^H 


,  also  convertible  by  fusion  with  potash  into  pure  resorein.    According  to 


NO^K  +  0     =  NO^K 
NO^K  -h  SO'^  =  SO-.NO^K. 


The  compound  SO-NO-K,  which,  in  the  ordinary  method  of  preparing  these  acids 
(p.  1111),  is  decomposed  as  fast  as  it  forms,  may,  in  fact,  be  isolated  by  acting  on  potas- 
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siiini  nitrite  with  an  alcoliolic  solution  of  siilpliurous  acid,  the  salt  so  formed,  imme- 
diately separating  out  and  being  thereby  withdrawn  from  the  further  action  of  tho 
sulphurous  acid.  On  again  subjecting  this  salt  to  the  action  of  sulphurous  acid, 
which,  perhaps,  takes  place  according  to  the  equation  : 

SO^.NO^K  +  SO^  +  2KH0  =  N0'iK(S03K)'=  + 
other  sulphazotised  acids  are  produced  by  the  action  of  the  nascent  hydrogen,  either 
on  the  newly  formed  salt,  or  on  the  compound  which  precedes  it,  or  finally  on  the 
potassium  nitrite,  with  or  without  the  simultaneous  action  of  fresh  sulphurous  acid. 

The  usual  mode  of  preparing  the  sulphazotised  acids  is  to  pass  sulphurous  acid  into 
an  alkaline  solution  of  potassium  nitrite,  the  products  thus  formed  varying  in 
composition  accordingly  as  the  solution  is  cooled  or  not  during  the  passage  of  the 
gas. 

All  these  acids  are  sulphonic  acids,  containing  either  trivalent  or  quinquivalent 
nitrogen,  which  may  also  be  united  with  oxygen  or  with  hydrogen.  Glaus  accordingly 
distinguishes  three  groups : 

1.  Sulphammonic  compounds,  all  containing  quinquivalent  nitrogen,  which,  besides 
the  sulphonic  group  SO^K,  is  combined  only  with  hydrogen.  These  compounds,  when 
ignited  with  soda-lime,  give  off  the  whole  of  their  nitrogen  as  ammonia. 

2.  Sulflioxyazic  conqMunds,  likewise  containing  only  quinquivalent  nitrogen,  which, 
however,  is  united  with  oxygen  as  well  as  with  hydrogen.  When  heated  with  soda- 
lime,  thoy  give  off  only  a  part  of  their  nitrogen  in  the  form  of  ammonia. 

3.  Sid'phamic  compounds  containing  only  trivalent  nitrogen. 

Of  these  three  classes,  the  following  compounds  have  been  examined : 

(1)  .  Sulphammonates: 

N''H(SO'K)'  Tetrasulphammonate  of  potassium 
N'H^SO'K)'  Trisulphammonate  of  potassium 
N'H'(SO'K)-  Disulphammonate  of  potassium. 
The  monosulphammonate,  N''H'(SO^K),  has  not  been  obtained;  it  would  be  iso- 
meric, or  perhaps  even  identical,  with  amnionio-potassic  sulphite,  So|q^jj,,  . 

(2)  .  Sulphoxyazates : 

ON''H(SO^K)'-.  Disulphydrosyazate  of  potassium :  hard,  transparent,  shin- 
ing crystals  sparingly  soluble  in  cold,  easily  in  hot  water ; 
decomposes  when  heated  above  60°. 

ON'(SO'I{.)^         Trisulphoxyazate  of  potassium:  shining,  transparent,  rhombic 
plates,  moderately  stable. 
UN'  —  N'O  Sulphazotate  of  potassium:  colourless,  translucent,  rhombic 

III  II  plates,  which  may  be  lieated  to  ]  60°. 

(SU3K)'0K(S0'K). 

/^\  Oxysiilphazotatc  of  potassium:  needles  of  a  deep  yellow  colour; 

N  —  NO       very  unstable.  * 

lil  I 
(SO^K)^(SO'K) 

(3)  .  Sulphamates : 

>rH(0H)(S03K).       Sulphydrosylamate  of  potassium. 
NH.(0H)(S0^H).       Sulphydroxylamic  acid. 

The  aqueous  solution  of  this  acid  may  be  boiled  for  a  short 
time  without  decomposition. 

Instead  of  tho  names  above  given  to  the  compounds  of  the  first  and  second  groups, 
the  following,  in  which  the  prefix  '  azo '  denotes  nothing  more  than  a  nitrogen-com- 
])ound,  are  proposed  by  Michaelis  (Jahresb,  f.  Cliem.  1872,  234),  as  more  charac- 
teristic:— 

NH(SO^Iv)'  Hydrazotetrasulphonate 

NH'(S03K)^       Hydrazotrisulphonate,  &c.  &c.  ^ 
0NH(S0'*K)-  Hydrazoxydisulphonate 
ON(SO^K)^  Azotetrasidphonate 
N'-H0=K(S0'K)^  Diazohydroxypotassiotetrasulphonate 
N=0'(S0'K)*  Diazotetrasulphonate. 

SUS-PHETHESS  OP  ETHYSEITE.    See  Etiklene  (p,  491). 
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S'U'XiPHXSSS  OP  H-3rBaO«S-232T.  ]\fo7iosulpkide  :  Sulphi/clric  acid :  Sul- 
phuretted Hydrogen. — On  tlie  formation  and  preparation  of  this  gas,  and  the  decompo- 
sition of  its  aqueous  solution,  see  p.  6C1.  The  gas  is  commonly  said  to  require  a  red 
heat  to  decompose  it.  According  to  J.  Myers,  however  {Ann.  Ch.  Pharin.  clix.  124), 
the  decomposition  begins  at  400°,  and  proceeds  rapidly  at  the  boiling  point  of  sul- 
phur. 

Basicity  of  Sidphydric  acid, — J.  Thomson  {Pogg.  Ann.  cxxxix.  193  ;  Jahresh.  1870, 
120)  regards  sulphydrio  acid  as  a  monobasic  acid,  H.SH ;  first,  because  the  heat  de- 
veloped on  adding  to  it  successive  quantities  of  sodium  hydrate  does  not  increase  after 
the  addition  of  1  mol.  NaHO  {\st  Siqypl.  683) ;  secondly,  because  the  second  atom  of 
hydrogen  cannot  be  replaced  by  sodium  acting  on  the  aqueous  solution.  For  similar 
reasons  also  he  regards  water  as  a  monobasic  acid,  H.OH.  According  to  this  view, 
the  so-called  neutral  sulphides,  such  as  Na-S — like  the  corresponding  anhydrous 
oxides,  e.  g.,  Na^O— cannot  exist  in  aqueous  solution,  and  the  soluble  normal  salts  of 
sulphydric  acid  must  be  regarded  as  Na.SH,  Ba(SH)2,  Mg(SH)=,  &c.  Kolbe  {J.  pr. 
Chem.  [2],  iv.  412)  objects  to  this  view,  on  the  ground  that,  if  an  aqueous  solution  of 
sodium  sulphide  contains  nothing  but  the  sulphydrate  and  hydrate  of  sodium,  it  should, 
when  treated  with  potassium  ethylsulphate,  yield  nothing  but  mercaptan,  whereas  it 
always  yields  in  addition  ethyl  sulphide,  (C-'H*)^S,  the  quantity  of  which  is  greater  as 
the  solution  of  sodium  sulphide  is  more  concentrated.  Kolbe  therefore  concludes  that 
the  resolution  of  the  sodium  sulphide  into  sulphydrate  and  hydrate  is  complete  only 
in  very  dilute  solutions  (such  as  those  used  by  Thomsen),  and  very  partial  in  concen- 
trated solutions,  and  therefore  that  Thomson's  view  of  the  monobasicity  of  sulphydric 
acid  is  erroneous.  Thomsen  {ibid.  v.  247)  agrees  with  Kolbe  that  the  decomposition 
of  metallic  sulphides  by  water  is  more  complete  in  dilute  than  in  concentrated  solu- 
tions, but  regards  his  inference  from  the  formation  of  ethyl  sulphide  in  the  reaction 
just  mentioned  as  inconclusive,  inasmuch  as  the  reaction  is  complicated  by  the  pre- 
sence of  sodium  hydrate. 

Persulphidc. — The  composition  of  this  compound  is  still  a  matter  of  doubt. 
Hofmann,  in  1868,  obtained  a  crystalline  compound  of  hydrogen  persulphide  with 
strychnine,  having  the  composition  C^'H^-N-O^.H-S',  and  hence  inferred  that  the  per- 
sulphide-itself  is  H-S^ ;  he  did  not,  however,  succeed  in  isolating  it.  Similar  results 
have  recently  been  obtained  by  W.  Eamsay  {Chem.  Soc.  J.  [2],  xii.  857),  who  likewise 
did  not  succeed  in  isolating  the  persulphide,  or  in  obtaining  it  of  definite  composition 
by  any  other  process.  Drechsel  {J.  fr.  Chem.  [2],  iv.  20  ;  Jahresh.  1871,  211),  on 
the  other  hand,  regards  the  persulphide  as  a  pentasulphide,  H'-S*,  analogous  to  K'-S^, 
because  it  may  be  formed  from  the  latter  (?  by  decomposition  with  acids),  and  recon- 
verted into  it  by  the  action  of  alcoholic  potassium  sulphydrate  : 

2KHS  +  ffS^  =  K^S^  +  2H=S. 

Hydrogen  persulphide  is  an  almost  colourless  oil  of  sp.  gr.  17342,  somewhat  soluble 
in  alcohol,  insoluble  in  benzene  and  chloroform.  It  dissolves  phosphorus  and  iodine, 
but  the  solutions  gradually  decompose,  giving  off  sulphydric  acid,  and  forming  phos- 
phorus iodide  or  hydriodic  acid  respectively.  Chlorine  passed  through  it  forms  hydro- 
chloric acid  and  sulphur  chloride,  S-CP.  Broiuine  acts  in  a  similar  manner.  Sid- 
phurous  anhydride  has  but  very  little  action  on  it.  Ammonia,  either  gaseous  or  in 
solution,  decomposes  it  instantly,  leaving  sulphur  in  a  peculiarly  brittle  blistered  state. 
On  organic  bodies  the  persulphide  exerts  a  more  powerful  reducing  action  than  the 
monosulphide  (Eamsay). 

SU2.PSIIJJES,  B23aTAXiS.ZC,  Formation  by  the  action  of  Alkaline  Sulphides  on 
Metals  (Priwoznik,  Ann.  Ch.  Pharm.  clxiv.  46). — Pure  copper  immersed  in  yellow 
ammonium  sulphide  to  which  a  considerable  quantity  of  sulphur  has  been  added,  be- 
comes covered  with  a  crust  of  cupric  sulphide,  CuS,  blue-black  on  the  outer,  brown- 
black  on  the  inner  surface,  easily  separating  from  the  metal  and  continually  renewed. 
If  the  action  be  allowed  to  go  on  for  several  days,  the  monosulphide  changes  into 
black  cuprous  sulphide,  Cu^S,  the  supernatant  transparent  and  colourless  liquid  then 
consisting  of  ammonium  monosulphide.  The  yellow  solutions  of  potassium  and 
sodium  sulphide  likewise  give  up  their  excess  of  sulphur  to  copper,  and  become  colour- 
less. This  reaction  aiFords  an  easy  method  of  forming  the  alkaline  monosulphides  ; 
a  little  copper,  however,  is  ajot  to  bo  taken  up.  Sodium  thiosidphate  is  also  decom- 
posed at  the  boiling  heat  by  copper,  especially  in  the  finely  divided  state ;  thus : 
Na^S^O'  +  2Cii  =  Cu^S  +  Na^SO'. 

Silver,  as  is  well  known,  is  blackened  by  alkaline  sulphides.  Chemically  pure  silver 
immersed  in  yellow  ammonium  sulphide  becomes  coated  with  a  very  closely  adhering 
lead-grey  film,  which  becomes  thicker  on  prolonged  immersion,  and  after  about  six 
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■weeks  forms  a  crystalline  crust  of  the  monosiilpliide  Ag-S,  which  easily  splits  off  on 
bending  the  plate. 

Tin,  under  similar  circumstances,  likewise  unites  with  sulphur,  but  does  not  form  a 
crust,  because  the  resulting  sulphide  dissolves  in  the  sulphide  of  alkali-metal. 

Nickel  behaves  exactly  like  tin,  imparting  to  yellow  ammonium  sulphide  a  dark 
colour  which  passes  through  brown  into  black.  This  reaction  serves  to  distinguish 
nickel  from  cobalt  (p.  849). 

An  ii-on  wire,  a  millimeter  thick,  immersed  in  ammonium  polysulphide,  gradually 
became  covered  with  an  extremely  thin  velvet-black  film,  which  was  easily  rubbed  off. 

Formation  hy  the  action  of  Thiosulphates. — Metallic  oxides  or  salts,  heated  with 
anhydrous  sodium  thiosulphate,  are  converted  into  sulphides,  exhibiting,  for  the  most 
part,  the  same  colours  as  when  they  are  formed  by  precipitation  with  hydrogen  sul- 
phide. Manganic  oxide,  however,  is  converted  into  green  oxysulphide,  Mn-OS,  and 
stannic  oxide  into  browqi  stannous  sulphide  (Landauer,  Zcitschr.  Ann.  Chem.  1872, 
427). 

Action  of  Iodine  on  Insoluble  Sulphides. — A  mixture  of  sine  sulphide  and  dry  iodine 
immediately  becomes  hot,  with  separation  of  sulphur,  and  formation  of  zinc  iodide  ; 
to  complete  the  decomposition,  however,  the  mixture  miist  be  heated  to  200°  in  sealed 
tubes.  Zinc  sulphide  suspended  in  water  is  acted  on  in  the  same  manner  by  iodine, 
either  dry,  or  dissolved  in  water  or  alcohol,  excepting  that  a  small  quantity  of  zine 
sulphate  (15  pts.  to  1000  of  the  zinc  sulphide)  is  produced  at  the  same  time.  The 
sulphate  is  also  formed  in  small  quantity,  together  with  zinc  iodide  and  free  sulphur, 
in  the  action  of  dry  zinc  sulphide  on  solutions  of  iodine  in  ether  or  chloroform ;  no 
sulphate,  however,  is  formed  in  the  action  of  zinc  sulphide  on  iodine  dissolved  in  car- 
bon sulphide.  Native  zinc  hlcnde  is  attacked  by  iodine  only  at  high  temperatures, 
best  at  200°  ;  in  presence_of  water  a  little  sulphate  is  likewise  formed.  The  formation 
of  the  sulphate  appears  to  be  due,  not  to  the  absorption  of  oxygen  from  the  air  by  the 
sulphide,  but  to  the  decomposition  of  water,  with  formation  of  hydi-iodic  acid. 
Similar  results  are  obtained  by  the  action  of  iodine  on  the  sulphides  of  manganese, 
cadmium,  iron,  nickel,  cobalt,  tin,  antimony,  arsenic,  bismuth,  lead,  mercury,  silver, 
and  platinum  (Filhol  a.  Mellies,  Ann.  Chim.  Phys.  [4],  xxii.  58). 

On  the  electric  conductivity  and  electromotive  power  of  metallic  siilphidea,  see 
ELECTKiciTr  (p.  446) ;  also  Chem.  News,  xxiii.  161. 

SU'SPHIJSriC  ACSX»S.  Organic  sulphur-acids  formed  on  the  type  E— SOOH, 
11  denoting  a  monatomic  alcohol  radicle  ;  they  contain  1  at.  oxygen  less  than  the  sul- 
phonic  acids. 

SUJCBHOBEsa-asme  or  SUE,E>H0EEHZ02,ZC  ACIDS.  Syii.  with  Benzene- 
sutnioNic  Acids  (p.  152). 

SUiPHOBESlZOIC  A.CTI1,  C'IPO%SO''  =  C''H'|^q'^.  Formation.— Be,\\zo-^l 
chloride,  treated  with  sulphuric  acid,  is  converted  into  beuzoyl-sulphuric  acid, 
''^*^'{o(C'H=0)  '  '^'^^''^^  on  keeping,  and  still  more  on  heating,  changes  into  the  isomeric 
sulphobenzoic  acid,  identical  with  that  which  is  prepared  by  the  action  of  sulphuric 
acid  on  benzoic  acid  (Oppenlieim,  Bent.  Chem.  Gcs.  Bei:  iii.  735). 

Action  of  Potasssimn  Hydrate. — Crude  sulphobenzoic  acid  fused,  with  potash  is  con- 
verted into  a  mixture  of  oxybenzoic  and  paraoxybenzoic  acids.  These  two  acids 
cannot  be  separated  by  fractional  crystallisation  ;  but  an  approximate  separation  may 
be  effected  by  adding  bariu.m  hydrate  to  the  mixed  solution  of  their  barium  salts, 
whereby  a  basic  barium  paraoxybenzoate  is  formed,  which  is  but  slightly  soluble  in 
water ;  oxybenzoic  acid  does  not  form  a  basic  barium  salt  under  these  circumstancea. 
The  formation  of  these  two  acids  shows  that  crude  sulphobenzoic  acid  is  a  mixtiure  of 
nieta-  and  parasulphobenzoic  acid. 

Acid  Parasidphobenzoate  of  Barium,  (C'H=S05)-Ba  +  SH^O,  is  sparingly  soluble  in 
hot  water  (much  less  than  the  meta-salt),  nearly  insoluble  in  cold  water;  when  pure 
it  crystallises  from  the  hot  solution  in  flat  needles,  which  fill  the  containing  vessel 
from  top  to  bottom.  The  neutral  potassium  salt  is  very  easily  soluble  both  in  hot  and 
in  cold  water,  and  crj'stallises  in  needles.  When  fused  with  potash  it  yields  perfectly 
piu-6  paraoxybenzoic  acid,  whereas  the  potassium  salt  prepared  from  acid  metasulpho- 
benzoate  of  barium  yields  by  fusion  vrith  potash  nothing  but  oxybenzoic  acid  (Ira 
Eemsen,  Zcitschr.  f.  Chem.  [2],  vii.  81,  199). 

Amidosulphobenzoic  Acids,  C'H\NH-)0=.S0'H:  (Griess,  J.pr.Chem.  [2],  v. 

2-14).  Two  isomeric  acids  having  this  composition  are  obtained  by  heating  a  solution 
of  amidobenzoic  acid  in  fuming  sulphuric  acid  to  170°,  dissolving  the  resulting  dirty- 
white  crystalline  mass  in  a  large  quantity  of  boiling  v/atcr,  neutralising  with  barium 
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carbonate,  and  evaporating  the  solution  to  the  crystallising  point.  It  then  deposits 
small,  well-defined,  six-sided  tables  or  prisms  consisting  of  the  barium  salt  of  one  of 
the  siilpho-acids,  and  the  mother-liquor,  on  further  evaporation,  yields  thick  wliite 
needles  or  small  prisms  of  the  barium  salt  of  the  other  acid.  This  last-mentioned 
barium  salt  has  the  composition  C'iI^(NH-)O^.SO^Ba  +  311-0.  On  supersatiu-ating 
its  hot  aqueous  solution  -with  hydrochloric  acid,  the  free  acid  separates  almost  com- 
pletely on  cooling,  in  soft,  white,  six-sided  laminse,  or  in  nodules,  very  slightly  soluble 
in  boiling  water,  almost  insoluble  in  alcohol  and  ether.  It  is  anhydrous,  has  a  sour 
taste,  and  is  bibasic.  Heated  with  strong  nitric  acid  it  is  converted,  with  separation 
of  sulphuric  acid,  into  an  easily  soluble  nitro-acid. 

The  barium  salt  of  the  other  amidosulphobenzoic  acid  has,  when  air-dried,  the  com- 
position C'H3(NH2)0=.SO^Ba  +  2R-0.  By  converting  it  into  an  ammonium  salt  and 
precipitating  the  solution  of  the  latter  with  hydrochloric  acid,  the  free  acid  is  obtained 
in  narrow  four-sided  laminff,  which  are  easily  soluble  in  hot  water,  and  have,  when 
air-dried,  the  composition  C'H'(NH:-)0=.S0'H  +  H-0. 

These  amidated  sulplio-acids  are  likewise  produced,  witli  separation  of  carbon 
dioxide  and  ammonia,  by  the  action  of  fuming  sulphuric  acid  on  amidobenzoic  cyanide 
{1st  Suppl.  317).  The  amidosulphobenzoic  acid,  which  Limpricht  and  v.  Uslar 
obtained  by  reducing  nitrosulphobenzoic  acid  with  ammonium  sulphide  (v,  488),  is 
probably  a  third  modification. 

BromosuIphoDenzoic  Acid,  C'ffBrS0^  =  C''ffBr|gQ3^  (Eoeters  van  Lennep, 

Zeitschr.f.  CJicm.  [2],  vii.  67).  This  acid  is  prepared  by  heating  bromobenzoic  acid 
(m.  p.  152°)  with  sulphuric  anhydride  till  the  mixture  nearly  ceases  to  give  off  vapour 
of  the  anhydride,  then  pouring  it  into  water,  separating  the  solution  from  unaltered 
bromobenzoic  acid,  boiling  the  filtrate  with  lead  carbonate,  and  decomposing  the 
resulting  lead  salt  with  hydrogen  sulphide.  It  crystallises  in  small,  delicate,  deli- 
quescent needles.  Its  salts,  especially  the  neutral  salts,  crystallise  very  badly,  form- 
ing dense  masses  which  retain  moisture,  so  that  it  is  difficult  to  determine  their  amount 
of  water  of  crystallisation.  The  neutral  sodium  salt  forms  clusters  of  small  needles. 
The  acid  sodium  salt,  C'H^Br.CO-H.SO^Na,  separates  from  the  solution  of  the  neutral 
salt  in  hydrochloric  acid,  and  may  be  obtained  in  well-defined  needles  by  recryetalli- 
sation  from  alcohol.  The  neutral  barium  salt,  OTI^Br.CO-.SO'.Ba  +  2^H=0,  crystal- 
lises in  tufts  of  needles  easily  soluble  in  water  and  in  rather  strong  boiling  alcohol. 
The  add  barittm  salt,  (C''H'Br.C0=H.S03)=Ba  +  WO,  is  formed  when  the  neutral  salt 
is  crystallised  from  hydrochloric  acid,  and  may  be  obtained  in  very  small  needles 
by  recrystallisation  from  alcohol.  The  calciictn  salt,  C«H-'Br.G0-.S0'.Ca  +  UWO, 
obtained  by  boiling  the  crude  acid  with  slaked  lime  or  chalk,  dissolves  easily  in  water, 
sparingly  in  alcohol  either  cold  or  hot,  and  crystallises  easily  from  hot  alcohol  in 
needles.  The  magnesium  salt  forms  small  needles  easily  solulile  in  water,  sparingly 
in  alcohol.  The  copper  salt,  C'H^Br.CO-.SO'.Cu,  forms  nodular  groups  of  green, 
sparingly  soluble  needles.  The  lead  salt,  prepared  as  above  described,  also  forms 
nodular  groups  of  needles  sparingly  soluble  in  water  and  in  alcohol.  The  silver  salt, 
CH'Br.CO-Ag.SO'Ag,  crystallises  in  white,  slightly  soluble  needles. 

Action  of  Phosphorus  Pental)romid,e  on  Sodium  Bromosulphobensroatc, — This  reaction, 
which  probably  takes  place  according  to  the  equation : 

CH^Brj^Q^J*  -t-  2PBr»Br=  =  C»H^Br{^J^^^'  +  2NaBr  +  2V01Bj;\ 

ielded  an  oil,  which  was  washed  with  water  to  f  efliote  sodium  buotnlde,  and  then 
oiled  with  water  to  convert  the  group  COBi!  into  the  gl'Oup  COOH.    Seat  partly 
decomposed  the  resinous  product,  thus  : 

CffBr.CO^H.SO^Br  =  C'HSBr^COOH  -f-  SO'. 

It  was  now  dissolved  in  soda-solution,  ffltered  from  the  insoluble  portion,  and  pre- 
cipitated by  hydrochloric  acid,  when  it  yielded  a  very  small  quantity  of  an  acid. 
Neither  this  acid,  nor  its  sodium  salt,  could  be  obtained  in  a  distinctly  crystalline 
state  from  their  solutions  in  alcohol  or  water,  but  one  or  two  sublimations  gave  the 
acid  in  slender  glistening  needles  melting  at  182°-184°. 

Tbiobenzoic    Acid,   C^H'  |qqqjj  (Hiibner  a.  Upmann,  Zcitsch:  f.  Chem, 

[2],  vi.  291;  van  Lennep,  loc.  cit-)  This  acid,  the  sulphur-analogue  of  oxybenzoie 
acid,  is  prepared;  1.  By  heating  sodium  sulphobcnzoate  with  twice  its  weight  of 
phosphorus  pentaohloride,  and  treating  the  resulting  sulphobenzoic  chloride, 
C'H-'.SO-Cl.COCl,  with  tin  and  hydrochloric  acid.  The  crystalline  mass  which  sepa- 
rates is  washed  with  hydrochloric  acid,  dissolved  in  ammonia,  precipitated  by  an  acid, 
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and  recrystallised  from  alcohol  containing  hydrochloric  acid  (Hiibuer  a.  Upmann). 
2.  By  reducing  bromothiohydrobenzoic  acid  {infra)  wth  sodium-amalgam  and  Tvater, 
precipitating  with  dilute  sulphuric  acid  and  recrystallising  from  water  (van  Lennep). 

Thiohydrobenzoic  acid  is  nearly  insoluble  in  water,  sparingly  soluble  in  alcohol, 
and  crystallises  from  the  latter  in  needles  having  a  faint  yellowish  colour,  but  may  be 
obtained  white  by  solution  in  ammonia  and  precipitation  by  hydrochloric  acid.  It 
melts  at  242°-244:'='.  The  ammonmm  salt,  C«H''(SH)C02]SfH^  +  H^O,  is  soluble  in 
water  and  alcohol,  and  separates,  on  evaporation,  as  a  granulo-erystalline  mass.  The 
hariimi  salt,  [C"li*(SH).CO-]^Ba  +  2^I:P0,  is  obtained  by  precipitating  a  boiling,  very 
dilute  solution  of  the  ammonium  salt  with  barium  chloride,  in  small  white  prismatic 
needles.  The  calcium  salt,  [C'*H<(SH)CO-]'-Ca  +  3H-0,  is  a  light  yellow  granulo- 
erystalline  precipitate.  The  cine  and  lead  salts  are  likewse  obtained  by  precipitation 
(Hiibuer  a.  Upmann). 

Bromothiobensoic   acid,    CH'Br  |qq2u,    is  prepared  from  bromosulpho- 

benzoio  acid  in  the  same  manner  as  thiohydrobenzoic  from  sulphobeuzoic  acid.  The 
mass,  separated  by  the  action  of  tin  and  hydrochloric  acid,  dissolves  for  the  most 
part  in  alcohol,  and,  on  evaporating  the  solution,  the  bromothiobeuzoic  acid 
separates  in  small  colom-less  needles  melting  at  256°  (Upmann),  at  242°-243°  (van 
Lennep).  It  is  insoluble  iii  water,  but  dissolves  easily  in  alcohol.  By  the  action  of 
water  and  sodium-amalgam  it  is  converted  into  thiobenzoic  acid.  The  cine  salt, 
(C''H'Br.SHCOO)-ZD,  is  precipitated  on  adding  zinc  sulphate  to  a  solution  of  the 
ammonium  salt;  it  is  insoluble  in  water.  The  lead  salt,  (C^ffBr.SHCOOJ-Pb,  is  a 
white  precipitate,  insoluble  in  water,  prepared  by  adding  lead  acetate  to  a  solution  of 
the  ammonium  salt.  The  barium  salt,  (C''H^Br.SHCOO)'Ba,  forms  a  white  precipitate, 
obtained  by  adding  barium  chloride  to  the  ammonium  salt.  It  is  somewhat  soluble 
in  boiling  water,  and,  on  evaporation,  separates  in  microscopic  crystals.  The  calcium 
salt,  like  the  barium  salt,  is  a  white  precipitate.  The  sodium,  salt,  after  treatment 
with  iodine,  yields  an  acid  having  a  melting  point  of  130°.  Its  lead  and  zinc  salts, 
(CH^Br.S.COOj-Zn,  are  white  precipitates,  insoluble  in  water  (van  Lennep). 

S17I,PKOCA5SSPH:oKIC  ACXH,  C^H'oSO'.  This  acid  and  its  salts  are  in- 
active to  pohirisi'd  light,  although  they  are  derived  from  the  anhydride  of  camphoric 
acid,  which  has  a  rotatory  power  of  about  —7°  (Kachler,  Ann.  Ch.  Pharm.  clxii.  259). 

SU3CPHOCAKBAMIDE.    Sulphirca,  CSj^^j.  —  This   body,  heated  in  a 

sealed  vessel  with  nearly  anhydrous  aldehyde,  forms  the  compound  CS  {^jjs"^  ' 

vliich  dissolves  sparingly  in  ether  and  cold  alcohol,  more  readily  in  hot  alcohol,  not 
ttt  all  in  cold  water,  and  is  decomposed,  by  boiling  with  water,  into  aldehyde,  sulpho- 
carbamide,  and  a  small  quantity  of  ammonium  sulphocyanate.  Dilute  acids  act  upon 
it  in  the  same  Way  (J.  E.  Eeynolds,  Chem.  News,  xxiv.  87). 

The  analogous  oxygen-compound,  CO  {^gz"^  )  described  by  Schiff  {Ann.  Ch. 
Pharm.  cli.  206),  is  formed  by  the  action' of  aldehyde  on  carljamide  (urea). 

Difhenylsulphocarbamidc,  N-(CS)(C»ff)-H2.— On  the  action  of  an  alcoholic 
fiolutiou  of  nitrous  ether  on  this  compound,  see  p.  436. 

CS 


0 xyb em oylsul'pho carbamide,  C^H'N-O-S  =  N- jCffO-.— This  compound  is 

formed  by  heating  amidobenzoic  sulphate  on  the  water-bath  with  a  quantity  of  water 
not  sufficient  to  dissolve  it  conii.lctcly,  and  adding  an  equivalent  quantity  of  potassium 
sulphocyanate  in  crystals,  whriTuiHui  I  In'  whole  dissolves  in  the  form  of  easily  soluble 
amidobenzoic  sulphocyanate,  (  II  ) -.( '  1 1 XS.  By  very  strong  concentration  a  crystal- 
line deposit  is  obtained,  consisting  chielly  of  potassium  sulphate;  and,  on  evaporating 
to  dryness  on  the  water-bath,  exhausting  with  alcohol,  evaporating  the  alcoholic  solu- 
tion to  dryness,  and  crystallising  the  residue  several  times  from  boiling  water,  oxy- 
benzoyl-sulphocarbamido,  resulting  from  molecular  transformation  of  the  amidobenzoic 
sulphocyanate,  is  obtained  in  the  pure  state. 

Oxybenzoyl-sulphocarbamido  is  nearly  insoluble  in  cold  water  and  alcohol,  but 
dissolves  readily  in  both  these  liquids  at  the  boiling  heat.  The  hot  aqueous  solution 
forms  white  precipitates  with  the  chlorides  of  barium  and  calcium  and  the  nitrates  of 
silver  and  lead,  and  a  brown-red  precipitate  with  ferric  chloride.  It  is  desulphurised 
by  silver  or  lead  nitrate  in  presence  of  alkalis,  also  by  mercuric  oxide  and  silver  oxide, 
being  probably  converted  into  the  carbamide  of  oxybeuzoic  acid  (Arzruni,  I)cut,  Chem, 
Gcs.  Bcr.  iv.  406). 
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Pseudotoli/l-suliJhocarbamide.G^'WW-S  =  CS(NH.C'H')=,  is  formed  by  heat- 
ing pseudotoluidine  on  the  -water-bath,  with  an  alcoholic  solution  of  carbon  sulphide, 
as  long  as  hydrogen  sulphide  continues  to  escape,  and  separates  out,  partly  during  the 
reaction,  partly  on  cooling.  This  compound,  -when  recrystallised  from  alcohol,  forms 
white  woolly  needles  extremely  sohiblein  alcohol  and  ether,  melting  at  165°  (uncorr.) 
(E.  Gerard,  Deut.  Ckcm.  Gcs.  Bcr.  iv.  985). 

SUIPHOCAKBSMSBES.    See  SuLPHOCYAXIC  EtHERS  (p.  1117). 

SITE.E'HOCAIIBOEJYI.  CHX.ORZBE,  CSCP.  See  Caebon  SulphociU-OEIdes 
(p.  266). 

StriPHOcmOTAaaiC  ACJB,  C'H'SO^  Cinnamic  acid  treated  with  strong 
sulphuric  acid  yields  two  isomeric  sulpho-acids.  The  para-acid,  C''H*SO^  +  6H-0, 
crystallises  in  largo  monoclinic  prisms  ;  its  barium  salt,  (C^H'SO^)-Ba  +  3H-0,  forms 
long,  sparingly  soluble  needles.  By  fusion  with  potash  the  acid  is  converted  into 
paraoxybenzoic  acid.  The  isomeric  acid  forms  indistinct  crystals;  its  barium 
salt,  (C'H'SO')'Ba-(-liH=0,  crystallises  in  noddies.  The  salts  of  this  latter  acid 
are  more  soluble  than  the  corresponding  para-salts.  By  fusion  with  potash  it  appears 
to  yield  oxybenzoic  acid. 

SUE.PHOCOB-SIA2iII.XC  ACIB,  C'ffO-SO^  (Perkin,  Chem.  Soc.  J.  [2],  ix.  49). 

This  acid  is  formed  by  digesting  1  pt.  of  coumarin  with  6  pts.  of  fuming  sulphuric 
acid  on  the  water-bath  for  an  hour  or  two.  The  product  dissolves  perfectly  in  water, 
and  the  solution  neutralised  with  barium  carbonate  yields,  besides  barium  sulphate, 
the  soluble  barium  salt  of  sulphocoumarilic  acid  ;  and  by  decomposing  this  salt  with 
the  exact  quantity  of  sulphuric  acid  required,  then  filtering,  and  evaporating,  first  over 
the  water-bath,  afterwards  in  a  vacuum,  sulphocoumarilic  acid  is  obtained  in  easily 
soluble  needles  having  the  composition  C'ffO-.SO'H  +  2H"0.  The  ammonium  salt 
crystallises  in  silky,  easily  soluble  needles.  The  sodium  salt  forms  transparent 
rhombic  crystals  nearly  insoluble  in  alcohol.  The  potassium  salt  crystallises  in  flat 
prisms.  The  barmm  salt,  {G>WO- .^O^fBa  +  6H=0,  and  the  strontium  salt, 
(C''H=501S0')-Sr  +  ffO,  crystallise  well. 

Disulphocoumarilic  Acid,  C''H''0-(SO'H)=.  A  mixture  of  about  8  pts.  fuming 
sulphuric  acid  and  1  pt.  coumarin,  heated  to  150°-160°,  for  an  hour  or  two,  yields  a 
product  containing  sulphocoumarilic  and  disulphocoumarilic  acids  ;  and  on  neutralis- 
ing this  mixture  with  barium  carbonate,  evaporating  to  dryness,  and  treating  the 
residue  with  warm  water,  barium  sulphocoumarilate  is  dissolved,  while  the  less  soluble 
disulphocoumarilate  remains  behind,  and  may  be  purified  by  recrystallisation  from 
warm  water.  This  salt,  C"H'0-'(SO^)-Ba  +  H=0,  forms  a  white  crystalline  powder 
nearly  insoluble  in  cold,  and  but  slightly  soluble  in  hot  water  (Perkin). 

sua.PHocvAKrAcsaiiff-sri.     or     Acisiwsri.  suxiPhoc-jtak-atx:, 

CH'NSO.    A  product  of  the  decomposition  of  sinalbin.    See  Mustaed  (p.  832). 

S'UI.PHOC'arAIS'ATSS.  Synthesis  of  Ammonium  Sulphonjanatc. — According  to 
Berthelot  {Jahresb.f.  Chem.  1868,  160),  carbon  sulphide  is  not  acted  upon  by  gaseous 
ammonia  at  ordinary  temperaturtes,  even  after  several  hours'  contact.  Heys  van 
Zouteveen,  on  the  other  hand  {Archives  Merlandaiscs,  v.  240),  finds  that  when  dry 
ammonia  gas  is  passed  into  carbon  sulphide,  a  brick-red  precipitate  is  formed,  the 
aqueous  solution  of  which,  when  evaporated  over  a  Biinsen  flame  to  half  its  bulk,  be- 
comes decolorised,  gives  off  vapours  of  carbon  sulphide  and  ammonium  sulphide,  and 
deposits  a  small  quantity  of  sulphur,  leaving  a  solution  of  ammonium  sulpho- 
cyanate,  as  shown  by  its  reaction  with  ferric  salts. 

The  first  stage  of  the  reaction  appears  to  be  : 

CS=  -f  2NH'  =  CSNH'(NH')S 

analogous  to — 

COS  H-  2Nff  =  CSNH'^(NH<)0 

(Isi!  8uppl.  408),  the  ammonium  sulphocarbamate  thus  formed  being  subsequently  de- 
composed by  the  action  of  heat  on  its  aqtieous  solution,  as  shown  by  the  equation  ; 
2GSNH2(NH')S  =  CS^  +  (NH*)=S  -t-  CNS(]SfH'). 
The  process  may  also  be  supposed  to  take  place  as  follows :  first — 

2CS^  +  4NH3  .  ^j^CS^Js^  +  g}N^ 
and  then,  on  boiling  the  mixture : 

h4      ~  NH^r' 
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Mercuric  Siilphocyanate. — The  following  double  salts  of  tliis  compound  have 
been  prepared  and  analysed  by  Th.  Nordstrom  {Beut.  Chem.  Gcs.  Ber.  iv.  989). 

HgK(CyS)'  HgSr(CyS)'       +  3  aq. 

Hg(NH^)(CyS)'  HgBa(CyS)^ 

Hg=Ca(CyS)'^  HgMg(CyS)' 

Hg2Cd(CyS)«  HgCu(Cy8)'       +  aq. 

HgNa"(GyS)'  HgMn(Cy,S)' 

HgSr(CyS)'  HgW(CyS)'»  +  3  aq. 

Totassium  Isosulpliocyanate,  Nij^  . — This  salt  is  obtained  by  the  action  of 

alcoholic  potash  on  persulphocyanio  acid,  as  a  yellow  granular  mass,  which  may  be 
decolorised  by  boiling  with  very  strong  alcohol,  and  freed  from  adhering  water  by  ex- 
posure over  oil  of  vitriol.  It  dissolves  easily  in  water,  is  nearly  insoluble  in  strong 
alcohol,  but  soluble  in  very  weak  spirit.  By  leaving  the  aqueous  solution  for  soino 
time  in  a  vacuum  over  sidphuric  acid,  it  is  obtained  in  crystals  having  the  composition 
2KNCS  +  H-0.  The  following  reactions  distinguish  the  isosulphoeyanato  from  tho 
ordinary  sulphoeyanato : 


Sulphocyanate 

Isosulpliocyaiiate 

Silver  nitrate    .  | 
Basic  acetate  of  lead| 

Copper  sulphate  j 

Cobalt  sulphate 
Nickel  sulphate 
Cadmium  sulphate 

Zinc  chloride  . 

Mercuric  chloride 
Mercurous  nitrate 

White  precipitate,  solu-l 
ble  in  ammonia  .) 

"White  voluminous  pre-l 
cipitato    .       .  ./ 

Black  pulverulent  pre-"i 
cipitate    .       .  .] 

Eose-red  coloration 

Greenish  coloration 

No  reaction .       .  .| 
Grey  precipitate  . 

Light  yellow  precipitate,  scarcely 
soluble  in  ammonia 

Yellow  precipitate 

Greenish-yellow  precipitate 

Brownish-green  precipitate 
Eeddish  precipitate 
White  precipitate 
Deep  yellow,  voluminous  pre- 
cix^itate 

White  voluminous  precipitate 
Black  precipitate 

Ferric  cliloride  gives,  with  neutral  solutions  of  the  isosulphocyanate,  a  brown 
coloration,  which  disappears  on  adding  excess  of  the  iron  solution  ;  a  yellow  pulveru- 
lent body  separates  from  the  liquid  on  standing. 

Potassium  isosulphocyanate  may  be  partially  converted  into  sulphocyanate  by  re- 
peated evaporation  of  its  aqueous  or  weak  alcoholic  solution  on  the  water- bath,  and 
completely  by  fusion. 

A  smell,  similar  to  that  of  mustard-oil,  is  observed  on  leaving  ethyl  iodide  in  con- 
tact with  isosulphocyanate  of  potassium  or  silver  (Fleischer,  BexU.  Chem,  Gcs.  Bcr.  iv. 
190). 

Sulphocyanlc  Etbers.     Allyl  Isosxilfhocyanate  or  Sulphocarhimide. 

Volatile  Oil  of  Mustard.    'S^q^I-    According  to  Vollrath  {Arch.  Pharm.  [2],  cxlviii. 

156),  this  oil  forms  an  essential  constituent  of  tho  root  of  mignonette.  It  mixes 
witli  strong  sulphuric  acid  without  coloration.  On  adding  3  pts.  of  strong 
sulphuric  acid  drop  by  drop  to  1  pt.  of  mustard  oil,  both  being  cooled  liy  ice, 
decomposition  sets  in,  attended  with  evolution  of  sulphurous  acid  and  carbon  oxy- 
sulphide  (Fluckiger,  Arch.  Pharm.  [2],  cslv.  2U;  Chem.  Soc.  J.  [2],  ix.  835). 

Mustard-oil  unites  directly  with  acid  jMtassium  sidphite,  when  boiled  with  it  in 
concentrated  solution,  forming  tho  compound  C^H^NS.SO^KH,  -whicli  separates  on 
evaporation  in  yellowish  crystals,  and  may  be  obtained  by  recrystallisation  in  colour- 
less nacreous  laminse,  decomposing  at  90°-100°.  The  silver  and  lead  compounds 
foi-med  from  it  by  double  decomposition  likewise  decompose  very  quickly.  The 
potassium  salt  distilled  with  strong  potash-solution  yields  ammonia,  sulphide  and 
thiosulphato  of  potassium,  and  allylamine.  With  strong  sulphuric  acid  it  gives  off 
sulphurous  oxide,  and  an  oil  boiling  at  140°,  and  probably  consisting  for  the  most 
part  of  allyl  sulphide  (Bohler,  Ann.  Ch.  Pharm.  cliv.  59). 

On  the  use  of  mustard-oil  for  preserving  milk,  see  p.  811. 

Phenyl  Isosulphocyanate, 'R(CS)"{C''R'^).    (Losanitsch,  Chc7n.  Ges.  Ber. 

iv,  156).    Au  alcoholic  solution  of  c/i^tJranj'fo'we,  treated  with  carbon  bisulphide  gives 
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Chloroplienylic  sulpliocarbamide,  CS  j^^^^^'^^^Jj,  and  the  alcoliolic  solu- 
tiou  of  this  substance,  treated  with  alcoholic  iodmo  solution,  yields  chlorophenylio 
isosulphocyanate  or  sulphocarbimide,  n|q^,^j  ,  in  colourless  needles  melting 
at  40°.  This  compound  reacts  with  ammonia  in  the  same  manner  as  the  other  iso- 
sulpliocyanic  ethers,  yielding  a  chlorinated  phenyl-carbamide  having  the  composition 
*^^{nH^^  ^      '  water  in  sealed  tubes  to  130°,  the  chlorophenylic 

isosulphocyanate  is  resolved  into  carbon  dioxide,  hydrogen  sulphide,  and  chloraniline. 
With  absolute  alcohol,  on  the  other  hand,  it  yields  a  semi-sulphuretted  chlorophonvl- 
nrethane,  CS(C™)HNjo_ 

lodaniline  behaves  with  carbon  bisulphide  similarly  to  chloraniline.     In  the 
formation  of  the  corresponding  iodatedphenylic  isosulphocyanate,  a  residue  is  obtained, 
which,  by  treatment  with  alkali  and  precipitation  by  acid,  gives  iodatedtriphenvl- 
NH(C»H^I) 

guanidiue,  03:N(C«H'I). 

NH(C''H^I) 

A  corresponding  compound  appears  also  to  bo  formed  in  the  preparation  of  the 
chlorophenylic  isosulphocyanate. 

Tro-pyl  Sulphocyanate,  s|q^7,  formed  by  treating  an  alcoholic  solution  of 

propyl  bromide  with  potassium  sulphocyanate,  is  a  fetid  oil  boiling  at  163°  (Carl 
Sehmitt,  Zeitschr.  f.  Chcm.  [2],  vi.  576). 

SUtPHOCirffiEEEffSC  ACII>.    Syn.  with  Oymene-sxilphqnic  Acid  (p.  420). 
SUE.PISOBIA3.UREC  ACED.    See  Sulphopseudo-tjric  Acid  (p.  1125.) 
SUrSiPHOSJIBROMOBEBJ-ZBIffS  and  SUEiPHODSBKOKIOmTROBEH- 

ZSBTB.     .Syn.  with  DiBBOMOBE-XZENESULPHO^'IC  and  DlBKOMONITEOHii^-ZENESULPHONIC 

Acius  (pp.  153,  154). 

SUXiPHOrORM,  C-H'S',  appears  to  be  produced  by  heating  sulphur  with 
iodoform  in  sealed  tubes  to  a  temperature  not  exceeding  the  melting  point  of  sidphur. 
On  mixing  an  alcoholic  solution  of  potassium  sulphide  with  chloroform,  reaction  takes 
place  with  explosive  violence,  and  a  compound  of  sulphoform  with  potassium  sulphide 
is  produced,  which  crystallises  from  alcohol  in  long  prisms  (Pfankueh,  J.  fr.  Chem. 
[2]  iv.  38  ;  vi.  97). 

SWEiPHOrUMARSC  ACIS,  C'HSSO'  =  C'-HIS0^H.(C0=H)=,  (Oredner, 
Zeitschr.  f.  Chcm.  [2],  vi.  77).  This  acid  is  produced  by  boiling  fumaric  acid  for  a 
considerable  time  with  a  solution  of  acid  potassium  sulphite  and  potassium  carbonate. 
On  precipitating  the  resulting  solution  with  lead  acetate,  and  decomposing  the  precipi- 
tate with  hydrogen  sulphide,  a  solution  is  formed  containing  an  acid  potassium  salt ; 
to  prepare  the  free  acid,  this  solution  must  bo  neutralised  with  ammonia,  and  again 
precipitated  with  lead  acetate. 

Sulphofumario  acid  forms  a  syrupy,  strongly  acid  liquid,  which,  when  left  for  some 
time  over  sulphuric  acid,  deposits  indistinct  crystals  deliquescing  immediately  on 
exposure  to  the  air.  It  is  tribasic,  and  forms  basic  and  acid  salts.  The  ■potassium  salt, 
C'H'K^SO'  +  H-0,  forms  nodular  groups  of  efilorescent  crystals.  The  above-men- 
tioned acid  potassium  salt  likewise  forms  nodules  having  the  composition 
(C'H''K=S0')2.G'ffS0'  +  liffO;  when  heated  on  platinum  foil,  it  swells  up  like 
mercuric  sul]3hocyanate.  The  acid  ammonium  salt,  C*H^(NH')S0',  prepared  by 
saturating  1  pt.  of  the  acid  with  ammonia,  and  adding  2  pts.  of  acid,  forms  crystals. 
The  silver  salt,  C*H^Ag'S0',  obtained  by  precipitating  the  neutral  potassium  salt  with 
silver  nitrate,  is  white,  crj'stalline,  and  moderately  soluble  in  water.  The  barium  salt, 
(C''ffSO')-Ba-',  is  obtained  by  precipitation.  The  calcium  salt,  (G^H'SO')2Ca^-H6H-0, 
forms  colourless  efflorescent  laminae.  The  neutral  lead  salt,  (C-'ffSO')-Pb='  +  4H-0, 
formed  by  precipitating  the  acid  potassium  salt  with  lead  acetate,  is  soluble  in  water, 
free  acid,  and  solution  of  lead  acetate.  A  basic  insoluble  lead  salt,  (C'H3SO')-Pb'.2PbO, 
is  obtained  by  precipitating  a  solution  of  the  acid  potassium  salt  neutralised  with 
ammonia.    The  copper  salt  is  uncrystallisable. 

Sulphofumario  acid  heated  with  strong  potash-ley  is  resolved  into  sulphurous  and 
fumaric  acids.  With  zinc  and  hydrochloric  acid  it  gives  off  hydrogen  sulphide.  On 
treating  it  with  hydrochloric  acid  alone,  sulphurous  acid  is  evolved  and  fumaric  acid 
reproduced. 
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SXr3t.!»HOGAI>I.OI.IC  ACIB,  C'lPSO'^  =  CTF .    {Schiff,  Dctii.  Chan. 

Ges.  Bcr.  v.  612).  An  acid  proihicod  by  treating  recrystallised  pyrogallol  witli  pure 
disulpliurylie  acid  (oljtaincd  by  adding  1  niol.  SO^  to  1  mol.  SO''H-).  A  mixture  of 
2o  grams  of  pyrogallol  and  10  c.c.  of  the  acid  mixture  became  hot  and  solidified  in 
two  minaites,  and  after  ten  minutes'  further  warming,  the  pyrogallol  was  completely 
converted  into  a  slightly  coloured  sulphogallolic  acid.  This  acid  is  much  more 
soluble  than  gallic  acid,  and  deliquesces  on  exposure  to  the  air.  Its  potassium  salt, 
Cm\OB.fSO^K  +  crystallises  in  large  rhombic  octohedrons.    The  silver  salt, 

C''H-(OAg)^SO''Ag,  forms  crystalline  grains. 

Sulphogallolic  acid  when  heated,  loses  water,  and  is  converted  into  sulphotannic 
acid,  C'-Hi"S-0"  =  2C«mS0'i  -  H-0  (p.  1125). 

SVZ,PHOns;AX.EXC  £lCTQ,  C^H«S0'  =  C2H3(S05H)(C02H)=,  (Streckor  a. 
Mcssel,  Zvilschr.  f.  Chem.  [2],  vi.  459).  This  acid,  isomeric  with  sulphofumaric  and 
sulphosuccinic  acid  (v.  527),  is  obtained  in  indistinct  erystalsby  decomposing  its  silver 
salt  with  hydrogen  sulphide.  When  fused  with  potash,  it  yields  nothing  but  fumaric 
acid.  The  neutral  j'otassium  salt  has  the  composition  C*H^K'SO'  +  H^O  (the 
sulphosuccinato  crystallises  with  3H''0).  Its  solution  gives  with  lead  acetate  a  heavy 
white  precipitate,  which,  when  decomposed  by  hydrogen  sulphide,  yields  an  acid 
potassium  salt,  C^ffKSO',  crystallising  from  alcohol  in  small  transparent  crystals, 
and  precipitated  by  alcohol  from  its  aqueous  solution  as  a  pasty  mass,  which  hardens 
in  the  air,  and  swells  up  when  heated  like  mercuric  sulphocyanate.  The  solution  of 
this  salt,  mixed  with  lead  acetate,  gives  a  bulky  precipitate  of  the  salt,  (C^II^SO')-Pb', 
which  becomes  crystalline  on  standing.  fotassium  salt  obtained  directly  in  the 

preparation  of  the  acid  by  boiling  maleic  acid  with  neutral  potassium  sulphite  has  the 
composition  C'H^K^SO'.  The  barium  salt,  (C*H^SO')'-Ba',  is  slightly  soluble  in  cold, 
more  freely  in  hot  water.  A  calcium  salt  with  probably  1  at.  Ca  is  obtained  by 
boiling  the  acid  with  calcium  carbonate ;  the  neutral  salt  by  neutralisation  with 
milk  of  lime.  The  silvo-  salt,  C'H^Ag'SO',  prepared  from  the  potassium  salt  above 
mentioned  by  the  action  of  ammonia,  forms  a  heavy  precipitate,  slightly  soluble  in 
eoM,  more  solulilu  in  hot  water. 

Siri.PHOXVKBSITySiEIS'lC  ACXB.  Syn.  with  Mesittlene-sulphonic  Acid 
(p.  788). 

SirSiPHOTTAPIZTHAXilG  ACIB.  Syn.  with  NAPiiTiiALENE-srLPHONic  Acid 
(p.  835). 

SUIiPHOWAJPHTHOIC  ACIB.    See  Naphthoic  Acid  (p.  838). 
SUI»PHOPAI.S.ABATES.    See  Palladium  (p.  889). 

SUlPHOPABA-OXYBEia-SOIC  ACXB  (E.  Koelle,  Anti.  Ck  Pliarm.  clxiv. 
150-1.31:).  This  acid  is  produced  by  acting  with  the  vapour  of  sulphuric  anhydride 
on  dry  para-oxylionzoic  acid  ;  a  syrupy  brown  mass  is  thereby  formed,  which  is  to  bo 
diluted  with  water  and  neutralised  with  quicklime.  The  solution  of  the  calcium  salt 
is  precipitated  with  potassium  carbonate,  and  lead  acetate  is  added  to  the  filtrate. 
The  bulky  precipitate,  which  is  insoluble  in  water,  is  decomposed  by  hydrogen  sul- 
phide, and  the  solution  of  the  free  acid  is  evaporated  on  a  water-bath.  The  crude  acid 
thus  obtained  is  purified  by  dissolving  it  in  absolute  alcohol,  evaporating  the  solution, 
and  recrystallising  the  residue  from  water.  The  acid  is  very  soluble  in  water  and 
alcohol,  crystallises  in  deliquescent,  white,  silky  needles,  and  gives  a  blood-red  Colour 
with  ferric  chloride. 

On  evaporating  a  solution  of  the  potassium  salt,  quadratic  plates,  having  the 
composition  CH^Iv^SO**  +  2H-0,  crystallise  out,  and  from  the  mother-liquor  the  salt, 
CH^K-SC^  +  H-'O,  is  obtained  in  needles.  Both  salts  contain  the  same  acid,  as  the 
latter  salt,  by  addition  of  caustic  potash,  may  be  converted  into  the  quadratic  salt, 
and  as  both,  when  fused  with  caustic  potash,  yield  protocateohuic  acid. 

The  neutral  barium  salt,  2C'H'BaS0"  +  7H'-0,  crystallises  from  water  in  small 
plates,  and  a  basic  salt,  (C'H^SO'^)'Ba,  is  obtained  as  an  amorphous  powder  by  adding 
barium  chloride  to  a  solution  of  the  basic  potassium  salt.  The  silver  salt,  CH^Ag-SO**, 
separates  from  a  hot  aqueous  solution  in  crystalline  flakes.  The  copper  salt,  CH-'CuSO", 
remains,  on  cv.-!poratiiig  its  solution,  as  a  dark-green  amorphous  powder;  the  cadiidum 
salt,  C'H'CdSO"  +  all-O,  forms  microscopic  crystals,  and  is  readily  soluble  in  water. 

SWl<PHOPHE3JirOIiIC  ACEBS.    Syn.  with  Phenolstji.phonic  Acids  (p.  917). 

S-O'S.PHOPHEIfa-E.PROPXOKriC  ACIB,  or  PHms-S-J^S'U'S.PIEOPaO- 
PTOlffSC  ACIB,  C''ir"SO^  =  C'-II^(C''H'')  I  is  formed  as  an  acid  potassium 

salt  by  the  action  of  neutral  potassium  sulphite  on  cinnamic  acid  : 
C'H^O^  +  SO'HK  =  CH'-SO^K. 
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The  two  bodies  unite  directly  when  boiled  together  for  twelve  hours  in  aqueous  solu- 
tion (1  pt.  potassium  sulphite  to  10  water).  The  acid  voiassium  salt  crystallises  in 
stellate  groups  of  hard  needles,  soluble  in  25'9  pts.  of  water  at  15°,  more  easily  in  hot 
■water,  sparingly  in  alcohol.  It  crystallises  without  alteration  from  boiling  dilute 
hydrochloric  or  sulphuric  acid,  melts  and  decomposes  when  heated.  The  neutral 
jjotassium  salt,  CH^SO^K-  (dried  at  120°),  crystallises  from  water  in  colourless 
transparent  crystals,  from  alcohol  in  nodules ;  it  contains  water  of  crystallisation  and 
effloresces  in  contact  with  the  air.  By  boiling  the  acid  salt  -with  zinc  or  zinc  oxide,  a 
eincopotassio  salt,  (C°H^SO^)-ZnK-,  is  produced.  The  silvei-  salt  is  a  -white  crystalline 
precipitate.  The  lead  salt,  obtained  by  boiling  the  acid  potassium  salt  with  lead 
hydrate,  is  a  viscid  mass  while  hot,  but  becomes  brittle  on  cooling. 

Phenylsulphopropionic  acid,  obtained  by  decomposing  the  lead  salt  with  hydrogen 
sulphide,  forms  colourless  easily  soluble  crystals.  It  is  not  altered  by  boiling  with 
strong  hydrochloric  or  dilute  sulphuric  acid,  but  is  carbonised  by  strong  siilph uric  acid. 
Strong  nitric  acid  converts  it  into  a  nitro-acid.  Potassium  chromate  and  sulphuric 
acid  act  upon  it  only  in  concentrated  solution.  Strong  potash-ley  converts  it  into 
ciunamic  acid  (C.  Valet,  Ann.  Ch.  Pharm.  cliv.  62). 

SWIiPHOPHOSffHORIC  ETHBRS,  These  compounds  are  phosphoric  ethers 
in  which  the  oxygen  is  more  or  less  replaced  by  sulphur.  A  few  of  them  were  ob- 
tained by  Carius  in  1860,  by  the  action  of  phosphorus  pentasulphide  on  alcohol  (iv. 
692).  More  recently  {Ann.  Ch.  Pharm.  cxix.  289)  Carius  has  obtained  nearly  the 
entire  series  of  the  ethylsulphophosphoric  ethers,  and  has  shown  that,  both  in  mode 
of  formation  and  in  chemical  reactions,  these  sulphur-compounds  are  exactly  analogous 
to  the  corresponding  oxygen-compounds,  and  that  the  sulpho-alcohols  yield  ethers  in 
the  same  manner  as  the  oxygen-alcohols.  Some  of  the  corresponding  methyl-  and 
amyl-compounds  have  been  prepared  by  Kovalevsky  (ihid.  cxix.  303). 

The  sulphophosphoric  ethers  exhibit  isomerism  of  such  a  kind  that  one  of  the  two 
bodies  has  the  sulphur,  the  other  the  oxygen,  outside  the  radicle  ;  but  this  difference  of 

PS  ? 

structure  is  not  accompanied  by  any  difference  of  properties ;  e.  g.  ^Qi-Qby  j  0^  is 

identical  in  properties  with  ^q2jj5)3  [o^' 

The  diethylic  and  triethylic  orthosulphophosphoric  others  are  formed :  (1),  by  the 
action  of  the  hydrates  or  sulphydrates;  (2),  by  that  of  the  oxides  or  sulphides  of  alcohol- 
radicles,  on  the  pentoxide  or  pentasulphide  of  phosphorus  ;  or  (3)  by  the  action  of  the 
oxychloride  or  sulphochloride  of  phosphorus  on  alcohol  or  mereaptan  respectively  : 

(1)  .    5Cm=0H  +  =    P0(0C=H5)'  -i-  P0|[°^'-^')'  +  2H'0 

SC^H^OH  +  P-S^      =    Ps|scSp''''+       isH^''^'''"'  +    H-'S  +  H=0 
SC^H^SH  -t-  P=0^     =    P0(SC2H=)^   +  PSj^g^'^'^'  4-  2H=0 
SC^ffSH  -1-  P-S'*     =    PS(SC=H^)»    +  Psjg^'^')'    +  2ffS 

(2)  .    3(C=ff)=0  +  FS^      =  PsjO"^^;^, 

3(C=ff)'S  +  P^S^      =  2PS(SC=ff)3 

(3)  .    3C=ffOH  +  PSCF    =    PS(0C=H=)3    +  3HC1 

SC^H^SH  +  POCP  =  PO(SC-ff)^  -1-  3HC1 
3C^H=SH  +  PSCP    =    PS(SC-ff)^    +  3HC1. 

1.  Nedteai.  or  Teibthylic  Orthosui.phophospuoric  Ethees.  These 
ethers  are  liquids  which  do  not  solidify  at  — 18°,  and  have  an  aromatic  odour  inclining 
more  and  more  to  alliaceous  in  proportion  to  the  quantity  of  sulphur  which  they  eon- 
lain.  Those  which  contain  only  oxygen  or  only  sulphur,  PO(OC-H^)^,  dnd  PS(SC-H*)^ 
volatilise  without  decomposition,  the  former  at  about  200°,  as  colourless  liquids  which 
eoon  turn  red.  The  three  intermediate  oxysulpho-ethers,  PS(OC-H^)-'(SC'-H^), 
P0(SC■^H5)^  and  PS(OC=H^)',  are  decomposed  by  heat,  giving  off  ethyl  sulphide,  with 
violent  ebullition,  towards  160°  ;  the  monosulphuretted  ether  at  the  same  time  gives 
off  ethyl  oxide  and  partly  distils  undecomposed.  The  mono-  and  di-sulpliuretted 
ethers  distil  undecomposed  with  vapour  of  water;  the  tri-  and  tetra-sulphuretted 
ethers  are  decomposed  thereby,  with  evolution  of  mereaptan  and  sulphuretted  hych-ogen. 
Alkalis  and  alkaline  sxdfhidcs,  especially  iu  alcoholic  solution,  convert  these  neutral 
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ethers  into  diethylie  ucids  of  tlio  same  degree  of  sulphuration  ;  etiiyl  tetrasulplioplios- 
phate  yields  at  the  same  time  diethylie  acids  of  lower  boiling  point.  The  neutral 
ctliers,  heated  with  alcohol  in  sealed  tubes,  yield  the  diethylie  acid  containing  1  at. 
sulphur  less,  together  with  the  mono-  or  di-sulphide  of  the  alcohol-radicle.  With 
strong  sulphuric  acid,  the  neutral  ethers  decompose  in  the  following  manner,  yielding 
a  sulphuretted  pyrophosphoric  ether,  together  with  ethylsulphurio  acid : 

2PS(OC2ff)'  +  2S0'H=  =  P=SXC-H5)^0=>  +  2SOXC2ff)H  +  WQ. 
A  similar  action  is  exerted  by  very  concentrated  solutions  of  phosphoric  acid  and 
calcium  chloride.    By  the  further  action  of  sulphuric  acid,  sulphur  dioxide  is  evolved 
and  neutral  ethers  of  the  metaphosphoric  series  are  produced.    Ethylic  t«trasulpho- 
phosphate,  however,  does  not  exhibit  the  reactions  just  mentioned. 

Phosphorus  pentachloride  forms,  with  the  triethylic  orthosulphophosphates,  ethyl 
chloride,  phosphoryl  chloride — or,  in  the  case  of  the  tetrasulphophosphate,  sulpho- 
phosphoryl  chloride — and  a  diethylie  chloride : 

PS(OC-ff)^  +  PCI'*  =  PS||,^*^'^')'  +  POCP  +  C'-H^Cl 
PS(SC=ff)^  +  PCP  =  PS  jg^'^^')'  +  PSCP  +  C-H-^Cl. 

If  the  pentachloride  is  in  excess,  the  action  goes  further,  producing  a  monethylic 
dichloride,  or  finally  sulphophosphoryl  chloride  : 

PsjOfH^)"-    +  PCP   =  PS|?C'-1P  ^  POCP  +  C^H^CI 
Psj^p'-^'       +  PCP'  =  PSCP  +  POCP  +  C^H-^Cl. 

A  similar  action  talies  place  with  phosphorus  iodide,  or  with  iodine  and  phosphorus. 

The  triethylic  ethers  form  well-crystallised  compounds  with  the  chlorides  and  iodides 
of  lead,  silver,  and  especially  mercury. 

2.  DiETHTHc  Orthosulphophosphoeic  A.ciT)S.—Biethijltctrasulpho' 
2ohosi)horic  acid,  PS(SC-'ff  )-SH,  the  end-product  of  theseries,  is  the  only  one  of  these 
acid  etlters  which  is  obtained  directly  in  the  pure  state ;  it  crystallises  in  beautiful 
sulphur-yellow,  transparent  prisms  from  its  solution  in  triethylic  tetrasulphophos- 
phate, which  is  the  final  product  of  the  action  of  phosphorus  pentasulphide  on  mercap- 
tan.  The  others  have  to  be  separated  by  hydrogen  sulphide  from  the  pure  alcoholic 
solutions  of  their  lead,  mercury,  or  silver  salts. 

Diethylmono-  and  Bicthyldi-sulfhofhosfhoric  acids  are  coloiu-lcss,  viscid, 
very  acid  liquids,  which,  when  left  to  evaporate  in  a  vacuum,  slowly  yield  needle- 
shaped  crystals  ;  they  smell  like  butyric  acid  and  deliquesce  in  contact  -with  the  air. 

The  three  acids  just  described,  as  well  as  dictht/ltrisulphophosphoric  acid,  are  de- 
composed when  heated  to  100°,  witJi  formation  of  mercaptan.  On  boiling  the  aqueous 
solution  of  dicthyldisulphophosphoric  acid,  hydrogen  sulphide  is  abundantly  evolved, 
and  diethylmonosulphophosphoric  acid  is  formed  : 

PS(Oa^H'ySH  +  H-O  =  PS(OC-'H->)-OH  +  H=S. 
By  prolonged  boiling  the  monosulphuretted  acid  is  decomposed  in  a  similar  manner. 

Dicthi/Urisid'phophosphoric  acid,  is  decomposed  by  water  in  like  manner,  even  at 
ordinary  temperatures,  and  caimot  be  separated  unchanged  by  evaporation  from  its 
alcoholic  solution,  Bicthyltcirasulphophosphoric  acid  decomposes  in  a  similar  manner, 
at  the  same  time  that  it  deliquesces  in  the  air ;  when  it  is  directly  dissolved  in  water, 
the  recently  prepared  solution  contains  small  quantities  of  tetrasulphophosphoric 
acid. 

The  four  compounds  above  descriljed  belong  to  the  strongest  acids.  Their  salts 
may  be  obtained  by  direct  neutralisation  of  the  acid  with  metallic  oxides  or  carbo- 
nates ;  those  which  are  insoluble,  also  byprecipitation;  the  diethyltetrasulphophosphates, 
however,  are  obtained  only  by  precipitating  the  ethereal  solution  of  the  acid  with  the 
ethereal  solutions  of  metallic  salts.  In  i  e  dry  state  these  salts — excepting  those  of 
the  alkalis  and  alkaline  earths,  which  are  deliquescent — resist  perfectly  the  action  of 
light  and  air  ;  only  the  silver  and  mercury  salts  of  diethyltri-  and  diethyltetra-sulpho- 
phosphoric  acid  blacken  slightly  at  ordinary  temperatures.  When  heated  they  decom- 
pose with  greater  facility  in  proportion  as  they  contain  more  sulphur ;  at  a  red-heat 
the  diethylraouosulphates  alone  leave  the  whole  of  their  phosphorus  in  the  form  of 
metaphosphate. 

The  ammonium,  potassium,  barium  salts,  &e.,  of  the  four  acids  are  easily  soluble 
2nd  Sup.  4  C 
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in  -water ;  those  of  diethylmonosulphophosplioric  acid  with  the  metals  of  the  magne- 
sium-group, are  slightly  soluble;  all  the  rest  are  insoluble  and  form  heavj',  curdy  pre- 
cipitates. The  last-mentioned  salts  melt  for  the  most  part,  -without  decomposition,  and 
dissolve  easily  in  hot  alcohol,  ether,  or  benzene,  from  which  solutions  they  crystallise 
very  beautifully  on  cooling.  Diethylmonosulphophosphoric  acid  and  its  salts  in 
aqueous  or  alcoholic  solution  form  -with  ferric  salts  a  bro-wn  flocculent  precipitate 
slightly  soluble  in  absolute  alcohol ;  the  more  highly  sulphuretted  acids,  on  the  con- 
trary, form  deep  black  crystalline  precipitates  soluble  "with  riiby-red  colour  in 
alcohol. 

All  the  salts  above  described  are  decomposed  by  ordinary  acids  in  the  cold  -with 
great  difficulty  or  not  at  all ;  but  by  strong  sulphuric  acid,  at  a  gentle  heat,  they  are 
converted  into  neutral  ethers  of  the  tetrabasic  or  pyrophosphoric  series;  thus  (R  deno- 
ting a  monatomic  metal) : 

2PS(OC=ff)20R  +  2S0=(0H)=  =  mo  +  2S0=(0R)(0H)  +  P=S2(0C=ff)^0. 

With  phosphorus  pentachloride  they  behave  like  the  neutral  ethers : 

PS(OC2ff)20E  -f  POP  =  POCP  +  ECl  +  PS(O02ff)2Cl. 

Ethylsulphophosphorie  clilorides. — The  mode  of  formation  of  these  compounds 
has  been  already  explained  (p.  1121).  Only  t-wo  have  actually  been  obtained,  viz.: 
PS(OC-ff)-Cl  and  PS(0C=H^)(SC2ff )C1.  They  are  heavy,  pungent  liquids  undistill- 
able  or  not  completely  distillable  -without  decomposition.  They  decompose  slo-wly  -with 
•water,  more  quickly  with  alcoholic  solutions  of  the  alkalis,  forming  dictliylic  chlorides 
of  the  diethylated  acids ;  and  the  bodies  of  these  two  classes  act  on  one  another  in 
such  a  manner  as  to  form  neutral  pyrosulphophosphoric  ethers : 

PS  {{OG^Wy 

PS(OC2H5)201  +  PS(OC2H5)20H  =         0  +  HCl. 

PS  i(OC=ff)= 

3.  Methylic  and  Am-^lic  Ohthosulphophosphoric  Etheks  (Kova- 
levsky,  Ann.  Ch.  Tharm.  cxix.  303). — Methyl  alcohol  is  strongly  attacked  by  phos- 
phorus pentasulphide,  and  converted,  with  copious  evolution  of  hydrogen  sulphide, 
into  a  viscid  liquid,  which  is  a  solution  of  dimcthyl-disidphopJiosphoric  acid, 
PS(OCH')-(SH),  in  trimcthyUc  disul-phopliosphate,  PS(OCH»)2(S0H^) : 
5(CH'.0.H)  -f  P^S'  =  PS(0CH')2(SCH')  +  PS(OCff)-(SH)  +  H^O  +  H-S 
The  reaction  must  at  lirst  be  moderated  by  cooling,  afterwards  promoted  by  heat,  till 
all  the  phosphorus  sulphide  is  dissolved.  Trimethylic  disidphophosphate,  separated  from 
the  product  by  water,  and  dried  under  the  air-pump  or  in  a  current  of  air  at  40°,  is  a 
colourless,  oily,  fetid  liquid,  not  solidifying  at  — 12°,  slightly  heavier  than  water.  It 
decomposes  at  150°,  evolving  fetid  products,  but  distils  almost  undecomposed  with 
aqueous  vapour ;  it  dissolves  easily  in  dilute  alcohol,  and  in  this  solution  is  gradually 
converted  into  dimethylphosphorie  acid.  When  heated  with  alcohol  it  is  resolved 
into  dimethyl-monosulphophosphoric  acid  and  methyl-ethj-1  sulphide,  probably  thus  : 

PS(0Cff)'(SCH3)  +  C--WOB.  =  Sjgjj^3  +  PS(OCH3)20H. 

With  strong  sidpihuric  acid  it  forms  methylsulphuric  acid  and  an  oil  soparable  by 
water,  regarded  by  Kovalevsky  as  a  mixture  of  methylic  tetrasulphopyrophosphate,  with 
an  ether  of  the  meta-series.  With  phosphorus  pentachloride  it  yields,  together  with 
ethyl  chloride  and  phosphorus  oxycliloride,  a  liquid  compound — probably  dimetliylic 
oxydisulphochloride,  PS(0CH')(SCH')01 — resolved  by  alkalis  into  metallic  chloride 
and  dimcthylic  disulphophosphate.  With  mercuric  iodide  the  trimethylic  ether  forms  a 
compound  which  crystallises  in  needles  and  reacts  like  the  corresponding  ethyl-com- 
pound. 

Bimethyl-disulphophosphoric  acid,  PS(OCH^)-(SH),  is  obtained  by  digesting  the 
watery  liquid  separated  from  the  trimethylic  ether  just  described  with  lead  carbonate 
at  30°-40°,  precipitating  the  filtrate  with  lead  acetate,  crystallising  the  washed  pre- 
cipitate from  absolute  alcohol,  and  decomposing  the  lead  salt  in  alcoholic  solutiou 
with  hydrogen  sulphide.  On  evaporating  finally  under  the  air-pump,  the  dimethy- 
lated  acid  remains  as  an  acid,  viscid  liquid  which  decomposes  below  100°.  The  salts 
which  it  forms  with  the  alkalis  and  alkaline  earths  dissolve  easily  in  water,  and  are 
best  prepared  by  treating  the  lead  salt  with  alkaline  sulphides.  The  dimethyl-disul- 
phopliosphates  of  the  hea-vy  metals  are  curdy  precipitates  which  crystallise  from  hot 
ether,  alcohol,  or  benzene.  The  lead  salt,  PS(0CH3)-'SPb',  crystallises  in  shining 
prisms  often  an  inch  long,  permanent  in  the  air  and  melting  below  100°.  The  mer- 
cury salt,  PS(OCH')'SHg',  is  more  dccomposible  and  less  soluble  in  alcohol. 
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Amyl  alcohol  digested  at  a  gentle  heat  with  phosphorus  pentasulphido  forms 
triamylic  UtrasvJflwphosphatc  and  diamyl-disulphojihosphoric  acid,  probably  thus : 

13(C5n>'.O.H)  +  SP^S^  =  PS(SCTI"y  +  5PS(0C^H")=(SH)  +  3H=0  +  H^S. 

On  treating  the  viscid  product  with  cold  water,  the  acid  ether  passes  into  solution, 
wliile  the  triamylic  ether  separates  as  a  viscid  yellow  body.  The  latter  is  insoluble  in 
water,  mixes  with  absolute  alcohol,  and  decomposes  at  100°  or  when  boiled  wdth  water. 
Biamyl-disulphophosphoriG  acid,  separated  from  the  aqueous  solution  in  the  same 
manner  as  the  corresponding  methyl-compound,  is  an  acid,  colourless  syrup,  already 
mixed  with  products  of  decomposition.  Its  salts  react  like  those  of  the  dimethylio  acid. 
The  lead  salt,  P,S(0C^H")2SPb',  melts  below  70°,  dissolves  easily  in  absolute  alcohol, 
and  crystallises  in  small,  four-sided  rhombic  plates,  or  in  monoclinie  prisms. 

4.  PTEOStii-PHOPHOSPHOEic  Ethers  (Carius,  Anil.  Ch.  Pharm.  csix.  298). 
These  ethers  are  formed  :  1.  By  abstraction  of  (OC-H^)^  from  2  mols.  of  a  neutral  ortho- 
sulphophosphoric  ether,  by  the  action  of  strong  sulphuric  ;icid,  &e.  (p.  1025).  2.  By 
abstraction  of  the  elements  of  a  metallic  oxide,  E'-'O  or  K"0,  from  2  mols.  of  a 
salt  of  a  diethylic  acid  of  the  ortho-series,  by  the  action  of  hydrogen  sulphate  on 
phosphorus  oxycblorido  (a  very  large  excess  of  salt  being  used  in  the  latter  case) : 

PS  f(0C'-IP)2 
2PS(0C=H=')-(0R')  -  E-0  =  Jo 

PSi(0C^H5)= 

o.  By  the  action  of  the  diethylic  chlorides  of  the  ortho-series  on  the  diethylic  acids 
of  the  same  series,  or  on  their  salts,  or  neutral  ethers,  e.g. : 

PS  ({ocr-wy 

PS(SCTP)^C1  +  PS(OC^ff)=(SH)  =        0  H-  HCl 

PS  ((SC^HS)^ 

Tctrethylic  Bisiilphofyrophosphatc,  (PS)"(OC-H*)^0,  is  a  colourless,  nearly 
scentless  oil,  moderately  soluble  in  water  without  decomposition  ;  it  begins  to  boil, 
with  simultaneous  decomposition,  somewhat  below  160°.  On  distilling  it  with  vapour 
of  water,  the  greater  part  passes  over  undecomposed,  while  the  remainder  takes  up  the 
elements  of  water,  and  is  converted  into  dietkyl-orthosidphophosphoric  acid.  Treated 
with  a  quantity  of  alcoholic  potash  not  sufficient  to  decompose  it  completely,  it  is 
converted  into  triethyl-disul'phopyrophosphatc,  from  which  the  free  acid 

cannot  be  separated  without  alteration,  since  at  the  moment  of  separation  it  takes  up 
the  elements  of  water. 

Trisulphopyrophnsphoric  B  r  omo  t  r  i  e  t  hy  lin  ,  P-S'(0C=H5)'Br  = 

C-ffO  ,oc-^ff 

^;PS — S — PS,  . — This  compound  is  formed  when  pyrophosphoric 

G-WO^  ^Br 

sulphobromide  (p.  063)  is  slowly  poured  into  alcohol  distilled  from  sodium.  The 
resulting  liquid  when  poured  into  water  yields  a  yellow  oil  consisting  of  the  two  ethers, 
P=SX0C=H5)=Br'  and  P-S-'(OC^-H^)^Br.  But  on  redissolving  it  in  alcohol,  leaving  the 
solution  to  stand  for  some  time,  and  again  pouring  it  into  water,  only  the  triethylated 
body  is  obtained,  the  substitution  of  ethosyl  for  bromine  taking  place  with  difficulty 
in  presence  of  much  hydrogen  bromide. 

The  bromotriethylin  is  a  yellow,  transparent  liquid  having  an  ethereal  odour, 
recalling  however  that  of  the  sulphobromide.  Its  specific  gravity  is  1-3567  at  19°. 
It  cannot  be  distilled  without  decompiosition,  and  it  fumes  slightly  in  the  air  after 
exposure  to  it  for  some  time.  It  is  slowly  decomposed  by  water  and  aqueous  alkalis, 
with  separation  of  sulphur.  Alcoholic  solutions  decompose  it  more  quickly,  producing 
mcrcaptan-like  bodies,  phosphoric  acid,  and  bromide  of  the  metal  (Michaelis,  Ann.  Ch. 
Pharm.  clxiv.  9). 

Tctrethylic  Tris  u  Ip  h  o  p  y  r  o  p  h  o  s  h  a  t  c  ,  P^S^rOC'ff)'  = 
C-IPO  ^OG-'ff 

J^PS — S — PS^  ,  is  formed  by  the  further  action  of  alcohol  on  the 

n-n-o^  _^oc-H^ 

triethylated  bromide  just  described.  The  latter  is  dissolved  in  three  times  its  volume  of 
alcohol,  and  the  solution,  after  being  loft  for  some  hours,  at  -10°,  and  then  cooled,  is 
precipitated  by  water.  It  is  a  yellow,  faintly  aromatic  liqniil,  snu  lliiii;-  somewhat  like 
turpentine.  Sp.  gr.  1-1892  at  170°.  It  can 'be  distilled  wiili  slr:nn  wiili  only  partial 
decomposition.  Heated  to  60°  with  alcoholic  ammonia  in  a  .  rah  d  tul>r,  it  is  decom- 
posed, yielding  a  white  amorphous  substance,  which  is  probably  the  amide,  P-S^NH-)* 
(Michaelis). 

4  c  2 


1124 


SULPHOPSEUDO-URIC  ACID. 


Ethylk  Tctramipliopi/rophosphatc  lias  not  yet  been  obtained  pure  ;  it  appears  to  be 
a  solid,  easily  fusible  body  (Garius). 

Tetrcthylic  Pentasulphopyrophcsphate,  'B-S\OG-W)-{&C-Wy,  is  formed  by 
the  action  of  strong  sulphuric  acid  on  triothylic  disulphorthophosphate  (p.  1120) 
(Garius).  It  is  also  deposited  during  the  drying  of  the  trisulphopyrophosphoric  ether 
just  described,  in  small  white  crystals,  and  may  be  separated  from  the  liquid  by 
filtration  through  asbestos.  It  is  obtained  in  much  larger  quantity  by  treating 
trisulphopyrophosphoric  sulphobromide  at  40°,  -with  aqueous  instead  of  absolute 
alcohol,  and  most  abundantly  of  all  by  the  action  of  alcohol  on  the  impure  metaphos- 
phoric  sulphobromide  obtained  in  the  preparation  of  the  pyrobromide  (p.  963).  In 
this  case  there  appears  to  be  no  action  at  first,  but  after  some  time  the  mixture 
becomes  hot,  the  greater  part  of  the  metabromide  disappears,  and  as  the  liquid  cools, 
the  tetrethylic  pentasulphopyrophosphate  separates  out  in  large  crystals  (Michaolis). 
It  melts  at  71  "2°,  and  is  especially  distinguished  by  the  facility  with  ■which  it  may  be 
converted  into  a  salt  of  diethylsulphophosphoric  acid  (Garius) : 

pSi'(oc-Ho-  {{ocm'f 

\B  +  2H--0  =  H^S  +  2PSJ 

psi(SG-ff)-  [m 

Theoretically,  it  should  be  susceptible  of  two  isomeric  modifications,  viz. : 

j:;ps— s— ps-:^         and  ">ps-s— ps<; 
cm'S-^  ^sc"-m  c-wo^  ^sG^ip 

5.  Ethtlic  Monosulphometapiiosphate,  PS|q         ,  is  formed  by  the 

prolonged  action  of  hydrogen  sulphate  on  tetrethylic  monosulphophosphate  : 

PS(OG=H-')='  +  2S0-'(0II)-  =  H-'O  +  2S0-|q^'^'  +  Ps|q^"-^'. 

SVIiPHOPTROTARTARXC  ACIS,  G^H«SO'  (T.  Wieland,  Ann.  Ch.  Pharm. 
clvii.  34).  This  acid  is  formed  by  direct  combination  of  the  three  isomeric  pyrocitric 
acids,  G^JPO^  with  alkaline  sulphites.  AVhen  neutral  potassium  sulphite  is  boiled  for 
several  hours  in  moderately  concentrated  solution  withitaconic  acid,  potassium  sulpho- 
pyrotartrate  is  formed,  and  may  be  obtained  in  the  form  of  a  syrup  by  evaporation,  or  as  a 
gummy  mass  by  precipitation  with  alcohol.  Its  solution  gives  pasty  precipitates  with 
barium  or  lead  acetate,  but  is  not  precipitated  by  iron,  copper,  mercury,  or  zinc  salts. 
With  calcium  chloride  it  gives  a  crystalline  calcium  salt,  (G'^H*SO')^Ga'  +  7H=0,  which 
gives  off  5  mols.  water  at  110°,  another  at  160°,  becomes  anhydrous  at  180°,  and  de- 
composes between  190°  and  200°.  It  dissolves  easily  in  hot,  sparingly  in  cold  water. 
By  treating  it  with  siilphuric  acid  and  dilute  alcohol,  and  evaporating  the  filtrate, 
sulphopyrotartaric  acid  is  obtained  in  indistinct  crj'stals.  By  partially  neutralising 
the  acid  with  carbonate  of  potassium  or  ammonium,  acid  salts  are  obtained  in  nodular 
groups  of  crystals,  easily  sohible  in  water,  less  soluble  in  dilute  alcohol,  quite  insoluble 
in  strong  alcohol. 

Citraconic  and  mesaconic  acids  treated  with  potassium  sulphite  yield  sulplio-acids, 
■which  appear  to  be  identical  with  that  obtained  from  itaconic  acid. 

SUIiPHOPSEUDO-VRXC  ACZS,  G'^H^N^'SO'  (Nencki,  Bcut.  Cliem.  Ges.  Bcr. 
iv.  722  ;  v.  451).  This  acid  is  obtnined  by  heating  a  mixture  of  2-3  grms.  sulpho- 
carbamide  and  the  equivalent  quantity  of  alloxan,  with  concentrated  alcoholic  solution 
of  sulphurous  anhydride  in  sealed  tubes  to  100°  for  about  five  hours.  The  product  is 
purified  by  repeated  treatment  with  concentrated  ammonia  to  remove  uraniil ;  dissolu- 
tion in  caustic  soda,  rise  of  temperature  being  carefully  avoided;  filtration ;  precipitation 
with  solution  of  ammonium  cliloride,  to  remove  .sulphur ;  and  recrystallisation  from 
very  concentrated  hydrochloric,  or  better  hydrobromic  acid,  from  which  it  separates 
on  cooling  in  concentric  groups  of  slender  needles.  It  is  probably  formed  according 
to  the  equation : 

N-G'O'H-  +  N^CSH'  =  X^G^O'SH''  +  0. 

Sulphopseudo-iu'ic  acid  is  insoluble  in  water  and  ammonia,  difficultly  soluble  in 
hydrochloric,  but  more  readily  in  hydrobromic  and  sulphuric  acids,  being  repreeipitated 
on  the  addition  of  water.  All  attempts  to  remove  the  sulphur  from  it  have  been  un- 
successful. It  is  readily  soluble  m  the  fixed  alkalis,  even  in  the  cold  ;  on  warming,  the 
solution  becomes  yellow,  and  tlien  contains  tlio  alkaline  salt  of  a  compound,  precipit- 
able  from  the  very  dilute  solution  by  hydrochloric  acid  in  tlie  form  of  silk}',  glistening, 
microscopic  plates,  which  on  analysis  gave  numbers  agreeing  both  with  the  formula 
of  hydratcd  sulphoalloxanti n,  C'N'S-Q'IP  +  2aq,  and  of  sulphodialuric 
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acid,  C'N-SO'H^  +  If  .iq.  The  instability  of  this  substance  renders  a  determination 
of  the  water  of  crystallisation  difficult. 

When  sulphopse\ido-uric  acid  is  heated  with  twice  its  weiglit  of  strong  sulphuric 
acid  to  150^-100°,  a  small  quantity  of  sulphurous  oxide  is  evolved,  and  urosnl- 
phinic  acid,  C^H'N^SO'-,  is  formed — a  weak  monobasic  acid,  derived  from  snlpho- 
pseudo-uric  acid  by  abstraction  of  II"0,  and  intermediate  in  chemical  character 
between  uric  acid  and  xanthine.  If  the  heating  with  sulphuric  acid  bo  continued,  and 
the  temperature  raised  to  200°,  much  sulphurous  oxide  is  evolved,  tlie  yield  of  uro- 
sulphuric  acid  is  but  small,  and  the  solution  when  evaporated  yields  a  new  compound 
also  containing  sulphur. 

Sir2jPHOSAE.IC-3rS.IC  C'ffSO".    When  pure  salicylic  acid  is  dissolved 

in  orJiii;;ry  sulphuric  acid  at  a  very  little  heat,  and  the  x^roduct  is  neutralised  with 
calciui.i  cirliniKiic,  filtered  from  gypsum,  precipitiited  by  potassium  carbonate, 
decolorized  liy  animal  charcoal,  and  allowed  to  crystallise,  prismatic  crystals  are 
obtaiiu.il,  V.  hiili  li::ve  the  composition  CH-'O'^SK-  +  2H-0,  do  not  give  off  their  water 
of  cryslalli.sntion  below  190°,  and  begin  to  decompose  at  200°.  The  mother-liquors 
of  this  salt  yield  another  salt  which  crystallises  in  quadratic  t;ibles  very  different 
from  tlio  prisms  of  the  former  salt ;  it  is  much  more  soluble,  and  contains 
C'lVO^HK-  +  l.'ffO,  the  water  of  crystallisation  being  given  off  at  180°  and  de- 
composition conunencing  at  190°.  Neither  salt  is  altered  in  character  by  further 
recrystallisation.  Fused  potassium  hydrate  does  not  act  on  these  compounds  so 
readily  as  on  compounds  which  contain  fewer  substituted  groups  (Ira  Eemscn,  Zcitsclir. 
f.  Chcm.  vii.  29Gj. 

SUS-PHOSUTCCIOTKC  ACIE,  C'_H^SO^  According  to  Mcssel  {Ann.  Ch.  I'/iarm. 
elvii.  15),  this  aeid,  pireparod  by  Fehling's  method  (v.  527),  is  identical  with  sulplio- 
maleic  and  sulphofumaric  acid  (p,  1118).  Its  neutral  potassium  salt,  C''H^K"80', 
however,  crystallises  with  3H^0,  whereas  the  corresponding  salts  of  the  other  two 
acids  contain  only  1  mol.  water.  Sulphosuccinic  acid  is  converted  by  fusion  with 
potash  into  fumaric  acid,  and  by  boiling  with  potash,  in  the  first  instance  into  malic 
acid  (Strecker  a.  Messol,  Zcitachr.  f.  Chcm.  [2],  vi.  671). 

STJX.PHOTABffNlC  ACXB,  C'^H'^S^O",  is  formed  by  dehydi-ation  of  sulphogal- 
lolio  acid,  CH^iSO"  (p.  1119),  and  may  be  obtained  by  gradually  heating  tho crude  pro- 
duct of  the  action  of  pyrosulphuric  acid  on  pyrogallol  with  phosphorous  chloride  to 
100°  in  a  flask  with  reversed  condenser.  Hydrochloric  acid  is  then  given  off,  and  tho 
liquid,  after  3  or  4  hours,  solidifies  to  a  violet  gelatin,  which  dries  up  to  white  flocks 
over  sulpliuric  acid.  Sulphotannic  acid  closely  resembles  tannic  acid.  By  boiling 
with  h3'drochlorie  aeid  it  is  converted  into  sulphogallolic  acid.  Its  acetyl-derivativo 
does  not  exhiliit  the  reactions  of  tannic  acid  (Bchiff,  Deut.  Chcm.  Ges.  Bcr.  v.  (361). 

SUXiPKOa'ESJ.aPHTHii.X.IC  ACS©,  C'lP.^O'  =  C^H^I'^Qjg,  is  prepared  by 

heating  terephthalic  acid  to  200°  for  six  hours  with  strong  sulphuric  acid.  Tho 
barium  salt,  obtained  by  pouring  the  product  into  water  and  neutralising  the  filtrate 
with  barium  carbonate,  has  tho  composition,  [C'^H^(CO-H)SO^]-Ba.  When  the  potas- 
sium salt  ]5repared  from  it  is  fused  with  sodium  formate,  much  sulphurous  oxide  is 
given  oft' and  teri  phthalic  acid  is  reproduced  (Ascher.  Ann.  Ch.  Fharm.  cixi.  2). 

SUKPHOXOSi^Sir?^,  C'H'SO^    Syn.  with  Toluene-sulphonic  Acid  (q.  v.) 


Deville  obtained  by  the  action  of  fuming  sulphuric  acid  on  toluene  (Ann.  Ch.  Pharm. 
xliv.  306),  has  been  further  examined  by  Otto  a.  Gruber  (ihid.  cliv.  193).  It  crystal- 
lises from  hot  alcohol  in  small  tabidar  prismatic  forms,  from  benzene  in  vitreous 
monoclinic  prisms ;  melts  at  155°-156'^ ;  is  insoluble  in  water,  slightly  soluble  in  cold 
alcohol  and  ether,  more  soluble  in  boiling  alcohol,  benzene,  carbon  sulphide,  and 
chloroform.  It  volatilises  in  small  quantities  without  decomposition  ;  is  converted  by 
heating  with  strong  sulphuric  acid  into  toluene-sulphouic  acid  ;  dissolves  without  de- 
composition in  fuming  nitric  acid  ;  and  when  heated  with  a  mixtiu-o  of  sulphuric  and 
nitric  acids,  yields  crystallisable  nitro-products.  It  is  not  altered  by  strong  alcoholic 
potash  even  at  160°.  Exposed  to  tho  action  of  chlorine  in  sunshine  it  deliquesces  to 
an  oily  mass,  pirobably  containing  sulphuryl  chloride.  With  chlorine,  in  diffused  day- 
ligiit,  at  its  melting  point,  it  forms  hydrochloric  acid  and  chlorinated  products  not  yet 
examined.    With  phosphorus  pentachloride  it  reacts  in  a  similar  manner. 


SUKPHOTOJCII'XBS,  C"H"SO=  = 


This    compound,  which 
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SiriiPHO-UKXSAS.    Ses  Sotphocaebamides  (p.  lUu). 
SXTSiPHOVAIiSIlAI.BBHYDE,  C^Il^S.    See  Valeraldehyde. 
SUiFHOXYAOTTHRA^WIUOmC  ACID,  C'*H''(0^)"(OH)(SO'H).   See  Isi! 
Suppl.  p.  81. 

SUXsPH0X7AZO-ACZ2>S.    See  Sulphazotised  Acids  (p.  1111). 

SUS.PHOXYBSKZOIC  AC13,  C'ffO^SO^  This  acid,  prepared  by  the  action 
of  sulphuric  acid  on  pure  oxybenzoic  acid,  yields,  when  fused  witli  potash,  protocate- 
chuic  acid  (p.  431)  and  an  isomeric  acid  less  soluble  than  protocateclmic  acid,  .and 
forming  birgo,  couipact,  apparently  quadratic  crystals  coKtaining  water  of  crystallisa- 
tion which  is  given  olf  at  140°.  The  acid  melts  at  189°  and  gives  no  coloured  reac- 
tion with  ferric  chloride  (Ira  Eemsen,  Zeitschr.f.  Chem.  [2],  vii.  294). 

SXT&PHVR.  Occurrence. — This  element  has  been  detected  spectroscopically  in  the 
sun's  atmosphere  by  C.  A.  Young  {Sill.  Am.  J.  [3],  iv.  356). 

The  presence  of  sulphiu'  in  Coal-gas  may  be  exhibited  by  placing  a  platinum  dish 
containing  water  over  a  Bunsen  burner,  the  part  of  tlie  surface  on  whicli  the  flame  im- 
pinges becoming  coated  with  a  greasy  liquid  in  which  sulphuric  acid  may  be  detected 
(Ulex,  Jahresb.  f.  Chem.  1871,  207). 

On  sulphur  in  Pig-iron,  see  Iron  (pp.  604,  693). 

Extraction. — On  the  extraction  of  sulphur  from  sulphuretted  ores  by  roasting,  see 
Tessie  du  Mothay  {Bingl.  fol.  J.  cxcix.  221);  Hasenclever  a.  llelbig  {ibid.  284; 
Jahresb.  f.  Chem.  1871,  980). 

On  the  recovery  of  sulphur  from  Soda-waste,  see  L.  Mond  {Binql.  pol.  J.  ccii.  266  ; 
Jahresb.  1871,  1016);  Stahlsehmidt  (i>M!(?^.  ^Jo^.  J.  ccvi.  375;  Jahresb.  1872,  077). 

Physical  Properties. — On  the  Spectrum  of  Sulphur  vapour,  see  Salet  {Compt. 
rewcZ.  ixxiii.  559  ;  Chem.  Soo.  J.  [2],  ix.  1145;  x.  382;  Jahresb.  1871,  165;  1872, 
141);  Ditte  {Co7n2}t.  ?W!fZ.  Ixxiii.  622;  Chem.  Soc.  /._[2],  is,  1146;  Jahresb.  1871, 
170);  Gernez  {Compt.  rend.  Ixiv.  803;  Chem.  Soc.  J.  [2],  x,  SS2  ;  Jahresb.  1872, 
139). 

On  the  Heat  evolved  in  the  combination  of  Sulphur  v/ith  Oxygen,  see  IIeat  (pp.  608- 
613),  with  Hycbogen  (p.  615). 

On  the  Specific  Heat  of  Sulphur  dissolved  in  Carbon  Bisulphide  (p.  601). 

Modifications. — The  properties  of  amorphous  sulpliur  (v.  531)  have  been  ex- 
amined by  E.  Weber  {Pogg.  Ann.  cxli.  432).  Sulphur,  separated  from  a  solution  of 
1  pt.  sodium  thiosulphate  in  2,^-  to  3  pts.  water  at  about  10°,  by  stirring  with  hydro- 
chloric acid,  is,  a  short  time  after  its  preparation,  almost  entirely  liquid.  The  liquid 
sulphur  separated  by  pressure  from  a  small  solidified  portion  has  the  colour  and  con- 
sistence of  yolk  of  egg,  a  specular  surface,  and  a  sp.  gr.  of  1-920,  1-927,  1-926.  It 
solidifies  after  24  hoiu-s,  or  sooner,  and  with  evolution  of  heat,  if  heated  to  100°.  The 
liquid  sulphur  dissolves  almost  entirely  in  carbon  sulphide,  but  the  sulphur  left  on 
evaporating  the  solvent  contains  a  portion  whicli  no  longer  dissolves  in  the  carbon 
sulphide.  Stirring  the  liquid  sulphur  during  solidification  renders  it  partly  insoluble 
in  carbon  sulphide,  tlie  undissolved  portion  separating  as  an  oily  liquid  which  soon 
solidifies  to  a  compact  or  pulverulent  mass,  accordingly  as  it  has  been  left  at  rest  or 
stirred  during  solidification.  If  the  sulphur,  after  being  brought  into  a  turpentine- 
like consistence  by  stirring,  be  kneaded  between  the  fingers,  it  becomes  very  hot,  brittle, 
and  crystalline,  and  then  contains  a  small  proportion  insoluble  in  carbon  sulphide. 
The  same  change  is  produced  in  the  soft  sulphur  by  diffusing  it  in  a  liquid.  The  sul- 
phur deposited  in  thin  crusts  after  separation  of  the  greater  part  of  the  oily  sulphur 
from  the  acid  solution  of  the  sodium  salt,  sometimes  contains  as  much  as  36  p.c.  of  in- 
soluble sulphur.  Weber  regards  these  results  as  unfavourable  to  the  supposition  that 
the  insoluble  sulphur  is  an  immediate  product  of  decomposition  of  the  thiosulphuric 
acid.  Liquid  sulphur,  separated  in  the  manner  above  described,  almost  always  con- 
tains a  small  quantity  of  hydrogen  persulphide,  which  has  some  influence  on  the  main- 
tenance of  the  liquid  state,  lilie  that  exerted,  according  to  Diezenbacher  (tTa/ires^;.  1862, 
58  ;  1865,  137),  by  small  quantities  of  iodine,  bromine,  carbon,  organic  matters,  &c. 

Sulphur  melted  with  addition  of  h  p.c.  sulphur  chloride,  forms,  when  poured  into 
water,  a  soft  mass  wliich  hardens  after  a  few  days  like  ordinary  cooled  sulphur,  and 
when  heated  in  a  water-batli,  first  becomes  almost  completely  fluid  and  then  solidifies 
to  a  crystalline  mass  with  evolution  of  heat.  In  tliis  respect  it  behaves  like  ordinary 
soft  sulphur,  requiring  only  a  somewhat  longer  time  for  the  transformation,  and  re- 
maining longer  fluid.  When  immersed  in  carbon  sulphide  it  is  converted  into  a 
doughy,  ropy  mass  which  partly  dissolves,  leaving  a  residue  of  the  consistence  of  in- 
soluble liqiiid  sulphur,  quickly  solidifying  and  converted  into  a  powder  by  stirring. 
Sulphur  fused  with  4  p.c.  sulphur  chloride  and  slowly  cooled  is  solid,  crystalline,  and 
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otheinviso  like  that  above  described.  Weber's  observations  do  not  confirm  the  state- 
ment that  crystalline  sulphur  becomes  amorphous  in  contact  -with  acids,  or  the  view 
advanced  by  Berthelot  (v.  630),  that  the  sulphur  -n-hich  forms  the  electro-negative 
element  of  a  compound  separates  therefrom  in  the  soluble  state,  whereas  that  which 
forms  the  electro-positive  element  separates  in  the  insoluble  state.  Sulphur  separated 
from  potassium  polysulphide  by  very  dilute  nitric  acid  was  found  by  Weber  to  con- 
tain 86  p.c.  soluble  sulphur  ;  that  which  was  separated  in  like  manner  from  hydrogen 
Bulpliide  contained  7i  p.c.  insoluble  sulphur. 

Conversion  of  Octohcdral  into  Insoluble  Sulplmr  by  the  action  of  Sunlight. — When 
sunlight  concentrated  by  a  lens  is  passed  through  a  solution  of  sulphur  in  carbon 
sulphide  contained  in  a  sealed  vessel,  there  is  formed  at  the  point  where  the  rays 
enter  the  solution,  a  yellow  spot  of  insoluble  sulphur  which  quickly  increases,  and  at 
the  same  time  the  intensity  of  the  emergent  light  continually  diminishes.  Along  the 
whole  path  of  the  rays,  and  especially  at  the  focus,  the  solution  becomes  turbid,  in 
consequence  of  the  separation  of  extremely  fine  particles  of  insoluble  sulphur.  In  the 
spectrum  of  the  emergent  light,  all  the  rays  between  Gr  and  H  are  wanting,  as  well  as 
the  whole  of  the  idtraviolet  rays,  whereas  the  part  of  the  spectrum  from  A  to  G 
remains  unaltered.  It  appears,  therefore,  that  the  chemical  rays  are  absorbed  and 
expended  in  molecular  work  (Lallemand,  Compt.  rend.  Ixx.  182). 

Blue  Sulphur. — It  is  well  known  that  when  sulphur  is  brought  in  contact  with 
sulphuric  anhydride  in  a  certain  proportion  (1  :  10)  a  blue  liquid  is  formed.  Accord- 
ing to  AV.  Stoin  {J.  pr.  C/ic7n.  [2],  vi.  178),  the  colour  is  due  to  the  circumstance  that 
tile  sulphur  is  diftiised  through  the  anhydride  in  a  state  of  very  fine  division,  and  may 
remain  suspended  in  the  liquid  for  weeks  like  gold-purple.  That  finely  divided  sulphur 
really  has  a  blue  colour  may  be  shown  by  adding  a  small  quantity  of  ferric  chloride  to 
a  recently  prepared  solution  of  sulphydric  acid,  the  liquid  then  appearing  blue.  It  is 
only  in  transmitted  light  that  the  sulphur  exhibits  this  blue  colour,  and  the  same  is 
tlie  case  with  the  blue  compound  of  sulphuric  anhydride. 

Soliibilit)/. — Suljjhur  (in  the  form  of  flowers)  does  not  dissolve  in  a  solution  of 
sodium  carbonate  (containing  o'6  p.c.  Na"CO''),  at  25°,  but  after  ten  hours'  digestion 
at  100°,  the  liquid  contains  0-0676  p.c.  sulphur  (Pohl,  Dingl.pol.  J.  cxcvii.  608). 

Linseed  oil  mixed  with  sulphur  dissolves  the  following  quantities : 

Temperature  25°  60°         95°         130°  160° 

Sulphur  p.c.  dissolved       0'630       1-852       2-587       4-935  9-129 

Reactions.  1.  With  Vapour  of  Water. — According  to  J.  My avs  {Compt.  rend.  Ixxiv. 
195),  the  action  of  steam  on  sulphur  at  high  temperatures  produces,  not  pentathionic 
acid,  as  stated  by  Mulder  {Jahresb.  1858,  84),  but  thiosulphuric  acid.  When  steam 
is  passed  over  boiling  sulphm-,  a  slightly  acid  distillate  is  obtained,  holding  in  suspen- 
sion sulphur,  which  may  be  removed  by  agitation  with  white  lead.  The  filtered 
solution  IS  resolved  at  30°  into  sulphuric  acid  and  free  sulphur,  gives  a  black  precipi- 
tate with  mercurous  nitrate,  a  precipitate  of  copper  sulphide  with  cupric  sulphate, 
and  decolorises  iodine-solutions.  As  this  property  is  not  exhibited  by  tri-,  tetra-,  or 
pentathionic  acid,  but  only  by  sulphurous  and  thiosulphuric  acids,  and  since  the  acid 
in  the  distillate  is  resolved  by  heat  into  sulphurous  acid  and  sulphur,  its  identity  with 
thiosulphuric  acid  is  established.  That  this  acid  can  exist  in  very  dilute  aqueous 
solution  is  shown  by  the  experiments  of  H.  Rose  and  Fllickiger  (v.  629).  The  reac- 
tion between  sulphur  and  water-vapour  takes  place  according  to  the  equation  : 

m"-0  -1-  4S  =  H^S'O'  4-  2H=S. 

i\Iyers  also  finds  that  gases,  dried  by  the  ordinary  means  (calcium  chloride,  strong 
sulphuric  acid,  phosi^horic  anhydride),  when  passed  over  boiling  sulj^hur,  always  give 
rise  to  the  formation  of  hydrogen  sulphide,  and  must  therefore  still  contain  moisture, 
lie  thence  infers  that  the  synthesis  of  hydrogen  sulphide  from  hydrogen  and  sulphur, 
observed  by  many  chemists,  is  really  due  to  the  small  quantity  of  moisture  which  re- 
mains in  gases,  even  afte-r  they  have  been  subjected  to  the  action  of  the  most  powerful 
desiccating  agents  {Deut.  Chem.  Gcs.  Ber.  v.  259). 

2.  With  Mercury-vapour.— k.  B.  v.  Schrotter  {Wicn  Akad.  Ber.  [2  Abth.],  Ixvi. 
79  ;  Jahresb.  1872,  268)  finds  that  when  a  few  lumps  of  sulphur  are  introduced  into 
a  barometric  vacuum  (which  is  filled  with  mercury  vapour)  the  tube  near  the  surface 
of  the  mercury  becomes  coated  with  a  ring  of  mercuric  sulphide.  Also  when  mercury 
and  sulphur  are  placed  together  under  a  bell-jar  the  sulphur  becomes  blackened, 
showing  that  the  jar  is  filled  with  mercury-vapoiir,  which  is  absorbed  by  the  sulphur. 
When  iodine,  mercury  and  sulphur  are  placed  under  a  bell-jar  in  separate  dishes,  the 
mercury  soon  becomes  covered  with  a  coating  of  iodide,  wliile  the  sulphur  remains 
unaltered  for  weeks. 
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The  use  of  flowers  of  sulphur  has  been  recommenJod  for  removing  mercury -vapour 
from  the  atmosphere  of  -workshops  in  which  glass  mirrors  are  made.  According  to 
Merget,  however,  sulphur  is  not  very  efficacious  for  this  purpose,  and  a  bettor  result 
is  obki'ned  by  the  use  of  bleaching  powder,  a  small  quantity  of  which  scattered  about 
a  room  infected  with  mercury-vapours  removes  the  mercury  in  the  form  of  calomel 
{Bimjl.  jjol.  J.  cciv.  51 ;  Chem.  Soc.  J.  [2],  s.  923). 

3.  On  the  action  of  molted  sulphur  on  an  iiUoy  of  gold  and  silver,  see  p.  676. 

4.  On  Carbon  tetrachloride.  The  reaction  takes  place  readily  at  130°,  according  to 
the  equation  : 

CCr-  +       =  S=CI-  -I-  CSOP 
(Gustavson,  Zeitschr.f.  Chem.  [2],  vii.  418). 

Estimation  of  Sulphur. — Important  observations  on  the  precipitation  of  sulphur 
as  barium  sulphate,  in  presence  of  various  salts,  have  been  made  by  E.  Fresonius 
(Zeitschr.  anal.  Chem.  ix.  52).  Barium  sulphate  is  not,  as  hitherto  supposed,  soluble 
in  4.300  pts.  of  water,  but  requires  for  solution  more  than  400,000  parts.  Tlio 
solubility  is  not  perceptibly  increased  by  the  presence  of  sodium  chloride,  potassium 
chlorate,  or  barium  nitrate,  but  hydrochloric  acid  produces  a  sensible  increase. 
Sodium  chloride,  mixed  with  the  solution  of  a  sulphate,  does  not  give  rise  to  any 
impurity  in  the  precipitation  of  the  sulphuric  acid  as  barium  sulphate,  neither  is  the 
result  in  this  case  affected  by  the  presence  of  more  or  less  hydrochloric  acid.  Potas- 
sium chlorate  gives  rise  to  great  contamination,  hxit  the  precipitate,  after  ignition  and 
cooling,  may  be  completely  purified  by  digestion  with  hydrocliloric  acid  ;  as,  however, 
barium  sulphate  is  somewhat  soluble  in  hydrochloric  acid,  the  filtrates  must  bo 
evaporated  down  to  det(irmine  the  quantity  of  barium  salt  dissolved  in  them.  In 
presence  of  potassium  nitrate,  or  sodium  nitrate,  the  precipitated  barium  sulphate  is 
very  impure,  whether  the  quantity  of  hydrochloric  acid  present,  and  of  barium  chloride 
added,  be  large  or  small.  Tho  only  way  of  purifying  the  precipitate  thus  contamin- 
ated is  to  disintegrate  it  by  fusion  with  sodium  carbonate,  and  estimate  the  sulphuric 
acid  in  the  aqueous  solution  of  the  fused  mass.  If  it  be  desired  to  avoid  this  circuitous 
process,  the  original  substance  must  be  completely  freed  from  nitric  acid  by  repeated 
evaporation  with  pure  hydrochloric  acid,  and  the  hydrochloric  acid  almost  wholly 
driven  off  before  proceeding  to  the  precipitation  with  barium  chloride.  Bariiim  nitrate 
likewise  gives  rise  to  contamination,  but  the  precipitate  after  ignition  may  be  purified 
by  digestion  with  liydrochloric  acid ;  regard  must,  however,  be  had  to  the  solubility 
of  barium  chloride  in  hydrochloric  acid.  The  purification  of  the  precipitated 
barium  sulphate  by  Stolba's  method  (digestion  with  solution  of  cupric  acetiite  con- 
taining free  acetic  acid,  Jahresb.  1863,  669),  is,  according  to  Fresenius,  not  to  be  de- 
pended on. 

Vclumctria  method. — On  account  of  the  difficulty  of  obtaining  a  pure  precipitate  of 
barium  sulphate  in  presence  of  other  salts,  J.  Denham  Smith  and  E.  F.  Teschemacher 
{Chem.  News.  xxiv.  61,  66,  171  ;  Chem.  Soc.  J.  [2],  ix.  1085)  have  proposed  a  volu- 
metric method  for  the  estimation  of  sulphur — in  jsyrites,  for  example.  For  this  pur- 
pose they  prepare  a  standard  solution  of  barium  chloride,  and  determine  its  strength 
by  allowing  it  to  flow  into  boiling  dilute  sulphuric  acid,  and  weighing  the  precipitate. 
When  precipitated  in  this  way  the  barium  sulphate  contains  scarcely  any  chlorine, 
whereas,  if  the  precipitation  be  performed  in  tho  contrary  way,  it  always  contains  an 
appreciable  quantity  of  clilorine.  The  strength  of  the  barium  solution  having  been 
determined,  the  liquid  to  be  tested  is  heated,  and  precipitated  with  it.  till  a  filtered 
sample  is  no  longer  clouded  by  the  barium  solution,  the  sample  of  liquid  being  poured 
back  after  each  experiment.  The  quantity  of  tho  barium  solution  used  gives  tho 
quantity  of  sulphuric  acid  in  the  liquid  under  examination. 

Glendinning  a.  Edger  (C/icm.  News.  xxiv.  140)  are  of  opinion  that  in  applying  this 
method  to  the  estimation  of  sulphur  in  pyrites,  errors  may  arise  from  the  fact  that  the 
precipitated  .barium  sulphate  carries  down  with  it  a  certain  quantity  of  iron  sulphate, 
and  they  adduce  experiments  tending  to  show  that  when  this  salt  is  washed  out  of  the 
precipitate  by  water  and  hydrochloric  acid,  the  sulphur  in  the  washings  reprecipitated 
by  barium  chloride,  and  the  small  precipitate  of  barium  sulphate  thus  obtained  added 
to  the  original  precipitate,  concordant  results  may  be  obtained. 

The  following  were  the  results  of  the  analyses  of  four  samples  of  pyrites: — 
25  grains  were  carefully  oxidised  and  precipitated  by  barium  chloride  in  the  usual 
way.  The  precipitated  liquors  were  left  in  a  warm  place  for  eight  hours,  then  filtered, 
and  the  barium  sulphate  was  washed  with  boiling  water  and  hydrochloric  acid.  Tho 
whole  of  the  washings,  after  addition  of  a  little  barium  chloride,  were  evaporated 
to  dryness,  and  the  quantities  of  barium  sulphate  obtained,  amounting  generally  to 
0  5  grain,  added  to  the  original  precipitates,  three  of  which,  after  ignition  and  weigh- 
ing, were  treated  with  about  600  gTS.  of  strong  hydrochloric  acid,  and  allowed  to 
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stand  foi-  twelve  hours.  Tlio  small  quantities  of  sulphate  dissolved  by  tho  acid  were 
rseovored,  and  added  to  their  respective  p>recipitates. 


No. 

Before  treatment  with  HCl 

After  treatment 

til  HGl 

Grs.  BaSO' 

Grs.  S 

Grs.  BaSO' 

Grs.  S 

83-12 

11-1-16 

83-08 

11-411 

2 

83- IS 

11 --123 

83-12 

ll-41,j 

83-30 

ll-44(» 

8:^23 

11-430 

4 

83-23 

11-430 

A  reply  to  these  observations  is  given  by  Smith  a.  Teschemaeher  {Chcm.  luws,  xxlv, 
171),  and  a  rejoinder  by  Glendinning  a.  Edger  {ibid.  220). 

Estimation  of  Suljj/tur  in  Coal  Gas. — A.  Vernon  Harcourt  (ibid.  xxu.  307)  deter- 
mines sulphur  in  coal  gas  by  causing  a  Bunsen  flame  f  of  an  inch  long,  and  consuming 
j  cubic  foot  in  an  hour,  to  burn  -within  a  cylinder  connected  with  an  aspirator.  The 
gaseous  products  of  combustion  tluis  drawn  off  pass  through  a  series  of  vessels  con- 
taining an  ammoniacal  solution  of  cupric  oxide,  which  takes  up  the  sulphurous  and 
.sulphuric  acids,  and  oxidises  the  former.  After  about  two  cubic  feet  of  gas  have  been 
consumed,  the  liquid  is  decanted  into  a  beaker,  the  vessel  rinsed  "with  -water,  the 
greater  part  of  the  ammonia  expelled  by  heat,  and  the  sulphur  precipitated  by  barium 
chloride. 

On  the  estimation  of  sulphur  in  Coal  and  Coke,  see  Coal  (p.  347) ;  in  Coal  and  Organic 
Bodies,  see  Mister  {Sill.  Am.  J.  [3],  iv.  00;  C'hem.  Soc.  J.  [2],  x.  1114;  Jalorsb. 
1872,  918).    On  its  estimation  in  Pig-iron,  see  Iiion  (p.  692). 

SU-IiPH-ffSi,  CHIiOmJDES  AITSJ  OS'SrCHX.ORIBBS  OE",  Tho  existence 
of  three  distinct  compounds  of  sulphur  with  chlorine — viz.  :  Sulphur  .'iulphodichloridt', 
S-CP,  Sulphuf  dichloridc.  SOP,  and  Sidphiir  tetrachloride,  SOP— appears  to  bo  now 
placed  beyond  doubt  by  the  recent  researches  of  Huebner  a.  Guerout,  Dalzell  a.  Thorpe, 
and  Michaelis. 

Thus  Huebner  a.  Guerout  {Zeitschr.  f.  Clicm.  1870  [2],  vi.  455)  find  that,  if  pure 
sulphur  sulphodichloride,  S^CP  (b.  p.  136-5°-137°  unoor.),  cooled  Ijy  a  good  refriger- 
ating mixture  of  ice  and  salt,  is  saturated  -with  chlorine,  and  a  current  of  carbonic 
anh.ydride  then  passed  through  tho  liquid  for  several  hours,  a  product  is  obtained 
having  the  composition  required  by  the  formula  SOP,  viz.:  30-5  p.c.  of  sulphur  and 
69-3  p.c.  of  chlorine,  the  theoretical  amounts  being  31-07  and  68-93.  Dalzell  a, 
Thorpe  {Phil.  Mag.  1871,  309  ;  Jour.  Cham.  Soc.  [2],  ix.  1103)  have  repeated  this  ex- 
periment with  precisely  the  same  result,  finding  69-25  and  69-06  p.c.  of  chlorine  in 
the  products  they  obtained. 

Michaelis  {Ann.  Ch.  Pharm.  clxx.  6)  has  since  sho-wn  that  when  sulphur  sulpho- 
dichloride is  saturated  -with  chlorine  at  about  —20°,  the  amount  of  chlorine  absorbed 
corresponds  -with  that  required  to  form  sulpliur  tetrachloride,  and  the  product  actually 
has  the  composition  SOP.  Thus  67-6  grams  S-CP  absorbed  106  grams  of  chlorine, 
tho  amount  required  by  theory  being  106-5  grams  ;  and  taking  tho  mean  of  two 
analyses,  tho  product  contained  81-59  p.c.  of  chlorine  and  18-41  p.c.  of  sulphur,  the 
theoretical  numbers  being  81-61  and  18-39. 

Michaelis  has  studied  the  dissociation  of  sulphur  dichloride  and  sulphur  tetra- 
chloride. The  results  which  he  obtained,  togetlier  witli  tlie  earlier  observations  of 
Carius,  which  are  denoted  by  a  *,  are  included  in  the  following  tables : 


SOP 
At  -22^ 
-15 
-10 
7 
2 

0-7 
*  6-2 


CI 


81-61 
81-59 
74-21 
72-39 
71-67 
7039 
70-00 
,09-18 


18-39 
18-41 
25-79 

27-  61 

28-  33 

29-  61 

30-  00 
30-82 


1130 


SULPHUR:  CHLORIDES 

Bmociation  of  Sulphur  Bichloride. 


CI 

SCl- 

68-13 

31-13 

*  20 

67-80 

32-20 

30 

66-80 

33-20 

50 

G-t-8o 

35-15 

65 

63-44 

36-50 

85 

61-36 

38-64 

90 

56-85 

43-15  1 

100 

65-70 

44-30  ! 

110 

54-54 

45-45  1 

120 

53-41 

40-59  1 

130 

52-43 

47-57 

52-59 

47-41 

From  these  uumbers  the  percentage  of  SCI'  and  SCI-  existing  in  the  mixtures  at 
the  various  temperatures  is  calculated  Ly  the  aid  of  the  formulse: 
0-8161.T  +  (100  -  a-)0-C887  =  A 
0  6887a-  +  (100  -  a.-)0-5259  =  A', 
■where  x  is  the  percentage  of  SCI'  or  SCI",  and  A  and  A'  the  percentage  of  chlorine 
found  at  the  various  temperatures,  thus : 

Dissociation  of  Sulphur  Tetrachloride. 


Temp. 


-15 
-10 
7 

f-  2 
f  0-7 
'  6-2 


DifE. 


00-00 

0-00 

41-95 

58-05 

27-62 

72-38 

21-97 

78-03 

11-93 

88  07 

8-87 

91-13 

2-43 

97-57 

DiH. 


68  05 

8  3 

13-32 

2-6 

5-66 

1-9 

1004 

2-0 

3-06 

1-1 

6-44 

1-1 

Dissociation  of  Sulphur  Dichloridc. 


Temp. 

SC1= 

DifE.  for  10° 

Calcultited 

*20° 
30 
50 
65 
85 
90 
100 
110 
120 
130 

93-45 
87-22 
75-41 
66-78 
54-06 
26-48 
19-45 
12-35 
5-44 
0-00 

6-55 
12-78 
24-59 
33-22 
45  94 
73-52 
80-55 
87-65 
94-56 
100-00 

6-23 
6-41 

5-  79 

6-  36 

7-  03 
7-10 
6-91 
5-44 

600 
12-19 
24-57 
33-85 
46-13 
73-52 
80-53 
87'54 
94-55 

The  loss  of  chlorine  by  sulphur  tetrachloride  thus  takes  place  -ivith  great  rapidity, 
but  the  dichloride  is  much  more  stable.  It  -will  be  noticed,  in  the  case  of  sulphur  di- 
chloride,  that  the  increase  of  decomposition  is  constant  for  equal  elevations  of  tem- 
perature bet-ween  20°  and  85°,  but  that  it  suddenly  rises  very  quickly  between  80"^ 
and  90°,  from  which  temperature  to  130°  it  takes  j^lace  at  the  previous  rate.  The 
cause  of  this  phenomenon  has  not  been  ascertained.  The  course  of  the  dissociation  of 
sulphur  dichloride  between  20°  and  85°  may  be  represented  by  the  linear  equation 
y  =  0-619a^  -  6-638,  and  between  90°  and  130°  hy  y  =  •70U-  +  10  43.  If  in  the 
first  equation  y  =  0,  x  will  be  10-3 — that  is  to  say,  sulphur  sulphodichloride,  S'^CI-, 
saturated  with  chlorine  at  10-3°,  -will  contain  100  p.c.  of  sulphur  dichloride. 

Michaelis  has  also  brought  forward  a  considerable  amount  of  chemical  evidence 
tending  to  prove  the  existence  of  sulphur  tetrachloride.  Thus,  if  chlorine  is  passed 
into  sulphur  sulphodichloride  cooled  by  a  mixture  of  ice  and  salt,  and  after  some  time 
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tlio  refrigerating  mixture  is  reniOTed  and  displaced  by  ice,  and  sulphuric  anhydride 
distilled  into  the  clilorido,  the  current  of  chlorine  being  maintained,  an  action  takes 
place,  only  towards  the  close  of  which  sulphuroas  anhydride  is  evolved.  The  product 
is  a  mixture  of  sulphurous  (thionyl)  and  pyi-osulphuric  chlorides,  formed  in  virtue  of 
the  reaction  represented  by  the  equation : 

SCI'  +  2S0-^  =  soa-     s  o'ci". 

That  the  action  docs  not  take  place  in  the  follov^ng  manner : 

2SCr-  +  4S0=  =  SOCF  +  S=0'C1=  +  3S0=; 
that  is  to  say,  that  it  is  not  the  result  of  the  reactions  : 

SCI-  +  SO'  =  SOCl-  +  SO^ 
SOCP  +  2S03  =  S-'O-^CP  +  SO-, 
is  proved  by  the  fact,  that  sulphurous  anhydride  is  evolved  in  small  quantity  only,  ami 
quite  towards  the  end  of  the  operation,  and  that  the  quantities  of  sulphurous  and 
pyrosulphuric  chlorides  which  are  formed  are  in  accordance  with  the  first  equation 
above  given.  The  complete  conversion  of  the  S-Cl-  into  SOP,  under  these  circum- 
stances, is  easily  comprehended,  although  when  saturated  with  chlorine  at  0°  it  only 
contains  about  9  p.c.  of  SCIS  because  as  fast  as  this  latter  is  acted  upon  by  tiio 
anhydride,  a  fresh  quantity  is  formed  by  the  action  of  the  chlorine,  and  thus  ultimately 
the  whole  of  the  S^CP  becomes  SGI'. 

Pure  sulphur  tetrachloride  is  acted  upon  by  sulpliuric  anhydride  in  the  following 
manner : 

SCI'  +  SO'  =  SOCP  +  CP  +  SO-, 

v.liii-h  explains  the  evolution  of  sulphurous  anliydride  above  spoken  of;  a  small 
quantity  of  pyrosulphuric  chloride  is  also  produced  by  the  action  of  the  anhydride  on 
tiio  sulphurous  chloride.  Sulphuric  chlorhydrate  has  a  similar  action  at  0^,  and 
higher  temperatures,  hydrochloric  acid  being  also  evolved  ;  but  at  temperatures  below 
0°  a  solid  body  of  the  composition  S^O-Cl*  is  produced  (p.  1132).  Sulphur  tetra- 
chloride has  no  action  on  sulphiu-ous  anhydride. 

On  warming  a  mixture  of  sulphur  sulphodichloride  and  sulphuric  chlorhydrate,  the 
following  reaction  occurs : 

S-'CP  +  5S05HC1  =  S=05CP  +  5S0=  -f  5HC1. 

Ey  heating  phosphorous  chloride  with  sulphur  sulphodichloride  to  160°,  phosphoric 
chloride  and  phosphoric  sulphochlorido  are  produced : 

3PCP  +  S^CP  =  POP  +  2PSCP. 

These  two  substances  may  be  easily  separated  by  distillation,  and  the  reaction 
affords  a  convenient  method  of  preparing  pure  phosphoric  sulphochloride  (Michaclis, 
Zeiischr.  f.  Chem.  [2],  vii.  162). 

Sulphur  sulphodichloride  acts  readily  upon  aniline :  sulphur  is  separated,  and 
aniline  hydrochloride  and  a  resinous  substance  are  obtained  ;  thr  latter  appears  to  be 
a  mixture  of  several  colouring  matters,  the  cojnpositiii!i  of  wliirli  has  not,  however, 
been  ascertained  (Claus,  J.  pi:  Chem.  [2],  iii.  2o6).  A\  hen  sulphur  sulphodichloride 
is  added  to  a  solution  of  aniline  in  carbon  bisulphide,  the  following  reaction  occurs: 
4C'>H'N  +  S^CP  +  CS2  =  C'H'^N^S  +  2C8H8NC1  +  3S. 

If  more  than  1  mol.  of  sulphur  chloride  is  employed,  the  sulphoearbanilide  is  con- 
verted into  phenyl  isosulphocyanate  (phenylic  mustard-oil)  and  triphenylguanidine 
hydrochloride,  thus  (Claus  a  Krall,  Unci.  2-10) : 

2Ci3H'=N=S  +  S=CP  =  C'H^NS  +  C'^H'^JSPCl  -f  HCl  +  3S, 
the  reaction  being  precisely  similar  to  that  which  Hofmann  has  shown  to  occur  with 
iodine. 

OXYCHLORIDES  OF  SuLPHUR. 

Sulphurous  Chloride,  SOCP.  According  to  Michaelis  {Ann.  Ch.  Pharm.  clxx. 
20),  this  compound  is  readily  p)repared  by  the  action  of  sulphuric  anhydride  on  sulphur 
tetrachloride  : 

SCP  +  SO'  =  SOCP  -i-  CP  -f  S0=. 
It  is  easily  separated  by  distillation  from  the  small  quantity  of  pyrochloride  ^vhic!l 
is  formed,  and  about  80  p.c.  of  the  amount  which  theory  indicates  may  bo  obtained  in 
this  way. 

Sulphuric  Chloride,  SO'-'CP.  Michaelis  {Zdtschr.  f.  Chan.  [2],  vii.  149)  has 
failed  to  obtain  this  compound  by  the  action  of  phosphoric  chloride  on  sulphuric 
anhycbido,  sidphurio  chlorhydrate,  and  load  sidphate  (v.  576),  but  he  succeeded  in 
preparing  it  by  Eegnault's  method. 
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It  is  producad  by  boating  sulpliuric  anhydride  with  boron  cldoride  in  sealed  tubes 
to  120°  for  eight  hours  (Gustavsou,  Beut.  Chem.  Gcs.  Ber.  vi.  9): 

2?]CP  +  4S0^  =  3S02CJ-  +  B-'O'.SO^ 
Gustavson  did  not  succeed,  however,  in  obtaining  sulphuric  bromide  by  employing 
boron  bromide  :  the  products  in  this  case  were  sulphurous  anhydride,  bromine,  and 
tlie  compound  of  boric  and  sidphuric  anhydrides. 

Sulphurous  chloride  may  be  prepared  by  passing  a  mixture  of  sulphurous  anliy- 
dride  and  chlorine  over  purified  charcoal,  or  into  glacial  acetic  acid.  In  the  latter 
case,  it  is  separated  from  the  acid  by  distillation. 

Sulphurous  chloride  is  gradually  acted  upon  by  phosplioric  chloride  at  the  ordinary 
temperature  (Miehaelis) : 

so-ci-  +  per-  =  socr-  +  cp  +  rocp. 

Benzene  is  not  attacked  by  sulpliurous  chloride  even  at  the  boiling  point  of  the 
mixture,  but  on  heating  in  sealed  tubes  to  150°  the  following  reaction  occurs: 

C«H«  +  SO-Cl-  =  C«II-^C1  +  HCl  +  SO^ 
.Similarly,  phenol  is  converted  into  monochlorophenol,  but  the  action  takes  place 
readily  at  ordinary  temperatures  (Dubois,  Zdtschr.f.  Chem.  [2],  ii.  705). 

Pyrosulpbwric  Chloride,  S=O^CP  or  C10=S—0— SO-Cl.  This  compound  is  pro- 
duced on  warming  together  pliosphoric  chloride  and  sulphuric  anhydride  : 

POP  +  2S0-'  =  S==0^C1=  +  POOP; 
and  by  the  action  of  phosphoric  chloride  on  sulphuric  ehlorhydrate  (Miehaelis,  Zcitschr. 
f.  Chem.  [2],  vii.  149): 

POP  +  2jgg^^  =  0|^^!g  +  POCP  +  2HCL 

It  is  also  formed  by  the  action  of  sulphuric  anhydride  on  sulphur  sidphodiehloride  and 
sulphur  tetrachloride  (Miehaelis),  and  on  silicon  tetrachloride  (Gustavson),  and  by 
heating  sulphuric  anhydride  with  phosplioric  oxychloride  to  160°  (Miehaelis): 
6S03  +  2PCP0  =  3S-'0=CP  +  P-'O^ 

Pyrosulphnric  chloride  is  a  colourless,  oily  liquid  of  sp.  gr.  1'819  at  18°,  boiling 
at  146°  (coiT.)  (Miehaelis).  In  contact  with  water  it  decomposes  slov/ly  and 
noiselessly,  and  is  thus  distinguished  from  sulphuric  ehlorhydrate,  which  is  r.apidly 
decomposed  with  almost  explosive  violence  when  thrown  into  water.  When  heated 
above  its  boiling  point,  it  is  resolved  into  chlorine  and  sulphurous  and  sulphuric 
anhydrides  (Armstrong,  Troc.  Boy.  8oc.  xviii.  511): 

S^O'CP  =  SO^  +  SO-  +  CP. 
When  submitted  to  the  action  of  phosphoric  chloride,  it  furnishes  chlorine,  sulphurous 
anhydi'ide,  and  phosphoric  oxychloride  (Armstrong;  Miehaelis): 
S^O^CP  +  PGP  =  POOP  +  2S02  +  2CP. 

The  hydrocarbons  of  the  benzene  series  and  their  derivatives,  the  phenols,  &c.,  are 
readily  acted  upon  by  pyrosulphuric  chloride ;  the  mode  of  action  is  represented  by 
the  following  general  equations  : 

(1)  .  Ojgg  +  2EH  =  2S0=jg    +  H^O. 

(2)  .  ojsoS  +  ^^^'^  =    ^^^il'    +  ^^'{ci  +  + 

(3)  .  Ojso'ci  +    ^'^  =  +         +  ^''"^O'll 

Chlorine,  however,  appears  never  to  be  evolved  as  such,  but  produces  chlorinated 
compounds  :  phenol,  for  example,  yields  a  mixture  of  chlorophenol  and  chlorophenol- 
sulphonic  acids.  The  extent  to  which  the  reactions  aljove  formulated  occur  is  found 
to  vary  with  the  conditions  of  experiment  and  the  nature  of  the  substance  acted  upon. 
Benzene,  for  example,  yields  all  the  possible  products,  whilst  witli  the  crystalline 
dibromobenzene  the  reaction  is  chiefly  that  represented  by  the  fii-st  equation  (Ai-mstrong 
a.  Pike,  Chcjn.  News,  xxix.  283). 

Sulpbur  OxytetracWoride,  S-O'Cl'  or  ClO^S— 0— SCP.  To  prepare  this  com- 
pound, which  was  first  obtained  by  Millon  by  the  action  of  moist  chlorine  on  chloride 
of  sulphur  saturated  with  chlorine  (Ann.  Ch.  Phys.  [3],  xxix.  237),  a  mixture  of  1  mol. 
of  sulphur  sulphodichloride  and  2  mols.  of  sulphuric  ehlorhydrate  is  introduced  into 
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a  capacious  flask,  surrounded  by  a  mixture  of  ico  and  sail,  and  dry  cliloriuo  passed  in 
through  a  wide  tube.  A  considerable  evolution  of  gas  soon  sets  in,  and  a  solid  sul.i- 
stance  separates  ;  the  crust  is  brolion  from  time  to  time  with  a  glass  rod,  and  when 
the  whole  is  converted  into  solid,  the  flask  is  removed  from  the  refrigerating  mixture, 
and  the  current  of  chlorine  continued  until  the  reddish  mass  becomes  colourless.  This 
is  facilitated  by  frequent  shaking.  The  excess  of  chlorine  is  then  displaced  by  a  cur- 
rent of  dry  carbonic  anhydride,  and  the  product  afterwards  transferred  to  stoppercil 
bottles.  Any  required  quantity  of  the  substance  nuiy  iu  this  way  be  prepared  with 
the  greatest  readiness  (Michaelis,  Ann.  Ch.  Pharm.  clxx.  22). 

Sulphur  oxytetrachloride  is  a  white  crystiilline  substance  when  pure,  but  is  usually 
coloured  yellow  by  adhering  chlorine ;  it  then  closely  resembles  phosphoric  chloride 
in  appearance.  It  decomposes  violently  in  contact  with  water,  sulphurous,  sidphuric, 
and  hydrochloric  acids  being  produced  and  sulphur  separated ;  when  a  mixture  of  ico 
and  water  is  employed,  however,  no  sulphur  separates : 

S^O^Cl*  +  4H=0  =  SO'ff  +  SO»H=  +  4HC1. 
When  exposed  over  water  under  a  shade  it  gradually  deliquesces,  and  chlorine,  sid- 
phiirous  anhydride,  and  hydrochloric  acid  are  evolved ;  the  liquid  is  a  mixture  of 
sulphurous  and  pyrosulphuric  chlorides.  Wlien  heated  to  67°  it  melts  with  evolution 
of  chlorine  and  sulphurous  anhydride,  but  a  portion  sublimes  in  fine  white  needles; 
if  the  heating  bo  continued,  a  liquid  product  is  obtained,  consisting  of  sulphui'ous  and 
p;yTosulphuric  chlorides : 

4S-o'Ci^  =  s^o^cr-  +  ssocr-  +  2CP  +  so-. 

It  is  changed,  after  long  keeping  in  sealed  tubes,  into  a  yellow  liquid  ;  this  boils  at 
73°,  and  appears  to  be  a  mixture  of  sulphurous  and  sulphuric  chlorides  : 

S^O^Cl*  =  SO'^Cl-  +  SOGP. 
Sulphuric  acid  decomposes  sulphur  oxytetracliloride  as  follows  : 

S-O'Cl'  +  2S0'IP  =  3SOTIC1  +  SO'-  +  HCl. 
Sulphur  oxj'tetrachloride  acts  most  violently  upon  carbon  bisulphide  : 

7S=0'C1'  +  5CS=  =  3C0GP  +  2C0  +  6S0=  +  7S=C1=  +  -ISOCI-. 
Alcohol  also  .acts  violently  upon  the  chloride,  ethyl  chloride  and  sulphirrous  acid  being 
evolved,  but  the  nature  of  the  remaining  products  has  not  been  ascertained. 

Sulpburic  cmortaydrate,  SO'HCl  =  S0=|^^^.    The  product  obtained  by  the 

action  of  1  mol.  phosphoric  chloride  on  1  mol.  sulphuric  acid  is  a  mixture  of  pyrosul- 
phuric chloriae  and  sulphuric  chlorhydrate.  Pure  sulphuric  chlorhydrate  can  be  ob- 
tained by  using  the  proportions  recommended  by  Williams  {1st  Supvl.  1069),  and  by 
the  action  of  phosphoric  oxychloride  on  sulphuric  acid  : 

2P0CP  +  4S0=(0H)-  =  4S0-(0H)C1  +  2P0-^H  +  2HC1. 

Also  by  warming  a  mixture  of  phosphorous  chloride  and  sulphuric  acid  (Michaelis, 
Zeitschrift.  f.  Chcm.  [2],  vii.  ISO): 

3S02(0H)2  +  2PCP  =  S0-(0H)C1  +  2S0-  +  5HC1  +  P=0'. 
It  is  advantageously  prepared  by  slowly  adding  1  mol.  of  phosphorotis  chloride  to  3 
mols.  sulphuric  through  which  a  current  of  dry  chlorine  is  passed  ;  the  flask  contain- 
ing the  acid  shoidd  be  surrounded  by  cold  water  (Michaelis,  Ann.  Ch.  Fharm.  clxx. 

Sulphuric  chlorhydrate  is  a  colourless  liquid,  of  sp.gr.  1'776  at  18^;  it  boils  at 
158-4  (corr.)  (Michaelis). 

The  action  of  sulphuric  chlorhydrate  on  a  number  of  hydrocarbons  and  derivatives  of 
lij-drocarbons  of  the  benzene  series  has  been  examined  by  Armstrong  and  by  Armstrong 
a..  Pike  {Chcm.  Soc.  J.  [2],  ix.  173  ;  Chem.  News,  xxix.  283).  The  action  may  take 
place  as  represented  by  the  following  equations : 

SO-.Cl.OH  +    K'H  =  R'.SO^OH  +  HCl 
SO^.Cl.OH  +    R'H  =  R'.SO^.Cl    -i-  H-O 
SO-.Cl.OH  +  2R'H  =  R'.SO-.R'  -  +  WO  +  HCl. 
It  varies,  however,  both  with  the  nature  of  the  substance  acted  upon  and  the  condl' 
tions  of  experiment.    Thus  when  the  chloride  is  added  to  v.-cU-cooled  toluene,  the  pro^ 
duct  consists  almost  entirely  of  toluene-sulphonic  acid  ;  but  if  the  temperature  is 
allowed  to  rise  during  the  reaction,  less  sulphonie  acid  is  produced,  and  a  considerable 
f|uantity  of  toluene-sulphonic  chloride  and  toluene  sulphone,  (C'H')-SO-,  is  obtained. 
When  the  toluene  is  added  to  the  chloride  without  cooling,  the  proportion  of  the  tvvo 
latter  products  is  still  greater.  II.  E.  A. 
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SUXiPKUSe,  OXXBSS  AUB  OXlTGSia'-ACXDS  OF.  I.  Sulpburous 
Oxide,  Acid,  and  Salts.  On  the  tension  of  sulphurous  oxide  at  different  tem- 
peratures, and  its  deviation  from  Boyle's  law,  see  Gases  (p.  oil). 

On  its  reaction  with  phosphorous  chloride,  see  pp.  959,  960. 

On  its  combination  with  tricalcic  phosphate,  see  Phosphates  (p.  071);  also  Chem. 
Soc.  J.  [2],  X.  39. 

The  action  of  sulphurous  acid  on  certain  metals  has  been  studied  by  P.  Schweizer 
{Chem.  News,  xxiii.  293).  With  zinc  the  products* are  hyposulphurous  and  trithionic 
acids  and  zinc  sulphite,  with  separation  of  sulphur  (compare  1st  Suppl.  1063).  With 
cadmium  the  products  are  sulphate,  thiosulphate,  dithionate,  and  sulphide,  together 
with  free  sulphuric  acid  and  sulphur: 

2Cd  +  3S0-  =  CdSO^  +  CdS^O'  (or  GdO.S=0=) 
2S=0-  +  3S0^  =  28=0^    +  3S 

Cd  +  S       =  CdS 
CdSO'  +  S       =  CdS  +  SO^ 
According  to  the  last  equation,  sulphur  in  the  nascent  state  should  have  the  power 
of  converting  cadmium  sulphite  into  cadmium  sulphide  and  sulphuric  anhydride.  The 
action  on  nickel  is  similar,  the  first  products  being  sulphite  and  thiosulphate  of  nickel, 
with  a  little  free  sulphur,  afterwards  sulphide  and  sulphate.    On  abcminium  at  ordi- 
nary temperatures  and  on  magnesium  at  higher  temperatures,  sulphurous'  acid  acts 
according  to  the  following  independent  equations  : 
Mg  +  H-O  +  SO^  =  MgSO^  +  H- 
2Mg  +  3S0-  =  MgSO'  +  MgS^O' 

4Mg  +  7S0-  =  MgSO*  +  MgS^O"  +  MgS=OlMgO. 

On  the  action  of  sulphurous  acid  on  ijlatinic  chloride,  see  Piatinoti  (p.  986). 
On  the  use  of  sulphurous  acid  in  Bleaching,  see  P.  Fresenius  {Chem.  Ccntr.  1871, 
174;  Chem.  Soc.  J.  [2],  ix.  452);  in  the  Sugar  manufacture:  P.  Schulze  {Bingl.  pol. 
J.  cc.  231 ;  Jakresh.f.  Chem.  1871,  1082);  in  Brewing:  Beanes  {Dincfl.  pol.  J.  cxcvi. 
268  ;  Jahresb,  1870,  1209). 

Metallic  Sulphites.  Spontaneous  Decomposition. — C.  Saint  Pierre  {Compt. 
rend.  Ixii.  460;  Ixxiii.  749)  finds  that  a  dilute  solution  of  acid  potassium  sulphite 
(prepared  by  treating  30  grams  of  carbonate  with  sulphurous  acid,  and  diluting 
to  200  cc),  heated  in  sealed  tubes  to  100°,  and  then  left  to  itself  for  a  long  time  (4 
years),  is  resolved  into  sulphate,  trithionic  acid,  and  free  sulphur : 

lOKHSO'  =  SK^SO*  +  H^S'O"  +  2S  +  iWO. 
A  solution  of  acid  lead  sulphite  kept  for  somewhat  more  than  a  year  ip  sealed  tubes 
at  the  atmospheric  temperature  was  found  to  be  completely  decomposed,  the  whole  of 
the  lead  being  precipitated  as  sulphate,  together  with  a  little  sulphur,  while  the  solu- 
tion contained  free  sulphuric  acid,  and  another  acid  which  gave  a  precipitate  when 
warmed  with  a  solution  of  cupric  sulphate.  From  a  solution  of  acid  bariuin  sulphite 
enclosed  in  sealed  glass  tubes,  the  whole  of  the  barium  was  precipitated  as  sulphate 
after  10-12  hours  heating  in  the  water-bath.  The  solution  still  contained  sulphurous 
acid,  together  with  sulphuric  acid,  and  an  acid  which  formed  black  precipitates  with 
mercury  and  silver  salts.  Liquid  sulphurous  oxide  and  the  concentrated  aqueous  solu- 
tion enclosed  in  glass  tubes  underwent  no  alteration  either  when  heated  in  the  water- 
bath  for  a  month,  or  when  kept  at  the  atmospheric  temperature  for  three  years 
(Saint  Pierre,  Compt.  rend.  Ixxiv.  52).  At  170^-200°,  however,  aqueous  sulphurous 
acid  is  resolved  into  sulphuric  acid  and  free  sulphur  (Geitner,  Ann.  Ch.  tharm.  cxxiv. 
128;  cxxix.  350;  Jahresb.  1862,  69;  1864,  140). 

Copper  Sulphites.- — These  salts  have  been  examined  by  N.  Svenssen  {Beut.  Chem. 
Ges.  Ber.  iv.  713).  The  ordinary  red  salt  is,  as  stated  by  Eammelsberg,  a  cuproso- 
cupric  sulphite,  Cu-SO^'.CuSO^  +  5H-0.  The  simple  cuprous  sulphite,  Cu-SO'S 
described  by  Eogojski  (v.  544),  Svenssen  was  unable  to  obtain.  The  following  double 
salts  were  prepared : 

-1-  6  aq. 


Cu=SO^  +  6  aq. 


K^SO^ 

.  Cu^SO' 

4KHS0 

K^SO^ 

.  Cu'SO' 

6KHS0^ 

Na^SO' 

.  Cn=SO' 

-f- 

2  aq. 

Na'SO' 

.  Cu^SO' 

+ 

11  aq. 

31SVS0' 

.  2Cu=S05 

+ 

2  aq. 

7Na'S0' 

.  Cu=S0' 

+ 

19  aq. 

ISTH^SO^ 

.  Cu=S0» 

7(Nff)=S03 

.  Cu-SO^ 

+ 

14  aq. 

(lSrH*)^SO' 

.  Cu--'S03 

CuSO''  . 

5(NH^)^S0» 

.  Cu-SO^ 

+ 

2aq. 
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Indium  Sulphite,  1ln"0\  3S0-  +  8H=0  (p.  669). 

Magnesium  Sulphite. — According  to  G.  Ai-chbold  {Pharm.  J.  Trans.  [3],  ii.  8ii); 
the  salt  obtained  by  passing  sulphurous  oxide  into  water  in  whioli  magnesium  carbon- 
ate is  suspended,  crystallises  in  tetrahedrons,  has  the  composition  Mg(SO^)-  +  6H'0, 
and  gives  off  all  its  water  at  100°  (compare  v.  546  and  Gmelin's  Handbook,  iii.  235). 

On  the  Sulphites  of  Platinum -bases,  see  pp.  993,  995,  906. 

Potassium  Sulphite. — On  the  spontaneous  decomposition  of  acid  potassium 
sulphite,  see  p.  1134. 

The  action  of  potassium  sulphite  on  compounds  containing  the  group  CCP  has  been 
studied  by  Eathke  {Ann.  Ch.  Pharm.  clxi.  140).  1.  When  trichlorofornicnesulphonio 
chloride,  CCP.SO^Cl,  is  treated  -with  a  solution  of  neutral  solution  of  potassium  sul- 
phite, the  mixture  becomes  hot,  sulphurous  oxide  is  given  off,  and  the  following  reaction 
takes  place : 

CCP.SO^Cl  +  H^O  +  K^SO^  =  HCl  +  IvSO*  +  COP.SO^H. 
The  easily  decomposed  potassium  salt  of  the  acid  CCP.SO-H,  formed  on  neutralisa- 
tion, cannot  be  separated  out,  but  the  presence  of  the  acid  is  demonstrated  by  its  peculiar 
penetrating  odour,  and  by  the  immediate  precipitation  of  trichlorosulphonio  chloride 
on  passing  chlorine  through  the  mixture.  On  boiling  the  solution  of  the  potassium 
salt,  it  is  converted  into  Kolbe's  dichloroformenesulphonate  of  potassium  : 
CCP.SO=K  +  WO  =  HCl  +  CHCP.SO'K. 

Potassium  trichloroformcnesulpho'nate,  CCP.SO^K,  mixed  in  solution  with  potassium 
sulphite,  is  first  converted  into  the  dichloroformenesulphonate,  thus  : 

COl'.SO'K  +  H'O  +  K"SO'  =  HCl  +  K^SO*  +  CHCP.SO'K, 
and  then  at  temperatures  above  100°  into  potassium  formenedisulphonate(methionate), 
some  potassium  ditliionate  being  also  formed. 

2.  Chloropicrin,  CCPNO-,  digested  at  a  gentle  heat  with  a  solution  of  potassium 
sulphite,  soon  dissolves,  producing  potassium  nitroformenedisulphonate, 
CH(NO^)(SO^K)-.  This  salt  dissolves  easily  in  hot,  slowly  in  cold  water;  crystallises 
in  spheroidal  groups  of  microscopic  plates,  bears  a  tolerably  high  temperature  without 
change,  but  detonates  rather  smartly  at  a  stronger  heat ;  gives  precipitates  wdth 
baryta-water  and  basic  lead  acetate,  none  with  barium  chloride,  neutral  lead  acetate, 
silver  nitrate,  or  mercurous  nitrate. 

3.  The  reactions  of  potassium  sulphite  vnth.  trichloracetic  acid  and  chloral  hydrate 
have  already  been  described  (pp.  10,  309). 

Silver  Sulphites. — The  following  double  sulphites  of  silver  have  been  prepared 
by  Svenssen  {loc.  cit.) : 

Na-SC        .    Ag^SO'  -t-  4  aq. 
(NH')'-SO'    .  Ag'-SO' 
3(NH^)-S0^    .    Ag'-'SO'  +  4[(NHJ)nS0q  +  18  aq. 
6(NH^)'S0«    .    AgSO'    +  19  aq. 

Sodium  Sulphites. — According  to  Schultz-Sellack(/.|jr.  C/<e«i.  [2],  ii.  469),  neutral 
sodium  sulphite,  Na^SO',  crystallises  with  7  mols.  H-'O ;  the  deca-hydrated  salt 
described  by  Muspratt  (v.  650),  Schultz-Sellack  was  unable  to  obtain.  A  supersaturated 
solution  likewi.se  yields  the  salt  Na^SO'  +  7H-0.  Sodium  sulphite  has,  like  the 
sulphate,  a  maximum  of  solubility,  and  separates  from  warm  solutions  in  the  anhydrous 
state,  as  observed  by  Eammelsberg.  This  anhydrous  salt  is  perfectly  unalteraljle  in 
the  air,  and  when  moistened  with  water  cakes  together,  and  is  converted  into  tlio 
hydrate.  _  From  a  solution  containing  a  large  excess  of  caustic  soda  it  separates  by 
evaporation  in  a  vaciium  at  ordinary  temperatures,  in  somewhat  more  distinct  crystals. 
The  anhydrosidphite,  Na^SO'.SO^  formed  by  supersaturating  a  concentrated  solution 
of  sodium  carbonate  with  sulphurous  acid,  crystallises  on  cooling,  and  gradually  gives 
off  sulphurous  oxide  on  exposure  to  the  air. 

II.  Sulpburic  Oxide,  Acid,  and  Salts Sulphuric  Oxide  or  i\  k- 
HYDRiDE,  SO'.  The  existence  of  two  modifications  of  this  body,  first  noticed  liy 
Marignae  (v.  669)  has  been  confirmed  by  Schultz-Sellack  {Pogg.  Ann.  cxxxix.  480). 
a.- Sulphuric  oxide,  formed  on  cooling  the  liquid  oxide,  solidifies  at  +  16°in  long  colourless 
prisms  which  melt  at  the  same  temperature  ;  it  boils  at  46°;  vapour-tension  at  20°.  about 
200  mm.  fi-Sulphurio  oxide  is  produced  from  the  a-modification  at  temperatures  Ijclow 
25°,  above  27°  the  transformation  does  not  go  on.  It  forms  extremely  fine  white 
needles  ;  at  temperatures  above  50°  it  gradually  liquefies  and  passes  into  the  first 
modification  ;  at  ordinary  temperatures  it  gradually  forms  vapours  which  have  the 
constitution  of  the  vapour  of  the  first  modification,  and  after  remaining  for  a  week  in 
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a  Tacuiim,  at  20°,  have  a  tension  of  30-40^  mm.  The  vapour,  both  of  the  solid  and  of 
the  liquid  oxide,  exhibits  the  normal  density,  viz.  274  to  2-76  (calc.  for  SO'  =  276). 
The  liquid  oxide  undergoes  very  great  expansion  by  heat,  its  mean  coefficient  of  ex- 
pansion between  25°  and  45°  being  0-0027  for  1°,  that  is  to  say,  more  than  two-thirds 
as  great  as  that  of  gases.  The  two  modifications  also  differ  greatly  in  iheir  relations 
to  solvents.  Liquid  sulphuric  oxide  mixes  in  all  proportions  with  hydrogen  sulphate, 
H-SO^ ;  the  ;8-oxide  dissolves  in  sulphuric  acid  with  extreme  slowness,  and  gradually 
separates  from  a  mixture  of  10  pts.  SO'  and  1-2  pts.  H'-'SO'.  Witli  a  larger  pro- 
portion of  the  acid,  no  solid  oxide  separates,  even  on  cooling  to  a  low  temperature ;  if 
the  proportion  of  acid,  H'^SO<,  amounts  to  5  pts.  for  10  pts.  of  oxide,  the  mixture 
may  deposit  crystals  of  pyrosulphuric  acid,  H'^S'-Q'  or  H-SO^.SO'. 

Liquid  sulphuric  oxide  likewise  mixes  in  all  proportions  with  sulphumts  oxide;  if 
the  latter  is  in  excess,  the  mixture  does  not  deposit  anything  solid,  even  when  cooled 
to  a  low  ^temperature.  A  mixture  of  equal  parts  of  the  two  deposits  on  cooling 
/8-sulpliuric  oxide,  whicli  redissolves  at  ordinary  temperatures;  if,  on  the  other  hand, 
the  sulphuric  oxide  is  in  excess,  part  of  the  mixtiire  solidifies  even  at  ordinary  tempera- 
tures. Sulphuric  and  sulphurous  oxides  do  not  appear  to  form  a  definite  compound, 
as  supposed  by  H.  Eose  {Fogg.  Ann.  xxxix.  173);  nevertheless,  the  existence  of  a  strong 
attraction  between  them  may  be  inferred  from  the  raising  of  tlio  boiling  point  of  the 
mixture.    A  mixture  of  the  two  oxides  in  equal  parts  boils  at  +  5°. 

Carhon  Sulphide  mixes  perfectly  with  liquid  sulphuric  oxide  at  30° ;  at  15°  eacli  of 
these  liquids  takes  up  only  about  \  of  the  other.  A  mixture  of  the  two  in  equal  parts 
boils  at  34°.  They  act  chemically  on  one  another,  especially  in  presence  of  small 
quantities  of  sulphuric  acid,  the  mixture  after  a  while  depositing  a  brown  viscid 
mass.    (Compare  \st.  Siippl.  p.  1067.) 

Reactions. — Selenium  exposed  to  the  vapour  of  sulphuric  oxide  at  ordinary  tempera- 
tures is  converted,  first  into  a  pasty  mass,  then  into  a  yellow  granular  powder,  SeSO', 
which,  when  gently  heated,  gives  off  sulphurous  oxide  and  leaves  selenium  ;  itdissolves 
with  yellow  colour  in  sulphuric  acid,  the  selenium  being  precipitated  on  dilution  with 
water.  Tellurium  is  almost  completely  oxidised  by  sulphuric  oxide  even  at  ordinary 
temperatures.  Iodine  exposed  to  the  vapour  of  sulphuric  oxide  forms  laminar  crystals 
having  nearly  the  composition  I-SO''.  Partial  oxidation  takes  place,  however,  perhaps 
to  periodic  acid,  and  sulphurous  oxide  is  evolved. 

On  the  reaction  of  sulphuric  oxide  vA'Ca.  fhospliorous  chloride,  see  p.  960. 

The  chlorides  of  the  allcali-'imtals  exposed  to  the  long-continued  action  of  sulphuric 
oxide  vapour  are  converted  into  granulo-crystalline  masses,  having  the  composition 
NaGl(SO^)^  and  KCl(SO')^.  With  silver  chloride,  a  compound  is  formed  having  nearly 
the  composition  AgCl(SO')'.  Barium  chloride  yields  the  compound  BaCl-(SO')'-, 
which,  when  heated,  first  gives  off  SO',  then  chlorine  and  SO-,  leaving  barium  sulphate. 

Sulphuric  oxide  is  likewise  absorbed  by  metallic  fluorides,  bromides  and  iodides, 
but  in  the  two  latter  cases  with  decomposition,  and  separation  of  bromine  or  iodine. 
Mercuric  cyanide  absorbs  sulphuric  oxide,  but  likewise  with  partial  decomposition. 
Votassium  nitrite  appears  to  form  v/ith  it  the  compound  KNOSO',  which,  hov/ever,  is 
more  easily  obtained  by  the  action  of  liquid  sulphurous  oxide  on  potassium  nitrate, 
-with  careful  exclusion  of  water.  The  action  of  sulphuric  oxide  on  saltpetre  does  not 
yield  any  compound  analogous  to  the  lead-chamber  crystals,  HNO^SO-". 

When  vapour  of  sulphuric  oxide  is  passed  slowly  and  with  frequent  agitation  into 
strong  nitric  cioid,  well  cooled  by  water  or  ice,  a  thiekish  oily  mass  is  obtained,  which 
at  a  certain  degree  of  concentration  either  deposits  crj'stals  or  crystallises  altogether. 
On  dissolving  this  crystalline  product  in  gently  warmed  dilute  nitric  acid,  and  drain- 
ing the  crystals  which  separate  on  cooling  on  a  porous  tile,  they  are  obtained  colour- 
less and  dry.  Their  analysis  gives  numbers  leading  to  the  empirical  formula, 
4S0',N-05.3H'^0  ;  whence  may  be  deduced  the  rational  formula,  N=0\SO'  +  SSO^ff. 
The  crystals  are  very  deliquescent,  and  decompose  when  heated,  giving  off  brown 
fumes  and  yielding  a  sublimate  which  exhibits  the  properties  of  the  compound 
N^O'.SO'  (E.  Wober,  Vogg.  Ann.  cxliii.  602). 

On  Boric  Anhydrosulphatc,  see  Boron  (p.  208). 

Action  of  Water  on  the  Lead-Chamber  crystals. — Eammelsberg  {Bcut.  Chcm.  Ges.  Bcr. 
V.  310)  reports  experiments  by  Philipp,  from  which  it  appears  that  the  products  of  this 
reaction  are  nitrogen  dioxide,  nitric  acid  and  nitrous  acid.  The  crystals  contain 
ir02  p.c.  nitrogen  ;  the  decomposition  by  water  gave  1176  p.c;  viz.  2'57  as  nitrogen 
dioxide,  1-65  as  nitric  acid,  and  7'54  as  nitrous  acid.  The  nitrogen  dioxide  and  nitric 
acid  are  formed  by  the  action  of  water  on  tlie  nitrous  acid  (in  which  form  probably 
the  whole  of  the  nitrogen  is  present  in  the  crystals).  Tlie  crystals  decomposed  by  a 
solution  of  potassium  iodide  yield  0  p.c.  nitrogen — that  is  to  say,  nearly  3|  times  as 
much  as  when  they  :;re  decomposed  by  water. 
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On  tho  roaction  of  sul^jluiric  oxide  aud  fuming  sulpliwic  acid  with  horie  oxide,  soo 
BoitoN  (p.  208). 

SuLPHUEic  Acid,  H-SO^  Occurrence  in  Nature. — In  several  localities  near 
the  Gulf  of  Mexico,  small  stagnant  pools  of  water  are  found  containing  free  sulphuric 
acid  (r.529  gram  in  a  litre).  These  waters  likewise  contain  a  largo  quantity  of 
aluminium  sulphate,  together  with  iron  sulphate,  and  most  of  them  give  off  bubbles  of 
hydrogen  sulphide,  marsh  gas,  and  carbon  dioxide.  A  petroleum  spring  occurs  in  tho 
neighbourhood  (J.  W.  Mallet,  Cheni.  News,  xxvi.  117). 

On  the  Formation  of  Sulphuric  acid  in  the  Animal  body,  see  E.  Salkowski  {Deut, 
Chem.  Gcs.  Bcr.  v.  637  ;  Che^n.  Soc.  J.  [2],  x.  1033). 

Mami/aoture. — On  tho  Preparation  of  Sulphuric  acid  by  the  Roasting  of  Sulphuretted 
ores,  see  Hasenclever  a.  Helbig  {Dingl.  -pol.  J.  cxcix.  284 ;  Chem,  Centr.  1871,  267; 
Jahresb.f.  Chem.  1871,  981), 

On  the  Concentration  of  Sulphuric  acid,  Stoddarfc  {Chem.  News,  xxiii.  167  ;  Bingl.  ce. 
419;  Jahresb.  1010);  Bode  {Dingl.  cci.  45;  Chem.  News,  xxiy.  82;  Jahresb.  1871, 
1010);  Galletly  {Chem.  News,  xxiv.  106;  Bingl.  cci.  638;  Jahresb.  1871,  1010); 
Hasenclever  {Beat.  Chem.  Ges.  Ber.  v.  .'502  ;  Bingl.  ccv.  125 ;  Jahresb.  1872,  973  ; 
Chem.  News,  xxvi.  174  ;  Chem.  Soc.  J.  [2],  x.  929) ;  De  Hemptinne  {Bingl.  ccv.  419 ; 
ccvi.  155  ;  Jahresb.  1872,  973). 

On  the  recovery  of  Nitrous  acid  in  Sulphuric  acid  -works  by  tho  use  of  Glover's 
Towers,  see  G.  Lunge  {Bingl.  cci.  341  ;  ceii.  532;  Chem.  Centr.  1871,  618;  Jahresb. 
1871,  1011,  1014);  F.  Bode  {Bingl.  ccii.  448  ;  Jahresb.  1871,  1013  ;  Chem.  Soc.  J.  [2], 
s.  1013). 

Thermic  Relations. — On  the  Specific  Heat  of  Sulphuric  acid  and  Sulpliates  in  solu- 
tion, see  Heat  (pp.  597.  599,  601). 

On  the  Density  and  Expansibility  of  the  same  solutions,  p.  603. 

On  the  Heat  of  Formation  of  Sulphuric  acid  and  the  other  Oxygen-acids  of  Sulphur, 
pp.  609-611. 

On  the  Heat  of  Combination  of  Sulphuric  acid  with  Bases  :  Thomsen  {1st  Supjjl.  683, 
C84,  1086);  also  Andrews  {Chem.  Soc.  J.  [2],  viii.  i32 ;  Jahresb.  1870,  129); 
Berthelot  (pp.  628-631  of  this  volume). 

On  the  Heat  of  Combination  of  Sulphuric  acid  with  Water,  see  p.  633  of  this  volume  ; 
also  Thomson  {Beut.  Chem.  Ges.  Ber.  iii.  496  ;  Jahresb.  1870,  127-129). 

Electrolysis. — According  to  H.  Highton  {Chem.  News,  xxvi.  117),  when  dilute 
sulphuric  acid  is  electrolysed,  with  zinc  for  tho  positive  aud  charcoal  for  the  negative 
electrode,  hydrogen  sulphide  is  evolved  at  the  latter.  That  this  gas  does  not  proceed 
from  pyrites  mixed  with  tho  carbon  is  shown  by  the  fact  that  its  evolution  ceases  as 
soon  as  the  circuit  is  broken. 

On  the  Eeduction  of  Sulphuric  acid  to  Hydrogen  Sulphide  by  tlic  action  of  Nascent 
lljidrogen,  see  p.  658. 

On  the  action  of  Sulphuric  acid  on  Alcohol  and  Ether  at  high  temperatures,  see 
Ethyl  Alcohol  (p.  473). 

Metallic  Sulphates. — On  tho  Decomposition  (dissociation)  of  sulphates  in 
solution,  see  Chemical  Action  (pp.  292-304).  On  the  Heat  evolved  or  absorbed  in 
their  dissolution  in  -water,  pp.  292-298.  On  tho  Contraction  attending  dissolution, 
pp.  298-304.    On  the  Freezing  of  sulphate  solutions,  p.  1070. 

On  the  Electrolysis  of  sidphates,  p.  460. 

Antimonioics  Sulphate,  Sb-(SO')',  is  obtained  by  evaporating  a  solution  of 
antimonious  oxide  in  moderately  concentrated  sulphuric  acid,  in  long  needles  having 
a  silky  lustre.  It  is  permanent  in  dry  air,  is  decomposed  by  water,  and  gives  off  sul- 
plmric  oxide  at  a  red  heat  (Schultz-Sellack,  Bent.  Chem.  Ges.  Ber.  iv.  13). 

Barium  Sulphate,  BaSO''. — H.  Struve  {Zeitschr.  anal.  Chem.  ix.  34)  corroborates 
tho  fact  observed  by  Schultz-SoUaek  {1st  Suppl.  1070-1073)  that  the  sulphates  of 
I  i.'irium,  calcium,  strontium,  and  lead  dissolve  in  strong  sulphuric  acid,  and  separate  from 
the  solution  in  crystals  on  evaporation  ;  he  gives  tho  following  table  of  solubilities  : 


100  pts.  of  strong 
sulphuric  acid 
dissolve 


100  pts.  of  Nordhausen 
sulphuric  acid 
dissolve 


BaSO' 
SrSO< 
CaSO' 
PbSO* 


.    6-69  p)ts. 


.  5-68 
.  2-03 
.  0-13 


.    15-89  pts. 


.  9-77 
.  10-17 
.  4-19 


On  the  solubility  of  barium  sulphate  'in  -water  aud  hydrochloric  acid,  and  on  its 
precipitation  in  presence  of  other  salts,  see  p.  1128. 
2nd  Sup.  4  D 
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Bismuth  8ul2)liates. — According  to  Scliiiltz-Sellaek  {Deut.  Cliem.  Ges.  Ber.-  iv. 
13),  the  normal  salt,  Bi'^(SO^)^,  is  easily  obtained  by  evaporating  a  solution  of  bismuth 
oxide  in  moderately  strong  sulphuric  acid,  and  forms  slender  needles  "syhieh  may  be 
heated  nearly  to  redness  -without  decomposition.  According  to  A.  Leist,  on  the  other 
hand  (Ann.  Ch.  Pharm.  clx.  29),  the  salt  formed  by  dissolving  bismuth  osido  in  sul- 
phuric acid  is  not  a  neutral,  but  a  mixture  of  an  acid  salt,  Bi-0^.4S0'  +  7H-0  (or 
+  9H-0,  according  to  the  concentration  of  the  sulpliuric  acid,  from  which  the  salt  has 
crystallised)  =  BiH(SO>)-  +  3ff-0,  with  a  basic  salt,  Bi"-0^2S0'  +  2H-0,  agreeing  with 
Heintz's  sesquibasic  sulphate  (v.  584 ),  excepting  that  it  contains  1  mol.  water  less. 
The  acid  salt  is  obtained  by  dissolving  bismuth  oxide  in  moderately  dilute  sulphuric 
acid  (1  pt.  H-SO^  to  2  or  3  pts.  Il-O),  redissolving  the  basic  salt  which  separates  in  a 
large  quantity  of  sulphuric  acid  (about  1  pound  of  strong  sulphuric  acid  to  15  grams 
of  bismuth  oxide),  then  filtering  and  evaporating.  The  acid  salt  then  separates  in 
long  shining  needles  which  may  be  freed  from  mother-liquor  by  spreading  them  on  a 
tile  and  pressing  them  between  bibulous  paper.  It  is  insoluble  in  water,  but  dissolves 
in  acids,  especially  in  hydrochloric  and  nitric  acids.  When  washed  for  several  days 
with  hot  water,  and  then  carefully  dried  by  pressure  for  a  week  between  bibulous 
paper,  it  was  converted  into  a  salt  having  the  composition  4Bi-0^.3SO'  +  15H-0. 
The  basic  salt,  Bi20'.2SO^  +  2H-0,  is  obtained  by  dissolving  bismuth  oxide  in  sul- 
phuric acid  diluted  as  above,  filtering  from  separated  salt,  and  evaporating.  The 
crystals  are  likewise  needle-shaped,  but  not  so  long  as  those  of  the  acid  salt  (Leist). 

Cadmium  Sulphate. — This  salt,  subjected  for  several  hours  to  the  action  of  a 
stream  of  ammonia  gas,  falls  to  powder  and  is  converted  into  the  ammonio-salt, 
CdS0'.6Nff ,  the  ammonia  in  which  exhibits  the  following  tensions  : 

Temperature        48-6°    61-5°    100°     100°     100°     100°     100°  100° 
Tension  in) 

millimeters  \    368      439     1374     1364     1366     1364     1361  1365 
of  mercury  j 

The  compound  left  after  heating  to  100°  is  CdS0'.2NH'.  These  ammonia-compounds, 
like  all  others  of  the  same  class  in  tlie  pulverulent  form,  absorb  ammonia  mechani- 
cally like  charcoal,  the  tension  of  the  gas  at  any  given  temperature  being  variable  up 
to  the  point  at  which  the  salt  retains  only  combined  ammonia  (Isambert,  Compt.  rend, 
Ixx.  456).    Compare  \st  Stippl.  p.  426. 

Cerium  Stt'lphates.    See  CEBnjM  (p.  275). 

Glucinum  Sulphate,  GSO^  +  4H=0,  crystallises  in  the  quadratic  system.  Axes 
«  :  c  =  1  :  0-9461.  Observed  forms.  Oil  (110),  or  Pco  .  ocP.  Sp.  gr.  of  the  crystals 
=  1-725  (Topsoe,  Wicn.  Acad.  Bcr.  [2  abth.]  Ixvi.  5). 

Gold  Sulphates  (p.  576). 

Iron  Sulphates. — H.  Eheineck  {Dinc/l.  pol.  J.  ccii.  268;  Chem.  Soc.  J.  [2],  x. 
225)  infers  from  experiments  of  his  own  that  ammonio -ferrous  sulphate  and  potassio- 
ferrous  sulphate  crystallise,  not  with  6  mols.  water,  as  commonly  supposed,  but  with 
5  mols.  According  to  E.  Fleischer,  on  the  other  hand  {J.  pr.  Chcm.  [2],  v.  437 ; 
Chcm.  Soc.  J.  [2],  x.  1079),  the  ammonio-ferrous  salt  has  the  formula  commonly 
assigned  to  it^  viz.:  Fe(NH*y-^(SO')"  h-  6H=0. 

Lead  Sulphate,  PbSO'. — On  the  solubility  of  this  salt  in  strong  sulphiu-ic  acid, 
see  p.  1137.  On  its  solubility  in  various  salts  of  organic  acids  in  presence  of  alcohol, 
see  F.  H.  Storer  {Chem.  News,  xxi.  17 ;  Jahresb.  1870,  355). 

Magnesium  Sulphates. — Ammonium-magnesium  sulphate,  (NH'')^SO*.MgSO-' 
+  has  been  found  by  0.  Popp  {Ann.  Ch.  Pharm.,  Suppl.  viii.  1)  in  the  boric 

acid  lagunes  of  Tuscanj',  especially  in  those  at  Sasso  and  Acquaviva,  which  are  poorest 
in  boric  acid,  In  the  salt  from  these  two  localities,  not  purified  by  recrystallisation, 
the  magnesia  is  replaced  in  variable  proportions  by  manganous  and  ferrous  oxides, 
and  lime  appears  also  to  be  present  as  an  amorphous  constituent.  The  mother-liquors 
which  remain  after  the  crystallisation  of  the  boric  acid  contain  small  quantities  of 
potassium-magnesium  sulphate.  Popp  designates  all  the  isomorphous  double  sul- 
phates of  the  magnesia  group  occiu-ring  in  the  fumaroles  of  Tuscana  as  '  Cerbolites.' 

A  solution  of  1  mol.  potassium  chloride  and  1  mol.  magnesium  sulphate  deposits, 
on  evaporation,  the  double  salt,  K^SO'.MgSO'  +  6H-0,  which,  when  treated  with  a 
quantity  of  water  not  sufficient  to  dissolve  it  completely,  leaves  a  residue  of  pure 
potassium  sulphate,  -while  the  solution  deposits  first  the  double  salt  above  mentioned, 
and  then  the  salt  K2S0*.'2MgS0<  +  14li-0.  The  mother-liquor  decanted  from  the 
first  salt  yields,  by  further  concentration,  a  crop  of  crystals  which,  when  dried  upon  a 
tile,  have  the  composition  2K=S0  '.4KGl.MgCl- -h  7H-0  or  li-S0*.MgS0'.6KCU  7H*0. 
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Tlio  f(illo\ving  crystallisations  consist  chiefly  of  potassium-magnesium  chloride,  and 
the  last  mother-liquors  contain  almost  pure  magnesium  chloride. 

Moh/hiloivm  Suljyhates. — Neutral  molyhdio  sulphate,  (]VIoO)-SO',  separates, 
aeeordiliig-  to  Srliultz-Sollaek  {Bivt.  Chcm.  Gcs.  Bcr.  iv.  ]3),  from  a  solution  of  the 
trioxido  iii  moderately  strong  sulphuric  acid,  in  colourless  shining  crystals  -whicli 
dtdiquosco  on  exposure  to  the  air,  and  turn  Line  in  consequence  of  the  reducing  action 
of  particles  of  dust.  When  heated  they  easily  decompose,  and  give  ofl'  sulphuric  oxide. 
The  aqueous  solution  dries  up  to  a  horny  mass.  The  salt,  Mo-(iSO^)',  described  by 
Anderson  (v.  606),  Sehnltz-Sellack  was  unable  to  obtain. 

Platinum  Sulphates,  Ammoniaoal  (pp.  99-1-1003). 

Potassium  Sulphate,  K=SO^ — H.  Griineberg  {Chcm.  Centr.  1870,  623)  prepares 
this  salt  by  decomposing  native  potassium-magnesium  sulphate  (schonito)  with  potas- 
sium chloride.    The  reaction  would  proceed  according  to  the  equation  : 

MgK-(SO-')-  +  3KG1  =  2K-S0'  +  KCl.MgCl^ 
were  it  not  that  the  carnallite  (or  magnesium  chloride)  produced  interferes  with  the 
complete  action  of  the  salts  on  one  another.  The  saturated  solution  (27°  B.)  of  2  mols. 
schonito  is  added  at  the  boiling  heat  to  3  mols.  of  finely  powdered  crystallised  potas- 
sium chloride.  The  latter  is  quickly  converted  into  sulphate,  ljut  as  soon  as  the  tem- 
perature of  the  solution  falls  below  -10°,  chloride  of  potassium  .again  separates  out.  To 
prevent  this,  the  lye  must  be  decanted  from  the  pot^issium  sulphate  while  at  40°.  On 
evaporating  this  liquid,  potassium  sulphate  crystallises  out  first,  then  sclionite,  and 
lastly  carnallite.  The  potassium  sulphate  may  be  easily  brought  to  9.5  p.c.  by  centri- 
fugalising  and  covering  it  T/ith  a  small  quantity  of  water. 

Schonite  m.ay  also  be  decomposed  by  macerating  it  several  .times  with  a  cold  satu- 
rated solution  of  pure  potassium  chloride  (21°  B.) 

To  purify  the  crude  commercial  potassium  sulphate  (plate  sulphate,  of  potash),  which 
usually  has  the  composition  3K-S0^Na-'S0^  (vi.  609),  Sonstadt  {Chevi.  News,  xxvi. 
105)  boils  the  aqueous  solution  with  potassium  chloride.  The  hot  solution  on  cooling 
deposits  pure  chloride  of  potassium,  the  sodium  chloride  remaining  dissolved.  This 
'  plate  sulphate'  does  not  appear  to  be  a  true  double  salt,  as  its  composition  is  not  con- 
stant. A  well-crystallised  sample  was  found  by  J.  Mahony  (ibid.  xxii.  217)  to  con- 
tain 77-60  p.c.  K-'SO<  (calc.  78-56). 

On  the  reaction  of  potassium  sulphate  with  gypsum,  see  p.  589. 

Silver  Sulphate. — On  the  reactions  of  this  salt  with  iodoform,  chloracdio  acid, 
chlorohenzoic  acid,  and  ethyl  iodide,  see  Kilmmerer  (Bcut.  Chem.  Gcs.  Bcr.  iv.  210  ; 
Jahresh.  1871,  654  ;  Chevi.  Soc.  J.  [2],  552). 

So di u m  S alpha  t e,  Na^SO '.—Crys^ft/Zwailw!!.— According  to  Schultz-Sellack  (J. p>r. 
Chem.  [2],  ii.  459)  a  section  of  this  salt  mixed  with  a  large  quantity  of  caustic  soda 
deposits  it  at  ordinary  temperatures  in  the  anhydrous  state. 

The  spontaneous  crystallisation  of  sodium  sulphate  from  supersaturated  solutions 
has  been  studied  by  De  Coppet  (Bidl.  Soc.  Chiin.  [2],  xvii.  146-155).  His  experiments 
confirm  the  statement  of  Loewel  (v.  613),  that  the  crystallising  temperature  of  the 
heptahydrate,  Na'^S0'.7H-0,  is  for  the  most  part  higher  as  the  solution  is  more  con- 
centrated ;  there  is,  however,  no  definite  relation  between  the  concentration  and  the 
depression  of  the  crystallising  point  below  the  temperature  of  normal  saturation.  For 
a  solution  of  given  strength  the  crystallising  point  may  vary  by  several  degrees.  Ac- 
cording to  existing  observations  the  lowering  of  the  crystallising  temperature  amounts 
to  at  least  7°,  and  mostly  to  about  12°  for  solutions  containing  from  20  to  35  pts.  of 
anhydrous  salt  to  100  pts.  water.  With  regard  to  the  crystallisation  of  the  decahy- 
drate,  Na-SOMOH-0,  Do  Coppet  infers  from  his  experiments  that  it  is  higher  when 
the  solution  is  quickly  cooled.  The  presence  of  crystals  of  the  heptaliydrate  exerts  no 
perceptible  influence  on  the  crystallising  temperature  of  the  deeahydrate.  The  influ- 
ence of  concentration  is  likewise  almost  imperceptible.  At  all  events,  the  cry.stallisai 
tion  of  the  deeahydrate  docs  not  always  take  place  exactly  at  —  8°  to  —  7°,  as  stated  by 
Violette  and  Baumhauer.  The  point  at  which  crystallisation  begins  is  not  regulated  by 
any  definite  law.  The  first  crystal  forms  sometimes  on  the  side  of  the  vessel,  some- 
times at  the  surface  or  in  the  interior  of  the  liquid.  In  general  a  saline  solution  crys- 
tallises more  readily  the  larger  its  quantity. 

From  his  numerous  observations  on  the  freezing  of  saline  solutions  (pp.  1068-1071) 
De  Coppet  infers  that  the  '  new  hydrate '  of  sodium  sulphate  said  by  Tomlinson  (Proc. 
Roy.  Soc.  XX.  109  ;  Chem.  Soc.  J.  [2],  4,284)  to  crysfcxllise  at  or  below  -3-3°,  and  by 
Violette  (Etudes  siir  la  Crystallisation,  Paris,  1867)  at  —4°,  is  nothing  but  a  mixture 
of  ice  and  the  hydrate,  Na^SO'.  7H-0.  According  to  De  Coppet,  sodium  sulphate  is  at 
present  known  in  four  states,  viz. :  two  modifications  of  the  anhydrous  salt,  one 
separating  below  and  the  other  above  33°,  and  the  two  hydrates  with  7  and  10  mols. 
4  D  2 
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H-0  {Compt.  rend.  Ixxiii.  1324;  Chem.  News,  xxiii.  266  ;  xxv.  102;  Cliem.  Soc.  J.  [2], 
X.  284,  465).   See  also  Liversidge  {Proc.  Sot/.  Soc.  xx.  497-507). 

On  tlio  Specific  Heat,  and  Density,  and  Ex-pansion-coefficient  of  aqueous  sodium  sul- 
phate, seo  Heat  (pp.  599,  601,  603). 

Strontium  Sulphate,  CrSO^ — On  tlie  solubility  of  this  salt  in  sulphuric  acid, 
see  p.  1137. 

Uranium  Sulphates. — Normal  uranic  sulphate,  (UO^)"SO',  [U  =  240],  separates 
on  evaporation  from  solution  in  strong  sulphuric  acid,  in  honey-yellow,  non-fluorescent 
crystals.  It  is  not  decomposed  at  a  low  red  heat.  It  dissolves  abundantly,  though 
slowly,  in  water,  and  gradually  absorbs  water  from  the  air.  By  dissolving  it  in  not 
quite  concentrated  sulphuric  acid  and  slowly  evaporating  the  solution  in  an  open 
dish  at  200°,  an  acid  sulphate,  H-(UO-))(SO')-,  analogous  in  composition  to  the  lead- 
chamber  crystals,  is  obtained  in  fluorescent  crystals  of  a  fine  yellow-green  colour, 
which  quickly  deliquesce  on  exposure  to  the  air.  On  mixing  the  sohition  of  the 
normal  sulphate  in  strong  sulphuric  acid  with  liquid  sulphuric  anhydride,  the  anhy- 
drosulphate,  (U02)S0*.S0',  separates  gradually  in  small  yellow  crystals.  On  heating 
the  solution  the  salt  separates  [immediately,  but  it  is  then  generally  mixed  with  the 
ordinary  acid  salt.  It  hisses  when  thrown  into  water  (Schultz-Sellaok,  Beut.  Chem 
Ges.  Ber.  iv.  13). 

III.  Dlsulphuric,     Pyrosulpliuric,      or     Anhydrosulphuric  ilcid, 

SO-(OH) 

H-S-0'  r=  0  Nordhauscn  Sulphuric  acid  (v.  574).— Several  salts  of  this  acid 

I 

SO-(OH) 

have  been  examined  by  Schultz-Sellack  {Deut.  Chem.  Ges.  Ber.  iv.  109).  The 
acid  itself  is  easily  obtained  of  definite  composition  by  mixing  sulphuric  acid  with  the 
liquid  anhydride,  using  a  slight  excess  of  the  latter,  and  spreading  the  resulting 
crystals  under  a  bell-jar  over  not  quite  concentrated  sulphuric  acid,  which  then  takes 
up  the  excess  of  the  anhydride.  If  the  mixture  contains  a  large  excess  of  the  anhy- 
dride, it  remains  fluid  for  a  long  time,  and  on  cooling  yields  a  deposit  partly  consisting 
of  the  j8-anhydride  (p.  1135).  The  dry  crystals  melt  at  35°,  and  exhibit  no  vapour- 
tension.  The  acid  mixes  with  sulphurous  anhydride,  which  can  then  be  expelled  only 
by  prolonged  boiling. 

The  pyrosulphates  of  potassium  and  sodium  have  been  known  for  some  time 
(v.  608,  612).  The  neutral  potassium  salt,  IPS-0',  prepared  bytheaction  of  sulphuric 
anhydride  on  the  heated  normal  sulphate,  melts,  according  to  Jacquelain,  at  210°, 
according  to  Schultz-Sellack  at  300°,  and  cannot  be  recrystallised.  By  dissolving  it 
in  strong,  fuming  sulphuric  acid,  it  is  converted  into  hydropotassio  pyrosidphate, 
KHS-0',  which  crystallises  in  transparent  prisms  melting  at  168°.  The  salts, 
Na^S^O',  Ag-S-0',  and  BaS^O',  prepared  like  the  potassium  salt,  form  colourless 
crystals.  The  barium  salt  hisses  when  thrown  into  water ;  it  does  not  melt  when 
heated,  but  decomposes  at  an  incipient  red  heat  (Schultz-Sellack). 

Potassium  pyrosulphato  in  fine  powder,  heated  with  an  alcoholic  solution  of  potas- 
sium sulphydrate,  yields  a  considerable  quantity  of  potassium  thiosulphate : 
S02(0K) 

O  +  2KSH  =  SO=J|  -F  SO=^J  +  H^S. 

SO=(OK)  Sulphate  Tliiosul- 

PjTosulphate  '^^'^'^ 

The  same  salt,  boiled  with  alcoholic  sodium  ethylatc,  yields  potassium  ethyl- 
Bulphate : 

S02(0K) 

6  +  G^ffONa  =  SO^OK    ^  gQ.OK^^ 

SO=(OK) 

(Drechsel,  J.  pr.  Chem.  [2],  v.  367). 

An  arsenious  anhydrosidphate,  As^(SO*)'.SO',  which  may  perhaps  be  represented  by 
the  constitutional  formula  : 

S0=— 0— S0=— O(AsO) 
I 

SO^— 0— S0=— O(AsO). 
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separates  from  a  solution  of  arsenious  oxido  in  fuming  sulphuric  aeiil,  in  slender 
shining  needles,  which  are  decomposed  by  water.     The  corresponding  antimony-com- 
pound, first  obtained  by  Peligot  (v.  684),  may  be  prepared  in  a  similar  manner 
(Schultz-Sellack). 
lY.  lodosulpburic  Acid,  H-SO'I-  (p.  684). 

V.  Thiosulphuric  Acid,  ffS-O'  =  SO--[g^.    The  salts  of  this  acid  have  been 

examined  by  E.  A.  Letts  {Chcm.  Soc.  J.  [2],  viii.  424),  who  infers  that  they  do 
not  contain  hydrogen  as  an  essential  constituent.  Ho  finds  that  the  sodium  salt, 
Na=S=0^6H-0,  gives  off  the  whole  of  its  water  at  100°,  or  in  a  vacuum  over  sulphuric 
acid  ;  whereas,  according  to  Pape  {\st  Stippl.  1073),  a  temperature  of  215°  is  required 
to  expel  the  last  molecule  of  water.  The  barium  salt  crystallises  with  only  one 
molecule  of  water,  which  is  likewise  expelled  at  100°.  The  lead  salt,  PbS-0',  is 
anhydrous,  as  previously  shown  by  Pape.    The  strontium  salt  appears  to  contain 

5  mols.  water,  four  of  which  are  given  off' at  100°  ;  whereas  at  200°  only  i  mol.  H-0 
is  expelled:  hence  Letts  infers  that  the  formula  of  the  salt  is  2SrS'-O'.10ir-O,  and  that 
only  9  mols.  of  the  water  can  be  driven  off"  without  decomposition.  The  magnesium 
salt,  MgS-0^6H=0,  gives  off'  only  3  mols.  water  at  100°,  the  other  three  appearing  to 
bo  retained  till  decomposition  begins.    The  thiosulphates  of  cobalt  and  nickel  contain 

6  mols.  water,  and  are  easily  decomposed. 

Lead  thiosid'phate  (1  mol.),  treated  with  phosphorus  pentachloride,  yields,  together 
with  lead  chloride,  hydrogen  chloride  and  sulphurous  oxide,  a  distillate  containing 
thionyl  chloride,  S001-,  phosphorus  oxychloride,  and  probably  also  phosphorus 
sulphochloride.  The  reaction  begins  spontaneously,  but  requires  heat  to  complete  it 
(J.  Y.  Buchanan,  Deut.  Chan.  Gos.  Ber.  iii.  485). 

VI.  BittaioDic  Acid.  On  the  crystalline  form  of  lead  thionate,  see  Brezina 
{Jahrhnch .  j:  Miiicralogic,  iv.  642). 

VII.  Tritbionic  Acid,  H-S^O".  Ammonium  trithionato  is  formed,  with  evolution 
of  hydrogen  sulphide  and  ammonia,  by  the  action  of  ammonium  sulphate  on  manganous 
sulphide  : 

MnS  +  2(NH^)'S0'  =  (NH^)=S'0»  +  MnO  +  2NH'  +  H'-O. 
The  hydrogen  sulphide  probably  results  from  the  decomposition  of  p.art  of  tho 
trithionate:  (NH')2S'0''  =  2S0^  +  (Nff)=S.  (F.m\ck,Beut.  Chcm.  Gcs.Bcr.'w.UG). 

Potassium  Sclcnio-trithionatc,  K-SeS-O",  forms  monoclinic  crystals  cxliibitiug  tho 
faces  ooP,  coPco,  +  P,  +  Poo,  oP.  Angle  oo'P  :  o=P'  =  112^42';  ooF  :  P' 
=  142°  6';  +  F  :   +  P  =  98°  22  (B.  Eathke,  J.  pr.  Chcm.  [2]  i.  33). 

VIII.  Tetrathionic  Acid,  H'.S'O"*.  AVhen  a  mixed  solution  of  a  thiosulphate 
and  iodato  is  treated  with  an  acid,  tetrathionate  and  iodato  are  produced,  as  siiown  by 
tho  equation : 

6Na=S'-03  +  KIO^  +  GIICI  =  3Na^S'0«  +  KI  +  6NaCl  +  .-ill-O, 
6Na-S-0'  +  KIO'  +  2C»H»0'  =  SNa^S-O"  +  KI  +  2C»IPNa^<0'  +  311=0. 

SITPBRPHOSPHATES,  AM-AI.7SIS  OF.     See  Phosph.vtes  (p.  970). 

SUPERSATURATED  SOX.UTXON-S.    See  Saline  Solutions  (p.  1070). 

StTRFACE-TEirsiOZr  OP  X.ZQUIDS.    See  Capillarity  (p.  247). 

SYJWPHYTUBI.  The  prickly  conifrey  (<S'.  aspcrrimun),  a  native  of  the  Caucasus, 
is  culi  ivatud  in  some  parts  of  Ireland  as  food  for  dairy-stock.  The  plant  is  perennial, 
is  easily  propagated  by  cuttings  from  the  root,  and  yields  a  heavy  crop.  The 
ordinary  produce  is  about  30  tons  per  acre,  in  several  cuttings,  but  82  tons  has  been 
reached.    Analysis  of  plants  grown  in  Oxfordshire  gave  the  following  results : — 


Natural  state  Dried  at  100° 

Water                                                      90-66  — 

Oil  and  chlorophyll  0-2()  2-20 

Soluble  nitrogenous  compounds  .       .        .      I'lO  11-81 

Insoluble  nitrogenous  compounds       .       .      1-62  17-31 

Gum,  mucilage,  and  a  little  sugar      .       .      1-28  13-65 

Woody  fibre                                                  3-30  35-43 

Soluble  mineral  matters     ....      1-25  13-32 

Insoluble  mineral  matters  ....      0-59  6-28 

100-00  100-00 

Total  nitrogen     ....    0-434  4-66 
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Judging  from  its  composition,  tho  plant  will  have  about  tlie  same  feeding  value  as 
green  mufetard,  turnip-tops,  or  Italian  rye-grass  grown  on  irrigated  land  (A.  Voolcker, 
Journ.  Boy.  Agr.  Soc.  [2],  vii.  387). 

SYSTASarTKROiSE,  C'=H"0".  A  sugar  isomeric  witli  cane-sugar,  occurring, 
together  with  inulin,  in  the  tuber-bearing  Composite  (see  Sugars  (p.  1109). 

STnTG-ESfflTE.  Potassio-caleic  sulphate  from  the  salt-beds  of  Kalusz  in  Galieia. 
Zepharovich  {Jahrh.  f.  Min.  1872,  536)  gave  the  name  syngenite  to  a  mineral  of 
this  composition,  which  he  supposed  to  be  rhombic,  and  J.  Eumpf  (Mra.  Mitth.  1872, 
120)  designated  a  monoclinic  mineral  of  the  same  composition  as  kaluszHe.  Sub- 
sequent investigation  (ihid.  1873,  88,  638)  having  shown,  however,  that  both  minerals 
are  monoclinic,  and  identical  in  form  and  composition  with  artificially  prepared 
potassio-calcic  sulphate,  K'-SO'.CaSO'  +  H-O,  tliG  name  Icalussitc  has  been  dropj^od. 

The  first  four  of  the  following  analyses  (made  on  specimens  originally  called 
kaluszite)  are  by  Ullik  {Min.  Mitth.  1872,  120),  the  fifth  by  0.  Volker  (J«Ar6./.  Mm. 
1873,  88).    No.  VI.  gives  tho  values  calculated  from  the  formula  above  given : 


I.  II.  III.  IV.  V.  VI.  (calc.) 

CaO        ,       .    17-24  17-09  16-67  16-62  16-97  17-06 

MgO       .       .     —  —  —  —  0-16  — 

K=0        .       .    28-57  28-53  28-40  28-72  28-03  28-70 

SO^  .       .       .      —  48-63  48-33  48-35  49-04  4875 

H-0        .       .      5-50  6-46  6-46  5-45  6-81  6-48 


Sp.  gr  2-53  to  2-56  22-5 

The  axial  elements  are  : 

Clinodiagoual  Orthodiagonal  Principal  axis 

1-3801  :  1  :  0-8667  Eumpf 

1-3609  :  1  :  0-8738  Zepharovich. 


Angle  of  inclined  axes  76°  9'  (Eumpf) ;  76°  0'  (Zepharovich). 


T 


TACHYSiYTE.  On  the  tachylyte  and  dolerite  of  tho  Sababerg  in  Hesse,  see 
DoLEEITK  (p.  439). 

TA3JJEKITE.  The  name  given  by  Meunier  to  the  rock  composing  the  meteorite 
which  fell  at  Tadjera,  near  Setif,  on  June  9,  1867.  On  the  black  colouring  matter  of 
this  rock,  see  Meunier  (Cowz;);.  rcMtZ.  Ixii.  393;  Chcm.  Soc.  J.  [2],  ix.  329).  On  the 
conversion  of  serpentine  into  tadjerite:  Compt.  rend.  Isxii.  541 ;  CJmn.  Soc.  J.  [2].  ix. 
805. 

TA2.COSITE.  A  mineral  from  Victoria,  where  it  occurs  in  thin  laminar  veins 
traversing  solwynite.  It  feels  like  talc,  has  a  silver-white  colour,  with  a  tinge  of 
green  or  yellow  and  a  nacreous  lustre.  The  lamiuEe  are  flexible  and  unelastic.  Before 
the  blow-pipe  it  becomes  quite  white,  exfoliates,  gives  olF  water,  and  melts  to  a 
blistered  enamel.  Hardness  =  1  ;  at  right  angles  to  the  lamination,  =  1'5  to  2'0. 
Sp.  gr.  =  2-46  to  2-5  (Ulrich,  Sill.  Am.  J.  [2],  1.  272).  C.  Newbery  found,  as  the 
mean  of  two  analyses,  49-04  p.c.  SiO=,  45-98  Al-0^  and  4-30  ffO,  with  traces  of 
chromic,  ferrous,  and  manganous  oxides. 

TAMBSITE.  This  name  is  proposed  by  Crookes  for  a  mineral  of  unknown  origin, 
analysed  by  H.  Tamni  {Chcm.  News,  xxvi.  13).  It  has  a  specific  gravity  of  12-5  and 
contains  88-05  p.c.  timgsten,  6-60  iron,  0-15  ma.nganese,  and  6-20  undetermined  sub- 
stance, said  to  contain  neither  oxygon  nor  sulphur. 

TAmPICISf,  C''"H5'0''  (Spirgatis,  N.  Fep.  Pharm.  xix.  452).  A  neutral 
substance  resembling  convolvulin,  existing  in  Tcnnpico  Jalap.  The  tubers  having  been 
exliausted  with  water,  the  resin  is  extracted  with  alcohol,  purified  by  boiling  with 
water,  and  decolorised  in  alcoholic  solution  with  animal  charcoal.  It  dissolves  in 
alcohol  and  in  ether,  and  when  treated  with  strong  b^fe'es  takes  up  3H-0,  and  is  con- 


TANNIC  ACID  AND  TANNIN, 


1143 


verted  into  tampicic  acid,  C'^ff"!!".  Tliis  acid  is  amorphous,  hygroscopic,  easily 
soluble  in  water  and  in  alcohol ;  neutral  lead  acetate  and  mercuric  chloride,  added  to 
its  solution,  produce  white  clouds  ;  basic  lead  acetate,  a  bulky  precipitate. 

Tampicin  is  resolved,  by  digestion  with  dilute  acids,  into  sugar  and  tampi colic  acid, 
Qiiijj32Q3^  which  crystallises  in  slender  needles,  melts  when  heated  to  a  faintly 
yellowish  liquid,  forms  soluble  salts  with  alkalis,  insoluble  salts  with  the  earths  and 
heavy  metallic  oxides. 

The  medicinal  action  of  tampicin  resembles  that  of  convolvuliii. 

TAWWIC  ACSB  and  TUlSIISXW.  The  nature  and  constitution  of  tannic 
arid  from  nut-galls  (gallotannic  acid)  have  been  investigated  by  H.  Schiif  (Dcut. 
('//cm.  Gcs.  Ba:  iv.  231,  967;  further.  Bull.  Soc.  Chim.  [2],  xviii.  23).  There  is  no 
doubt  that  crude  tannic  acid  contains  glucose,  and  that  this  substance  is  not  merely 
mechanically  retained  in  it ;  the  percentage  of  sugar,  however,  has  been  very  variously 
t  h.timated  by  different  observers,  and  it  has  been  found  possible,  by  appropriate  treat- 
ment, to  reduce  the  amount  to  a  small  percentage,  the  tannic  acid  thus  purified 
exhibiting  precisely  the  same  properties  as  before.  It  has,  therefore  long  been  a 
matter  of  dispute  whether  tannic  acid  was  to  be  considered  as  a  glucoside  or  not.  The 
following  experiments  throv/  important  light  on  the  siibject. 

AVell-purified  crystallised  tannic  acid,  dried  at  110^,  was  mixed  with  phosphorus 
o'xychloride  to  the  consistence  of  an  emulsion,  and  the  mixture  heated,  first  at  100°, 
afterwards  nt  120°,  whereupon  mucli  bjdrocliloric  acid  was  evolved,  and  the  tannic 
acid  was  finally  converted  into  a  yellow  powder  which  was  washed  several  times  by 
decantation  with  dry  ether,  and  the  residue,  freed  from  ether  by  gentle  warming,  was 
dissolved  in  a  small  quantity  of  water.  At  the  end  of  twelve  hours  a  crystallisation 
of  unchanged  tannic  acid  (about  10  per  cent.)  was  obtained. 'On  saturating  the  yellow- 
red  motlier-liquor  with  salt,  the  •\\-hole  solidified ;  and  on  the  addition  of  more  salt, 
the  precipitate  caked  together  to  a  resinous  mass,  from  which  the  greater  part  of  the 
salt-solution  could  be  poured  off.  Ai'loi-  :;•(■  v,;isliin2:  with  salt-solution,  the  resinous 
cake  was  dried  in  a  vficmiiu,  diss^  Iv  .1  \r.  .  '  .\\:\  ■  .,h  .,hol,  and  a  considerable  volume 
of  ether  was  added  to  Ih,' liiiioi;,  \,  ;,;.  |,  ,-.  i:,  ■  liUercd  ;  after  distilling  off  the 
ether,  the  mass  was  dried  in  a  viicuuiii.  'ihr  \  .n'iii>ii-lil;c  sliL'lillv  .■uloiiri''!  i-c^iMiui 
thus  obtained  exhibits  the  reactions,  sulubilily,  |  \  l-.il  i  i  l  i  !  !  ■  ,•. 
characteristic  of  tannic  acid.    It  is  the  first  t.iniiii-  :   ,1   ,  :     i  >,  \v  ,  .1 

fcrfccthj  free  from  sugar.  By  heating  with  hydmrhliirir  .hi  I  n  u,  ^  ,,;/',.// id 
into  crystalline  gallic  acid,  and  this  again  into  Uumic  acid.  Analyses  of  various  por- 
tions gave  517  to  52-3  per  cent.  C,  and  3-4  to  4-1  per  cent.  II,  agreeing  with  the 
formula  C'^II'"0',  whicli  is  that  of  an  anhydride  of  digallic  acid:  C"H''''0'°  — H-O 
_  C'^H'oO".  The  tannic  acid  thus  prepared  is  converted,  by  the  action  of  acetic  anhy- 
dride, into  an  acetyl-dorivativo  which  Schiff  formerly  supposed  to  be  tetracetyl-tannic 
acid,  whence  he  was  led  to  regard  tannic  acid  as  an  alcoholic  anhydride  of  digallic 
acid  containing  four  OH  groups,  and  represented  by  the  formula : 


Subsequent  experiments,  however,  have  shown  that  this  supposed  tetracotyl-derivative 
is  really  a  pentacety Itannic  acid,  whence  it  follows  that  the  molecule  of  tannic 
acid  must  contain  five  hydroxyls,  and  must  be  represented  by  the  formula : 


which  is  that  of  an  cthcrated  anliydridc  of  digallic  acid. 

Ellagic  iLcicl,  C'lPO'. — This  acid  is  formed,  according  to  Griessmaj^cr  {loc,  cif.),  by 
the  action  of  iodine  on  tannic  acid  : 

C'Hi'O"  +  P  =  SHI  +  C"H«0'. 
It  is  also  formed  in  small  quantity  by  the  action  of  phosphorus  oxycliloride  on  tannic 
acid,  or  of  the  pentaehloride  on  gallic  acid,  and  when  acetyl-tannic  acid  is  boiled  with 
magnesia  and  water,  and  the  product  is  exposed  to  the  air  (Schiff) ;  moreover,  as 
observed  l)y  Liiwe,  when  tannic  acid  is  heated  with  dry  arsenic  acid: 


EUngic  acid  dri(id  at  110°  has  the  composition  CH'^O^  and  its  relation  to  tannic 
acid  may  be  represented  as  follows  : — 


2C'Jni°0" 


As^O"'  =  As=0^  +  2W0  +  2C"H'0''. 
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fCO.OH 

CO.OH 

OH 
OH 
.0  I 

C^H^- 

OH 

0  I 

(GO) 

OH 
OH 

I  OH 

0 

OH 
I  OH 

Tannic  acid 

Ellagio  acid 

Air-dried  ellagic  acid,  C'^H^O"  +  H=0,  loses  its  water  at  100°.  but  re-absorbs  it 
from  moist  air.  Wlien  it  is  heated  to  200°-210°,  the  compound  C'^ffO''  is  obtained, 
and  this  compound  does  not  recover  its  water  from  moist  air,  but  ebullition  with 
water  slowly  reconverts  it  into  ellagic  acid.  Consequently  it  is  an  anhydride  of  ellagic 
acid,  and  may  be  represented  by  one  of  the  following  formulae  :— 


CO.OH 
OH 


II. 

CO- 
OH 

0  

0-f 
CO  i 

0  

OH 
0  — 


The  action  of  acetic  anhydride  on  ellagic  acid  (dried  at  100°)  gives  rise  to  the 
formation  of  tctracetyl-cllagic  anhydride.  This  compound  forms  a  yellow  crystalline 
powder,  slightl}'  soluble  in  water,  alcohol  or  ether,  and  dissolving  in  sulphuric  acid 
with  the  production  of  a  yellow  colour.  Its  constitution  may,  perhaps,  be  represented 
by  the  formula : 

fCO  


C^H^ 


OC^H^O 

OC^H'O 

0-) 

CO  \ 

OC^H^O 

OC-H'O 

0  


STatural  Tannin.  The  above  investigations  prove  that  natural  tannin  is  not  a 
glueosido  of  gallic  acid,  and  SchifF  finds  that  pure  pentacetyltannic  acid  may  be  ob- 
tained by  the  action  of  acetic  anhydride  on  natural  fcmnin,  any  glucose  present  being 
acetylised  and  subsequently  removed  by  the  action  of  water.  That  the  glucose  present 
in  imperfectly  purified  natural  tannin  does  not  exist  in  the  free  state,  is  proved  by  the 
fact  that  ether-alcohol  and  anhydrous  alcohol  dissolve  such  tannin  freely.  Unaltered 
natural  tannin  is  probably  a  glucoside  of  digallic  acid : 

C31JI28022  =  CH'-O"  +  2C"H'»0''  -  2H-'0. 

This  formula  corresponds  with  23  p.e.  of  glucose,  and  the  amount  of  this  substance 
obtained  from  natural  tannin  varies  from  0  to  22  p.c,  according  to  the  extent 
to  which  the  tannin  has  been  purified.  Schiff  proposes  to  confine  the  term  tannin 
to  the  glucoside,  and  to  iise  the  term  digallic  acid  instead  of  tannic  acid  for  indicating 
the  product  which  yields  no  sugar  (Schiff). 

J.  Lowe  {Zeiischr.  anal.  Chem.  1872,  365  ;  Cheni.  Soc.  J.  [2],  xi.7i8)  also  finds  that 
pure  gallotannic  acid  is  not  a  glucoside,  and  that  when  dried  at  140°-14o°  it  has  the 
composition  C>'H'°0». 

G-allotannic  acid  is  not  found  in  oak-bark,  catechu,  or  other  materials  used  in 
tanning.  Even  the  tannin  of  the  sumach  exhibits  different  properties,  and  its  analysis 
leads  to  the  formula  C'«H'^0'»  (L6we). 

On  the  preparation  of  tannic  acid  from  nut-galls,  see  Eothe  (Arch.  Pharm.  [2],  cxlli. 
232;  Jahresb.  1870,  857). 

Eeaction  of  Gallotannic  Acid  with  Iodine  and  Alkalis. — When  a  drop  of  tannic  acid 
solution  is  mixed  with  a  cubic  centimeter  of  normal  iodine-solution,  the  liquid  on 
agitation  immediately  becomes  colourless  (with  formation  of  gallic  and  ellagic  acids) ; 
and  if  to  this  mixture  there  be  added  1  c.c.  of  a  spring  water,  which  when  boiled  down 
to  a  small  bulk  exhibits  only  a  faint  alkaline  reaction,  a  brilliant  red  coloration  is 
produced,  which  lasts  for  a  long  time  (Griessmayer,  Zeitschr.  anal.  Chan.  1872,  43). 

On  the  reaction  of  Tannic  acid  with  Iodine  and  Starch,  see  Starch  (p.  1099). 
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Estimation  of  Tannin. — An  elaborate  memoir  on  the  estimation  of  oak-bark  tannin 
(qiicrcitaunin)  has  been  published  by  C.  Ne.ubauor  (Zeitschr.  anal.  Chcm.  1871,  10; 
1-40  ;  Chcm.  Soc.  J.  [2],  ix.  594-600  ;  Jahrcsb.  1871,  954).  Of  the  various  methods  in 
use,  he  gives  the  preference  to  that  of  Lowenthal,  -vvhieh  is  based  on  the  use  of  a  solu- 
tion of  potassium  sulphindylate  (indigo-carmine)  standardised  ■with  permanganate. 
"Wagner's  method,  founded  on  the  precipitation  of  the  tannin  by  cinchonine,  Neubauer 
regards  as  unsound,  inasmiich  as  even  when  the  cinchonine  solution  is  added  in  largo 
excess,  the  filtrate  still  contains  tannin. 

A  discussion  of  the  diiferent  methods  in  use  for  the  estimation  of  tannin  in  catcclui, 
ratanhia,  kino,  and  other  tanning  materials  is  given  by  Giinther  {Buss.  Zeitschr. 
Tharm.  ix.  161,  194,  226  ;  Vierteljahrsschr.  pr.  Pharm.  xx.  214-238  ;  Chem.  Ccnlr. 
1871,  395). 

On  the  use  of  tannin  for  the  preservation  of  Wine,  see  Bingl.  pol.  J.  cci.  376. 
Contributions  to  the  technology  of  the  tannins:  E.  AVagner  {ibid.  ccv.  137-144). 
Endeavours  to  establisli  the  art  of  tanning  on  a  scientific  foundation :  A.  Iteimcr 
{ibid.  ccv.  143,  248,  358,  457  ;  Jahrcsb.  f.  Chcm.  1872,  1016). 

Alder  Tannin.  The  coloured  tannin  of  alder-wood  has  been  examined  by  F. 
Dreykorn  a.  E.  Eeichardt  {Dingl.  jiol.  J.  excv.  157).  The  fresh  sawdust  of  the  wood  of 
Almis  ffluiinosa  was  exhausted  in  an  extraction-cylinder  with  boiling  water ;  the  dark 
Ted-brown  filtrate  precipitated  with  lead  acetate  ;  and  the  well-washed  precipitate  de- 
composed by  hydrogen  sulphide,  the  bulk  of  the  colouring  matter  being  thus  thrown 
down  together  with  the  lead  sulphide.  The  precipitate  was  washed  witli  cold  water, 
and  the  colouring  matter  extracted  with  boiling  alcohol  of  90  p.c.  On  di.stillingofJ'tho 
alcohol  and  drying  the  residue  in  the  water-bath,  there  remained  a  brown  resinous 
mass  reduciljlo  by  trituration  to  a  red-brown  powder. 

The  analysis  of  this  body  dried  at  130°  leads  to  the  formula  C'-'H-'*0".  It  is 
almost  insoluble  in  ether,  benzene,  and  carbon  sulphide,  dissolves  with  difficulty  in 
absolute  alcohol,  more  easily  in  boiling  water,  in  all  proportions  of  dilute  alcohol. 
It  precipitates  gelatin,  and  produces  a  dirty  green  coloration  with  ferric  chloride. 
By  precipitating  its  hot  aqueous  solution  with  lead  acetate,  a  lead  compound  is 
obtained  having  the  composition,  PbO.C-'H-'^O'" ;  the  copper-compound  contains 
3CuO.H^0.4C-'H==0><'. 

Alder  Bed. — Alder  tannin  treated  with  dilute  sulphuric  acid  (1  :  10)  for  24  hours 
at  the  heat  of  the  water-bath  is  resolved  into  sugar  (18  to  19  p.c. ;  a  fermentation  ex- 
periment gave  only  16  p.c),  and  a  red-brown  resinous  deposit  of  alder  red,  which 
when  dried  at  130°  has  the  composition  C"^H^'0'',  and  when  ,  dried  over  sulphuric 
acid,  C"l-P^0".3H-0.  This  substance  is  insoluble  in  water  and  in  ether,  slightly 
soluble  in  alcohol ;  caustic  soda  and  ammonia  dissolve  it,  forming  a  liquid  of  light 
red -brown  colour,  from  which  it  is  precipitated  in  flocks  on  acidulation ;  on  exposure 
to  the  air,  the  alkaline  solution  becomes  darker  and  deposits  black-brown  flocks.  On 
adding  lead  acetate  to  a  strongly  ammoniacal  solution  of  alder  rod,  a  brown  precipitate 
is  formed  which,  after  drying  at  130°,  has  the  composition  2PbO.C^^H^^O".  The  re- 
solution of  alder  tannin  into  alder  red  and  sugar  maybe  represented  by  the  equa- 
tion : 

6(ff-0.C"H=«0-'')  -^  H-0  =  3(2H-O.C^»IP'0'i)  +  4C''n''0s 
■which  requires  22-1  p.c.  of  grape-sugar. 

Alder  tannin  yields,  by  fusion  with  potash,  protocatechuie  acid,  phloroglucin 
and  acetic  acid;  and  by  dry  distillation,  pyrocatechin.  As  it  is  also  split  up  liy 
ferments,  it  is  conceivable  that  the  red  colour  which  fresh  alder-wood  acquires  by  ex- 
posure to  the  air  may  be  produced  by  alder  red,  the  decomposition-product  of  alder 
tannin  ;  at  all  events,  the  intensity  of  the  colour  agrees  well  with  this  supposition. 

TASB-TAI.ATES  ninl  SflOBATBS.  The  following  formxite  for  these  minerals, 
deduced  IVoiii  niniioniiis  ,iii,\h>r.s,  aro  given  by  Eammelsberg  (5e)V.  Acad.  Bcr.  1871, 
157,  40G,  584;  iJcut.  Chcm.  ihs.  Ikr.  iv.  874;  Chcm..  Soc.  J.  [2],  ix.  196-204). 

1.  Tcmtalite  and  Niobitc  {cohunhite)  'i^Yo'Nh-O''} '  ^^''^^  isomorphous  admixtures  of 
the  salts,  FeSnO^  FeTiO',  FeWO*. 

2.  Tapiolite  is  quadratic  tantalite. 

3.  Polycrase  and  Eiixcnite  diffev  from  one  another  only  as  isomorphous  mixtures, 
Crystallised  polycrase  contains  4  p.c.  tantalic  acid. 

R  =  Y,  Eb,  Ce,  U,  Fo. 
Water  is  present  occasionally,  but  not  as  an  essential  constituent. 
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4.  Fergusonite,  Yttrotantalitc,  Turite,  Bragitc. — A  combination  of  the  same  metals 
according  to  the  formula  or  SEO.Nb^O^.  Crystallised  fergusonite  from 
Greenland  .contains  ITa  :  12Nb.  In  these  minerals  also  the  water  (sometimes 
amounting  to  6  p.c.)  is  only  a  secondary  constituent. 

5.  VyrocMorc. — Specimens  from  different  localities  show  great  diversity  of  com- 
position, the  only  constant  constituents  being  E  =  Ca  and  Ce,  as  also  NaF.  The 
analyses  lead  to  the  following  formula? :  I.  Miask  ;  II.  Brevig,  contiiining  uranium  ; 
III.  Fredcriksviirn,  free  from  Th.  and  U.,  rich  in  Fe  :  IV.  Kaiserstuhl. 


I. 

f.SENlrO" 

\  4E(Ti,Th)0^ 
UNaF 


11. 

fSENb'O" 
\  2E(Ti,Th)0' 
l4NaF 


in. 

fE^Nb^O' 
\  ETiO^ 
NaF 


3E=Nb=0' 
5(Na,K)F 


f9ESi03  ) 

6.  Woehhritc  {Z'KLtQ  Ie  =  (2Na,Ca). 
(ENb-O"] 

For  the  analyses,  see  the  paper  above  cited  in  the  Journal  of  the  Chemical  Society; 
also  the  article  Tantalum  in  this  dictionary,  vol.  v.  pp.  667-669. 

There  are  two  tantalum  and  niobium  minerals  not  included  in  these  analyses,  viz. : 
samai-skite  and  aschynitc,  Samarskito  is  a  niobate  of  uranium,  yttrium,  and  iron  (iv. 
55) ;  eeschynite,  a  mixture  of  niobates,  titanates,  and  tliorates  of  Ce,  La,  Ca,  and  Fe, 

f  ENb^O"  ) 
represented  by  the  formula  \  2E(Ti,Th)03  \  {1st  Siippl.  58). 

[     (Ti,Th)0'  J 

A  comparison  of  the  composition  of  the  natural  tantalates  and  niobates,  witli  their 
crystalline  forms,  exhibits  several  interesting  series  of  isomorphous  and  heteromorphous 


A.  Isomorphous  Groups  of  the  Rhombic 
System, 

Eatio  of  the  axes 


Tantalite,  Niobite 
Wolfram 
Tantalic  acid 
Tungstic  acid 
Titanic  acid  (Brookite) 
Polycrase  (Euxenite)  . 
JEschynite  . 
Woehlerite  . 
Broncite  (MgSiO^) 


0-82 
0'83 
0-83 
0-83 
0-84 
0-94 
0-49 

0-  99  : 

1-  03 


0-82 
0-87 
0'82 
0-87 
0-94 
0-91 
0-67 

0-  75 

1-  18 


B.  Isomori^hous  Groups  of  the 
Quadratic  System. 


Eatio  of  the  axes 


Tapiolite  . 
Titanic  acid  (Eutile)  . 
Zircon  ((Zr.Si)O-) 
Tin  ore  (SnO'-)  . 
Zirconic  acid 
Thoric  acid 

Xenotime  (Y'P^O")  . 
Fergusonite 
Seheelite  (CaWO')  . 
Scheelblcierz  (PbWO') 
Gelbbleierz         .  . 


0-64 
0-64 
0'64 

0-  67 

1-  00 
0-16 

0-  62 

1-  50 
1-63 
1-57 
1-58 


Hence  it  may  be  inferred : 

1 .  The  molecules  ETa=0«,  EWO^  ETiO'  are  isomorphous  with  the  anhydrides  Ta^O'' 
W0^  TiO'-. 

2.  All  these  molecules  are  dimorphous.  The  regular  form  of  pyi-ochloro  is  also  con- 
nected with  the  forms  of  its  component  minerals.  KFl  and  NaFl,  like  CaTiO'  (pcrow- 
skite)  are  regular,  and  the  same  crystalline  form  is  to  be  found  in  BaN^O",  SrN^O', 
PbN-O'*. 

The  tantalates  and  niobates  hitherto  found  in  minerals  are  ENb-O",  E-Nb^O', 
E"Nb'-0',  corresponding  with  the  phosphates  and  arsenates. 

TAOTTAIiUai.  On  the  separation  of  this  metal  (and  of  niobium)  from  tin, 
titanium,  and  tungsten,  see  Eammelsberg  {Chcm.  Soc.  J,  [2],  x.  193,  194). 

TAStTASlIC  ACISS,  CH"©^.  Formaiion  from  Oxalic  Acid. — This  acid  is  formed, 
together  witli  glycollic  and  glyoxylic  acids,  by  the  action  of  sodium-amalgam  on 
ethylic  oxalate  in  alcoholic  solution  : 


2C=(C=H^)-0'  -h  3H- 
Etbyl  oxalate 


2(C'^HMI.O) 

Alcohol 


C'H^(C-H^)=0° 
Ethyl  tartrate 


(Debus,  Chcm,  Soc.  J.  [2],  x.  376) ;  see  also  p.  669  of  this  volume. 

On  the  Eecovery  of  Tartaric  and  Oxalic  acids  from  the  residues  of  the  Discharge  pro- 
cess, see  p.  881. 

On  the  Heat  of  Neutralisation  of  Tartaric  acid,  see  Heat  (p.  621). 
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Eeaction  with  Potassium  Permanganate. — This  reaction  takes  place  differently 
accordingly  as  a  mineral  acid  is  added  or  not.  To  produce  a  permanent  red  coloration 
when  no  mineral  acid  is  added,  requires  only  half  the  quantity  of  permanganate  solu« 
tion  tha.t  is  necessary  when  an  acid  is  added.  In  the  former  case  a  manganese  tar- 
trate, C'H'MnO"  +  2H'0,  is  formed,  -which  is  rose-coloured  while  moist,  hut  becomes 
paler  when  dry,  and  is  nearly  colourless  at  100°  and  higher  temperatures.  1000  pts. 
of  water  dissolve  2'17  pts.  of  this  salt.  The  boiling  solution  mixed  with  alcohol  de- 
posits small  hard  crystals.  No  acid  salt  is  formed  in  the  reaction  (W.  A.  Fleischer, 
JJcut.  Chcm.  Ges.  Ber.  v.  350). 

On  the  Detection  of  Tartaric  acid  crystals  in  Citric  acid,  see  p.  346. 

Conversion  of  Bexirotartario  acid  into  Eacemic  acid  and  Inactive  Tartaric  acid. — 
This  transformation  may  be  effected  by  heating  the  acid  in  sealed  tubes.  30  grams 
of  doxtrotartaric  acid  are  sealed  up  with  3  to  4  grams  of  water  in  strong  tubes,  and 
heated  in  an  oil-bath  to  175°  for  thirty  honrs.  On  opening  the  tubes  a  large  quantity 
of  gas  escapes.  The  product  is  taken  up  by  boiling  water,  and  the  solution  is  filtered 
and  evaporated.  If  the  concentration  has  not  heen  carried  too  far,  the  crystals  which 
separate  consist  entirely  of  racemic  acid.  The  mother-liquor,  which  contains  un- 
altered dextrotartaric  acid,  the  inactive  acid,  and  products  of  decomposition,  yields, 
when  again  heated  in  sealed  tubes,  a  furtlier  quantity  of  racemic  acid.  The  tempera- 
ture miist  be  maintained  exactly  at  175°,  since  at  higher  temperatures  the  tartaric 
acid  is  decomposed,  and  at  lower  temperatures  the  transformation  is  very  slow.  The 
racemic  acid  thus  obtained  exhibits  all  the  properties  of  that  which  is  prepared  from 
tartar.  When  the  tartaric  acid  is  heated  without  addition  of  water,  the  quantity  of 
racemic  acid  obtained  is  smaller.  For  operations  on  a  large  scale,  the  materials  may 
be  heated  in  a  wrought-iron  autoclave.  650  grams  of  dextrotartaric  acid  and  100 
grams  of  water  tlius  heated  to  180°  yielded  more  than  100  grams  of  racemic  acid.  If 
the  heat  be  continued  long  enough,  the  dextrotartaric  acid  disappears  completely,  while 
the  quantities  of  racemic  and  inactive  tartaric  acid  in  the  product  bear  to  one  another 
a  certain  fixed  relation.  To  reconvert  the  inactive  tartaric  acid  into  racemic  acid,  it  is 
necessary  first  to  remove  the  racemic  acid  alreadj'  formed.  Consequently,  pure  in- 
active tartaric  acid  cannot  be  completely  transformed  into  racemic  acid  by  one  treat- 
ment in  the  manner  above  described.  Both  the  degree  of  heat  and  the  quantity  of 
water  added  have  an  influence  on  the  state  of  equilibrium  of  the  two  acids  in  the 
mixture.  Inactive  tartaric  acid  may  be  obtained  in  considerable  quantity  by  heating 
dextrotartaric  acid  witli  the  above-mentioned  quantity  of  water  in  the  autoclave  for  two 
days  to  only  165°.  After  the  small  quantity  of  racemic  acid  formed  at  the  same  time 
has  been  removed  by  a  first  crystallisation,  the  mother-liquor  is  divided  into  two  equal 
parts,  one  of  which  is  neutralised  with  potassium  carbonate,  and  then  added  to  the 
other  half.  By  this  means  the  remainder  of  the  racemic  acid  and  the  unaltered  dextro- 
tartaric acid  ma.y  be  removed  in  the  form  of  thin,  sparingly  soluble,  acid  potassium 
salts.  The  mother-liquor  of  these  salts  yields  the  acid  potassium  salt  of  inactive  tar- 
taric acid,  and  on  converting  this  into  the  calcium  salt  by  precipitation,  decomposing 
the  latter  with  sulphuric  acid,  and  filtering,  the  filtrate  deposits  free  inactive  tartaric 
acid  in  crystals  (Jungfloisch,  Bull.  Soc.  Chim.  [2],  xviii.  201). 

TB.'S.TUOIS^C  On  the  formation  of  this  acid  by  tlie  action  of  cupric 

oxide  iu  alkaline  solution  ou  de.xtrogliicose,  see  Sugars  (p.  1104). 

TAS,TH.03?HTHAS.3C  .aciB,  C''H"'(OH)=0'.  An  acid  formed  by  heating 
bvrimomalophthalic  acid,  C''II"'Br(OH)0',  with  baryta-water.  See  Tbtraiiydro- 
PUTHALic  Acid  (p.  1149). 

TAiriJEEfH.  Behaviour  in  the  Animal  Organism. — Schultzen  considers  the  origin 
of  urea  and  of  sulphates  in  the  urine  to  bo  due  to  the  decomposition  of  bile-acids,  first 
into  cholic  acid  (excreted  in  the  fasces),  glycocine,  and  taurine,  and  finally  into  urea 
and  sulphates,  the  sulphur  in  tlie  taurine  being  thus  viewed  as  oxidised  in  the  body. 

When  men  and  dogs  were  fed  on  food  impregnated  with  taurine,  no  increase  of 
sulphates  in  the  urine  was  noticeable,  but  almost  all  the  taurine  was  excreted  un- 
changed in  the  urine,  no  production  of  thiosulphates  being  discernible,  even  when 
15  grams  of  tavirine  were  given  iu  three  days;  when,  however,  vegetable  feeders,  sucli 
as  rabbits,  were  experimented  on,  only  about  \  or  less  of  the  taurine  was  unattacked, 
about  \  being  excreted  as  an  alkaline  thiosulpliate,  and  more  than  i  as  a  sulphate, 
this  latter  being  probably  due  to  a  secondary  action,  whereby  the  thiosulphafe  became 
oxidised. 

It  hence  appeal's  that  in  vegetable  feeders  the  stilphates  in  the  urine  are  at  any  rate 
partially  derived  from  taurine  proceeding  from  the  decomposition  of  bile;  the  whole 
of  the  urea,  however,  cannot  be  due  to  these  clianges,  inasmuch  as  the  relative  quanti- 
ties of  nitrogen  and  sulpliur  daily  excreted  are  very  different  from  those  which  sliould 
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he  present  on  Scliultzen's  supposition,  the  nitrogen  being  greatly  in  excess.  More- 
over, it  is  found  that  the  normal  lu-ine  of  dogs  fed  on  bread  and  milk  contains  only 
I  of  its  sulphur  as  sulphates,  the  rest  being  in  the  form  of  sulphurized  organic  sub- 
stances, so  that  the  whole  of  the  sulphur  of  the  taurine  formed  is  not  oxidised  to 
sulphate  (E.  Salkowski,  Bcut.  Chcm.  Ges.  Bcr.  v.  637). 

TA,VROCHOXiZC  ACXB.  On  the  estimation  of  this  acid  in  bile,  see  Kiilz 
{Zeitschr.  anal.  Chcm.  187'2,  353  ;  Jahresb.f.  Chcm.  1872,  939;  Chem.  Soo.  J.  [2],  xi. 
536). 

TEA,.  The  difference  in  the  quality  of  different  samples  of  tea  arises,  not  from 
their  being  the  leaves  of  different  species  of  tea-plant,  but  partly  from  the  nature  of 
the  soil  and  manner  of  cultivation,  and  chiefly  from  the  age  of  the  leaves,  tlie  youngest 
leaves,  other  things  being  the  same,  yielding  the  best  tea.  The  constituents  of  the 
ash  of  tea-leaves  vary  with  their  growth,  the  quantity  of  lime  and  silica  increasing  both 
absolutely  and  relatively  with  their  age,  whilst  the  potash  and  phosphoric  acid  decrease  ; 
and,  as  the  best  tea  is  prepared  from  the  youngest  leaves,  an  analysis  of  the  ash  would 
appear  to  be  the  simplest  method  of  determining  the  quality  of  a  tea.  To  test  the 
truth  of  this  inference.  Ph.  Zoller  {Ann.  Ch.  Pharm.  clviii.  180)  examined  a  specimen 
of  very  fine  and  carefully  made  Himalaya  tea,  of  a  fine  black  colour,  and  consisting 
of  very  young  lancet-shaped  leaves.  It  contained  4'95  p.c.  water,  and  5'63  of  ash, 
100  pts.  of  which  contained  39-22  of  potash,  14-65  of  phosphoric  acid  and  only  4-24 
of  lime.  As  the  tea  consisted  of  very  young  leaves,  and  its  ash  was  so  rich  in 
potash  and  phosphoric  acid,  it  might  be  expected  to  yield  a  large  amount  of  nitro- 
genous matter  and  of  theine,  and  also  of  total  extract.  The  nitrogen  amounted  to 
5-38  p.c,  and  the  extract,  obtained  by  infusing  100  grams  in  three  litres  of  boiling 
water  twice  successively,  was  36-26  grams.  To  determine  the  theine,  the  tea  was 
heated  to  100°  with  slightly  diluted  sulphuric  acid,  treated  with  lead  hydrate  to  re- 
move the  acid,  and  exhausted  with  86  p.c.  alcohol.  The  pale-coloured  solution,  on 
standing,  deposited  crystals  which  appeared  to  be  theobromine,  and  the  mother-liquor 
from  these  was  found  to  contain  4-94  p.c.  theine.  No  theobromine  could  be  detected 
in  two  samples  of  the  best  tea  of  commerce  used  for  comparison.  Peligot's  analyses 
{ibid,  slvii.  360)  are  the  only  published  ones  giving  such  high  numbers  for  nitrogen 
and  theine. 

The  extract  gave  3-56  p.c.  nitrogen,  and  4-04  of  ash,  the  latter  containing  55-15  p.c. 
of  its  weight  of  potash,  7-89  phosphoric  acid,  and  only  0-95  lime.  The  exhausted 
leaves  gave  2-26  p.c.  nitrogen  and  1-80  of  ash,  containing  only  7-34  of  potash,  but 
25-41  phosphoric  acid,  and  10-76  of  lime.  It  remains  undetermined  whether  Himalaya 
tea  is  distinguished  from  Chinese  tea  by  containing  theobromine,  but  it  would  appear 
that  the  specimen  examined  was  equal  to  the  best  Chinese  tea. 

The  numbers  above  given  show  how  easy  it  is,  by  an  analysis  of  the  ash,  to  detect  a 
tea  consisting  of  exhausted  leaves  which  have  been  re-dried,  since  they  become  com- 
paratively poor  in  potash  salts  and  rich  in  lime.  Zoller  believes  that  the  value  of  tea 
as  a  beverage  is  due,  not  only  to  the  theine  it  contains,  but  also  to  the  other  nitrogenous 
substances  present,  and  to  the  largo  amount  of  potas.sium  salts. 

Aubert  {Dingl.  pol.  J.  ccvi.  500)  finds  that  a  cup  of  good  Pekoe  tea,  prepared  from 
5  to  6  grams  of  the  leaves,  contains  from  0-1  to  0-12  gram  of  theine,  which  is  about 
the  same  amount  as  that  contoined  in  the  infusion  of  half  an  ounce  of  good  coffee. 

TBHiURItTBI.  Preparation. — -According  to  F.  .Stolba  {Dingl.  pal,  J.  cxcviii. 
262),  tellurium  is  completely  precipitated  from  a  solution  of  tellurous  acid  in  excess  of 
caustic  p)otash  or  soda  by  boiling  with  grape-sugar  ;  he  recommends  this  method  for 
the  working  of  tellurium  ores.  Selenious  acid  is  not  reduced  under  the  same  circum- 
stances. 

Spectra. — On  the  spectrum  of  tellurium  vapour,  see  Salet  {Co/npt.  rend.  Ixxiii.  559, 
742);  Ditte  {ibid.  622) ;  also  Chem.  Soc.  J.  [2],  _ix.  1145,  1146.  _ 

Tellurous  chloride  may  be  obtained  by  the  action  of  dry  chlorine  on  tellurium  in  a 
narrow  tube,  as  a  black  mass  which  liquefies  at  a  red  heat,  and  volatilises  in  yellow 
vapours.  A  stratum  of  the  vapour  only  a  centimeter  thick  gives  a  peculiar  spectrum, 
particularly  well  developed  in  the  orange  and  green.  Telbirous  broinide  gives  a  violet 
vapour,  having  its  principal  spectral  lines  in  the  red  and  yellow  (Gernez,  Compt.  rend, 
Ixxiv.  465). 

On  the  Heat  of  Combustion  of  Tellurium,  see  Heat  (p.  613). 

On  the  Eeaction  of  Telliu'ium  with  Sulphuric  anhydride,  see  StjIphUr  (p.  1136). 

Hydrogen  Tclbcride,  TeH-,  is  decomposed  by  heat  in  the  same  manner  as  hydrogen 
selenide  (p.  1079).  By  enclosing  tellurium  in  a  tube  filled  with  hydrogen,  and  heating 
only  the  part  of  the  tube  where  the  tellurium  is  placed,  it  is  deposited  on  the  cold  part 
of  the  tubo  in  prisms  20  mm.  long  (Ditte). 
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TBREPHTKAXXC  A.CXZ>.    Soo  Ph'^halic  Acid  (p.  979). 

TERPEWES,  C-"!!'".  On  tho  jjliysical  character  of  terpencs,  sec  Oils  Volatile 
(p.  872);  en  tlieir  refractive  indicos,  Light  (pp.  740,  7-11). 

Oil  tlio  formation  of  Cyinene  from  terpeues,  sea  Cyjiene  (p.  419). 

TERTIARY  AXiCOHOXS.  Oxidation. — The  oxidation  of  tertiary  alcohols 
takes  place  according  to  a  law  similar  to  that  which  rules  tho  oxidation  of  ketones 
(p.  711),  the  most  simple  alcohol-radicle  remaining  combined  ■with  the  carbon-atom  by 
■which  the  whole  group  is  kept  together,  whilst  the  two  other  radicles  are  oxidised 
separately.  The  only  exception  to  this  rule  appeared  to  be  made  by  trimethyl- 
carbinol,  which,  as  Butlerow  formerly  found,  yielded  acetone,  acetic  acid,  and  propionic 
acid.  But  on  studying  the  oxidation-products  of  this  alcohol  more  closely,  he  now 
finds  {Zeitschr,/.  Chem.  [2],  vii.  484)  that  they  consist  chiefly  of  acetone  (being  an 
intermediate  product)  and  acetic  acid,  besides  a  smaller  quantity  of  isohutyric  acid. 
The  formation  of  this  latter  compound  is  not  in  contradiction  to  the  above  law ;  it  is 
formed  by  a  molecular  change,  corresponding  with  that  by  which  Linnemann  has 
found  that  derivatives  of  trimethyl-carbinol  are  obtained  from  isobutyl  alcohol  (p. 
219). 

TETRAHYDROPHTHAtlC  ACXB,  C^H'^O^  (Baeyer,  Deut.  Chcm.  Ges.  Bcr, 
iii.  61 ;  iv.  273).  This  acid  is  formed,  with  copious  evolution  of  carbon  dioxide,  when 
hydropyromellitic  acid  {\st  Siqrpl.  812)  is  heated.  Tetrahydrophthalic  anhydride, 
C"H*0^,  then  distils  over  in  the  form  of  an  oil,  which  solidities  in  large  laminae  on 
cooling.  This  anhydride  melts  at  68°  and  distils  in  comparatively  small  quantities 
without  alteration ;  it  is  insoluble  in  water,  easily  soluble  in  ether,  and  crystallises 
therefrom  by  spontaneous  evaporation  in  hard  shining  laminae.  It  dissolves  at  a 
moderate  heat  in  strong  sulphuric  acid,  and  is  precipitated  by  water  in  large  lamina?. 
At  a  stronger  lieat  gas  is  evolved,  and  the  anhydride  gradually  undergoes  complete 
decomposition  without  formation  of  phthalic  or  benzoic  acid.  The  anhydi-ide,  when 
boiled  with  water,  is  converted  into  the  easily  soluble  acid,  CH'"©*,  which  crystallises 
in  himinse,  melts  at  96°,  and  is  at  the  same  time  reconverted  into  the  anhydride. 

Tetrahydrophthalic  acid  is  bibasic.  When  heated  with  distilled  hydriodic  acid  it 
takes  up  2  at.  hydrogen  and  is  converted  into  hexhydrophthalic  acid,  C^H'^^O'. 
The  same  compound  is  formed  by  the  action  of  sodium-amalgam  on  tetrahydrophthalic 
acid,  2  at.  of  hydrogen  appearing  to  be  the  largest  amount  that  this  acid  is  capable 
of  taking  up.  This  behaviour  indicates  that  tetrahydrophthalic  acid  belongs  to  tho 
series  of  benzocarbonic  acids  (\st  Suppl.  809) ;  Baeyer  represents  it  by  the  constitu- 
tional formula : 

H- 

ffC— C— C— CO=H 


11=0-0— C—CO'''H 

This  view  of  its  structure  is  perfectly  in  accordance  with  its  behaviour  to  bromine. 
"Wlien  2  at.  bromine  are  added  to  its  aqueous  solution,  a  liquid  is  obtained  which, 
when  evaporated  over  sulphuric  acid,  yields  hard  crusts  of  bromomalophthalic 
acid,  C*iI"'Br(OH)0'.  This  acid  dissolves  freely  in  water,  and  is  very  easily  decom- 
posed. When  heated  with  baryta-water  it  forms  barium  bromide  and  the  barium 
salt  of  tartrophthalic  acid,  C8H"'(0H)=0i.  This  last  acid  is  very  soluble  in 
water,  and  crystallises  therefrom  in  very  large,  finely  developed  prisms.  When  some- 
what strongly  heated  it  distils,  leaving  only  a  small  residue.  The  syrupy  distillate 
has  a  peculiar  odour  like  that  of  tho  less  hydrogenised  aldehydes,  and  contains  un- 
altered tartrophthalic  acid,  together  with  other  substances.  The  acid  is  bibasic.  Its 
barium  salt  separates  in  the  cold  in  thin  laminae,  from  warm  solutions  in  granular 
prisms.  The  lead  salt,  C*H"'0''.Pb,  crystallises  in  concentrically-united  slender  needles, 
very  sparingly  soluble  in  water. 

Ile.vhydrophthalic  acid,  CH'-O*,  is  formed,  as  already  stated,  by  the  action 
of  hydriodic  acid  or  sodium-amalgam  on  tetrahydrophthalic  acid  ;  also,  according  to 
Mizerski  {Bent.  Chem.  Ges.  Ber.  iv.  658),  by  heating  hydrophthalic  acid,  CH'O^ 
(I*;;  Sitppl.  942),  with  hydriodic  acid  to  240°-250°.  It  melts  at  207°  (Mizerski),  at 
20,3°-20.5°,  and  solidifies  in  needles  (Baeyer).  It  is  a  bibasic  acid,  and  forms  a  crys- 
talline lead  salt,  C«H"'0;Pb  +  H-0  (Baeyer). 

Tho  formation  of  this  acid  from  hydrophthalic  acid  is  accompanied  by  that  of 
another  acid  much  more  soluble  in  water,  and  melting  at  163°-167°,  also  by  that  of  a 
very  small  quantity  of  a  hydrocarbon  (Mizerski). 

TBTRAMIWBS,  CHROMIC.  See  CmWMiuji  (p.  336). 
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TETRAS>ISESffOE..  This  namo  is  given  by  Liinpricht  to  a  compound,  C^H^O^, 
produced  by  distilling  barium  pyromucate  with  soda-lime  (p.  1032). 

T33TBAP12BX^^aBTH-2-E.EBffE,  C-(C''ff)^  (A.  Behr,  Beut.  Chem.  Ges.  Ber. 
iii.  751  ;  V.  277).  This  hydrocarbon  is  formed  by  the  action  of  finely  divided  silver 
on  the  chloride,  C(C''II^)-C1-,  obtained  by  treating  benzophenone  with  phosphorus 
pentachloride  (p.  176),  and  separates  from  solution  in  hot  benzene  in  spicular  crystals 
melting  at  221°.  On  mixing  its  solution  in  glacial  acetic  acid  with  half  its  weight  of 
chromic  acid,  likewise  dissolved  in  glacial  acetic  acid,  and  boiling  till  the  liquid  turns 
green,  tha  solution,  on  cooling,  becomes  filled  with  green  needles  of  tetraphonyl- 
ethylene  oxide,  CXC''H5)''0,  which,  after  several  recrystallisations  from  glacial 
acetic  acid,  is  obtained  pure  and  melting  at  193°-194°.  The  oxide  dissolves  in  benzene 
and  in  ethor,  volatilises  without  residue  when  strongly  heated,  and  is  converted  by 
chromic  acid  in  excess — as  also  the  hydrocarbon  itself — into  benzophenone  : 
C=(C«ff)'0  +  0  =  2C0(C''ff)-. 

Strong  sulphuric  acid  converts  tetraphenylethyleue  or  its  oxide  into  tetraphenyl- 
ethyleno-tetrasiilphonic  acid,  which,  however,  has  not  been  obtained  pure  ;  its 
salts  are  easily  soluble  and  nncrystallisable.  On  fusing  the  barium  salt  with  tliree 
times  its  weight  of  potassium  hydrate,  totrosyphonyl-etliylene,  C-(C'^II^OH)'', 
is  produced.  This  compound  crystallises  from  acetic  acid  and  melts  above  300°. 
Ferric  chloride  dissolved  in  glacial  acetic  acid  oxidises  it  to  a  crystalline  body, 
q;6J£isq4_  1  jj20^  which  gives  off  its  water  at  180°.  Tho  crystals  are  green,  with  metallic 
lustre,  and  yield'a  red  powder.  They  are  insoluble  in  water,  ether,  chloroform,  and 
benzene,  slightly  soluble  in  alcohol.  Alkalis  dissolve  them  ■with  deep-blue  green 
colour,  and  the  concentrated  solution  yields,  with  acids,  light  or  dark  red  precipitates. 
With  alum  the  alkaline  sohition  forms  a  dingy-red  alumina-compound.  The  alkaline 
solution  is  easily  reduced  by  zinc-dust.  Behr  regards  this  colouring  matter  as  analo- 
gous in  constitution  to  quinhydroue: 
/OH 


~~^0^ 


.0- 


^OH 

QninhydroiiG 


CH'OH 
C«H^O^ 


CH^OH 


Colouring  matter  from 
Tetroxyphenylethylene 


TET2SAPHEI3"S'Si-IVIBTH  C(C''H^)*,  appears  to  be  formed,  together  with 

benzophenone,  by  the  dry  distillation  of  barium  benzoate,  passing  over  chiefly  in  the 
higher  boiling  portions  of  the  distillate  (Behr,  Beut.  Chem.  Gcs.  Ber.  vi.  971). 

TETRASA2jICirs>IBB.    See  Salicylic  Anhtdeides  (p.  1067). 

TSTaOliXC  ACZB,  C'H'O'.  A  solid  acid,  said  by  Geuther  to  be  formed  by 
tho  action  of  melting  potash  on  the  less  volatile  modification  of  monochlorocrotonic 
acid  (p.  399). 

TETBOaJBSa'2'THS6Iia'.  A  colouring  matter  obtained  from  the  red  spots  over 
tho  eyes  of  tho  black-cock  and  pheasant;  also  from  the  reddish  parts  of  the  trout,  the 
crab,  and  tho  fruit  of  PhiaIo]psis  rubra.  It  is  soluble  in  chloroform,  unchanged  by 
caustic  potash;  concentrated  sulphiu-ic  acid  turns  it  indigo-blue,  then  black.  It  is 
also  soluble  in  carbon  sulphide  and  ether.  It  differs  from  the  colouring  matter  of 
blood  (Wurm,  Pogg.  Ann.  cxlv.  170). 

THASiEiIiySS,  Tl.  Atomic  weight. — Crookes  has  redetermined  the  atomic  weight 
of  this  metal  by  ascertaining  the  quantity  of  thallious  nitrate,  T1N0^  obtained  by 
treating  a  known  weight  of  thallium  with  nitric  acid  in  a  bulb-apparatus  exhausted 
of  air,  with  elaborate  precautions  to  prevent  access  of  atmospheric  oxygen,  and  to 
eliminate  any  sources  of  error  arising  from  inaccuracy  in  the  weights  employed,  &c. 
The  mean  of  ten  closely  agreeing  determinations  gave  : 
Tl  =  203'612, 

tlis  minimum  and  maximum  values  being  203-628  and  203-666  {PhU.  Trans.  1872; 
Proc.  Boy.  Soc.  xx.  475). 

Occ!(j-re?jcf.— Thallium  has  been  found  in  sphalerite  from  Gcroldseck  in  the 
Breisgan  (v.  Kobell,  J.i^r.  Chem.  [2],  iii.  176). 

Preparation.— Fov  the  reduction  of  thallium  from  the  chloride,  Wohler  {Aim.  Ch. 
Pharm.  clxiv.  74)  recommends  the  fusion  of  an  intimate  mixture  of  20  pts.  thallium 
chloride,  8  pts.  sodium  carbonate,  and  1  pt.  lampblack,  at  a  low  red  heat.    The  slight 
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loss  tliat  may  arise  from  volatilisation  of  the  chloride  at  the  commencement  of  the 
operation,  may  perhaps  be  avoided  by  making  the  mass  into  a  paste  with  water,  and 
drying  it  before  fusion, 

Frcscrvation. — Bottger  {Dingl.  fol.  J.  cxcvii.  379)  recommends  the  keeping  of  thal- 
lium in  distilled  water  freed  from  air.  Thallium  thus  preserved  was  found  to  be 
(juito  unaltered  after  three  years. 

Chlorides,  Eromides,  and  lodiaes  (Ramnielsberg,  Vogg.  Ann.  eslvi.  592). 
lliallhmi  sesquiohloride,  TPCP  (or  rather  Tl^Cl"),  formed  by  melting  thallious 
chloride  in  a  stream  of  chlorine,  is  obtained  in  yellow  scales.  The  same  compound  is 
formed  when  the  brown  oxide  is  dissolved  in  liydrochloric  acid,  and  the  solution 
evaporated. 

Potassio-t/iallia  Chloride,  3KC1.T1C1'  +  2H-0,  obtained  by  adding  potassium  chloride 
to  a  solution  of  the  brown  oxide  in  hydrochloric  acid,  forms  largo  transparent  crystals 
belonging  to  the  quadratic  or  dimetrio  system.  Almost  similar  crystals  are  obtained 
of  the  corresponding  ammonium  salt  by  using  ammonium  chloride  in  the  place  of 
]iotassium  chloride.  Those  salts  are  not  decomposed  by  boiling  with  water,  but  are 
decomposed  by  alkalis,  with  separation  of  brown  oxide  of  thallium. 

Fotassio-tltaUio  Bromide,  3KBr.2TlBr'  +  3H-0,  is  obtained  by  first  precipitating 
the  bromide  of  thallium,  which  is  then  dissolved  by  digestion  with  bromine-water, 
and,  on  the  addition  of  potassium  bromide,  the  double  salt  is  formed.  It  is  obtained 
in  slightly  yellow  crystals,  which  appear  to  belong  to  the  regular  system. 

Potassio-ihallic  Iodide,  3KI.2T1I^  +  3H'^0,  is  obtained  by  digesting  thallious  iodide 
with  solution  of  potassium  iodide  and  free  iodine.  By  evaporation  over  sulphuric  acid, 
the  solution  gives  dark  crystals  which,  when  powdered,  are  of  an  intense  dark  red 
colour.  The  crystals  belong  to  the  regular  system  ;  on  slight  heating  they  lose 
iodine,  and  are  converted  into  a  mixture  of  potassium  iodide  and  thallious  iodide. 

Thalloso-tJiallic  Iodide,  TPI'  or  5T1I.T1P,  is  prepared  liy  heating  thallious  iodide 
with  strong  hydriodic  acid  and  iodine,  and  evaporating  to  dryness  (at  70'^);  by  digest- 
ing thallious  iodide  with  excess  of  iodine  in  ethereal  solution ;  by  dissolving  thallious 
iodide  in  a  solution  of  iodine  in  absolute  alcohol,  evaporating  over  sulphuric  acid  and 
washing  the  residue  with  absolute  alcohol,  or  by  precipitating  a  soluble  thallic  salt 
with  potassio-thallious  iodide.  The  last  method,  however,  does  not  easily  yield  it 
pure  ( Jcrgensen,  J.  pr.  CJwm.  [2].  vi.  82). 

When  a  solution  of  thallious  iodide  in  hydriodic  acid  mixed  with  iodine  is  slightly 
supersaturated  with  ammonia,  and  this  solution  is  added  by  portions  to  a  moderately 
dilute  and  gently  warmed  solution  of  cuprammonitim  sulphate,  the  double  salt, 
4jS!'H'.Cur-.2TlP,  is  precipitated  in  shining  needles,  which  maybe  quickly  washed  with 
cold  water  and  dried  in  the  pressed  state  over  calcium  chloride.  It  is  decomposed  by 
prolonged  washing,  also  by  ammonia,  in  which  it  partly  dissolves.  Alcohol  dissolves 
it  with  greenish-yellow  colour.  Heated  to  120°  it  leaves  a  mixture  of  thallious  and 
cuprous  iodides,  and  when  it  is  heated  with  zinc,  all  the  iodine  passes  into  solution, 
while  thallium  and  copper  remain  behind  in  the  metallic  state  together  with  the  zinc. 

Oxygen-salts  (Rammelsberg,  he.  cit.)  Thallic  acetate  is  easily  obtained  in  rather 
large  crystals  by  dissolving  freshly  precipitated  thallic  oxide  in  strong  acetic  acid. 
The  cryst.ils  belong  to  the  rhombic  system,  and,  according  to  Wilm,  have  the  com- 
position Tl'^CH'^O",  which  is  that  of  a  basic  salt. 

Thallious  nitrate,  TINO^  is  isomorphous  with  the  rhombic  nitrates  of  tlie  raouatomie 
metals,  such  as  potassium,  ammonium,  and  silver  nitrates. 

^  Thallious  pcrchlorate,  TICIO',  belongs  to  the  rhombic  system,  and  is  isomorphous 
with  potassium  perchlorate. 

Trithallious  phos]ihate,  like  the  corresponding  lithium  salt,  is  almost  insolulilo. 
BUhalUous  'phosphate  was  obtained  by  Lang  in  the  anhydrous  state,  but  its  crystalline 
form  is  unknown  ;  the  hydrate,  2HTr-P0'  +  aq.  belongs,  however,  to  the  rhombic 
system.  This  latter  salt  agrees  very  closely  in  form  with  the  salt  Na^HTO'  +  aq. 
Monothallious  phosphate,  H^TIPO',  and  diammonium  phosphate  and  arsenate,  are  iso- 
morphous, and  belong  to  the  monoclinic  system.  From  this  it  appears  that  in  the 
three  phosphates,  E'^fO*,  E'^HPO',  and  R'H^PO',  H  is  isomorphous  with  R'.  The 
unequal  Iiydration  of  the  sodium  salts  disguises  the  isomorphous  in  this  series. 
Thallium  and  potassium  sulphates  are  also  completely  isomorphous,  belonging  to  the 
rhombic  system. 

The  double  sulphates  of  thallium  or  potassium,  with  magnesium,  zinc,  nickel,  or 
iruu,  are  isomorphous  ;  they  belong  to  the  monoclinic  system.  -Thallium  alum  is  also 
isomorphous  with  the  ordinary  alums. 
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Normal  oxalate  and  bioxalate  of  thallium  are  crystalline,  and  belong  to  the  mono- 
clinic  system ;  the  quadroxalate  is  triclinic,  and  isomorphous  with  the  corresponding 
potassium  and  ammonium  salts. 

Acid  thallium  tartrate  is  isomorphous  with  the  potassium  salt,  and  belongs  to  the 
rhombic  system. 

The  double  tartrates  of  thallium  and  sodium,  and  of  thallium  and  antimony,  are 
isomorphous  with  the  potassium  double  salts.  The  picrates  of  thallium  and  of  potas- 
sium and  ammonium  are,  however,  not  isomorphous. 

The  ferrocyanides  of  thallium  and  rubidium  are  isomorphous,  belonging  to  the  triclinic 
system,  and  crystallising  with  2  mols.  of  water. 

On  the  lodates  and  Periodates  of  thallium,  see  p.  683.  . 

ThaUious  uranate  is  formed  as  a  yellow  precipitate  resembling  the  urauates  of  the 
alkali  metals,  on  adding  tlialliovis  oxide  to  a  solution  of  uranium  (0.  Bolton,  American 
Chemist,  1872,  ii.  456). 

Double  Salt  containing  Thallium  and  Platinum. — E.  J.  Friswell  {Chcm.  Soc.  J.  [2], 
ix.  461)  has  obtained  a  salt  having  the  composition  PtCr-Cy'.CO(TlO)-,  by  mixing 
hot  solutions  of  potassio-platinous  cyanide,  PtK-Cy'  +  3H-0  (4'334  grams),  and  thai- 
lious  carbonate  (9-360  grams),  whereupon  the  following  reaction  takes  place : 
PtK'Cy'  +  2C0(TI0)^  =  CO(OK)=  +  PtCPCy^CO(TlO)^ 

It  may  also  be  formed  directly  by  mixing  7'094  grams  of  potassio-platinous  cyanide 
with  4'680  grams  of  thallious  carbonate  (and  the  corresponding  barium  salt  by  mixing 
4'384  grams  of  bario-platinous  cyanide  with  9'360  grams  of  thallious  carbonate). 

The  potassie  double  salt  forms  rectangular  prisms,  exhibiting  a  splendid  crimson 
colour  by  transmitted  light  and  by  reflection,  a  deep  bronze-green  colour  with  strong 
metallic  lustre.  It  is  sparingly  soluble  in  hot,  insoluble  in  cold  water.  The  aqueous 
solution  is  absolutely  colourless,  and  does  not  deposit  the  salt  on  cooling,  unless  it  is 
very  concentrated ;  it  yields,  however,  white  crystals  which  are  either  a  hydrate  or  a 
mixture  of  the  two  component  salts  simultaneously  separated.  It  is  best  recrystallised 
from  a  solution  of  thallium  carbonate  too  dilute  to  deposit  that  salt  on  cooling.  The 
aqueous  solution  does  not  exhibit  absorption-bands.  The  salt  heated  with  nitric  acid 
gives  off  carbon  dioxide  and  leaves  a  red  residue  of  thallium  platinocyanide.  By 
potassium  iodide  it  is  decomposed  in  the  following  manner : 

PtTPCy'C0(T10)2  +  4KI  =  4T1I  +  PtK=Cy^  +  C0(K0)2. 

THSSBAXCEBJS.  An  alkaloid,  probably  isomeric  with  thebaine  and  thebenine 
(infra),  produced  from  the  latter  under  the  influence  of  strong  acids,  especially  of 
hydrochloric  acid.  From  the  resulting  solutions  it  is  thrown  down  by  ammonia,  as  an 
amorphous  yellow  precipitate,  insoluble  in  ether,  benzin,  water,  and  ammonia,  slightly 
soluble  in  hot  alcohol,  and  separating  again  therefrom  in  the  amorphous  state.  It  dis- 
solves in  potash-ley,  forming  a  solution  which  absorbs  oxygen.  Strong  nitric  acid 
dissolves  it  with  dark  red,  strong  sulphuric  acid  with  dark  blue  colour.  Its  salts  are 
mostly  resinous  (Hesse). 

THEBAXITE,  C'^H^'NO'  (Hesse,  Ann.  Ch.  Pharm.  cliii.  47 ;  Bull.  Soc.  Chim.  [2], 
xiv.  73;  GmeVrn's  Handbook,  x\u\.  208).  This  base,  discovered  by  Thiboumery  (v. 
768),  is  one  of  the  constituents  of  the  precipitate  obtained  by  treating  the  aqueous  ex- 
tract of  opium  with  excess  of  sodium  carbonate  or  lime,  exhausting  the  filtered  liquid 
with  ether,  agitating  the  ethereal  solution  with  acetic  acid,  and  pouring  the  acid  liquid 
into  an  excess  of  moderately  dilute  potash-  or  soda-ley,  taking  care  that  the  precipi- 
tate does  not  agglutinate.  By  dissolving  this  precipitate  in  acetic  acid,  treating  it 
with  animal  charcoal,  combining  it  with  tartaric  acid,  recrystallising  the  tartrate  from 
a  small  quantity  of  boiling  water,  and  separating  it  with  ammonia,  the  thebaine  is 
obtained  perfectly  pure.  In  this  state  it  crystallises  from  hot  dilute  alcohol  in  beau- 
tiful, colourless,  crystalline  leaflets  ;  from  strong  alcohol  in  x^risras.  It  melts  at  193° 
and  may  be  sublimed.  It  is  tasteless  ;  its  salts  have  an  alkaline  reaction.  It  dis- 
solves easily  in  alcohol,  benzene,  and  chloroform,  sparingly  in  ether  (1  :  140),  and  is 
nearly  insoluble  in  water.  From  the  solutions  of  its  salts  it  is  precipitated  by  potash, 
ammonia,  lime  and  bicarbonate  of  sodium ;  ammonia  and  lime  dissolve  it  to  a  certain 
extent. 

Thebaine,  though  a  strong  base,  is  easily  decomposible  ;  a  solution  containing  ex- 
cess of  hydrochloric  acid  decomposes  in  a  few  hours.  Strong  nitric  and  sulpliurie 
acids  decompose  it,  producing  a  deep  red  coloration  ;  dilute  sulphuric  acid  conveJts  it 
into  thebenine  and  thebaicine. 

Salts  of  Thebaine.— The  hydrochloride,  C"'H-'N0'.HC1  +  H^O,  forms  large 
rhombic  prisms.    The  plaiinochloride,  2(C'^H-'N0''.HCl).PtCP  +  4ff  0,  is  obtained  as 
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an  amorphous  yellow  precipitate,  which  soon  changes  to  beautiful  prisms  ;  the  water 
of  crystallisation  (only  half,  according  to  Andersen)  is  given  off  at  100°.  The  liydrio- 
dide,  obtained  by  adding  potassium  iodide  to  the  tartrate,  forms  coloiirloss  prisms 
easily  soluble  in  water.  The  neutral  oxalcde,  (CH^'NO^y-C-H'-O '  +  6H=0,  forms  white, 
cauliflower-like  masses,  soluble  in  O'T  pts.  of  water  at  10°,  easily  soluble  also  in 
alcohol,  insoluble  in  ether.  The  acid  salt,  C"'H-'NO^C-H-,0^  +  K'O,  forms  large 
colourless  prisms  soluble  in  4-l-o  pts.  of  water  at  20°.  The  acid  tartrate, 
C'"H='NO'.C^H''0«  +  II=0,  forms  delicate  prisms,  easily  soluble  in  hot  alcohol  and  hot 
water,  slightly  soluble  in  cold  water  (1  :  130  at  20°),  having  an  acid  reaction.  The 
iiniorphous  neutral  tartrate  is  obtained  by  saturating  the  acid  salt  with  thebaine,  re- 
moving the  excess  of  ether,  and  evaporating. 

THEEEwmE,  CH^'NOs  (Hesse,  Ann.  Ch.  Pharm.  cliii.  47 ;  Bull.  Boc.  Chim. 
[2],  siv.  73).  This  base,  isomeric  with  thebaine,  is  obtained  by  heating  the  latter  (10 
pts.)  to  boiling  with  hydrochloric  acid  (200  pts.  of  sp.  gr.  l-Oi),  and  immediately  mix- 
ing the  liquid  with  an  equal  volume  of  cokl  water.  The  crystals  of  the  salt,  which 
separate  after  several  days,  are  recrystallised  from  hot  water,  and  the  base  is  separated 
by  treating  the  solution  with  sodium  thiosulphate. 

Thebenine  is  amorphous,  insoluble  in  ether  and  in  benzin,  .slightly  soluble  in  boil- 
ing alcohol,  insoluble  in  ammonia,  soluble  in  potash,  precipitated  therefrom  by  sal- 
ammoniac,  neutralises  hydrochloric  and  sulphuric  acids.  It  absorbs  oxygon  rapidly, 
especially  when  in  contact  with  basic  suljstances.  With  acids  it  is  more  permanent ; 
nevertheless,  its  hydrochloride,  heated  for  a  few  minutes  to  100°  with  hydrocliloric 
acid,  is  converted  into  thebai'cine.  Strong  sulphuric  acid  dissolves  thebenine  with 
splendid  blue  colour,  which  disappears  on  addition  of  M'ater,  but  is  restored  by  further 
addition  of  siilphuric  acid. 

Thebenine  h/drochloridc,  C'°H-'N0'.HC1 -^  3H-0,  forms  large  crystalline  lamina?, 
easily  soluble  in  boiling  water  and  alcohol,  sparingly  in  cold  water  (1  :  100),  appa- 
rently not  poisonous.  The  ■platinocMoride  is  a  brownish-yellow  precipitate  which 
quickly  assumes  a  darker  colour.  The  mcrcurochloridc,  2(C"H''"N0'.HCl).HgCl- 
+  2H-0,  crystallises  in  long  colourless  prisms  mostly  arranged  in  fan-shaped  groups  ; 
eflfloresces  in  dry  air.  The  ivf^p/wifr,  (C'''II-'NO')-SO'H=  +  2H=0,  separates  on  mixing 
the  aqueous  solution  of  the  hydrochloride  with  sulphuric  acid,  as  a  white  crystalline 
powder  made  up  of  prisms  ;  it  is  nearly  insolulile  in  cold  and  only  slightly  soluble 
in  boiling  water.  The  acid  oxcdate,  C'lI-'NO^.C^ffO' -(- H-0,  separates  on  adding 
oxalic  acid  to  a  hot  solution  of  the  hydrochloride,  either  as  a  crystalline  precipitate  or 
in  satiny  crystalline  lamina;,  according  to  the  degree  of  concentration.  It  is  somewhat 
soluble  in  liuiliiig  water  and  crystallises  therefrom  in  prisms. 

TKSlBOIiACTSC  ACSIS.  This  supposed  i.someride  of  lactic  acid,  obtained  by 
T.  and  H.  Smith  from  the  mother-liquors  of  morphine  (v.  759),  has  been  examined  by 
J.  Y.  Buchanan  {Dcut.  CJicm.  Ges.  Bar.  iii.  182).  By  distilling  1  mol.  of  the  calcium 
salt  with  2  mols.  POP,  treating  the  portion  of  the  distillate  boiling  above  111°  with 
alcohol,  and  that  which  boiled  below  111°  with  water,  he  obtained  from  the  first 
portion  chloroproprionic  ether,  and  from  the  second  chloropropionic  acid,  both  of  which 
Avere  found  to  be  identical  witli  the  bodies  similarly  prepared  from  ordinary  lactic 
acid.  Hence  Buchanan  regards  it  as  in  the  highest  degree  probable  that  the  so-called 
thebolactic  acid  is  nothing  but  ordinary  lactic  acid.  It  is  optically  inactive,  and  its 
copper  salt  (contrary  to  the  statement  of  T.  and  H.  Smith)  does  not  differ  in  any 
respect  from  that  of  ordinary  lactic  acid. 

THEMffE.  See  Caffeine  (p.  230). 

THEI.I.ZTE.  A  supposed  silicate  of  yttrium,  from  S.  Paolo,  Brazil,  called  by 
this  name,  consists,  according  to  Phipson  {CJiem.  Kcws.  xxi.  13),  of  DO'OO  p.c.  silica, 
4-56  ferric  oxide,  alumina  and  glucina,  and  4'54  water,  without  a  trace  of  yttria.  It 
is  perh:ips  an  impure  quartz. 

THEKMO-3aEGUS.ATOKS.    An  automatic  thermo-regulator  for  use  in  tho 

preparation  of  nitrous  oxide  and  other  gases,  is  described  by  F.  Clowes  (Chem.  Soc.  J. 
[2],  ix.  G39).  Another  thermo-regulator  is  described  by  E.  Eeichert  {Bogg.  Ann. 
cxliv.  407). 

THIOACETASf2E.13>E.    See  Thioan'ii.lne. 

THIOAXBEMITBE  or  SUtPHAaJJEHYmS,  (C-H^S)".  The  molecular 
wciglit  of  this  (•i.iiipound  has  been  determinrd  by  Hofmann  {Dcut.  Chem.  Ges.  Bcr.  iii. 
688)  in  the  same  manner  as  that  of  the  thioaldchyde  of  the  methyl  series  (p.  1165) 
viz.  by  moans  of  the  vapour-density.  Two  determinations  made  in  xylidine-vapour 
gave  for  n  the  A'aluc  3,  the  numbers  found  being  89"4  and  90-0,  while  calculation  for 
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i(C^H<S)»  gives  90.  Hence  it  woxild  appear  that  the  so-called  thioaldehydc  is  really 
thioparaldehyde,  analogous  to  paraldehyde,  (C-H'O)'. 

THZOABX-sri.XC  ACXS,  C^H'-SO^.  An  isomeride  of  amylsialphuric  acid,  said  by 
Commaille  {Covqit.  rend.  Ixxv.  1630:  Jahresb.  f.  Chcm.  iii.  581)  to  be  obtained, 
together  with  '  parathionic  acid,'  from  the  mother-liquors  of  corallin  (p.  391).  On 
concentrating  the  mother-liquor,  and  heating  it  several  times,  till  water  no  lon^ei 
throws  down  any  colouring  matter,  then  boiling  it  with  litharge,  pouring  the  hot 
liquid  into  cold  water,  and  filtering,  the  filtrate  yields  on  concentration,  first  crystals 
of  parathionate,  and  then  of  thioamylate  of  lead.  Thioamylic  acid  is  described  as 
crystallising  more  readily  than  amylsulphuric  acid,  audits  salts  as  more  permanent,  the 
barium  salt  as  crystallising  in  needles  containing  1  mol.  water,  whereas  the  amylsul- 
phate  contains  IWO  (v.  620).  The  ammonium,  potassium  and  lead  salts,  as  described 
by  Commaille,  differ  more  or  less  in  crystalline  form  from  the  corresponding  amylsiil 
phates.  As,  however,  the  so-called  parathionic  acid  has  been  shown  to  be  not  isomeric, 
but  identical  with  ethylsulphuric  acid  (p.  897),  it  is  not  improbable  that  the  slight 
differences  between  thioamylic  and  amylsulphuric  acids  may  be  due  to  different  degrees 
of  purity. 

TKXOiinrxi,XITXi,  C'^H'-N^S  =  (CsH<NH2)=S  (Merz  a.  Weith,  Bcut.  Chcm.  Ges. 
Ber.  iv.  384).  When  2  mols.  aniline  and  1  mol.  sulphur  are  boiled  together  in  a 
retort  with  reversed  condenser  as  long  as  hydrogen  sulphide  continues  to  escape,  a 
thick  oil  is  obtained  consisting  of  thioaniline  and  unaltered  aniline,  together  with  a 
large  quantity  of  resin,  probably  containing  more  highly  sulphuretted  anilines.  _  To 
piu'ify  the  product,  the  aniline  is  distilled  off  with  vapour  of  water,  the  residue 
is  boiled  with  dilute  hydrochloric  acid,  the  solution  evaporated  to  dryness,  the  residue 
dissolved  in  water ;  a  small  quantity  of  alkali  added  to  precipitate  impurities,  and 
then  a  larger  quantity,  which  throws  down  the  thioaniline  as  a  yellowish  oil, 
which  solidifies  to  a  crystalline  mass.  It  is  furtlier  purified  by  solution  in  ether- 
alcohol,  and  precipitation  as  sulphate  with  sulphuric  acid.  Better  results  are,_how- 
ever,  obtained  when  litharge  is  added  to  the  boiling  mixture  of  sulphur  and  aniline ; 
the  reaction  then  takes  place  as  follows  : 

2cmm  +     +  Pbo  =  Pbs  +  w-o  +  c^H'^n-^s  • 

and  only  a  small  quantity  of  resin  is  formed.  The  product  is  exhausted  with  boiling 
alcohol,  and  the  residue,  which  contains  the  thioaniline,  treated  as  before. 

Tliioaniline  is  sparingly  soluble  in  cold,  more  easily  in  hot  water,  very  easily  in 
alcoliol  and  ether.  From  hot  water  it  crystallises,  with  previous  turbidity,  in  long  thin 
satiny  needles,  which  melt  in  boiling  water,  and  at  104°-105°  when  dry  ;  it  decom- 
poses when  distilled,  yielding  aniline,  hydrogen  sulphide,  and  a  coaly  residue. 

The  salts  ofthioaniline  have  an  acid  reaction;  their  soliitions,  even  when  very  dilute, 
stain  a  deal  shaving  with  a  fine  orange  colour.  Chlormc-ii-ater  colours  the  solutions 
brownish-red,  and  then  separates  brownisli  flocks.  I'otassium  dichromatc  forms  a 
violet  precipitate  soluble  in  alcohol.  Platinic  chloride  separates  black  flocks  gradu- 
ally at  ordinary  temperatures  immediately  on  heating.  Thioaniline  heated  witla 
strong  sul/phuric  acid  forms  a  red  to  blue  or  blue-violet  solution,  which  when  poured 
into  water  produces  a  fine  red  colour. 

Thioaniline  hydrochloride,  C'-H"'N-S.2H01  +  WO,  forms  long  colourless  needles  or 
shorter  prisms  easily  soluble  in  water,  less  in  alcohol,  nearly  insoluble  in  ether.  The 
sulphate,  C'-H'^N^S.H^SO'  +  WO,  crystallises  from  hot  water  in  colourless  shining 
prisms  or  spiculse,  slightly  soluble  in  cold  water,  nearly  insoluble  in  ether  and  in 
alcohol.  Ammonia  added  to  the  aqueous  solution  throws  down,  with  partial  decom- 
position, white  nacreous  scales  of  a  basic  salt,  (C'-H'-N-S)-H-SO*  -t-  H-0. 

The  resin  obtained  in  the  preparation  of  thioaniline  from  sulphur  and  aniline  has,  after 
boiling  with  dilute  hydrochloric  acid,  treatment  with  warm  concentrated  liydrochloric 
acid,  and  precipifcition  with  water,  the  composition  S'(C'*H'NB[-)*  =  2C'-H  =N-S  +  S. 

Tkioacetanilide,  (C«H^NH.C'^H^O)=S,  is  formed  by  the  action  of  acetyl  chloride 
or  glacial  acetic  acid  on  thioaniline  dissolved  in  benzene,  as  a  crystalline  mass  easily 
soluble  in  hot,  less  easily  in  cold  alcohol,  slightly  soluble  in  ether  and  in  water,  easily 
resolved  by  boiling  dilute  sulphiiric  acid,  into  acetic  acid  and  thioaniline  sulphate. 
The  product  obtained  with  acetyl  chloride  melts  at  213-6°,  that  prepared  with  acetic 
acid  at  216°. 

Thiosiilphocarhanilides. — When  thioaniline  is  heated  with  carbon  sulphide  in 
alcoholic  solution,  hydrogen  sulpliide  is  evolved,  and  yellowish  flocks  are  thrown 
down,  which  after  washing  with  alcohol  and  ether,  and  boiling  with  carbon  sulphide, 
consist  of  a  mixture  of  two  sulphocarbanilides,  viz. : 

CS(C«H^NH)=S(C«H^NH'-)=  and  (0S)=(C»TPNII)^S(C«H'NH)2. 
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The  mixture  is  microcrystallinc,  aud  melts  with  decomposition  at  a  high  temperature. 
IJoiliiig  concentrated  sulphuric  acid  acts  rather  slowly  on  it,  producing  hydrogen 
sulphide,  carbon  dioxide,  aud  thioaniliue,  but  apparently  no  product  analogous  to 
mustard  oil. 

C'H«0-S  =  C«HXSH).COOH.  Thiohjdrohcmoic  acid 
(Hiibncr  a.  Upmann,  7„  Uschr.f.  Chcm.  iii.  291). — This  acid  is  produced  by  the  action 
of  nascent  hydrogen  (from  tin  and  hydrochloric  acid)  on  sulphobenzoic  chloride  (ob- 
tained by  heating  1  pt.  sodium  siilphobenzoate  with  2  p>ts.  POP): 

CH^J^JIJ^  +  3H-      HCl  +  2H-'0  +  C''H'(SH).GOOH. 

Tlie  crystalline  mass  which  separates  is  washed  with  hydrochloric  acid,  dissolved  in 
ammonia,  precipitated  by  hydrochloric  acid,  and  recrystallised  from  hot  alcohol. 

Thiobenzoic  acid  is  nearly  insoluble  in  water,  slightly  soluble  in  alcohol,  and 
crystallises  from  the  latter  in  faintly  yellowish  needles,  melting  at  242°-244°. 

Ammonium  ihiobcn~oate,  C°H^(SH)CO''NH^  +  H^O,  is  a  granulo-crystallino  mass 
soluble  in  water  and  alcohol.  The  bariicm  salt,  [C''HXSH)CO-]-Ba  +.  2^W0,  is 
obtained  by  precipitating  a  boiling,  very  dilute  solution  of  the  ammonium  salt  with 
barium  chloride,  in  small,  white,  prismatic  needles.  Tlio  calciilm  salt, 
[C'*HXSH)CO'^]-Ca  +  3H'^0,  and  the  lead  and  cine  salts,  are  likewise  obtained  by 
precipitation. 

"When  thiobenzoic  acid  is  shaken  up  with  1  mol.  bromine,  hydrobromic  acid  is  given 
off,  and  an  acid  is  formed,  probably  dithiobenzoic  acid,  (C''H'')^S-(CO-H)-'. 

Mdahro7nothiohcn:oie  acid,  C^H'Br(SH)COOH,  is  obtained,  similarly  to  the  preced- 
ing, from  bromosulphobenzoic  acid.  The  crystalline  mass  separated  by  the  action  of 
tin  and  hydrochloric  acid  on  bromosulphobenzoic  chloride,  dissolves  for  the  most  part 
in  alcohol,  and  the  solution  when  left  to  evax^orate  deposits  the  acid  in  small  colourless 
needles  melting  at  25  4^-256°,  insoluble  in  water,  easily  soluble  in  alcohol. 

THIOFOR»EAX.B£:BirS»£,  (CH-'S)'.  Methylene  Sulphide.— Tlria  body,  &st 
obtained  by  Girard  by  the  action  of  nascent  hydrogen  on  carbon  sulphide  (iii.  1007), 
is  also  produced  by  the  action  of  sodium  sulphide  on  methylene  iodide  (Huseman, 
loc.  cit.),  and  by  that  of  hydrogen  sulphide  on  formaldehyde  (Hofmann,  Isi  Suppl.  622). 
Its  alcoholic  solution  mixed  with  silver  nitrate  yields  a  precipitate  which,  when  washed 
with  alcohol  and  dissolved  in  hot  water,  crystallises  on  cooling  in  thick  rhombic 
laminffi  having  the  composition  (CH''^S)^AgNO^  +  H-O,  and  giving  off  their  water  at 
100°.  A  solution  of  this  salt  in  excess  of  silver  nitrate  yields  (CH2S)'.2AgNO'  +  '^WO, 
which  also  becomes  anhydrous  at  100°  (Hofmann,  Beut.  Chem.  Gcs.  Ber.  ii.  152  ;  iii. 
684 ;  Girard,  Compt.  rend.  Ixx.  625).  The  solution  of  the  thioaldehyde  boiled  with 
platinic  chloride  yields  a  crystalline  precipitate  having,  according  to  Hofmann.  the 
composition  2C^H'*S'.PtCP ;  according  to  Girard  2C='H«S''.PtCP  4-  2(2C^H«S''.PtCl'). 

Hofmann  also  finds  that  the  precipitate  sometimes  contains  platinous  chloride, 
arising  from  partial  reduction  of  the  platinic  chloride,  but  not  in  constant  proportion. 
By  mixing  a  solution  of  platinous  chloride  in  hydrochloric  acid  with  an  alcoholic 
solution  of  tliioformaldehyde,  he  obtained  a  light  yellow  precipitate  having  the 
composition  3C'H''S'.2PtCl-. 

From  the  preceding  results,  Hofmann  infers  that  the  molecular  formula  of  thioform- 
aldehyde  is  C'H"S^  and  this  conclusion  is  confirmed  by  the  vapour-density.  Two 
determinations  (in  xylidine  vapour)  gave  the  values  72"0  and  73"2,  the  calculated  value 
for  ^C^H-'S-'  being  69. 

According  to  Girard,  thioformaldeliyde,  heated  to  170°  in  a  closed  vessel  with 
sulphate  or  borate  of  silver,  is  converted  into  dioxymethylenc,  (CH-)-O'-'  (iii.  1006). 

THZOHITBROBEK'ZOXC  ACIB.    Syn.  with  Tuiobexzoic  Acid. 

THXOXSOFROPYI.  AI.COHOX.,  Cn(CH^)-SH.    Syn.  with  Isophopyl  Sul- 

fllYDHATB  (p.  1006). 

THZOKYI.  CHX.0RXD:S,  SOCl.    See  Sulphitr  CiiLuiiiBES. 
■rHXOPARAXiSEKVSE.    See  Thioaldehyde  (p.  1163). 

TKZOPHESfOX.,  CH^SH.  Phenyl  Sidphydrate,  Phenyl  Mercaptan. com- 
pound dissolves  in  cold  sulphuric  acid,  with  evolution  of  sulphur  dioxide,  forming  a 
lino  blue  solution,  which,  on  dilution  with  water,  becomes  colourless  and  deposits 
■A  reddish  body  having  the  composition  C^ffSO^ : 

C«H«S  +  2ir-S0'  =  2S0=  +  2H'0  H-  CH^SO". 
The  substance  thus  formed  as  an  isomoride  of  bcnzenc-sulpliiu'ous  acid  or  plicnyl 
4  E  2 
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Kulphurous  hydride  (v.  56-1 ;  1st  Stqjpl.  275),  from  winch,  however,  it  diiTers  greatly  in 
its  properties  (Brunner,  Bent.  Chcm.  Ges.  Bcr.  iv.  984). 

On  the  formation  of  Phenyl  Bisnlphite  from  thiophenol,  see  Phenyl  Sulphides 
(pp.  941,  942). 

THSOBESORCIW,  C'^H'^S-.  This  compound  is  formed  hy  the  action  of  tin  and 
hydrochloric  acid  on  benzone-disulphonic  chloride,  C^HXSO'-Cl)-  (produced  by 
treating  the  sodium  salt  of  benzeue-disulphonic  acid  \\st  Suppl.  275]  with  phosphorus 
pentachloride).  Thioresorcin  melts  at  27°  and  boils  at  243°.  Its  alcoholic  solution 
forms  with  lead  acetate  an  orange-coloured  precipitate,  with  copper  salts  a  greeu,  and 
■with  silver  salts  a  light  yellow  precipitate  (O.  Pazschke,  J.  ^r.  (Jhem.  [2],  ii.  418). 

THXCSUIiPHOCAKBAmXiSBB.    See  Thioaniline  (p.  1154). 

A  sulphuretted  compound  obtained  as  a  secondary  product  in  the 
preparation  of  leucinitril  by  Thudichiim's  method  (p.  735). 

THIOTOE.US5>mE,  C'^H"=N-S  =  (C'H«NH-)"S  (Merz  a.  Weith,  Bnit.  Chcm. 
Ges.  Ber.  iv.  384).  This  base  is  prepared,  like  thioaniline,  by  heating  toluidino  and 
sulphur  together,  with  addition  of  litharge.  It  crystallises  from  alcohol  in  large 
colourless  laminae  resembling  naphthalene,  dissolves  easily  in  ether  and  in  alcohol, 
sparingly  in  water,  whether  cold  or  hot,  melts  at  103°  to  103'5°.  It  unites  easily 
with  acids,  forming  well-crystallised  salts  which  are  decomposed  by  a  large  quantity 
of  water,  still  retaining  a  strong  acid  reaction.  The  hydrochloride,  C'''H"'N^S.2HC1, 
crystallises  in  long,  colourless,  highly  lustrous,  anhydrous  prisms.  Platinic  chloride 
throws  down  from  its  concentrated  solutions  slender  yellow  needles  of  the  salt, 
CiiH"i]Sf=S.2H01.PtCl*.  The  sidphate,  Q'^W'-W^.W^O*,  is  thrown  down  by  sulphuric 
acid  from  alcoholic  solutions  of  the  base,  as  a  dazzling,  white,  anhydrous  precipitate. 
It  is  decomposed  by  boiling  water,  with  separation  of  the  base,  but  crystallises  from 
water  acidulated  with  sulphuric  acid,  in  wavellitie  groups  of  needles  containing 
2  mols.  water  of  crystallisation. 

Hot  concentrated  sulphuric  acid  dissolves  thiotoluidine,  forming  a  solution  which  is 
nearly  colourless  at  first,  but  afterwards  becomes  malaga-brown.  Acid  solutions  of 
the  base  lieati'd  with  oxidising  agents  (as  ferric  chloride,  potassium  dichromate, 
potassium  chlorate,  and  hydrochloric  acid,  &c.)  are  coloured  first  yellow,  then  brown- 
red,  then  raspberry-red,  and  finally  deposit  dark  coloured  flocks.  Chlorine-water, 
even  in  the  cold,  colours  them  deep  yellow-red. 

TH-S-mo^ITHSIOWE,  C'<'H'"(0-)".   See  Thymol,  under  Phenols  (p.  035).  Lalle- 

mancl's  thi/meid,  (C-'H^'O'),  produced  by  mixing  the  alcoholic  solutions  of  thymoqui- 
none  (thymoil)  and  thymohydroquinone  (thymoi'lol),  is  in  reality  thymoquinhydroue, 
C20JJ26Q4  ^  C'°H'=02  (thjmoquiuone)  +  C'»H'=(OH)-  (thymohydroquinone).  See 
further,  Chem.  Soc.J.  [2],  ix.  350-354. 

Bromot!teymoquinones  (Carstanjen,  J.  2n\  Chem.  [2],  iii.  60).  When  thymo- 
quinone  is  heated  with  two  molecules  of  bromine  under  water  till  the  smell  of  bromine 
is  no  longf-r  perceptible,  a  clear  dark  red  oil  is  formed,  which,  after  repeated  washing 
with  cold  water,  speedily  solidifies  to  a  hard  ji-ellowish-red  crystalline  mass,  consisting 
of  a  mixture  of  mono-  and  di-brominated  thymochinone. 

Bihromothymoquinone,  C'''H"'Br-(0-)". — The  crystalline  mass  dissolves  with  toler- 
able f;icility  in  boiling  alcohol,  the  solution  depositing,  as  it  cools,  an  abundance  of 
fine,  lustrous,  pale  yellow  laminse,  which  are  obtained  perfectly  pure  by  washing  with 
cold  alcohol.  In  the  dry  state  this  substance  forms  extremely  light,  shining,  pale  yellow 
laminse  resembling  chloranil.  It  melts  to  a  pale  yellow  liquid  at  73-5°.  On  exposure 
to  light  it  gradually  assumes  a  reddish  colour.  "Wlaen  it  is  treated  with  tin  and  hydro- 
chloric acid,  the  group  (0-)''  is  converted  into  (OH)-,  the  bromine  being  at  the  same 
time  displaced  by  hydrogen,  so  that  normal  hydrothymoquinone  is  produced. 

Moiiobromothymoquinone,  C'°H"Br(0-)",  is  contained  in  the  mother-liquor  of  dibro- 
mothymoquinone,  and  crystallises  in  long  yellow  needles  on  spontaneous  evaporation 
of  the  solution  ;  it  has  not,  however,  been  obtained  quite  free  from  the  dibromo-com- 
pound.  The  impure  product  dissolves  with  brownish-red  colour  in  warm  aqueous 
potash-ley ;  dilute  acids  throw  down  from  the  solution  a  yellow  flocculent  powder, 
which,  after  drying,  sublimes  in  splendid  scarlet  crystals.  This  body  is  oxythymo- 
quinone,  C"'H"(HO)(0-)",  the  formation  of  which  confirms  the  existence  of  mono- 
bromothymoquinone. 

Oxytliymoqmiaone,  C'°H''(H0)(0=)",  (Carstanjen,  ho.  oil.),  is  also  obtained  by 
distilling  diamidothymol  hydrochloride,  C'<'H"(H0)(NH2)^(H01)-,  with  ferric  chloride 
in  a  current  of  steam.  The  reaction  in  this  case  evidently  resembles  that  observed  by 
Grabe  and  Ludwig  in  the  case  of  diamidonaphthol  (p.  831). 
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Oxylliymoquinone  ciystilliees  from  hot  alcohol,  in  which  it  is  c-asily  soluLIo,  ia  per- 
fectly rcgiilai'  rhombic  tables,  the  angles  of  which  approximate  to  those  of  tho  cube, 
and  froin  other  in  irregular  crystals  having  curved  faces.  It  melts  at  187°  (uncorr.) 
in  a  capillary  tube,  and  sublimes  without  decomposition  in  splendid  glittering  scarlet 
crystals. 

As  might  be  expected  from  the  accumulation  of  electronegative  groups,  the  hydrogen 
of  tho  hydroxyl  is  not  displaceable  by  acetyl,  the  substance  being  unacted  upon  by 
acetyl  chloride.  On  the  other  hand,  this  hydrogen  is  readily  displaced  by  basic 
radicals.  Oxythymoquinone  is  converted  by  ethyl  iodide  at  100°  into  ethoxythymo- 
qidnonc,  C"'H"(C-H^O)(0-)",  which  sublimes  completely  in  golden-yellow  laminae. 
Aniline  in  alcoholic  solution  also  acts  immediately  on  a  solution  of  oxythymoquinone  ; 
the  liquid  assumes  a  dark  purplish-brown  colour,  and  after  evaporation  the  residue 
yields,  by  sublimation,  beautiful  violet  needles  having  a  brilliant  metallic  lustre, 
melting  to  a  purple  liquid  above  200°  and  dissolving  very  freely  in  alcohol. 

Oxythymoquinone  is  not  easily  acted  on  by  reducing  agimts.  On  warming  it  with 
tin  and  hydrochloric  acid,  oxythymohydroquiuone,  C"'I1"(0U)',  is  produced.  This 
body  is  a  white  crystalline  mass,  easily  soluble  in  v/ater,  forming  a  solution  which 
instantly  turns  yellow  and  deposits  oxythymoquinone  on  exposure  to  aii-. 

DioxytJiyraoqidnonc,  C'°Ii"(HO)-(0-)",  is  formed  wljyu  dibromothymoquinone, 
moistened  with  alcohol,  is  dissolved  in  warm  potash- ley,  and  the  dark-brown  solutionis 
decomposed  by  dilute  acids.  The  lirownish-yellow  flocks  thereby  thrown  down,  after 
l)eing  washed  with  hot  water,  dissoh'o  in  warm  alcohol,  which  deposits  crystals  on 
evaporation,  always  contaminated,  however,  with  a  brown  resinous  substance, 
difficult  to  separate.    The  pure  substance  has  not  yet  been  analysed  (Carstanjen). 

TSG3iKC  iLCSB,  C'H^O-.    An  acid  obtained  from  croton  oil  (p.  395). 

TlSf.  Disaggregation  by  Ccld. — Blocks  of  Banka  tin,  exposed  to  the  air  at  St. 
Petersburg  in  the  cold  winter  of  1867-68,  swelled  up,  and  acquired  a  fibro-crystalline 
structure,  and  were  partly  broken  up  into  fragments  of  the  same  structure,  partly 
crumbled  to  a  granulo-crystalline  powder.  Tlie  ci'^  iiii  s  in  tlie  interior  were  lined 
with  a  metallically  lustrous  film,  while  the  -       lili  'iii.  iits  themselves  appeared 

(.lull  (Fritzsche,  Po^^.  cxxvi.  176).  A  ?  :  .  :  i  :  i  l  al  ion  was  observed  in  nearly 
pure  block  tin,  containing  only  0-3  p.c.  fui-ei,i;ii  m.  i  Is  (  h -  id  .'lud  iron),  which  was  sent 
from  Eotterdam  to  St.  Petersburg  by  rail  during  very  cold  weather  in  1871  (Oudemans, 
Instit.  1872,  142). 

According  to  P.  Lewald  [Bingl.  fiol.  J.  cxevi.  309)  it  is  only  block  tin  that  disinte- 
grates at  low  temperatures,  the  effect  being  due  to  the  strong  tension  of  the  external 
parts  produced  by  the  ijrevious  casting  and  sudden  cooling,  tliis  tension  increasing  as 
the  temperature  falls,  and  finally  leading  to  disruption. 

On  a  peculiar  state  of  the  molecules  of  tin,  see  further,  Fritzsche  {Ann.  Chini.  PJiys. 
[i],  xxvi.  321). 

Specific  Gretvity. — Eammelsberg  {Deut.  Chcm.  Gcc,  Bo:  iii.  724)  found  the  specific 
gravity  of  the  disintegrated  tin  described  by  Fritzsche  to  be  7"195;  after  fusion  it 
rose  to  7'310.  The  specific  gravity  of  previously  fused  tin  is,  according  to  the  accor- 
dant experiments  of  several  observers,  =  7'2905-7'209,  whereas  W.  H.  Miller  {Berg. 
Jahrcsb.  xxiv.  133)  found,  for  tin  dep)0sited  by  electrolysis  in  quadratic  crystals,  a  specific 
gravity  =  7'178,  which,  however,  rose  after  fusion  to  7'293.  Eammelsberg  also  found 
the  specific  gravity  of  tin  reduced  from  stannous  chloride  by  a  feeble  current  to  be 
7-143  to  7'166,  whence  he  infers  that  tin  is  dimorphous.  After  fusion  it  has  a  still  unde- 
termined, perhaps  regular  form,  and  in  this  form  a  specific  gravity  of  7'29  ;  but  by 
exposure  to  cold  this  form  x5assos  into  a  quadratic  form,  which  the  tin  likewise  assumes 
when  reduced  in  the  wet  way,  and  in  this  form  it  has  a  specific  gravity  of  7'14-7'18. 
The  decrease  of  volume  of  the  last-mentioned  form  by  heat  is  hereby  explained. 

The  specific  heat,  of  tin,  as  determined  l)y  the  icc-calori meter  (p.  595),  is  for  cast-tin 
0-559,  for  allotropic  tin  0-545  (Bunsen). 

Spectra. — The  haloid  compounds  of  tin  impart  to  a  hydrogen-flame  a  blue  colour 
which  may  be  ascribed  to  stannic  oxide.  The  nucleus  of  this  flame  consists,  however, 
of  two  concentric  cylinders.  The  inner,  which  is  nearly  cold,  is  blue  with  chloride, 
green  with  bromide,  yellow  with  iodide  of  tin,  and  always  gives  a  continuous  spectrum. 
It  is  surrounded  by  a  somewhat  warmer  carmine-red  sheath,  the  spectrum  of  which  is 
reduced  to  a  narrow  bright  line  and  an  indistinct  band,  the  former  being  near  the 
second  lithium  line.*  Bromide  of  tin  in  a  cooled  flame  produces  an  emerald-green 
colour,  with  continuous  spectrum  (Salet,  Compit.  rend.  Ixxiii.  862  ;  Chem.  Soc.  J.  [2] 
ix.  1147). 

*  Tills  istlio  colour  first  observed  by  "Barrett  (Phil,  ilarj.  [4],  .xxx.  021). 
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Action  of  Niirio  Acid. — G.  Hay  {Ckem.  News,  xxii.  298)  observes  that  pieces  of  tin 
about  the  size  of  pins'  heads  dissolve  slowly  at  2-2°  in  pure  nitric  acid  diluted  with  an 
equal  volume  of  water,  forming  a  perfectly  clear  yellow  solution  which  becomes  colour- 
less when  gently  heated  and  deposits  metastannic  hydrate  on  boiling.  \V.  L. 
Scott  (ibid.  322)  states  that  he  observed  this  fact  some  time  ago,  and  adds  that  the 
separation  of  metastannic  acid  takes  place  at  temperatures  above  6°,  or  even  lower,  if 
the  solution  be  exposed  to  a  bright  light. 

Separation  of  Tin  from  other  Metals. — To  separate  tin  from  arsenic  and  anti- 
mony, F.  W.  Clarke  {Zeitsckr.  anal.  Chem.  ix.  487)  boils  the  mixed  solution  with  excess 
of  oxalic  acid,  and  passes  hydrogen  sulphide  into  the  liquid  to  saturation.  The 
arsenic  and  antimony  are  said  to  be  thereby  completely  precipitated,  while  the  tin 
remains  in  solution.  To  separate  tin  from  molybdenum,  the  solution  is  mixed  with 
excess  of  alkaline  sidphide,  the  resulting  sulphur  salts  decomposed  with  hydrochloric 
acid,  and  the  precipitated  sulphides  of  tin  and  molybdenimi  boiled  with  aqueous  oxalic 
acid,  which  dissolves  only  the  tin.  If  the  tin  was  originally  present  as  stannous  salt, 
the  resulting  stannous  oxalate  must  be  dissolved  in  dilute  hydrochloric  acid. 

To  estimate  the  tin  in  the  oxalic  acid  solution,  ammonia  is  added  in  excess,  then 
ammonium  sulphide  in  sufficient  quantity  to  redissolve  the  precipitate  first  produced, 
and  finally  the  liquid  is  supersaturated  with  acetic  acid,  and  left  in  a  warm  place. 
The  resulting  precipitate  of  stannic  sulphide  and  oxide  is  washed  with  ammonium 
nitrate,  ignited  and  weighed.  According  to  G.  C.  Wittstein  (Zeitsckr.  anal.  Chem.  ix. 
490),  the  mode  of  separation  just  described  is  worthless,  at  least  as  applied  to  the 
separation  of  tin  from  arsenic  and  antimony,  the  precipitation  of  these  two  metals 
being  very  incomplete,  and  a  considerable  portion  of  the  tin  being  precipitated  with  them. 

For  the  separation  of  tin  from  antimony,  see  also  p.  97. 

The  separation  of  tin  from  tungsten  may  be  easily  and  completely  effected  by 
fusing  a  mixture  of  stannic  and  tungstic  oxides  with  potassium  cyanide  in  a  porcelain 
crucible  till  the  stannic  oxide  is  reduced.  The  fused  mass  is  lixiviated  with  water, 
the  liquid  filtered  to  separate  the  tin  from  the  potassium  tungstate,  and  the  tin  is 
washed  with  hot  water,  oxidised  with  nitric  acid,  and  weighed  as  stannic  oxide.  The 
tungstic  acid  is  best  determined  directly,  after  the  potassium  cyanide  has  been  decom- 
posed (J.  H.  Talbutt,  Bent.  Chem.  Ges.  Ber.  iv.  279). 

Chlorides.  When  chlorine  not  perfectly  dry  is  passed  over  heated  metallic  tin, 
there  is  formed,  in  addition  to  anhydrous  stannic  chloride,  a  small  quantity  of  a  white 
crystalline  sublimate  having  the  composition  SnCl''.3H-0.  If  a  very  small  quantity  of 
water  be  added  to  this  compound,  or  it  be  allowed  to  deliquesce,  sulphuretted  hydrogen 
precipitates  the  ordinary  yellow  stannic  sulphide  ;  but  if  it  be  dissolved  in  a  large 
quantity  of  water,  a  yellowish-brown  precipitate  is  produced  by  the  same  reagent. 
This  may  be  attributed  to  the  formation,  by  the  excess  of  water,  of  metastannic 
chloride,  from  the  solution  of  which  the  yellowish-brown  metastannic  sulphide  is 
precipitated  by  sulphuretted  hydrogen.  Metastannic  chloride  is  also  produced 
when  water  is  added  to  ordinary  stannic  chloride.  This  change  is  prevented 
by  free  acid,  especially  if  water  be  not  present  in  great  excess.  On  dissolving 
several  quantities  of  the  same  sample  of  tin  in  nitro-muriatie  acid,  and  subsequently 
decomposing  with  sulphuretted  hydrogen,  stannic  s.ulphide  differing  in  colour  was 
produced,  probably  in  consequence  of  the  formation  of  variable  quantities  of  meta- 
stannic sulphide  (H.  Scheerer,  J.pr.  Chem.  [2],  iii.  47). 

Chlorobromides. — "When  bromine  is  added  by  drops  to  stannous  chloride,  the 
violence  of  the  reaction  being  moderated  by  cooling,  it  is  found  that  to  convert  the 
whole  of  the  stannous  chloride  into  a  stannic  compound,  1  mol.  bromine  (Br-)  must  be 
added  for  each  molecule  of  SnCl-.  The  product  is  a  j'ellow,  strongly  fuming  liquid, 
having  a  very  high  specific  gravity  and  easily  decomposed  by  water.  AVhen  distilled 
it  begins  to  boil  at  130°,  the  temperature  slowly  rising  to  190°,  at  which  the  last  drops 
pass  over.  Products  of  constant  boiling  point  have  not  been  obtained,  but  analysis 
showed  that  the  higher-boiling  portions  were  comparatively  rich  in  bromine,  the 
lower  in  chlorine,  the  reaction  perhaps  taking  place  as  shown  by  the  equation  : 

2SnCP  +  2Br=  =  SnClBr'  +  ,SnCPBr 
(Ladenburg,  Ann.  Ch.  Pharm..,  Sicppl.  viii.  60). 

Stannic  Oxide  and  Acids.  Tinstone  from  the  San  Jacinto  mine  in  San  Ber- 
nardino, California,  where  it  occurs  in  small  grains  and  more  rarely  in  larger  crystals, 
with  tourmalin  and  quartz,  has  been  analysed  by  F.  A.  Genth  {Chem.  News.  xxi.  225). 
with  the  following  results  : 

SnO-         WO'         SiO'         CuO  X* 

82-00       1-08       7-20       0-32  9-40 

76-15       0-22       9-82       0-27  13-34 

Consisting  of  Pe,  Mn,  APO',  MgO,  CaO,  B-0',  &o. 
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Twin  crystals  of  tinstone  from  the  granite  reins  of  S.  Piero,  in  Elba,  are  described 
by  Gf.  vom  Eath  {Jahrb.f.  Min.  1870,  890),  -who  further  remarks  that  only  one  otlier 
occurrence  of  tinstone  in  sporadic  crystals  of  this  kind  is  known,  viz.  at  Chesterfield 
in  Massachusetts. 

A  block  of  so-called  '  Jew's  tin,'  or  '  Jews'-house  tin,'  from  Tremethack  Moor  in 
Cornwall,  was  found  to  be  partially  covered  with  a  hard,  brittle,  hrown  crust,  eon- 
t.'iining  90  p.c.  stannic  oxide,  with  small  quantities  of  metallic  tin,  stannic  chloride, 
ferric  oxide,  and  silica.  This  crust  somewhat  resembles  the  native  variety  of  stannic 
oxide  called  '  wood-tin,'  and  has  probably  been  formed  by  the  slow  oxidation  of  the 
outer  surface  of  the  block  (J.  H.  Collins,  Chem.  News.  xxv.  271). 

On  the  supposed  crystallisation  of  stannic  oxide  from  fused  microcosmic  salt,  see 
Phosphates  (p.  976). 

On  the  reaction  of  stannic  oxide  with  jj720s^/w?'oi;s  cldoridc,  see  p.  976. 

Meta&tannic  Acid. — According  to  A.  H.  Allen  {Chem.  Soc.  J.  [2],  x.  274),  the 
properties  of  this  acid  are  somewhat  different  from  those  ordinarily  assigned  to  it 
(v.  820).  When  the  metastannic  acid  prepared  by  treating  tin  with  nitric  acid,  and 
washing,  is  boiled  for  some  minutes  with  a  moderate  quantity  of  strong  hydrochloric 
acid(sp.  gr.  I'll),  a  certain  quantity  of  tin  is  dissolved,  and,  on  adding  a  larger  quantity 
of  hydrochloric  acid,  almost  complete  dissolution  takes  place.  The  residue  exhibits 
the  properties  commonly  assigned  to  metastannic  acid,  excepting  that  its  aqueous  solu- 
tion is  less  inclined  to  be  precipitated  by  an  excess  of  hydrochloric  acid.  The  liquid 
poured  into  cold  water  gave  at  first  a  precipitate  of  stannic  sulphate,  but  soon  after- 
wards a  precipitate  of  orthostannic  acid.  Commercial  stannic  acid  (free  from  lead) 
dissolves  only  partially  in  strong  sulphuric  acid. 

Stannatcs. — P.  H.  Vaughan  {Beut.  Chem.  Gcs.  Bcr.  v.  396)  prepares  the  stan nates 
of  the  alkali-metals  on  the  largo  scale  by  treating  tin-clippings  with  caustic  potash 
(or  soda-ley)  of  sp.  gr.  1-2,  decanting  the  liquid,  pumping  air  (or  oxygen)  through  the 
vessels  containing  the  metal,  pouring  the  decanted  solution  again  upon  the  metal,  and 
repeating  this  treatment  till  the  greater  part  of  the  alkaline  liquid  has  been  converted 
into  a  tin-solution.  The  reaction  may  be  accelerated  by  gently  warming  the  liquid 
and  heating  the  air  which  is  passed  over  the  metal. 

Coin])ouiid  of  Stannic  oxide  with  Acetic  oxide. — 'When  2  pts.  of  acetic  oxide  and  1  pt. 
of  metastannic  acid,  dried  at  100°,  are  heated  together  for  two  or  three  hours  to  160° 
in  sealed  tubes,  a  syrupy  liquid  is  obtained,  whicli  solidifies,  on  cooling,  to  long 
needles  having,  when  pressed  and  dried  in  a  vacuum  over  quicklime,  the  composition 


are  converted  into  an  amorphous  glassy  mass  having  the  composition  SnO-.C"H^O^OH 
(Laurence,  Com-pt.  rend.  Ixxiv.  1524). 

TIIS'-^ASZCliES,  03S,G-/kKIC.  1.  Stannethyls  (Ladenburg,  Ann,  Ch.  Pharm., 
8up2)l.  viii.  60;  Bent.  Chem.  Ges.  Bcr.  iii.  353,  647).  Stannotriethyl  iodide, 
Sn(C^H*)^I,  is  prepared  by  acting  on  100  grams  of  sodium  staunate  containing  14  p.c. 
of  tin  with  80  grams  of  ethyl  iodide  in  a  flask  provided  with  a  reversed  condenser, 
gentle  heat  being  at  first  applied  to  set  up  the  action,  and  tlie  fiask  afterwards  cooled 
to  prevent  it  from  becoming  too  violent.  The' mixture  is  afterwards  heated  in  the 
water-bath,  and  finally  to  160°  in  an  oil-bath,  and  after  the  flask  has  cooled  the  con- 
tents are  distilled  in  a  sand-bath.  In  this  way  a  product  is  obtained  consisting  of 
stannotriethyl  iodide  and  stannotetrethyl,  which  latter  may  be  converted  into  stanno- 
triethyl iodide  by  the  action  of  hydriodic  acid,  just  as  the  corresponding  chloride  is 
obtained  by  the  action  of  hydrochloric  acid  (v.  832).  This  iodide,  Sn(C2H^)^I,  boiling 
at  231°,  is  converted  into  stannotriethyl  by  the  action  of  sodium,  the  flask  containing 
it  being  connected  with  a  reversed  condenser  by  means  of  a  Y-tidoe,  through  which 
the  sodium  is  dropped.  It  is  ultimately  heated  to  200°,  and,  after  cooling,  the  stanno- 
triethyl is  separated  from  t-he  sodium  iodide  by  dry  ether.  On  distilling  off"  the  ether, 
crude  stannotriethyl  remains  as  a  liquid,  boiling  with  partial  decomposition  at  265°- 
270°.  It  decomposes,  with  separation  of  tin,  even  when  distilled  in  a  current  of  carbon 
dioxide  or  hydrogen,  but,  by  distilling  it  under  a  low  pressure,  it  may  be  obtained 
pure. 

Stannotriethyl  is  a  liquid  of  sp.  gr.  1-4115  at  0°,  and  having  the  pungent  odour 
of  the  stannotriethyl-compounds  ;  it  is  insoluble  in  water  and  in  aqueous  alcohol,  and 
precipitates  silver  from  an  alcoholic  solution  of  the  nitrate.  Two  vapour-density 
determinations  gave  the  numbers  14-70  and  14-93  (H  =  l),  showing  that  the  molecular 
formula  of  the  compound  is  not  Sn(C^H'*)^,  but  Sn*(C'-H^)°  (analogous  to  ethane) 
which  requires  14-7. 
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Stannodiethyl  chloride,  Sn(C-H^)-CP,  is  oLtained  Ly  passing  cMorine  into  a 
solution  of  stannotriethyl  in  chloroform,  or  better  in  carbon  tetrachloride,  and  remains, 
after  evaporation  of  the  solvent,  in  beautiful  silky  crystals  which,  after  drying  over 
sulphuric  acid,  melt  at  85°  (at  60°  according  to  Cahours,  v.  827).  The  iodide, 
Sn{C-'R^fT',  formed  from  it  by  precipitating  with  ammonia  and  dissolving  the  precipi- 
tate in  hydriodic  acid,  melts,  according  to  Ladenburg,  at  44'6°  (at  42°  according  to 
Franldand,  v.  827). 

The  formation  of  stannodietliyl  chloride  from  stannotriethyl  and  chlorine  is  repre- 
sented by  the  equation : 

Sn=(C=H^)'*  +  Cl«  =  2C-IPC1  +  2Sn(C^ff)2CP. 
To  ascertain  wliat  might  be  the  first  mode  of  action  of  the  halogen,  Ladenburg  added 
1  mol.  iodine  to  1  mol.  Sn"(C'^H^)",  avoiding  rise  of  temperature,  and  found  that  the 
action  took  place  as  shown  by  the  equation  : 

Sn^C^ff)"  +  P  =  2Sn(C=ff)'I. 
The  production  of  the  compound,  Sn(C^II^)-I,  by  decomposition  of  stannotriethyl  with 
iodine  (Cahours,  v.  829),  is  regarded  by  Ladenburg  as  doubtful.  Stannotriethyl, 
treated  with  halogens,  produces  in  fact  only  bodies  of  the  type  SnX'',  the  imion  between 
the  two  tin-atoms  being  first  dissolved,  and  then  the  ethyl  group  replaced  by  halogens, 
a  mode  of  action  by  which  tin  is  essentially  distinguished  from  carbon  and  silicon. 
Stannotriethyl,  heated  with  strong  hydrochloric  acid,  gives  olF  inflammable  gases,  and 
an  oil  which  solidifies,  on  cooling,  to  a  mass  which  melts  at  83°,  and  appears  to  be  a 
mixture  of  Sn(C^I[*)^Cl-  and  Sn(C-H^)^Cl,  the  former  being  produced  according  to  the 
equation : 

Sn2(C2H5)«  -t-  4HC1  =  2Sn(C^ff)2CP  +  2G-W  +  R\ 
Stannotriethyl,  treated  with  stannic  chloride,  yields  stannotriethyl  chloride  and 
metallic  tin : 

2Sn2(C2H=)«  +  SnCP  =  Sn  -f-  4Sn(C-H0'CL 
Stannotriethyl  ethylate,  ^\i{QFE?)\QC'^W'),  is  formed  by  the  action  of  sodium 
ethylato  on  stannotriethyl  iodide,  the  mixture  being  ultimately  heated  to  200°  with 
reversed  condenser,  and  then  distilled  out  of  contact  with  air.  It  is  a  colourless  liquid 
having  a  very  unpleasant  odour,  boiling  at  190°-192°,  burning  with  a  bright  flame 
and  separation  of  tin,  and  separating  silver  from  an  alcoholic  solution  of  the  nitrate. 
Sp.  gr.  =1'2634  at  0°.  Treated  with  iodine,  it  yields  two  compounds,  one  boiling  at 
240°,  the  other  at  a  higher  temperature.  With  water  it  forms  crystals  having  the 
properties  of  tjie  stannotriethyl  hydrate  described  by  Lowig  a.  Cahours  (v.  829).  Thi.s 
hydrate  boils  at  269°-273°,  melts  at  43°,  and  changes  when  loft  over  sulphuric  acid, 
the  melting  point  rising  by  nearly  100°  (Ladenburg). 

Stannmetiiyls.  Ladenburg's  observations  on  the  stannmethyl-compounds  differ 
considerably  from  those  of  Cahours  (v.  832),  according  to  which  the  action  of  methyl 
iodide  on  sodium  stannide  produces  stannodimethyl  or  stannous  methide,  Sn(CII^)-, 
and  stannotetramethyl  or  stannic  methide,  Sn(CH')^  Ladenburg,  following  the 
directions  given  by  Cahours,  obtained,  after  distilling  off  the  ether,  only  a  few  drops 
of  residue  (probably  containing  stanno-dimethyl),  but  found  that  the  ether  distilled 
off"  contained  a  compound  which  could  not  be  purified  by  fractional  distillation.  Ho 
therefore  altered  the  process  so  far  as  to  lieat  sodium  stannate,  containing  14  p.o.  of 
tin,  with  three-fourths  of  its  weight  of  methyl  iodide,  first  in  the  water-bath,  then  to 
120°  in  the  oil-bath,  and  afterwards  in  the  sand-bath,  and  subject  the  product  to 
fractional  distillation,  whereupon  it  separated  into  stannotetramethyl  and  stannotri- 
methyl  iodide. 

Stannotetramethyl  or  Stannic  Methide,  Sn(CH^)*,  (freed  from  iodide  by 
repeated  fractional  distillation  over  sodium)  is  a  colourless  liquid,  having  an  ethereal 
odour,  insoluble  in  water,  boiling  at  78°  (at  140°  Cahours),  having  a  sp.  gr.  of  1-313 
at  0°,  and  vapour-density,  obs.  =  6'00 ;  calc.  =  6'15. 

Stannotrimcthyl  Iodide  or  Stannic  lodotrimcthide,  Sn(C»H^)''L  This 
compound  is  obtained,  more  abimdantly  than  by  the  process  above  described,  by  the 
action  of  1  mol.  iodine  (I-)  on  1  mol.  stannous  methide,  Sn(C-ff)^.  It  is  a  liquid 
boiling  at  170°  and  having  a  sp.  gr.  of  2-1432  at  0°,  2-1096  at  18°.  (According  to 
Caliours,  it  boils  at  190°  and  has  a  sp.  gr.  of  2-155  at  18°).  From  silver  nitrate  it 
first  throws  down  silver  iodide,  afterwards  metallic  silver. 

Sodium  acts  on  stannotrimcthyl  iodide  according  to  the  equation : 
4Sn(0H)»I  +  4Na  =  4NaI  -1-  Sn  -t-  3Sn(CH3)^ ; 
it  is  possible,  however,  tliat  the  compound  Sn-(CH^)°  may  be  formed  in  the  first 
instance,  and  afterwards  decomposed  like  the  corresponding  ethyl-compound.  The 
action  of  sodium  ethylate  on  stannotrimcthyl  iodide  produces  a  relatively  small 
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quantity  of  stannotrimetht/l  ethylate,  together  with  a  largo  quantity  of  stannotetra- 
methyl,  from  which  mixture  only  the  latter  can  bo  separated  in  the  pure  state. 

TXTANXFSSIOUS  IROST.  The  following  analyses  of  this  mineral  from 
Greensborough,  North  Carolina,  have  been  collected  by  J.  P.  Lesley  {Proc.  of  the 
American  Philosophical  Society,  ^li.  139):  1-3  by  F.  A.  tienth;  -1  by  J.  15.  Britton  ; 
6  and  6  by  C.  E.  Buck ;  7  and  8  by  A.  A.  Fesquet. 


Fe=0* 

TiO= 

SiO= 

CaO 

MgO 

n=o 

X* 

46-91 

2-63 

undetermined 

60-03 

1606 

79-78 

12-08 

0-28 

0-75 

4-62 

01 3 

204 

84-27 

4-95 

4-81 

0-24 

1-66 

3-2,- 

82-68 

8-72 

0-42 

0-40 

1-89 

3-93 

017 

1-36 

81-30 

12-32 

trace 

trace 

1-04 

3-87 

0-G4 

0-49 

0-34 

83.42 

0-12 

0-83 

1-50 

2-,)0 

0-75 

2-02 

79-14 

13-74 

0-69 

trace 

0-52 

4-50 

0-72 

0-54 

*  Insoluble  matter  mixed  -with  the  separated  titanic  acid.  Traces  of  sulphur  in  4  and  C,  of  phos- 
phorus in  7,  ot  Tauadium  in  3. 

The  occurrence  of  titaniforous  iron  and  magnetic  iron  ore  in  the  Sehfzergrundel  at 
Hinterhermsdorf  in  tlie  Saxon  S-sritzerland,  is  described  l>y  xi.  Stelzuer  {Jah-buch.  f, 
Mineralogic,  1871,  630).  The  several  localities  of  tiianifcrous  magnetite  sand  are 
enumerated  by  H.  J.  Buckart  {ibid.  is.  421). 

TITiUffl-itXlff.  On  the  Spectrum  of  titanium,  see  Troost  a.  Hautefeuille  (Coinjjt. 
rend.  Ixxiii.  620;  Chem.  Sac.  J.  [2],  1147). 

On  the  separation  of  titanium  from  Niobium  and  Tantalum,  see  Eamraolsberg 
{Chem.  Soc.  J.  [2],  x.  194). 

Titanic  Oxide  or  Anhydride.  TiO-. — On  the  isotrimorphism  of  this  oxide  ^vilh 
stannic  oxide,  see  G.  Wunder  (J.  jjr.  Chem.  [2],  ii.  206). 

Heated  in  an  atmosphere  of  carbon  mouoxido,  it  gives  up  4-7  p.e.  oxj'gen,  with 
separation  of  carbon  (J.  L.  Bell,  Chem  News,  xxiii.  267). 

Oil  Phosphotitanic  acid,  see  Phosphates  (p.  076). 

CPTi— Tiz:o 

Titanic  Oxychloride,  Ti'O-Cl"  =  |       ,  is  formed  by  the  direct  action  of 

CPTi— TinO 

oxygen  on  titanic  chloride,  TiCl^  (Troost  a.  Hautefeuille,  J.  pr.  Chem.  [2],  4,  298). 

TOBACCO.  The  pihysiological  action  of  tobacco  when  used  as  a  narcotic  has 
been  examined  by  Vohl  a.  Eulenberg  {Arch.  Pharm..  [2],  cxlvii.  130  ;  Chem.  Soc.  J. 
[2],  ix.  1075),  ■<K\\h  especial  reference  to  the  constituents  of  tobacco  smoke.  From 
the  chemical  history  of  tobacco  they  conclude  that  its  action  cannot  be  attributed  to 
the  narcotine  which  it  contains,  and  this  conclusion  they  confirm  liy  analyses  and 
experiments  of  their  own. 

The  amount  of  nicotine  in  snuff  was  foxyid  to  bo  only  from  '0392  to  -062  p.c;  in  tlio 
strongest  tobacco  for  chewing  there  was  only  a  trace  of  nicotine,  and  in  other  specimens 
of  the  same  kind  there  was  none  at  all,  so  that  notliing  like  nicotine-poisoning  can 
result  from  the  use  of  these  tobaccos. 

The  smoke  of  strong  tobacco  containing  4  p.c.  of  nicotine  was  also  analysed,  part 
of  it  being  burned  in  a  pipe  and  part  as  cig.ars.  The  smoke  was  drawn  by  an 
aspirator,  first  through  potash-solution  to  collect  acids,  and  tlien  through  diluto 
fnilphuric  acid  to  collect  bases.  Besides  this,  the  gases  given  off  when  cigars  were 
smoked  were  collected  and  examined.  These  consisted  of  oxygen,  nitrogen,  carbonic 
oxide,  and  marsh-gas. 

The  potasli-solution  was  found  to  have  .absorljed  hydrocyanic,  sulpliydric,  formic, 
acetic,  propiouic,  butyric,  valeric  and  carbolic  acids  ;  the  presence  of  caproic,  caprylio 
and  succinic  acid  was  doubtful.  An  oily  liquid  coUoetod  on  tlie  surface  of  the 
potash-solution,  which  solidified  to  a  buttery  mass,  and  tliis,  when  distilled,  yielded  at 
first  a  small  quantity  of  hydrocarbons  of  the  benzene-series,  not,  liowovor,  including 
benzene  itself,  and  at  higher  temperatures  a  substance  which  solidified  on  cooling, 
and,  after  pressure  and  several  recrystallisations  from  ether,  had  the  form  of  nacreous 
scales  melting  <at  64°-65'-' ;  it  boiled  .above  the  range  of  the  mercurial  thermometer, 
and  agreed  in  percentage  composition,  and  in  the  characters  of  its  picric  acid  com- 
pound, with  the  hydrocarbon  C"H'^,  obtained  by  Kraus  from  wood-tar  and  examined 
by  Fehling  and  by  Fritzsche  {Jahresh.  f.  Chem.  1858,  439,  440). 

The  dilute  sulphuric  acid  was  found  to  liave  absorljcd  the  whole  scries  of  bases  of 
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the  pyridine  series,  viz.  pyridine,  C^H^N,  picoline,  CH'N,  lutidine,  CffN,  collidine, 
CHi'JST,  parvoline,  CWm,  coridine,  CoH'^JST,  ruhidine,  Ci'H"N,  and  viridine,  C'^H^N. 
AVlien  tlie  tobacco  is  smoked  in  tlie  form  of  cigars,  the  greater  portion  of  the  bases 
contained  in  the  smoke  consists  of  collidine,  -wliidh  appears  to  be  identical  with  the 
base  called  aldehydine  by  Baeyer  {\st  Suppl.  82).  The  most  minute  examination  of 
the  bases  of  tobacco-smoke  failed  to  detect  any  trace  of  nicotine.  All  the  volatile 
bases  actually  found,  excepting  ammonia  and  traces  of  ethylamine,  belonged  to 
the  pyridine  series ;  but  it  is  possible  that  pyrrhol  bases  may  also  be  present. 

The  fact  that  very  strong  tobacco,  which  can  scarcely  be  smoked  in  pipes,  may  be 
used  for  making  cigars,  is  explained  by  the  abundant  occurrence  of  the  highly  volatile 
and  intoxicating  pyridine  in  pipe-smoking,  whereas  cigar-smoking  produces  only  a 
small  quantity  of  pyridine,  but  a  large  quantity  of  collidine.  In  general,  pipe -smoking 
produces  a  larger  proportion  of  the  more  volatile  bases. 

To  determine  the  physiological  action  of  the  bases  contained  in  tobacco-smoke, 
Eulenberg  a.  Vohl  made  experiments  with  pigeons  and  rabbits  on  the  action  of  the 
more  and  less  volatile  picoline  or  pyridine  bases  from  tobacco-smoke,  from  Taraxacum 
officinale,  willow  wood,  and  Datura  stramonium.  From  these  experiments  it  appears 
-that  all  picoline  bases  are  very  poisonous,  and  differ  from  one  another  only  in  the 
rapidity  and  intensity  of  their  action. 

Vohl  a.  Eulenberg  are  of  opinion  that  the  disagreeable  symptoms  felt  by  persons 
beginning  to  smoke,  and  the  chronic  affections  which  occur  in  those  who  smoke  to 
excess,  as  well  as  the  cases  of  poisoning  from  swallowing  tobacco-juice,  are  due,  not 
to  nicotine,  but  to  the  pyridine  and  picoline  bases.  The  idea  that  they  were  due  to 
nicotine  originated  in  the  fact  that  picoline  bases  having  a  high  boiling  point,  such  as 
parvoline,  resemble  that  alkaloid  greatly  both  in  smell  and  in  physiological  action. 

TOI.i4.KrE,  C'-'H'"  {1st  Swppl.  1090).  This  hydrocarbon  is  formed,  together  with 
barium  sulphate,  by  heating  barium  benzoate  with  sulphiu: : 

(,C'iI'02)-Ba  -1-  S  =  BaSO*  -i-  {G'W)\ 

The  tolane  may  be  piu'ified  by  repeated  distillation  over  finely  divided  lead,  or  by 
heating  its  ethereal  solution  with  lead  or  copper,  and  rectifying.  It  is  also  produced 
by  heating  a  mixture  of  benzoate  andsulpliocyanate  of  barium  (Pfankuch,  t/.pr.  Chcm. 
[2],  iv.  35  ;  vi.  113). 

Tolane  dissolves  with  brown  colour  in  fuming  sulphuric  acid,  and  when  heated, 
likewise  in  ordinary  sulphuric  acid,  forming  tolane-sulphonic  acid,  the  barium 
and  calcium  salts  of  which  are  also  brown,  very  soluble  in  water,  andtmcrystallisable. 
On  heating  either  of  these  salts  with  potash,  and  adding  hydrochloric  acid  to  tlie 
fused  mass,  sulphm-ous  oxide  is  evolved,  and  ether  then  extracts  from  the  mass  a  brown 
oil  containing  benzoic  acid  and  phenol  (Limprichta.  Schwanert,  Beut,  Chem,  Ges.  Ber. 
iv.  379;  Jahresh.f.  Chem.  1871,  459). 

Tolane  Alcobol,  C^H'^O-,  is  formed,  together  with  benzilic,  benzoic,  and  acetic 
acids,  by  the  action  of  alcoholic  potash  on  acetyl-benzoin,  C'^H"(C-H'*0)0-  (i.  559), 
(Jena  a.  Limprecht,  Ann.  Cli.  Pharm.  civ.  89).  It  is  not  produced  by  fusing  tolane- 
sulphonic  acid  with  potash  (Limpricht  a.  Schwanert). 

Tolane  Chlorides.  Tolane  tetrachloride,  C'''H'°C1S  is  formed  by  the  action  of 
phosphorus  pentachloride  at  200°  on  chlorobenzile,  C'*H"'OCP  {\st  Suppl.  305).  In 
boiling  alcoholic  solution  it  is  easily  converted  by  sodium-amalgam  into  tolane  (Zinin, 
Zeitschr.f.  Chem.  [2],  iv.  718).  Treated  in  alcoholic  solution  with  zinc,  it  yields  the 
two  isomeric  dichlorides,  C^H'^CP,  already  described  (p.  157),  one  melting  at  153°, 
the  other  at  63°  (Zinin).  Limpricht  a.  Schwanert  {loo.  cit.)  state  that  they  have  ob- 
fained  the  same  two  tolane  dichlorides  by  heating  1  mol.  toluylene  (stilbene)  to  170° 
with  2  mols.  phosphorus  pentachloride  and  a  small  quantity  of  the  oxj'chloride. 
They  confirm  Zinin's  statement  respecting  the  melting  points  and  solubilities  of  these 
bodies  and  their  reactions  with  sodium-amalgam.  They  also  find  that  both,  when 
heated  to  180°  with  alcoholic  potash,  yield  tolane,  together  with  potassium  chloride  ; 
that  their  ethereal  solution  when  evaporated  leaves  the  compound  C'^H'^CP  unaltered; 
that, each  of  these  isomeric  chlorides  when  distilled  is  partly  converted  into  the  other, 
a  transformation  which  likewise  takes  place  on  heating  them  to  200°  with  glacial 
acetic  acid  and  silver  acetate,  no  aeetyl-derivatives  being  thereby  produced.  Tolane 
treated  with  phosphorus  pentachloride  yields  yellowish  needles  melting  at  137^-145°, 
and  white  glassy  prisms  melting  at  150°,  both  of  which  appear,  from  the  chlorine 
determination,  to  have  the  composition  C'^H^CP  (Limpricht  a.  Schwanert). 

Tolane  Bromides.  Tolane  likewise  forms  with  bromine  two  isomeric  bromides, 
Qi  iIjio£j,2^  one  of  which,  crystallising  in  scales  and  melting  at  200°-205°,  has  already 
been  described  by  Limpricht  a.  Schwanert  {1st  Supp'.  1009),  the  other,  melting  at  64°, 
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by  Jena.  Each  of  tliem,  when  heated  to  170^-180°  with  water  for  several  hours,  is 
partly  converted  into  the  other.  By  distillation  the  modification  melting  at  64°  is 
converted  into  that  which  melts  at  200°-205°,  whilst  tlie  latter,  under  the  same  cir- 
cumstances, undergoes  scarcely  any  alteration.  By  alcoholic  potash  or  sodium- 
amalgam  both  modifications  are  converted  into  tolane.  When  continuously  heated 
with  water  to  200°  and  above,  both  yield  benzile,  tolane,  and  hydrogen  bromide. 
Heated  to  120°  with  glacial  acetic  acid  and  silver  acetate,  they  yield,  together  with 
benzilo  and  tolane,  white  crystals  of  the  compound  C"H"'(C-II'0)Br,  melting  at  107°  ; 
but  if  the  temperature  is  allowed  to  rise  to  140°-150°,  the  only  products  are  benzile 
and  tolane  (Limpricht  a.  Schwanert). 
TOXiISIN-E,  C^H'sN-.    See  next  page. 

TOXiVEITE,  C'H'^  =  C"^H».CH^  This  hydrocarbon  is  formed  in  small  quantity, 
together  with  products  of  higher  boiling  point,  by  heating  potassium  phenate  with 
potassium  acetate  (Pfankuch,  ./.  fr.  Clicm.  [2],  iv.  35). 

Conversion  into  Cresol. — Toluene  treated  with  sulphuric  acid  yields  two  isomeric 
toluene-sulphonic  acids,  the  potassium  salts  of  whicli,  when  decomposed  by  melting 
potash,  yield  the  corresponding  cresols,  one  liquid,  the  other  solid  at  ordinary  tem- 
peratures, melting  at  34-5°,  and  boiling  at  202°  : 

C'H'SO^K  +  KOH  =  SOqv=  +  C'H'(OH) 

(Wurtz,  Ann.  Chim.  Phys.  [4],  xxv.  108). 

Bcaciion  with  Iodine. — Toluene  heated  witli  iodine  to  250°  yields  hydriodic  acid, 
benzene,  a  hydrocarbon  boiling  at  about  140°  (xylene  ?),  benzyltoluene,  C'*H'* 
(p.  183),  and  products  boiling  above  130°.  The  latter  when  distilled  yield  viscid 
hydrocarbons  not  yet  examined,  and  a  red  solid  residue,  from  which  absolute  alcohol 
extracts  a  red  amorphous  substance  molting  at  about  100°,  and  having  a  composition 
represented  by  the  formula  ?iC"H"  (Sclmtzenberger,  Compt.  rend.  Ixxv.  1767). 

Azotoluene,  C'H'^N-.  This  compound,  discovered  by  Werigo  a.  Jaworsky 
(\st  liiippl.  285),  has  been  further  examined  by  F.  Melms  {Beut.  Chem.  Gcs.  Ber.  iii. 
549),  who  confirms  the  previous  statements  respecting  its  melting  point,  solubility,  &c. 
It  dissolves  easily  in  fuming  nitric  acid,  the  solution  after  some  time  depositing  small 
yellow  crystals  of  a  nitro-compound  melting  at  190-5°.  It  dissolves  readily  also  in 
strong  sulphuric  acid,  and  is  separated  by  water  in  its  original  state.  It  is  soluble  in 
water,  alcohol,  and  dihite  acids,  but  does  not  decompose  carbonates.  On  mixing  it 
with  alkalis,  the  corresponding  salts  separate  out,  the  sodium  salt  in  yellow  leaflets, 
tlie  ammonium  salt  in  yellow  needles.  Azotoluene  is  easily  dissolved  by  bromine. 
By  ammonium  sulphide  or  sodium-amalgam  it  is  converted  into  hydrazotoluene. 

According  to  Petrieff  {Zeitsch:  f.  Chem.  vi.  264),  nitric  acid  of  sp.  gr.  1-5,  added 
to  azotoluene  in  a  cooled  vessel,  converts  it  into  mononitro-azotolueno, 
C"H'^(NO=)-N-;  but  if  added,  without  cooling,  it  forms  trinitro-azotoluenc, 
C"H"(N02)3N  and  trinitro-azoxytoluene,  G"H"(NO-)'N-0  {\st.  Suppl.  286). 

Azoxytoluene,  C'^H'^N'O,  is  formed  in  small  quantity,  together  with  azotoluene, 
by  I  hi'  iii'tion  of  sudium-amalgam  on  nitrotoluene  in  alcoholic  solution.  According  to 
iVlclnis,  the  bi'st  yield  of  it  is  obtained  by  using  only  6  pts.  alcohol  to  1  pt.  of  nitro- 
toluene. It  crystallises,  according  to  Melms,  in  yellow  needles  melting  at  70°;  accord- 
ing to  PetrielF,  in  large  red  laminse  melting  at  57°.  It  is  insoluble  in  water,  dilute 
acids,  and  alkalis,  easily  soluble  in  alcohol  and  ether,  decomposed  by  heat  into  azo- 
toluene and  toluidine.  With  strong  nitric  acid  it  forms  nitro-derivatives.  By  strong 
sulphuric  acid  it  is  first  dissolved,  and  afterwards  partially  decomposed.  Prom  its 
solution  in  fuming  sulphuric  acid,  water  throws  down  a  red  resinous  mass.  Bromine 
acts  strongly  on  it,  producing  bromazoxytoluene,  C'^H'^BrN-0,  which  crystallises 
from  ether  i"n  small  liglit  yellow  tablets  melting  at  74°  (Melms). 

Hydrazotoluene,  C"H"^N-,  is  formed  from  azotoluene  or  azoxytoluono  by  the 
action  of  sodium-amalgam  or  ammonium  sulphide.  In  contact  with  alcohol  and  air  it 
is  quickly  reoxidised  to  azotoluene,  and  it  is  best  prepared  by  heating  azotoluene  to 
100-'  in  sealed  tubes  with  a  saturated  alooliolic  solution  of  ammonium  sulphide;  it 
then  separates  in  crystals  which  may  be  purified  by  washing  with  water  (Melms). 

Hydrazotoluene  forms  large,  colourless  plates  or  needles,  which  melt  at  124°  and 
are  resolved  at  high  temperatures  into  azotoluene  and  toluidine.  It  is  insoluble  in 
water,  easily  soluble  in  alcohol,  ether,  and  benzene;  the  solutions  soon  turn  yellow 
from  formation  of  azotoluene,  and  on  addition  of  an  acid  this  decomposition  takes 
place  immediately  (Melms).  By  slow  oxidation  of  an  alcoholic  solution  of  hydrazo- 
toluene, azoxy toluene  is  produced  as  well  as  azotoluene  (Petrieff). 

Tolidine,  C"H"'N-.    This  base,  isomeric  with  hydrazotoluene,  and  homologous 
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with  benzidine,  C'-H'-N-,  is  formed  by  the  action  of  sulphurous  acid  on  hydrazo- 
toluene  (Melms),  or  by  dropping  strong  hydrochloric  or  sulphxiric  acid  into  an  alco- 
holic solution  of  hydrazotoluene  prepared  with  sodium-amalgam,  the  corresponding 
salt  being  then  obtained  ;  hydrazotoluene  prepared  with  ammonium  sulphide  does  not 
yield  it  (Petrieff ).  The  free  base  forms  colourless  silvery  laminae,  easily  soluble  in 
boiling  water,  alcohol,  and  etlier;  melting  at  128°-129,  and  decomposing  when  strongly 
heated  (Petrieff).  According  to  Melms,  the  crystals  turn  yellow  or  brownish  on  dry- 
ing, and  melt  with  brown  coloration  at  103°. 

With  sulphuric  acid  tolidine  forms  two  salts,  one  soluble  in  hot  water  and  alcohol,  . 
the  other  insoluble ;  the  formula  of  the  latter  is  C"H"'N2.2H2S0*.  The  hydrochloride, 
Qujji6jf2_2HCl,  is  easily  soluble  in  water,  insoluble  in  hydrochloric  acid,  ether,  and 
alcohol.  Its  aqueous  solution  forms,  with  platinie  chloride,  a  yellow  crystalline  pre- 
cipitate (PetriefF),  dark  red  according  to  Melms.  The  picrate  forms  reddish-yellow 
needles  (Melms). 

Broxnotoluenes.  1.  Monobro'Motoluene,  C^H^Br.CH^. — The  para-  and  ortho- 
modifications  of  this  compound,  which  are  formed  simultaneously  by  the  direct  action 
of  bromine  on  toluene  {1st  SicppL  280),  have  been  further  examined  by  Hiibner  a. 
Eetschy  {Zeitschr.f.  Chem.  [2].  vii.  618). 

Parabromotoluene  is  obtained  by  repeated  crystallisation  from  alcohol,  and  careful 
pressure,  in  splendid  crystals  melting  at  28°-29°,  and  resolidifying  at  28° ;  it  boils 
constantly  at  185'2°.  On  dissolving  it  in  3  or  4  vols,  of  fuming  sulphiu-ic  acid  at  a 
temperatTire  not  exceeding  80°,  it  yields  two  isomeric  bromotoluene-sulphonic  acids, 
which  may  be  separated  in  the  form  of  barium  salts. 

Orthohromotoluene. — To  obtain  this  compound  in  the  pure  state,  the  crude  liquid, 
forming  about  half  of  the  total  product  of  the  action  of  bromine  on  toluene,  was  cooled 
down  to  —  20°.  On  adding  a  few  pieces  of  calcium  chloride,  some  crystals  of  the  para- 
compound  separated.  The  liquid  was  poured  off,  and  twice  cooled  down  for  some 
hours  to  —21°,  when  some  more  of  the  solid  compound  crystallised  out.  After  seven 
fractional  distillations,  the  liquid  boiled  at  183-2°,  but  it  still  contained  a  little  of  the 
para-compound,  which  was  removed  by  acting  on  the  liquid  bromotoluene  with  a 
mixture  of  manganese  dioxide,  sulphuric  acid,  and  glacial  acetic  acid,  the  parabromo- 
toluene being  oxidised  to  parabromobenzoic  acid,  whilst  a  part  of  the  orthohromo- 
toluene was  completely  destroyed,  resembling  in  this  respect  orthonitrotoluene,  which, 
like  the  bromo-compounds,  does  not  give  on  oxidation  a  substituted  benzoic  acid. 

Pure  orthohromotoluene  is  a  limpid  liquid,  boiling  at  181°-182°,  not  acted  upon  by 
sodium  in  the  cold.  On  dissolving  it  at  a  gentle  heat  in  Nordhausen  sulphuric  acid, 
it  yields  only  one  sulpho-acid. 

Dmoohowsky  {Deut.  Chem.  Ges.  Ber.  v.  333)  separates  liquid  from  solid  bromo- 
toluene by  repeatedly  boiling  the  liquid  expressed  in  the  cold  with  chromic  acid  mix- 
ture as  long  as  parabromobenzoic  acid  is  thereby  formed.  Th.ere  then  remains  a  con- 
siderable quantity  of  liquid  bromotoluene,  which  is  not  converted  into  an  acid  by 
oxidation. 

Metahroinotoliiene  is  prepared  from  metabromotoluidine  by  Griess's  method.  The 
conversion  of  the  metaluidine  into  diazotoluidine  must  be  performed  by  small  por- 
tions at  a  time,  on  account  of  the  violence  of  the  action.  The  liquid  perbromide  de- 
composed with  alcohol  yields  metabromotoluene  in  the  form  of  a  liquid  of  sp.  gr. 
1-401  at  18°,  boiling  at  182°-183°,  and  not  solidifying  at  -20°.  By  oxidation  with 
chromic  acid  it  is  converted  into  a  resin  from  which  no  acid  can  be  extracted.  Bromine 
convert*  it  into  liquid  dibromotoluone.  It  yields  three  sulpho-acids,  distinguished  as 
a,     and  y  (AVroblevsky,  Zeitschr.f.  Chan.  [2],  vii.  609). 

Parabromotoluene  dissolved  in  ether  or  in  light  petroleum  oil  is  converted  by  sodium 
into  ditolyl,  (C'H')"  (Zincke,  Dent.  Chem.  Gcs.  Ber.  iv.  396  ;  Louguinine,  ibid.  514). 
Orthohromotoluene  dissolved  in  light  petroleum  oil  is  not  attacked  by  sodium  at 
ordinary  temperatures,  but  when  a  mixture  of  equal  volumes  of  orthohromotoluene  and 
petroleum  oil  is  heated  with  sodium  to  60°  for  about  six  days,  toluene  is  formed, 
together  with  smaller  quantities  of  crystals,  and  an  oil  distilling  between  272°  and 
277°  (Louguinine). 

As  sodium  acts  strongly  at  ordinary  temperatures  (15°)  on  parabromotoluene,  but 
not  on  the  liquid  ortho-modification,  it  may  be  used  to  purify  the  latter  from  anj' 
portion  of  the  solid  modification  that  may  remain  in  it  after  refrigeration.  For  this 
purpose  the  liquid  bromotoluene,  dissolved  in  three  times  its  volume  of  petroleum  oil, 
is  treated  at  ordinary  temperatures  with  sodium  as  long  as  the  metal  is  thereby 
altered.    Orthohromotoluene  thus  purified  b'sils  at  180-5°-181°  (Louguinine). 

Orthohromotoluene,  treated  Avith  sodium  and  methi/l  iodide,  is  converted  into 
orthoxylone  (Jannasch  a.  Hubner,  Zeitschr.f.  Chem.  [2],  vii.  706). 
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Bibro iuotolnenc,  C'H^Br- =  C'ffBr-.Cff.  Several  modifications  of  tliis compound 
have  been  obtained  by  Wroblevsky  {Zeitsclir.  J.  Chan.  [2],  vi.  230  ;  vii.  136,  209,  271). 
Bromotoluidine  from  solid  (para-)  tohiidine  was  converted  into  the  azoperbromido, 
C'H'*BrN-Br',  and  the  latter  was  decomposed  by  alcohol.  With  alcohol  of  80  p.c. 
orthobromotoluene  was  obtained;  with  alcohol  of  94  p.c.  the  product  consisted  of  three-  ■ 
fourths  C'H'^Br-,  and  one  fourth  C'H'Br.  The  dibromotoluene,  C'^H^Br|,Br„CH\  thus 
obtained  is  a  liquid  which  does  not  solidify  at  —20°  and  boils  at  238°-239°.  Sp.  gr. 
=  1-812  at  19°.  By  nitration,  it  yields  a  nitrodibromotoluene,  C'H*(NO'^)Br,,Br„, 
which  crystallises  in  beautiful  needles  melting  at  86°-a7°,  and  when  treated  with  tin 
and  hydrochloric  acid,  is  converted  into  a  dibroniotoluidine  which  crystallises  in  nacreous 
scnles  melting  at  95°,  and  does  not  combine  with  acids. 

Dibromotoluene,  C'H''Br,,Br„, ,  obtained  by  brominating  orthobromotoluene,  remains 
fluid  at  —20°,  boils  at  236°,  and  has  a  sp.  gr.  of  1-8127  at  19°  ;  it  is  not  oxidised  by 
chromic  acid.  The  nitrodibromotoluene  obtained  from  it  crystallises  in  needles,  which 
melt  at  86°-87°,  and  yield  a  dibromotoluidine  which  separates  in  silky  prismatic 
crystals  melting  at  83°.  The  same  dibromotoluene  is  obtained  by  the  action  of 
absolute  alcohol  on  the  perbromide,  C'H^Br.N-Br'-,  from  orthobromometatoluidiue. 

"When  the  diln-omotnluidines  prepared  from  meta-  and  para-toluidine  are  introduced 
into  alcohol  saturated  in  the  cold  with  nitrous  acid,  they  are  converted  into  isomeric 
dibromotoluenes.  The  reaction  takes  place  in  the  cold,  yielding  nearly  the  theoretical 
quantity  of  dibromotoluene,  together  with  aldehyde.  The  dibromotoluene  thus  prepared 
from  metatoluidino  is  nearly  insoluble  in  water  and  not  very  soluble  in  alcohol,  melts  at 
42-0°  and  boils  at  239°.  By  nitration  it  yields  a  dibromonitrotoluene,  C"H^Br-(NO'-), 
crystallising  from  alcohol,  in  which  it  is  not  very  soluble,  in  beautiful  needles  melting 
at  59°.  The  dibromotoluene  prepared  from  paratoluidine  crystallises  readily  frona 
alcohol  in  long  needles,  melts  at  60°  and  boils  at  241°.  By  nitration  it  yields  a 
dibromonitrotoluene  easily  soluble  in  alcohol,  and  separating  therefrom  in  prismatic 
needles  which  melt  at  124°.  These  two  dibromotoluenes  are  isomeric  with  that  which 
Fittig  obtained  by  direct  action  of  bromine  on  toluene  at  ordinary  temperatures 
(\st  S%ippl.  280),  and  with  the  two  previously  obtained  by  Wroblevsky  (stqmi). 
Wroblevsky  regards  it  as  probable  that  the  one  obtained  from  paratoluidine  has  the 
orientation,  1:2:6;  that  from  metatoluidine  1:2:5. 

Dibromorthotoluidine,  C'H*Br-,„.(NH-)„  yields,  by  elimination  of  NH-,  a  dibromo- 
toluene, CffBi^^,,  which  has  a  sp.  gr.  of  1-812  at  22°,  remains  fluid  at  —20°,  boils  at 
246°,  and  smells  like  monobromotoluene.  By  nitration  it  is  converted  into 
C'IP(NO-)Br-,.,,  which  crystallises  from  benzin  in  prisms  melting  at  79°. 

All  the  six  isomeric  dibromotoluenes  possible  according  to  Kekule's  orientation 
theory  are  therefore  known  ;  their  properties  are  exhibited  in  the  following  table  : 


Bibromotoluencs. 


Melting 
point 

Boiling 
point 

Specific 
gravity 

C'H'=BrnNO0 
ni.  p. 

C'H'Bi-'(NH=) 
ni.  p. 

From  toluene: 

m— p 

1:3:4 

107°— 108° 

245° 

From  dibromo- 
paratoluidine : 

1  :  27  6  (?) 

60° 

241° 

124° 

73°  (?) 

From  dibromo- 
metatoluidinc : 

1  :  27  5  (?) 

42-5° 

239° 

69° 

60°  (?) 

From  orthobro- 
motoluene and 

orthobromomtta- 
toluidine  : 

Liquid 

238°— 
239° 

1-812 

(at  19°) 

86°— 87° 

83° 

From  dibro- 
mortho- 
toluidine : 

1  T3T5 

Liquid 

246° 

1-812 
(at  22°) 

79° 

92-5°  (?) 

From  orthobro- 
nioparatoluldine: 

0-p 

1:2:4 

Liquid 

237° 

1-8127 
(at  19°) 

86°— 87° 

96° 

Xodotoluene,  C'lPI  =  C^ffLCH'. —  Orlhomlotohtcnc  is  prepared  from  ortho- 
toluidiue  by  converting  the  nitrate  of  that  base  into  diazotoluene  and  decomposing  the 
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latter  with  hydriodic  acid.  It  is  a  light  yellowy  liquid  -which  boils  at  205°,  and  has 
a  sp.  gr.  of  1'697  at  20°.  It  is  not  converted  into  an  acid  by  boiling  -with  chromic 
acid.  By  nitration  it  yields  two  nitro-prodiicts,  one  solid,  the  other  liquid.  The  solid 
modification  forms  small,  thin,  yellow  needles  melting  at  98°-99°  (Beilstein  a.  Kuhl- 
berg,  Zcitschr.  f.  Chcm.  iii.  102). 

By  treating  mercury-ditolyl  with  iodine,  Dreher  a.  Otto  {Ann.  CJi.Pharm.  cliv.  171) 
have  obtained  an  iodotoluene  different  from  the  preceding  and  from  that  which  Korner 
obtained  by  decomposing  sulphate  of  diazotoluene  (para-)  with  hydriodic  acid  {\st 
Suppl.  284).  It  boils  between  200°  and  210°,  and  solidifies  in  large  rhombic  plates 
smelling  like  anise,  and  melting  a  little  above  20°.  It  dissolves  easily  in  alcohol, 
ether,  and  carbon  siilphide,  and  volatilises  with  vapour  of  water. 

CMoriodotolucncs. — Wroblevsky  {Zcitschr.  f.  Chem.  [2],  vi.  164)  has  prepared  two 
isomeric  compounds,  CHi^ClI,  from  the  diazo-derivatives  of  the  two  chlorotoluidines. 
a-Chloriodotoluene  boils  at  242°-243°,  has  a  sp.  gr.  of  1-716  at  17°,  and  does  not 
solidify  at  -14°.  /8-Chloriodotoluene  boils  at  240°,  has  a  sp.  gr.  of  1-770  at  19-5°, 
and  solidifies  at  +  10°. 

T?ara-iodo-orthohromotoluene,  C'II''IpBr„,  likewise  prepared  by  Wroblevsky,  by  de- 
composing the  diazo-compound  of  orthobromoparatoluidine,  is  a  liquid  which  does  not 
solidify  at  - 14°,  boils  at  265°,  and  has  a  sp.  gr.  of  2-044  at  20°. 

OTitrotoIuenes  (Beilstein  a.  Kuhlberg,  Zcitschr.  f.  Chem.  [2],  v..  280,  521,  529  ; 
Rosenstiehl,  Ann.  Chim.  Phys.  [4],  xxvii.  433-476).  Para-  and  ortAonitrotohiene  are 
obtained  by  the  action  of  nitric  acid  (sp.  gr.  1-475)  on  toluene.  On  submitting  the 
praduct  to  distillation,  the  whole  of  that  which  passes  over  above  230°  solidifies  in  the 
cold  ;  this  is  paranitrotoluene.  When  purified  by  recrystallisation  from  alcohol  it 
melts  at  54°  and  boils  at  235°-236°  (B.  a.  K.) ;  melts  at  52°  and  boils  at  237°-238° 
(Rosenstiehl).  It  is  almost  insoluble  in  water,  but  dissolves  readily  in  alcohol,  ether, 
and  liquid  nitrotoluene.  When  pure  it  is  converted  by  the  further  action  of  nitric 
acid  into  dinitrotoluene,  but  when  mixed  with  a  large  portion  of  the  liquid  modifica- 
tion, it  is  oxidised  by  nitric  acid  (Rosenstiehl). 

Orthonitrotolucnc.^ — According  to  Beilstein  a.  Kuhlberg,  this  liquid  modifica- 
tion may  be  completely  separated  from  paranitrotoluene  by  repeated  rectification  ;  ac- 
cording to  Rosenstiehl  the  separation  is  never  complete.  Beilstein  a.  Kuhlberg  also 
prepare  this  modification  from  dinitrotoluene  by  converting  this  base  into  nitrotolui- 
dine,  and  the  latter  by  treatment  with  nitrous  acid  in  presence  of  alcohol  (Griess's 
method)  into  mononitrotoluene.  Orthonitrotoluene  thus  prepared  boils  at  222°-223°, 
has  a  sp.  gr.  of  1-163  at  23-5°,  agreeing  therein  with  the  liquid  nitrotoluene  prepared 
directly  from  toluene.  According  to  Rosenstiehl,  when  purified  as  far  as  possible  by 
fractional  distillation,  it  still  retains  8-76  p.c.  of  the  solid  modification,  and  the  liquid 
so  far  purified  boils  at  219°-220°.  It  is  not  oxidised  by  chi-omic  acid  mixture.  It  is 
the  modification  analogous  in  constitution  to  Rosenstiehl's  pseudotoluidine. 

Mctanitrotoliienc  is  prepared  by  Beilstein  a.  Kuhlberg  as  follows:  When  the 
aeetyl-compoundof  solid  toluidine  (acetotoluide)is  added  by  small  portions  to  well-cooled 
nitric  acid  of  sp.  gr.  1-475  as  long  as  any  action  is  perceptible,  the  liquid  poured  into 
snow,  and  the  precipitate,  after  washing  with  water,  repeatedly  crystallised  from  hot 
water,  ni troacetotoluide,  C•^II3(N0=)(NB:■^C-H'0)CH^  is  obtained  in  splendid 
lemon-yellow,  glassy  needles  melting  at  92°.  By  treating  this  compound  with  alcoholic 
potash,  precipitating  with  water,  and  recrystallising  from  alcohol,  7-nitrotoluidine, 
C'H*(NO^)N,  is  obtained  in  small  red  prisms  melting  at  1 14°.  Lastly,  by  drenching 
this  compound  with  strong  nitric  acid,  passing  nitrous  acid  into  the  liquid,  and  further 
treating  it  according  to  Griess's  process,  metanitroluene  is  obtained  as  a  liquid 
having  a  sp.  gr.  of  1-168  at  22°,  boiling  at  230°-231°,  solidifying  in  a  freezing  mixture, 
and  then  melting  at  +  16°.  By  oxidation  ^vith  chromic  acid  mixture  it  is  easily  con- 
verted into  (ordinary)  metanitrobenzoic  acid. 

Dinitrotoluene,  C'H''(N0-)2. — By  prolonged  agitation  of  metanitrotoluene  with 
very  strong  nitric  acid,  7-dinitrotolueno  is  obtained  in  long,  slender,  colourless  needles 
melting  at  60°.  100  pts.  of  carbon  sulphide  at  16°  dissolve  219  pts.  of  this  body. 
Ordinary  dinitrotoluene,  formed  by  lieating  toluene  with  fuming  nitric  acid  or  treating 
it  with  a  mixture  of  strong  nitric  and  sulphuric  acids  (i.  675),  has  the  same  solubility, 
but  melts  at  70-6°. 

Trinitrotoluene,  C'ff  (NO^)',  is  obtained  by  boiling  toluene  with  a  mixtui-e  of 
fuming  nitric  and  sulphuric  acids.  It  forms  white  flat  needles  very  much  like  dinitro- 
toluene, molting  at  82°,  easily  soluble  in  ether  and  in  hot  alcohol,  more  easily  decom- 

»  Called  in  Beilstein  a.  Kuhlberg's  paper  )i!f?«nitrotolucne  ;  but  the  prefix  '  meta  '  i.'.  there  applied 
*;o  1  :  2  derivatives  ;  '  ortlio '  to  1  :  3  derivatives. 
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posed  by  hot  alkalis  than  the  dinitro-compound  (Wilbraud,  Ann.  C'k.  Pharm.  cxxviii. 
178). 

The  samo  compound  (b.  p.  76°-82°)  appears  to  be  obtain-ed  by  boiling  metanitro- 
tolueue  with  fuming  nitric  and  sulphuric  acids;  100  pts.  of  carbon  sulphide  at  19°  dis- 
solve 0-236  pt.  of  it.  By  the  action  of  ammonium  s\ilphide  it  is  converted  into  nitro- 
diamidotoluene  or  nitrotolylene-diamine,  C'H*(NO=)(NH'^)^,  and  dinitrotoluidine, 
C'ff(N0'-)''NH2  (Beilstein  a.  Kuhlberg). 

NiTKOBKOMOTOLTJENES,  C'H''Br(NO^). — According  to  Wroblevsky  a.  Kurbatow 
(Zcitschr.f.  Chcm.  [2],  vii.  165),  solid  bromotolueno  yields  by  nitration  two  isomeric 
nitrobromitoluones.  a-Nitrobromoiolucnn  crystallises  from  alcohol  in  long  needles, 
molts  at  43'^,  boils  at  256°-2o7°,  and  yields  a  liquid  bromotoluidine  solidifying  at — 2°. 
fi-Nitrobromotolucne  is  liqiud,  boils  at  25o°-256°,  does  not  solidify  at  — 20°,  has  a 
sp.  gr.  of  1-631  at  18°,  and  yields  a  solid  bromotoluidine  melting  at  67°. 

Heynemann  (Zciischr.  f.  Chcm.  [2],  vi.  402)  obtains  parabromometanitrotoluene, 
C'H''Br|,(NO-)„,,  by  converting  ordinary  dinitrotoluene  into  nitrotoluidine,  the  nitrate 
of  this  base  into  diazotoluene  by  the  action  of  nitrous  acid,  and  decomposing  the 
sulphate  of  diazotoluene  with  hydrobromic  acid.  It  dissolves  easily  in  ether  and 
carbon  sulphide,  melts  at  43°,  boils  at  256°-257°,  agreeing  therein  witli  Wroblevsky's 
a-nitrobromotolueue  ;  but  the  parabromometatoluidine  prepared  from  it  differs  from 
Wroblevsky's  a-bromotoluidine  in  being  solid  at  ordinary  temperatures,  and  melting 
at  30°.    This  bromotoluidine  dissolves  in  111-1  pts.  of  water  at  17°. 

NiTKODiCHLOKOTOLUBNE,  C'H''(NO-)CP,  prepared  by  nitration  of  dichloro- 
toluene  (b.  p.  196°-200°),  solidifies  completely  at  low  temperatures  like  nitrobenzene, 
boils  at  274°,  and  has  a  sp.  gr.  of  1-455  at  17°.  By  red-action  it  yields  dichloro- 
toluidine,  C'H'^(NH-)CP,  in  dazzling  white  elongated  laminae  melting  at  88°  and 
boiling  at  259°  (Wroblevsky  a.  Pirogow,  Zcitschr.f.  Cham.  [2],  vi.  164). 

NiTEOioDOTOxiTENE,  CH^^NO"")™,  Or  C«(CH')HHI(N02)H,  prepared  like  the 
corresponding  bromine  compound,  is  a  faintly  yellowish,  well-crystallised  compound, 
which  dissolves  easily  in  ether  and  carbon  sulphide,  melts  at  60-5°  — 61°,  sublimes 
oven  at  this  temperature  in  slender  capillary  crystals,  and  begins  to  boil  with  decom- 
position at  286°.  By  reduction  with  tin  and  hydrochloric  acid  it  is  converted  into 
paraiodorthotoluidine,  which  forms  colourless  needle-shaped  crystals,  melts  at 
48°-49°,  and  boils  with  rapid  decomposition  at  273°  (Heynemann,  loc.  cit.) 

TOSilTEWBSUajPHOOTlC  ACI2S,  C'H'SO' =  CH^jg^g^.       (Engelhardt  a. 

Latschinoff,  Zcitschr.f.  Chem.  v.  617;  Anna  Wolkow,  ibid.  vi.  321 ;  Jahrcsb.f.  Chem. 
1870,  741).  Two  of  these  acids,  the  ^;aTO  or  a,  and  the  ortho  or  R  modification,  are 
formed  by  heating  toluene  on  the  water-bath  with  an  equal  weight  of  fuming  sulphuric 
acid.  They  are  separated  by  converting  them  into  potassium  salts,  the  a  salt  first 
crystallising  out  pure  as  the  solution  cools,  and  the  mother-liquor  on  further  concen- 
tration yielding  a  second  crop  of  the  a-salt  mixed  with  nodules  of  the  j3-salt.  Engel- 
'  hardt  a.  Latschinoff  separate  these  salts  by  sifting,  the  more  soluble  /8-saIt  passing 
through  with  the  mother-liquor.  Wolkow  picks  out  the  crystals  of  the  a-salt, 
recrystalliscs  the  remainder,  again  picks  out  tlic  a-salt,  &c..  and  finally  recrystallises 
the  nodular  /8-salt. 

Tolueneparasulpboaic  Acid,  C"n'(CH'^)SO^H),,.  The  jpotasnitm  salt, 
C'H'KSO-'  +  IPO,  crystallises  in  large,  long,  six-sided  tables  and  prisms,  or  by  rapid 
cooling  in  long  needles.  It  dissolves  in  hot  alcohol  and  crj-stallises  therefrom  in 
needles ;  the  crystals  effloresce  on  exposure  to  the  air  (Engelhardt  a.  Latschinoff).  O'.i 
fusing  it  with  potassium  hydrate,  and  decomposing  the  mass  with  hydrochloric  acid, 
it  yields  paraoxybenzoic  acid — as  previously  observed  by  Barth  with  crude  toluenc- 
sulphonato  of  potassium  {Bcut.  Chcm.  Ga.  Bcr.  ii.  523) — together  with  paraeresol 
(Wolkow). 

The  other  salts  are  prepared  by  liberating  the  acid  with  sulphuric  acid,  dissolving 
in  alcohol,  and  neutralising.  The  sodium  satt  crystallises  from  alcohol  in  shining 
leaflets.  The  barium  salt,  (C'H'SO^)=Ba,  is  soluble  in  boiling  ak-ohol,  and  crystallises 
therefrom  in  shining  leaflets.  The  calcium  salt  crystallises  from  alcohol  in  needles. 
The  Icctd  salt  dissolves  easily  in  water,  and  crystallises  in  nodular  groups  of  needles 
(Engelhardt  a.  Latschinoff). 

Tolucncparasulphochloridc,  C'H'(SO-Cl)p,  is  obtained  by  heating  the  potas- 
sium salt  on  the  water-bath  with  an  equal  weight  of  phosphorus  pentachlorido,  treating 
the  mass  with  water,  and  recrystallising  the  residue  from  ether.  It  forms  rhombic 
tables  melting  at  69°,  slowly  decomposed  by  water,  and  is  doubtless  identical  with 
the  chloride  previously  described  by  Fittig,  Miirckcr,  Jaworsky,  and  Otto  (v.  85S). 
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Toliicneparasulphamide,  C'H-(SO-NH„)p,  is  formed  by  gently  Iieating  tlic  dilo- 
ride  with  strong  aqueous  ammonia.  It  crystallises  from  water  and  alcohol  in  shimnp 
laminae,  melting  at  137°.  It  possesses  acid  properties,  dissolves  in  aqueous  ammoni:) 
and  potash  more  easily  than  in  water,  and  is  not  decomposed  by  strong  aqueous  oi 
alcoholic  potash.  AVhen  evaporated  down  with  aqueous  potash  (1  mol.  of  the  amide 
to  1  mol.  KHO)  it  forms  a  compound  which  may  be  dissolved  out  by  alcohol,  and 
crystallises  on  evaporation  in  silky  needles  (Wolkow). 

The  -paratoluide  of  tlio  o-acid,  C'ff  [SO-(NHC'H')p]|„  is  formed  by  the  action  of  the 
parasulphochloride  on  paratoluidine,  these  substances  being  heated  together  on  the 
water-bath  till  the  reaction  is  finished,  the  product  boiled  with  Avater  containing 
hydrochloric  acid,  and  the  residue  crystallised  from  alcohol.  It  forms  large  shining 
crystals  melting  at  117°,  and  slightly  soluble  in  water  (Wolkow). 

Tolue7ieparasulpkobe7izamide,  C'H-[SO-NH(,C'H'iO)]p,  is  formed  by  the  action 
of  benzoyl  chloride  on  tolueneparasulphamide  at  lo0°-160°.  The  product,  purified  by 
treatment  with  ether  and  recrystallisation  from  boiling  alcohol,  forms  four-sided 
transparent  flat  prisms  or  needles,  melts  at  U7°-150°,  dissolves  _  easily  in  hoihng 
alcohol,  sparingly  in  cold  alcohol,  very  sparingly  in  ether  and  in  boiling  water.  The 
solutions  have  an  acid  reaction,  and  decompose  carbonates.  Silver  nitrate  and  barium 
chloride  form  white  precipitates  with  the  ammoniacal  solution.  The  potassium  salt, 
C'H'[SO-NK(C'H-'0)],„  crystallises  from  boiling  alcohol  in  laminEE.  The  hanum salt, 
(C'H')=[SO-N(C'H^O)]-Ba,  is  slightly  soluble  in  water,  and  crystallises  therefrom  ni 
stellate  groups  of  needles.  The  calcium  salt,  (C'H7-[S0-N(C'H'0)]-Ca  +  H-0, 
crystallises  in  nodules  easily  soluble  in  water  and  in  alcohol.  The  silver  salt, 
C'H'[SO-''NAg(C'ffO)],,  is  a  white  precipitate  nearly  insoluble  in  water,  easily 
soluble  in  ammonia.  The  ammoniacal  solution  when  left  to  evaporate  yields  needles 
of  the  argentammonimii  salt,  C'H'[SO-N(NH'Ag)(C'H'*0)],  (A.  Wolkow,  ZafocAr./. 
Chem.  [2],  vi.  577). 

Tolueneparasnlphobenzamide,  treated  with  ijliosphorus  lientacMoride,  is  converted 
(by  exchange  of  HOfor  Cl)into  the  chlorinated  amide,  C'H'(SO'-NC'ffCl),  which 
crystallises  from  ether  and  melts  at  100°.  This  chlorinated  amide  is  converted  by 
water  into  the  original  acid  amide  by  exchange  of  CI  for  HO,  and  by  ammonium 
carbonate  into  the  corresponding  neutral  amide,  thus  : 

C'H'.S0'''NC'H^C1  -f  (NH<)^C03  =  NH'Cl  +  CO-  +  WO  +  C'H'.SO'^N(C'ffiS"H=). 
This  neutral  amide  crystallises  from  alcohol,  melts  at  140°,  is  insoluble  in  water, 
aqueous  ammonia,  and  alkaline  carbonates ;  caustic  alkalis  dissolve  it  slowly,  with 
evolution  cf  ammonia  (A.  Wolkow). 

Toluencparasulphosicccinamidcs. — Tolueneparasulphamide  treated  with  suc- 
cinyl  chloride  yields  two  amides  formed  by  the  action  of  1  mol.  succinyl  chloride  on 
1  or  2  mols.  tolueneparasulphamide  : 

(1)  C'H-(SO-^NIP)p  +  C'ffO^CP  =  2HC1  +  C'H'[S02N(C^H'0'-)"],,. 

(2)  2C'H'(S0-NH=)p  +  C^H^O^Cr-  =  21101  +  (C'H')=[(S02NH)"-(C'H<0'^)"],. 

The  first  is  an  anhydride  very  slightly  soluble  in  ether  and  crystallising  there- 
from in  four-sided  prisms.     It   unites  with  ammonia,  forming  the  monobasic 
^NH-C'H'SO^ 

acid,  N-(C'H'S02)'(C-'H<0=)"H3  or  C'H^OX  '  "^^lio^e  salts  have  the 

composition  N^(C'H'S0-)(C^H^0-)"H-M.  It  unites  also  with  water,  forming  the 
bibasic  acid,  N(C'H'SO-)(C^H^O=)".H'-0,  whose  salts  have  the  composition 
N(C'H-SO'^)(C<ffO0".M=O. 

The  second  amide  is  a  bibasic  acid,  which  crystallises  from  hot  alcohol  in  flat 
needles.  Its  solution  in  strong  ammonia  forms  with  silver  nitrate  and  barium 
chloride  white  ^precipitates,  containing  respectively  (C'II')-(SO-NAg)^(C'H^O-)  and 
(C'H')-(SO-X)-Ea(C'H^O^)  (A.  Wolkow,  he.  cit.) 

Tolueneorthosulphonic  Acid  (;8-acid).  The  potassium  'salt  of  this  acid, 
separated  in  the  manner  already  described  (p.  1167),  is  far  from  pure.  It  crystallises 
from  alcohol  in  small  laminae  containing  C'II'(SO^K)  H-  Ir^H-O,  and  when  treated  with 
phosphorus  pentachloride  yields  the  solid  chloride  already  described  and  a  liquid 
chloride.  The  former,  heated  with  alcoholic  potash,  yields  the  a-potassium  salt,  the 
latter  the  0-salt,  which  crystallises  from  alcohol  in  laminae,  and  is  converted  by  phos- 
phorus pentachloride  into  the  liquid  chloride.  Perfectly  pure  /3-compounds  can,  how- 
ever, be  prepared  only  by  decomposing  the  /8-amiiIc — wliicli  can  bo  obtained  quite  free 
from  the  o-amide — with  nitrous  acid.  The  ^-acid  is  thereby  produced,  and  the  salts 
may  be  prepared  from  it  by  neutralisation. 
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^-Toluenesulphonic  acid  belongs  to  the  ortho-series.'-  Its  potassium  salt  fused  with 
potash  yields  salicylic  acid,  and  a  liquid  cresol  boiling  in  a  stream  of  carbon  dioxide  at 
188°-190°  (orthocresol,_see  1st  Siippl.  507).  The  /8-pc)tassium  salt,  C'H'CSO^K)  +  H-'O, 
crystallises  from  water  in  nodules,  from  alcohol  in  shining  plates  which  lose  their  water 
ovor  oil  of  vitriol  (AVolkow).  The  barium  salt,  (C'H'SO^)Ba-f  a;  aq.,  dissolves  easily 
in  boiling  water  and  crystallises  in  nodules  (Engelhardt  a.  LatschinofF). 

rolucnc-orthosulphochloride,  C"H'(S0=C1)„.— This  chloride,  heated  with  4r,i- 
-amidc,  succinamide,  and  acetamide,  yields  the  corresponding  nitrils,  together  with 
tolusnc-orthosulphonic  acid  and  hydrochloric  acid  ;  e.g.: 

Cir.SO^Cl  +  C'H^O.NH=  -  C'ffN  +  C'H'.SO^H  +  HCl 

Benz.auiide  Eenzo- 
nitril 

(A.  Wolkow,  Zeitschr.f.  Chcm.  [2],  vi.  421). 

Toliicnc-orthosuli)hamidc,  C'H'(SO^NH-)„,  prepared  from  the  chloride  by  the 
action  of  ammonia  and  recrystallised  from  hot  alcohol,  forms  shining  octoheJral 
crystals,  sparingly  soluble  in  boiling  water;  it  melts  at  153°-lo-l°,  and  exhibits 
slightly  acid  properties.  It  dissolves  in  ammonia  more  readily  than  in  water,  also  in 
iqueous  potash,  which  does  not  decompose  it  at  the  boiling  heat.  Heated  with  boiling 
alcoholic  potash,  it  yields  the  compound  C'H'(SO*NHK)  +  IjH^O,  which  crystallises 
in  laminjfi  (Wolkow). 

Toluciie-orthosulphohcnsamidc,  C'H'[S0-NH(C'H50)]„  is  formed  by  the 
same  process  as  the  para-compound  (p.  1168),  but  the  yellowish  syrupy  product  does 
not  crystallise  on  cooling,  but  merely  becomes  thicker.  To  purify  it,  the  mass  is 
drenched  with  ether-alcohol,  wliich  dissolves  it  and  converts  the  unaltered  benzoyl 
clilorido  into  benzoic  ether ;  the  crystalline  mass  remaining  on  evaporation  is  dissolved 
in  nxli\im  carbonate,  and  the  solution,  after  being  filtered  to  remove  the  benzoic  ether, 
is  precipitated  with  hydrochloric  acid.  The  amide  thus  obtained  forms  a  tenacious 
wliito  precipitate  which  solidifies  after  a  while  to  a  crystalline  mass.  After  washing 
with  water  and  recrystillisation  from  ether,  it  forms  transparent  tablets  and  prisms, 
molting  at  110°-112°,  slightly  soluble  in  water,  easily  in  alcohol  and  ether.  Like 
the  para-compound  it  reddens  litmus  and  decomposes  alkaline  carbonates. 

The  potassium  salt,  C'H'[SO-NK(C'IPO)]  +  1|H=0,  forms  spherical  groups  of 
needles  ver}'  soluble  in  water  and  in  alcohol.  The  barium  salt,  [C'H'SO-N(C'ff  0)]^Ba 
+  H-0,  crystallises  in  flat  prisms  ;  the  calcium  salt  is  anhydrous  and  crystallises  after 
strong  concentration  in  spherical  groups  of  needles  easily  soluble  in  water  and  in 
alcohol.  The  silver  salt,  also  anhydrous,  is  a  white  precipitate  sparingly  soluble  iu 
water,  freely  in  ammonia  (A.  Wolkow,  Zeitschr.f.  Chcm.  [2],  vi.  67). 

I'aranitrotolKene-orthosidphohenzamide,  C'H''(NO-),,[SO-NH(C'H^O)„],  is  obtained 
by  heating  equivalent  weights  of /S-nitrosulphotoluene-amide  and  benzoyl  chloride  to 
U.3°-1.50°  as  long  as  hydrochloric  acid  is  given  off.  It  crystallises  in  flat  prisms 
grouped  in  stars,  melts  at  130°,  and  is  readily  soluble  in  boiling  alcohol,  but  only 
sparingly  in  ether  and  boiling  water.  Its  solution  has  an  acid  reaction,  and  decom- 
poses alkaline  carbonates.  The  potassium  salt,  C'H''(N0-)p[S0Wi(C'H50)]o,  is  an- 
hydrous, readily  soluble  in  water  and  alcohol,  and  forms  warty  needles.  The  barium 
salt  is  insoluble  in  alcohol,  sparingly  soluble  in  water,  and  forms  needles-  grouped  in 
stars.  The  calcium  salt  crystallises  from  water  and  alcohol  in  nodules.  The  silver 
cornpound  is  a  precipitate  drying  up  to  a  horny  mass,  slowly  attacked  by  boiling  with 
hyilrochlorie  acid  (A.  Wolkow,  ibid.  422). 

This  amide,  heated  to  145°-150°  with  phosphorus  pcntachloridc,  is  converted  (by  ex- 
change of  HO  for  CI)  into  the  chlorinated  amide,  C'H''(N0-)(S0=NC'H5C1),  which  dis- 
solves sparingly  in  boiling  ether,  and  crystallises  therefrom,  melts  at  122°-123°,  and 
dissolves  slowly  in  aqueous  alkalis,  with  evolution  of  ammonia. 

Toluenemetasulplionlc  Acid,  C'H'(SO'H)„,  is  prepared  by  the  action  of 
siidium-amalgam  on  the  sodium  salt  of  the  bromotoluenesulphonic  acid  obtained  by 
treating  crude  bromotoluone  with  strong  sulphuric  acid,  .after  it  has  been  freed  from 
solid  bromotolueue.  The  liquid,  after  six  days'  action,  is  saturated  with  sulphuric 
acid  ;  the  greater  part  of  the  sodium  sulphate  removed  by  concentration  ;  the  mother- 
liquor  evaporated  to  dryness  ;  the  residue  treated  with  phosphorus  pentachloride  ;  and 
the  resulting  toluenesulphochloride  is  washed  and  decomposed  by  heating  it  with  water 
to  130°.  On  evaporating  the  resulting  solution  till  the  temperature  rises  to  110°,  and 
passing  a  rapid  stream  of  air  through  it  at  this  temperature  as  long  as  hydrochloric 
acid  continues  to  escape,  metatoluenesulphonic  acid  remains  as  a  brownish  syrup  which 


*  In  the  original  memoir  it  is  said  to  be  a  )nf(a-compound ;  but  at  the  time  when  that  memoir 
was  published  (1870),  salicylic  acid  was  also  regarded  as  belonging  to  the  mcta-serice. 
2nd  Sup.  4  F 
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solidifies  to  a  crystalline  mass  on  cooling.  The  follo-vving  salts  are  extremely  soluble 
in  water  and  alcohol,  and  agree  in  their  amounts  of  crystallisation-water  with  the  cor- 
responding bromotolueiicsulphonatcs : 

C'H'SO^K         +  JH-'O  Highly  luf=trous  lamina?,  resembling 

naphtlialene. 

C'H'SO'Na        +  ^B.-0  Crystallises    from    alcohol  in  large, 

shining  laminse. 
(C'H'S03)=Ba     +  2H'-0  Non-crystalline  powder. 

(C'II'SO^)'Ca  Separates  from  alcohol  in  small  shining 

tablets. 

(C'H'S03)2Pb     -1-  2W0  Separates  from  water  in  rosettes  of 

laminae ;  from  absolute  alcohol  in 
long  needles,  and  is  precipitated 
from  the  alcoholic  solution  by  ether 
in  small  shining  tablets.  Gives  off 
its  water  at  130°,  and  is  then  very 
hygroscopic. 

MctatolucncsulphocMoride,  C'H'SO-01,  prepared  from  the  potassium  salt  by 
the  action  of  phosphorus  pentachlorido,  is  a  clear  faintly -yellow  liquid,  having  a  pun- 
gent odour,  not  solidifying  at  —10°,  insoluble  in  water,  easily  decomposed  by  heating 
it  with  w^ater  in  a  sealed  tube  to  130°. 

Metatolucnc  sulphydratc,  C'H'SH,  formed  by  the  action  of  tin  and  hydrochloric 
acid  on  the  sulpliochloride,  is  a  limpid,  strongly  refracting  liquid,  having  a  powerful 
odour,  and  exerting  a  caustic  action  on  the  skin.  It  does  not  solidify  at  —10°,  is  in- 
soluble in  water,  easily  soluble  in  alcohol,  dissolves  sulphur  and  iodine,  and  forms 
sparingly  soluble  compounds  with  metals. 

Metatolucnc  disulphidc,  (C'H')^S-,  produced  by  boiling  the  sulphydrate  for 
several  days  with  strong  nitric  acid,  is  a  yellowish  oil  which  remains  fluid  at  —12°, 
boils,  with  decomposition,  at  about  150°,  is  insoluble  in  water,  but  easily  soluble  in 
alcohol,  ether,  and  xylene.  Strong  nitric  acid  converts  it  into  a  brown  resinous 
mass. 

Metatoluenesulphamide,  C'H'SO-.NH",  obtained  by  boiling  the  chloride  with 
aqueous  ammonia,  evaporating,  and  exhausting  with  ether,  is  a  crystalline  body  mode- 
rately soluble  in  cold,  easily  in  boiling  water,  very  easily  in  alcohol,  ether,  and  ammo- 
niacal  water.  From  a  slightly  concentrated  solution  it  crystallises  at  low  temperature 
in  small  threadlike  forms,  from  a  more  concentrated  solution  at  30°  in  transparent, 
colourless  tables  of  the  size  of  a  square  inch  ;  if  the  temperature  falls  below  20°,  the 
first  form  appears.    Melts  at  91°-92°. 

The  above-described  characters  of  this  sulpho-acid  and  its  derivatives,  especially  of 
the  chloride  and  amide,  show  that  it  is  quite  distinct  from  para-  and  ortho-toluenesul- 
phonic  acid,  and  must  therefore  be  the  meta-compound. 

Toluenedisulplionic  Acid,  C'H''(SO^H)=  =  C^H' j^^gQ^-j-^f^,.  Sonhofer 

{Ann.  CIi.  Pkarm.  cxliv.  126)  obtains  an  acid  of  this  composition  by  heating  toluene 
with  Nordhausen  sulphuric  acid  and  phosphorus  pentoxide  for  four  or  five  hom's  to 
230°.  On  opening  the  tubes  a  large  quantity  of  sulphur  dioxide  is  evolved.  The 
browu  residue  is  dissolved  in  water,  and  the  solution  is  boiled  and  neutralised  with 
barium  carbonate.  By  adding  alcohol  to  the  concentrated  filtrate,  the  barium  salt  is 
obtained  as  a  white  precipitate,  having  the  composition  C''II^(CH'')(SO')-Ba  +  3^H-0. 
The  potassium  salt  is  produced  by  adding  milk  of  lime  to  a  solution  of  the  crude 
acid  and  precipitating  the  calcium  salt  with  potassium  carbonate.  By  recrystal- 
lisation,  it  is  obtained  in  short,  well-defined  '  prisms,  having  the  composition 
C«HXCH»)(S0')2K-  -t-  ffO. 

By  decomposing  the  barium  salt  with  sulphuric  acid,  evaporating  the  filtrate,,  and 
exhausting  the  residue  with  a  mixture  of  alcohol  and  ether,  a  solution  of  xhefrcc  acid 
is  obtained,  crystallising  in  a  vacuum  over  sulphuric  acid  in  soft  microscopic  needles. 

The  silver  salt,  C«H3(CH»)(S0'Ag)=  +  2H=0,  is  formed  by  neutralising  a  boiling 
solution  of  the  acid  with  silver  oxide  ;  it  forms  yellow  crystals.  The  cadmium  salt  is 
a  gum-like  mass  ;  the  ainmonium  salt  forms  very  soluble  needles. 

By  fusing  the  potassium  salt  with  potash,  salicylic  acid  and  isorciu,  C^H'O-,  are 
produced.  The  latter  compound  melts  at  87°,  boils  at  260°,  and  solidities,  on  cooling, 
to  a  radiate  crystalline  mass.  It  has  a  faint  sweet  taste,  and  dissolves  in  water, 
alcohol,  and  ether.    Isorcin  lias  great  resemblance  to  orciu,  from  which,  liowever,  it 
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diflPers  by  its  reactions.  Its  solution  does  not  assume  a  red  colour  -wlien  exposed  to 
the  air ;  with  ferric  chloride  it  yields  a  brownish-green  colour;  it  reduces  ammoniacal 
silver  solutions  even  in  the  cold,  and  gives,  with  bleaching  powder,  a  red  colour 
changing  gradually  into  yellow.  In  presence  of  ammonia  and  air  it  acquires  a  brown 
colour,  but  becomes  colourless  again  on  addition  of  acetic  acid. 

Potassium  toluenedisulphonate,  fused  with  sodium  formate,  is  converted  into  the 
potassium  salt  of  isoxylidic  acid,  C"H3{CH3)(CO=H)=.  Thisacid  is  almost  insoluble 
in  cold  water,  sparingly  soluble  in  hot  water,  but  readily  in  alcohol  and  ether,  and 
forms  microscopic  crystals.  When  heated,  it  begins  to  soften  at  280°,  but  melts  only 
completely  at  375°.  By  sublimation  it  is  obtained  in  yellowish  well-defined  needles. 
The  barium  salt,  C«H^(CH')(CO-f  Ba  +  2H-0,  is  a  yellowish  crystalline  mass  ;  the 
silver,  lead,  cadmium,  and  copper  salts  are  amorphous  precipitates. 

Two  other  toluenedisulphonic  acids  (a  and  ;8)  have  been  obtained  by  P.  Hakanssen 
{Deut.  Cliem.  Gns.  Ber.v.  108i),  by  heating  toluonemonosulphonic  acid  (which  ?)  with 
fuming  sulphuric  acid  to  about  160°.  Both  appear  to  differ  from  Senhofer's  acid 
(7-acid).    The  following  are  the  chief  points  of  ditference  between  the  a-  and  ;8-acids. 

a-Tolvencdisulphonic  chloride,  C"H'=(S0-C1)^,  crystallises  from  ether  in  large  four- 
sided  prisms,  which  melt  at  51°-52°;  the  /3-chloride  is  less  soluble  in  ether,  has 
apparently  a  different  crystalline  form,  and  melts  at  94°.  The  a-amide,  C'H''(S0^NH-)2, 
crystallises  in  thin  long  prisms  which  melt  at  186°;  the  ;3-araide  is  less  soluble  in 
water  and  melts  at  216°.  The  a-chloride,  boiled  with  an  alkaline  sulphite,  yields 
toluenedisulphinic  acid,  C'H''(SO-H)-.  The  a-acid,  fused  with  potash,  yields, 
together  with  salicylic  acid  and  small  quantities  of  paraoxybenzoic  acid,  a  body  having 
the  composition  CH^O^,  but  differing  in  its  properties  both  from  ordinary  orcin  and 
from  Senhofer's  isorcin. 

The  a-acid,  fused  with  sodium  formate,  yields  a  small  quantity  of  a  tolnenc-dicarb- 
oxijlic  acid,  C'H''(CO-H)-,  in  the  form  of  white  difficultly  soluble  flocculi,  which 
exhibit  signs  of  melting  below  270°,  but  are  at  the  same  time  carbonised. 

The  potassium  salt  of  the  a-disulpho-acid,  digested  witli  chromic  acid  mixture,  is 
slowly  oxidised  and  converted  into  a-disulphobenzoic  acid,  C''H^(CO-H)(SO^H)-, 
which  is  different  from  the  acid  obtained  by  Barth  a.  Senhofer  directly  from  benzoic 
acid  {Ann.  Ch.  Pharm.  clix.  217);  it  yields  a  highly  characteristic,  difficultly  soluble, 
acid  potassium  salt,  C^H-'^CO-HXSO^K)-  +  H-0,  which  is  precipitated  on  the  addition 
of  hydrochloric  acid  to  a  solution  of  the  normal  potassium  salt,  C''HXCO'K)(SO^K)'- 
-f  2W0. 

Bromotoluenesulphonic  Acids,  C'H''Br.SO'H.  Hiil)ner  a.  Eetschy 
{Zdtschr.f.  Chrm.  [2],  vi!.  018;  J,(hrc>^h.  f.  Chem.  1871,  501). 

I.  From.  Cr>/staIlisrdl\rrahrouinh,hu'nc.—m\\m<iV!i.  Post  (Zclfschr.Vi.  .390;  Jahrcsh. 
1870,  7-15)  describe  three  isomeric  sulpho-acids  obtained  by  dissolving  parabromo- 
toluene  in  fuming  sulphuric  acid;  but  Hiibner  a.  Eetschy  find  that,  as  theory  requires, 
only  two  distinct  sulpho-acids  are  thus  produced,  viz. : 

1         2  4     5  6 

a.  Parabromotoluene-orthosulphouic  acid  .  C  CIP  SO^II  H  Br  H  H 
j8.  Parabromotoluene-metasulphonic  acid    .    C    CH^      H    SO^II  Br    H  H 

These  acids  are  prepared  by  dissolving  1  vol.  pure  parabromotoluone  in  3  to  4  vols, 
fuming  sulphuric  acid,  with  agitation,  and  heating  to  n,  temperature  not  exceeding  80°. 
The  characters  of  their  salts  and  derivatives  are  as  follows  : 

(1).  a-series  (Hubncra.  Post's  7-series).  T\\q  barium  scdt,  (CH^BrSO^y^Ba -f- 7H=0, 
crystallises  in  long  well-defined  needles  Avhich  do  not  become  opaque  by  being  left  in 
the  mother-liquor,  or  by  exposure  to  sunshine.  Tlie  lead  salt,  (CH^BrSO^y-Pb  +  3H-0, 
separates  at  first  in  long  pointed  needles,  but,  after  repeated  crystallisation,  it  is  ob- 
tained by  slow  evaporation  in  groups  of  light-yellow,  well-defined  rhombic  crystals 
which  preseiTe  their  lustre  unaltered  even  after  prolonged  exposure  over  sulphuric 
acid.  The  strontium  scdt,  (C'H'^BrSO'y-Sr  +  7H-0,  forms  small  rather  hard  crystals 
made  up  of  two  four-sided  irregular  pyramids.    Tlir  ( n'^Br|,(SO-lSH-y„  pre- 

pared from  the  corresponding  chloride  C'H'*Br|,(S(' '(  T),,,  ci'jsl  allises  in  soft  needles 
nearly  an  inch  long,  perfectly  colourless,  having  a  silky  lustre,  and  united  in  groups 
having  exactly  the  appearance  of  a  fan-shaped  palm-leaf.  It  dissolves  sparingly  in 
cold,  easily  in  hot  water,  also  in  alcohol  and  in  ether.    Melts  at  151°-152°. 

(2.)  /3-series.  The  barium  scdt,  (C'H«BrSO^y-Ba  +  WO,  crystallises  very  slowly 
from  the  cold  saturated  soliition  in  hard  whetstone-shaped  crystals,  apparently  con- 
sisting of  thick  rhombic  prisms  grouped  in  rosettes.  From  the  hot  solution  the  salt 
separates  as  an  apparently  amorphous  mass;  but  on  dissolving  tliis  mass  in  a  large 
quantity  of  water,  it  crystallises,  by  slow  cooling,  in  large,  soft,  flexible,  silvery  laminae, 
apparently  belonging  to  the  rhombic  system.    1  pt.  of  this  salt  requires  for  solution 
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186  pts.  of  water  at  8°.  The  lead  salt,  (C'H''BrS02);Pb  +  3H=0,  separates  gradually 
from  its  cold  solution,  after  several  hours'  standing,  in  stellate  groups  of  small  needles 
-ffhieli,  when  once  formed,  rapidly  grow  into  arborescent  forms.  At  low  temperatures 
the  salt  separates  very  quickly  in  larger  groups  of  fine  soft  needles  ;  they  have  a 
satiny  lustre,  but  when  exposed  to  the  air  quickly  lose  part  of  their  water  and  become 
dull.  The  calcium  salt,  (C'H''BrSO')-Ca  +  4H-0,  crystallises  in  thin  laminae,  or  some- 
times in  groups  of  three-sided  tablets  with  truncated  summits.  The  crystals  are  rather 
hard  and  shining,  and  when  left  over  sulphuric  acid,  give  off  part  of  their  water  and 
become  dull. 

^-Parabromotohienesulfhamide,  CBTBi-J^^O^^A.-^,  melts  at  166°-167°,  and  crystal- 
lises from  water  in  long  shining  slender  needles. 

II.  Orthohromotoluenesulphonic  acid. — Pure  liquid  bromotoluene  was  con- 
verted, by  agitation  and  careful  warming  with  fuming  sulphuric  acid,  into  the  sul- 
phonic  acid,  and  this  into  the  barium  salt,  (C'Il^BrSO^)-Ba  +  2H-0,  which  crystallises 
in  large  soft  elongated  plates ;  no  isomeric  salts  were  found  in  the  mother-liquor. 
1  pt.  of  the  barium  salt  dissolves  in  253  pts.  at  17°.  The  calcium  salt,  (CffBrSD'y-Ca, 
crystallises  very  slowly  from  a  highly  concentrated  solution  in  thick  rhombic  tables, 
becoming  hexagonal  by  truncation  of  their  acute  angles,  and  grown  together  by  their 
edges.  It  has  an  extraordinary  lustre,  is  anhydrous,  and  remains  perfectly  trans- 
parent after  being  heated  to  185°  for  six  hours.  It  is  very  soluble  in  water.  The 
lead  salt,  (C'H"BrSO')-Pb  +  2H-0,  forms  tufts  of  long  narrow  tables,  and  is  much 
more  soluble  than  the  barium  salt.  The  potassium  salt,  C'H''BrSO^K  +  ^H^O,  forms 
small,  thick,  rather  hard,  white  needles,  moderately  soluble  in  water.  The  sodium 
salt,  CH^BrSO^Na  +  |H-0,  crystallises  in  large  thick  rhomboidal  tables  with  trun- 
cated edges,  and  is  very  soluble  in  water. 

Orthobromotoluenesidphonic  acid  is  converted,  by  oxidation  with  potassium  dichro- 
mato  and  dilute  sulphiu-ic  acid,  into  orthobromosulphobenzoic  acid  (Hiibner  a, 
Eetschy). 

According  to  Dmochowsky  {Dent.  Chem.  Gcs.  Bcr.  v.  333)  pure  orthobromotoluene, 
treated  with  fuming  sulphuric  acid,  yields  two  sulphouic  acids  which  yield  barium 
salts  containing  (C'H'^BrSO^)-Ba  H-  2W0,  one  sparingly  soluble  in  water,  the  other 
easily  soluble.    Both  acids,  when  fused  with  potash,  yield  salicylic  acid. 

III.  Mctahromotoluencsulfhonic  acids  (Wroblevsky,  Zeitschr.  f  Chem.  [2], 
vii.  6). — When  fuming  sulphuric  acid  is  added  to  cooled  metabromotoluene,  the  reac- 
tion completed  by  warming  in  the  water-bath,  and  the  product  saturated  with  baryta, 
three  barium  salts  (a,  /3,  7)  are  formed  which  maj'  be  separated  by  fractional  crystal- 
lisation. The  /3-salt  forms  the  largest  portion  of  the  product,  next  the  o-salt  (about 
25  p.c.)  and  of  the  7-salt  only  a  small  quantity  is  obtained  (3  p.c.) 

The  a-barimn  salt,  (C'H''BrS03)-Ba  +  H-O,  crystallises  in  small  prisms  ;  1,000  pt5. 
of  water  at  19°  dissolve  5'28  pts.  of  it.  The  a-poiassium  salt  crystallises  in  small 
prisms.  By  fusion  with  potash  it  yields  salicylic  acid :  hence  the  a-acid  is  metabromo- 
toluene-ort/iosulphonic  acid,  C'H''Br„(SO'H)„. 

The  fi-barium  salt,  (C'H''BrSO')=Ba  -t-  3H=0,  crystallises  in  beautiful  shining  laminai'. 
1,000  pts.  of  water  at  19°  dissolve  14-52  pts.  of  this  salt.  The  P-lead  salt, 
(C'H«BrS03)=Pb  +  3H-0,  forms  large  prisms.  T\i&  ^-calcium  salt,  (C'H=BrSO')=Ca  + 
5H-0,  crystallises  easily  in  large  prismatic  laminae.  The  ^-potassium  salt  crystallises 
in  large  shining  laminse.  This  salt  also  yields  by  fusion  with  potash,  a  considerable 
quantity  of  salicylic  acid,  so  that  the  )3-sulpho-acid  is  likewise  a  metabromotoluene- 
orthosulphonic  acid. 

The  y-bariu7n  salt,  {CWBi-BO^fBa.  +  5B.-0,  crystallises  in  needles.  1,009  pts.  of 
water  at  19°  dissolve  32-48  pts.  of  it.  By  fusing  the  7-potassium  salt  with  potash, 
an  oxy-acid  was  obtained,  which  did  not  colour  ferric  salts :  therefore  either  osy- 
benzoic  or  para-oxybenzoic  acid. 

Tlie  following  table,  on  p.  1173,  gives  a  comparative  view  of  the  properties  of  the 
three  bromotoluenes  and  of  their  sulphonic  derivatives.* 


Cblorotoluenesulphonic  Acid,  CffCllgQajr  .    Two  acids  (a  and  y8) 


having  this  composition  are  produced  by  heating  chlorotoluene  ■n'ith  sulphuric  acid  ; 
their  barium  and  potassium  salts  have  been  already  described  as  chloro-cresylsulphites 
(p.  878).  The  a-cadmiicm  salt,  (C'H''ClS03)2Cd  +  2H-0,  crystallises  in  flat  needles, 
*  This  table  Is  taken  from  HUbnera.  Retschy's  paper  (Zeitsch.f.  Chem.  [2],  vii.  GSl).  It  mil  be 
observed  that  the  quantities  of  water  here  assigned  to  the  Ba-  and  Ca-  salts  of  the  /3-nieta-acid  and 
to  the  Ba-salt  of  the  y-acid  are  only  half  those  ascribed  to  them  by  Wroblevsky  (supru).  In  a  note 
to  the  abstract  of  Htibner  a.  Retschy's  paper  in  the  Jahresb.  f.  Chem.  1872,  595,  it  is  stated  tliat 
these  quantities  of  water  given  by  Wroblevsky  have  been  corrected  in  a  subsequent  paper  in  the 
same  volmne  of  the  Zeitschrifl  (p.  763).  This  reference  is  incorrect,  as  the  said  volume  (1871)  contains 
only  736  pages.  Moreover,  the  correction  in  question  is  not  to  be  found  in  any  other  paper  by  Wrob- 
levsky contained  in  the  same  vohmie.   .  •■ 
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Bfomoioluencs  and  their  Derivatives. 


Farabromotoluene :  solid ; 
melting  point,  2S'5°, 
boiling  point,  18.3'2° 

Motabromotohiene,  from  ncetbromotoluidiue ; 
liquid  ;  boiling  point,  182° 

Orthobromo- 
toluene :  liquid; 
boiling  point,' 
181° 

BromotoluencsuJphonic  acids,  C''ff.CH''.Br.SO^  =  A. 

^•scries 

a-serics 

^-series 

7-series 

a- series 

A"Pb  +  3H=0 
A=Sr  +  7H=0 

A'-Ba+  H=0 
A^Pb  +  SH^O 

A=Ca  +  4n=0 

A=Ba  +  H=0 

A^Ba  +  lrUPO 
A=Pb  +  3H-0 

A=Ca  +  2hW0 

A=Ba  +  2iH=0 

A-Ba  +  2H20 
A=Pb  +  2W0 

A-Ca 

Bromotoluenesulphamid-es,  C^ff.CH^Br.SO-.NH-. 

Melting  point, 
1.51-5° 

166-5° 

133-5° 

Bro 

mohensoic  acids,  C'H^.Br.COOII. 

Melting  point,  251° 

155° 

1 

137° 

easily  soluble  in  water  and  in  alcohol.  The  a-potassium  .'ialt  fused  with  potash  yields 
orcin  (Vogt  a.  Henniger,  Ann.  Chim.  Phys.  [4],  xxv.  129). 


Two  chlorohcn-ylsulphurms  acids,  C''H*Cl|gQ3jj  ,  metameric  witli  the  preceding, 

are  formed  by  boiling  chlorobenzoyl  chloride,  CH^Cl.CH-Cl,  with  potassium  sulphite. 
See  Benzyl-sulpiiueous  Acid  (p.  186). 

SJitrotoluenesulplionic  AciAs,  C'=H^(N0-)|gQ3jj.  .    (Beilstein  a.  Kuhl- 

berg,  Zeitschr.f.  Chem.  [2],  v.  280,  521,  520).  When  paranitrotoluene  (m.p.  64°)  is 
digested  for  some  days  with  fuming  sulphuric  acid,  and  the  liquid  is  diluted  with 
water  and  saturated  with  barium  carbonate,  barium  paranitrotoluenesulphonate, 
[C'H''(NO-)SO']^Ba  +  3H-'0,  separates  on  cooling,  in  large,  shining,  yellow,  crystalline 
tufts ;  by  evaporation  at  ordinary  temperatiu-es  it  is  obtained  in  broad,  four-sided 
tables.  The  crystals  give  off  all  their  water  over  sulphuric  acid,  and  become  milk- 
white  when  heated  (even  under  water).  100  pts.  of  water  dissolve  3-34  pts.  of  the  salt 
at  18-5°.  'n\6  lead  salt,  [C'H'5(N0=)S0»]=Pb  +  SH^O,  crystallises  in  shining,  pale- 
yellow  tufts,  which  slowly  give  off  2  mols.  water  over  sulphuric  acid,  3  mols.  at  a  higher 
temperature.  100  pts.  water  at  19°  dissolve  15-2  pts.  of  the  salt.  The  acid,  treated 
with  hydrogen  sulphide  in  aleoliolic  solution,  is  converted  into  para-amido- 
toluenesulphonic  acid,  C'H''XNH'-^)SO'H  +  H^O,  which  forms  long,  broad,  pale- 
yellowish,  shining  prisms  giving  off  their  water  at  19°. 

Orthonitrotoluciiesulphonic  acid  is  produced  by  treating  orthonitrotoluene 
with  fuming  sulphuric  acid  (Beilstein  a.  Kuhlberg) ;  also  by  the  action  of  fuming 
sulphuric  acid  on  nitrotolueneparasulphonic  acid  ;  it  is  therefore  orthonitrotoluene- 
parasulphonie  acid,  C'H''(N0=)„.(S05H)p  (Anna  Wolkow).  Its  barium  salt, 
[C'H''(N0'-)S0']2  ^  2H-0,  forms  shining  scales  or  gi-anular  crystals  much  less  soluble 
than  the  corresponding  para-salt,  100  pts.  of  water  at  19°  dissolving  only  0-57  pt.  of 
it.  'IhQ  lead  salt,  [C'H«(N0-)S0^]2Pb  +  2H'-0,  forms  tufts  of  dazzling,  white,  slender 
needles,  which  do  not  give  off  their  water  over  sulphuric  acid  ;  100  pts.  of  water  at 
18°  dissolve  0-77  pt.  of  the  salt. 

Tins  nitrotoluenesulphonic  acid  is  identical  with  that  which  was  prepared  by 
Marker,  Otto  and  Beck  {1st  Suppl.  287). 

By  reduction  with  ammonium  sulphide,  it  yields  ortho-amidotolueneparasul- 
phonic  acid,  identical  with  that  described  by  Eugelhardt  a.  Bock  {\st  Siqypi^-  287, 
289). 

OrtlionitrotolueneparasidpJionic  chloride,  C'IP(NO-)(SO=Cl)p,  prepared  in  the  usual 
way,  is  a  heavy  oil  slowly  decomposed  by  boiling  water.  The  amide, 
C'H"(NO-X(SO-NH-)|,,  obtained  by  boiling  the  chloride  with  ammonium  carbonate, 
and  purified  by  rccrystallisation  from  alcohol,  forms  shining  crystals,  and  separates 
from  hot  water  in  needles.  The  paratoluide,  C'H«(N0-)..[S02C'H'(NH),,]p,  is  pre- 
pared similarly  to  that  from  tolueneparasulphonic  acid  (p.  1168).  It  is  sparingly  soluble 
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in  cold,  easily  soluble  in  hot  water,  and  separates  in  shining  crystals  which  melt  at 
130°-131°  (Wolkow). 

MctanitrotolucncsiilfTionic  acid,  prepared  like  its  isomerides,  forms  a  barium 
salt,  [C'H'^(NO-')S03]-lBa2  +  2H-0,  which  crystallises  in  nodules,  and  is  more  soluble 
than  the  ortho-salt ;  100  pts.  of  water  at  17'5°  dissolve  1-145  pt.  of  it.  The  lead  salt, 
[C'H'*(NO-)SO']-Pb  +  2.^H-0,  crystallises  in  small  grains,  and  easily  takes  up  an 
additional  quantity  of  load  oxide,  forming  a  basic  salt  which  may  be  precipitated  by 
alcohol  (I3eilstein  a.  Kuhlberg). 

Sinitrotoluenesulpbonic  Acid,  C'H^(NO-)=SO^H,  is  produced,  together  with 
other  acids,  by  treating  a  solution  of  toluene  in  fuming  sulphuric  acid  for  a  consider- 
able time  with  very  strong  nitric  acid,  at  first  in  the  cold,  afterwards  at  a  higher 
temperature.  By  saturating  this  mixture  with  lead  oxide  and  repeated  crystallisation, 
a  lead  salt  was  obtained  in  faintly-yellow  shining  scales,  having  the  composition 
[C'ff  (NO-)-SO»]-Pb  -I-  -iWQ.  It  gives  otf  2H-'0  in  a  vacuum  over  sulphuric  acid,  the 
remainder  when  heated.  100  pts.  water  at  l'l-5°  dissolve  2'64  pts.  of  this  salt 
(Beilstein  a.  Kuhlberg,  Zeitschr.  f.  Chcm.  [2],  vi.  796). 

M^itrobromotoluenesulphonic  iLcids,  C"H^Br(NO=)SO'H.  I.  Nitropara- 
hromotol  iifiw- 1,11'  t  ti  Kii  I  j)ho  die  acid.  The  barium  salt  of  this  acid  is  prepared  by 
adding  dehyilrated  and  pulverised  Ijarium  parabromotoluene-metasulphonate  (p.  1171) 
to  warm  fuming  nitric  acid,  decanting  from  precipitated  barium  nitrate,  and  evapora- 
ting. The  free  acid  separated  from  it  by  sulphuric  acid  forms,  when  concentrated, 
a  faintly  yellow  syrup  which  solidifies  to  a  crystalline  mass,  easily  soluble  in  water, 
alcohol,  and  ether,  and  crystallises  by  evaporation  of  its  aqueous  solution  over  sulphuric 
acid  in  stellate  groups  of  small  quickly  deliquescing  needles. 

The  acid  and  its  salts  have  an  intensely  bitter  taste.  The  salts  dissolve  easily  in 
water  and  in  alcohol,  and  crystallise  well  from  water,  with  the  exception  of  the 
calcium  salt ;  all  however,  excepting  the  sodium  salt,  in  microscopic  though  very 
sharply  defined  crystals. 

C'HXNO=)BrSO'K  Shuttle-  or  whetstone-sliaped  crystals. 

C'ff(NO^)BrSO»Na     +  2H-'0       Tufts  of  needles  an  inch  long;  less 

soluble  than  the  other  salts, 
[C'ff(N02)BrS0']^Ca  Small  needles. 

[C'HXN02)BrS03]Ba  +  2H=0       From  dilute  solutions  in  hard  nodules  ; 

from  concentrated  solution  in  stellate 
groups  of  short  flattened  needles. 
[C'HXN0=)BrS03]Pb  +  2H-'0       Crystallises  like  the  potassium  salt. 

Microscopical  examination  of  the  lead,  barium,  and  potassium  salts  showed  that 
only  one  nitro-acid  was  formed  by  the  process  above  described  (Hiibner  a.  Miiller, 
Zeitschr.  f.  Chem.  [2],  vii.  11).  It  does  not  appear  to  have  been  tlecided  wliether  the 
nitro-group  in  this  acid  occupies  the  ortho-position  (2  or  6)  or  the  meta-position  (6). 

'Nitro-&-metahromotoluencsuli)honic  acid  is  easily  obtained  by  nitrating 
/3-metabromotoluenesulphonic  acid  (p.  1 1 72) ;  only  one  nitro-acid  appears  to  be  thereby 
produced.  The  barium  salt,  [C'H*(N0-)BrS03]-Ba  +  7H=0,  crystallises  in  needles 
more  soluble  in  hot  than  in  cold  water.  The  calcium  salt,  [C'H^(NO-')BrSO^]-Ca 
+  9H'0,  is  very  soluble  in  water  and  in  alcohol,  and  crystallises  from  alcohol  in  large 
prisms.  The  lead  salt,  [C'H^Br(N0=)BrS03]Tb  +  3H-0,  dissolves  easily  in  water 
and  crystallises  in  prisms  (Wroblevsky,  Zeitschr.  [2],  vii.  6). 

TO]LVIC  ACID,  C«HW  =  C«H^(CH-'').COOH.  Synthesis  of  Orthotoluio 
acid. — Eamsay  a.  Fittig  {Zeitschr.- f.  Chem.  [2],  vii.  684)  have  prepared  this  acid 
from  toluene-orthosulphonic  acid  (p.  1168),  by  exchanging  the  group  SOTI  for  CNand 
boiling  the  resulting  nitril  with  alcoholic  potash.  By  distilling  a  mixture  of  the 
potassium  salts  of  toluene-parasulphonic  acid  and  toluene-orthosulphonic  acid  with 
potassium  cyanide,  and  treating  the  distillate  of  mixed  nitrils  with  alcoholic  potash, 
ordinary  paratoluic  acid,  mixed  with  another  toluic  acid,  was  obtained.  The  calcium 
salts  could  not  be  separated  by  recrystallisation  from  water,  but  from  25  p.c.  alcohol 
the  isomeric  calcium  salt  crystallised  readily,  leaving  the  paratoluate  in  solution. 
This  isomeric  toluate  contained  2H-0,  and  gave  an  acid  which  crystallised  in  long 
shining  needles,  melting  at  102°,  and  agreed  in  every  respect  with  orthotoluic  acid 
obtained  by  oxidation  of  orthoxylene.  The  nitro-acid  was  also  prepared,  and  found 
to  be  identical  with  that  obtained  from  orthotoluic  acid. 

Metatoluio  acid. — This  modification  is  formed  when  1  mol.  of  the  calcium  salt  of 
uvitic  acid  is  intimately  mixed  with  1  mol.  calcium  hydrate,  and  the  mixture  is  heated 
for  several  hours  in  a  lead-bath.  The  toluic  acid  separated  from  the  product  by  solu- 
tion in  an  acid  and  distillation  with  steam,  is  more  soluble  than  ortho-  or  paratoluic 
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acid,  and  separates  in  needle-shaped  crystals  melting  at  105°  (Fittig,  Dent.  Chem.  Ges. 
Ber.  V.  268).  By  the  action,  of  sodium- amalgam  on  the  modification  of  bromotoluic 
ai'id  -n-hich  inults  at  205°-206°  (prepared  by  oxidising  bromoxylene,  m.  p.  205°-208°, 
^^  ith  I'limnii.-  acid),  Ahrens  {Zcitschi:  f.  Chem.  [2],  v.  102)  obtained  a  toluic  acid 
wliii-h.  when  (ixidised  by  chromic  acid,  gave  isophthalio  acid,  and  therefore  appeared 
t'l  br  iii(.|.itn!;iic  acid,  but  it  melted  at  90°-93°,  that  is  to  say,  from  12°  to  15°  lower 
ili.iii  I 'ill  12  V  .icid.  To  ascertain  the  cause  of  this  diflference,  W.  Eamsay  prepared 
till'  .M  ill  aciiirding  to  Ahrens'  method,  and  found  that  on  recrystallising  it  from 
.■ilroh.il,  two  vn-y  different  crystallisations  were  obtained,  viz.  druses  of  dull  needles, 
mill  transparent  crystals,  the  former  consisting  of  pure  paratoluic  acid,  the  latter 
un  iting  at  105°,  just  like  the  metatoluic  acid  prepared  from  uvitic  acid  {Arm.  Ch. 
I'hanii.  clxviii.  253). 

Tiro motoluic  Acid,  C^ffBrl^QQ-jj.    F.  Landolph,  {Bcui.  Chem.  Ges.  Ber.  v. 

268)  ha,s  obtained  an  acid  of  this  composition  by  oxidising  bromocymene  with  chromic 
aciil  mi.xture.  It  is  sparingly  soluble  in  cold,  more  easily  in  hot  water,  from  which  it 
cryst;illi.ses  in  thin  needles  or  laminae.  It  dissolves  easily  also  in  hot  alcohol,  in  ether, 
and  in  chloroform.  It  is  somewhat  volatile  with  vapour  of  water,  melts  at 
•20:1  ^--204°,  .iiiil  sublimes  in  broad  shining  needles.  Sodium-amalgam  easily  removes 
all  I  he  brMiiiliic,  and  converts  the  acid  into  ordinary  paratoluic  acid,  melting  at  176°. 
(  liroiiiii- ai'iil  mixture  decomposes  the  bromiuated  acid  but  partially,  even  after  long 
biiilini;-.  ami  ilo.  s  imt  convert  it  into  a  bibasic  acid.  The  calcium  salt,  (CTI<'BrO-)^Ca 
+  3.',il-(  I.  rrvsialliM  S  from  hot  water  in  arborescent  needles  sparingly  soluble  in  cold 
watiT.    Tin-  'l.,ini,,„  .Hilf,  (C8H«BrO-)-Ba  +  4H--0,  is  similar  but  less  soluble. 

This  bromotoluic  acid  dissolves  slowly  in  warm  concentrated  nitric  acid,  and  the 

solution  diluted  with  water  deposits  bromonitrotoluic  acid,  C'^H-(NO-)Br  |  ^qqjj' 

which  separates  from  water  in  needle-shaped  crystals.  It  is  soluble  in  alcohol,  ether, 
and  benzene,  and  does  not  volatilise  with  water-vapour.  During  fusion  at  about  170°- 
180°  it  decomposes  and  turns  brown.  The  barium  salt,  whieli  crystallises  from  hot 
dilute  alcohol  in  stellate  groups  of  needles,  has  the  composition  (C*ff  (NO-)BrO-)-Ba 
+  H-0. 

The  bromotoluic  acid  above  described  agrees  nearly  in  its  properties  and  those  of  its 
salts  with  that  which  was  obtained  by  Fittig,  Ahrens  a.  Mattheides  from  coal-tar 
xylene  (l.si!  Suppl.  1100).  Nevertheless  the  two  can  scaitely  be  identical,  since  the 
last-mentioned  acid  was  converted  by  reduction  into  isophthalic  acid,  whereas  tliat 
prepared  from  bromocymene  was  converted  by  similar  treatment  into  paratoluic  acid. 

Alpha-toluic  or  Pbenylacetic  Acid,  CH2(C«II5).COOH.  This  acid,  when 
nitrated,  behaves  like  cinnaniic  acid  (p.  348),  forming and  or^/iophenylacetic 
acid,  wliich  latter  is  eouverted  by  oxidation  into  orthonitrolienzoic  acid,  shown  by  the 
degree  of  solubility  of  its  barium  salt,  and  by  the  fact  that  when  reduced  by  tin  and 
liydrochloric  acid,  it  yields  anthranilic  acid,  which  may  bo  converted  into  salicylic  acid 
(Pirogoff,  Beut.  Chem.  Ges.  Ber.  v.  332). 

TOIUIDIWE,  C'H»N  =  C'H'.NH^  =  C''HXNH2).Cff.  Three  modifications  of 
tliis  base  are  known,  para,  mcta,  and  ortho,  formed  by  reduction  of  the  corresponding 
nitrotoluenes.  Their  characteristic  properties  and  reactions  have  been  studied  especi- 
ally by  Beilstein  a.  Kuhlberg  {A7in.  Ch.  Pharm.  clvi.  66;  clviii.  341;  Zeiischr.  f. 
Chem.  [2],  V.  532;  vi.  102,  417;  vii.  99:  Jahrh.f.  Chem.  1870,  764;  1871,  712; 
1872,  647),  and  by  Wroblevsky  {Zeitschr.  [2],  vii.  135,  210,  271,  609;  Jahresb.  1871, 
713;  1872,  649). 

Paratoluidine,  C^H^Nff ),,.CH^,  is  the  ordinary  solid  modification,  discovered  by 
Ilofmann  a.  Muspratt,  and  produced  by  reduction  of  solid  nitrotoluene. 

Metatoluidine,  Cl=II■'(NH2),„.CH^  is  obtained  by  the  action  of  tin  and  hydro- 
chloric acid  on  the  metanitrotolueue  discovered  by  Beilstein  a.  Kuhlberg. 

Orthotoluidinc,  C''II-'(NH-)„.CH^  (Eosenstiehl's  Pseiidotoluidine),  is  produced 
from  the  liquid  modification  of  nitrotoluene,  formed,  together  with  solid  paranitro- 
t.oluene,  by  direct  nitration  of  toluene  (Beilstein  a.  Kuhlberg) ;  apparently  also  by  the 
following  processes :  — 

o.  From  para-amidotoluic  acid,  by  distillation  with  soda-lime  (Beilstein  a.  Kuhlberg). 

/3.  By  treating  monobromotoluene  (m.  p.  25-4°)  with  strong,  well-cooled-nitric  acid, 
reducing  the  resulting  nitrobromotoluene  with  tin  and  hydrochloric  acid,  and  debromi- 
iiating  the  bromotoluidine  with  sodium-amalgam  (Korner,  Compt.  rend.  Ixviii.  824; 
Jahresb.  1869,  677). 

7.  Bj'  a  similar  series  of  processes  from  the  mixture  of  para-  and  orthobromotolnene 
produced  by  the  direct  action  of  bromine  on  toluene  (p.  11 64)  (Hiibner  a.  Wallach, 


1176 


TOLUIDINE. 


Zeitschrf.  Chem.  ii.  530;  Jahcsh.  1869,  678.  See  furtlier,  Rosenstiohl,  Comsat,  rend. 
Ixix.  53,  469  ;  Jahveah.  1869,  679,  680). 

The  following  table  exhibits  the  most  characteristic  dilferQDcea  between  the  three 
isomeric  toluidines  and  their  derivatives  : 


Isomeric  Tohddines. 


aia 

a 

1  10 

Toluidine  f  "P-  " 
(sp.  gr.  . 

198° 

— 

197° 
0-998  at  25° 

197° 
0-998  at  25-5° 

Of  the  nitrate,  100  pts. 

t        T  1 

water  dissolve  . 

17-7  pts.  at  23-o° 

20-1  pts.  at  23-5° 

10-01  pts.  at  19-2° 

Of  the  nitrate,  100  pts. 

alcohol  (89  p.o.)  dis- 

solve 

42       „  20^ 

— 

23-5       „  16-,5° 

Ofthehydrochloride, 

100  pts.  water  dis- 

solve 

22-9     „  11° 

— 

37-4       „  15-5° 

Ofthehydrochloride, 

100  pts.  alcohol  (89 

p.c.)  dissolve  . 

25       ,,  17° 

— 

100  pts. 

Of  the  oxalate,  100 

pts.  water  dissolve  . 

0-87  14° 

—  . 

2-38  pts.  at  21° 

Of  the  oxalate,  100 

pts.  alcohol  (84  p.  c.) 

dissolve  . 

0-48  „  22° 

— 

2-68     „  21° 

Of  the  oxalate,  100 

pts.  ether  dissolve  . 

0 

— 

0-65     „  21° 

Of  the  sulphate,  100 

pts.  water  dissolve  . 

.5-06  pts.  at  22° 

— 

7-8       ,,  22° 

Of  the  sulphate,  100 

j)ts.  alcohol  (89  p.c.) 

dissolve  . 

1-3      „  23° 

— 

1-6       „    21-5  = 

The  acetyl  -  deriva- 

tive boils  at  . 

306° 

303° 

296° 

The  acetyl -deriva- 

tive melts  at  . 

145° 

65-5° 

107° 

]  ,000  pts.  water  dissolve 

of  it  ... 

0-886  pt.  at  22° 

4-4  pts.  at  13° 

8-5  pts.  19° 

Colour  produced  by  to- 

l  u  i  d  i  n  e  with  chloride 

of  lime  and  hydro- 

chloric acid 

none 

violet 

violet 

Colour  produced  by  to- 

luidine    with  sul- 

phuric and  nitric  acid 

blue 

none 

none 

Br&motoluidines.  Wroblevsky  a.  Kurbatow  (Zcitschr.  f.  Chem.  [2],  vi.  165) 
have  obtained  two  bromotoluidines,  a  and  /8,  by  reduction  of  the  two  nitrobromo- 
toluenes  formed  by  nitration  of  solid  bromotoluene  (p.  1167).  a-Bromotohtidine  i.s  a 
liquid  which  solidifies  at  -2°.  Its  nitrate  forms  nacreous  ci-ystals,  of  which  1,000  pts. 
of  water  at  1 1'5°  dissolve  8-27  pts.  fi-Bromotoluidine  forms  prismatic  crystals  melting 
at  67°.  Its  nitrate  also  crystallises  in  prismatic  forms  ;  1,000  pts.  of  water  at  11 -5° 
dissolve  4-6  pts.  of  it.  Heynemann  {Zeitschr.  [2],  vi.  402)  has  obtained  a  base  which 
he  designates  as  parahro»iometatohndine,  by  reduction  of  the  corresponding  bromo- 
nitrotoluene ;  it  molts  at  30°,  but  does  not  easily  resolidify.  9  pts.  of  the  nitrate 
dissolve  in  1,000  pts.  water  at  17°. 

Metabromorthotoluidine,  C"H8Br„,.(  NH- )„,  either  C«.CH-''.NH2.Br.H.H.H: 
(1  :  2  :  3)  or  C^CH^NmH.H.Br.H  (1:2:  5).  Wroblevsky  iZatschr.  vii.  135)  pre- 
pares this  compound  as  follows.  Crude  toluidine  is  mixed  with  rather  more  than  the 
theoretical  quantity  of  glacial  acetic  acid,  and  boiled  for  16  hours  in  a  flask  with  up- 
right tube,  to  separate  the  para-  and  ortho-modifications  ;  the  uncombined  toluidine  is 
separated  from  the  solidified  (the  greater)  portion  by  distillation,  and  this  toluidine 
is  heated  for  three  days  with  the  required  quantity  of  glacial  acetic  acid.  AcetorthO' 
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toliiide  is  thus  obtaineJ  as  a  solid  body  Vvhieb,  however,  molts  not  at  105°,  but  at  98°. 
By  suspending  it  in  -water  and  dropping  bromine  into  the  liquid,  bromacetoluide, 
C'H''Br(NH.C-H^O),  is  produced,  which,  wh-n  pnfilir  i.  ,  r\>i;illises  in  long  shining 
needles  melting  at  156°-157°,  and  dissolving  .  aMl\'  iii  ,;h  nh'  I  uiid  in  boiling  water. 
This  acetyl-compound,  decomposi'il  bv^iL-nlinli  •  ]  ,i  !i,  \  i-  '.!s  luci.ibromorthotoluidine, 
which,  after  distillation  with  t.\r  mi.  i-  •  ■  s  m  due  large  octohedrous. 

It  melts  at  57°,  and  boils,  v.  iih   I'S:    <i<  -.11111  -  1  "     -ii  ubout  240' ;  it  dissolves 

easilvin  alcohol,  very  spariii::l\  r.    J'  ,  jinde,  nitrate,  and  sulpliato, 

(( :ai'M;rNir-)-,SO'+  l,]Il-0,  are  all  soluble  in  water  and  crystallise  well.  The  nitrate, 
ili  ci>iii|H)scd  -ffith  nitrous  acid  and  alcohol,  yields  metabromotoluene,  which  boils 
at  IHii',  and  is  oxidised  by  chromic  acid  solution  to  meta-  (ordinary)  bromobenzoic 
iiciii,  melting  at  153°.  The  perbromide,  C'H''Br.NH-.Br-,  decomposed  with  absolute 
alcohol,  yields  orthometadi  bromotolucne,  C'H'^Br-  (1  :  2  :  3)  or  (1  :  2  :  5). 

Orthohromometatoluidinc,  C'H''Br„{NH),„  (1  :  2  :  3  or  1  :  2  :  5),  is  obtained 
by  the  action  of  potash  on  orthobromomctacetohiido,  which  is  formed  by  treating 
metacetoluide  with  bromine.  It  is  a  licpiid  Ijoiling  at  240°,  and  smelling  very  mueU 
like  ordinary  toluidino.  Its  niiratc  crystallises  in  small,  reddish,  sparingly  solublo 
prisms.  When  it  is  converted  into  the  diazo-eompound,  and  the  corresponding  per- 
bromide is  decomposed  by  absolute  alcohol,  dibromotoluene,  C'H''Br„Br„„  is 
formed  as  a  solid  melting  at  42-5°  and  boiling  at  249°  (Wroblevsky,  Zeitschr.  [2],  vii. 
609). 

Dibromotoluidines. — 1.  Bibroviorthotoluidinc,  C'ffBr-(NH-)„,  is  produced  by 
passing  bromine  (4  at.)  into  an  aqueous  solution  of  the  hydrochloride  of  orthotoluidine. 
The  base  separated  by  lime  crystallises  in  beautiful  nacreous  needles  easily  soluble  in 
alcohol,  nearly  insoluble  in  water,  melting  at  50^.  It  does  not  combine  with  acids 
(Wroblevsky,  Zeitschr.  f.  Chem.  [2],  vii.  210). 

2.  Acetometatoluide,  treated  with  bromine  in  presence  of  water,  yields  dibrom- 
acetometatoluide,  C'H='Br-.NH.C=H^O,  which  forms  flat  needles  melting  at  154°, 
and  converted,  by  decomposition  with  alkali,  into  dibromometatoluidi no, 
C'H^Bi--'.(NH-),„.  This  compound  crystallises  in  silky  needles  melting  at  92'5°  ;  does 
not  unite  with  acids.  By  removing  the  amidogen  groups  from  this  dibromotoluidino, 
a  dibromotoluene,  C'II''Br-,  is  obtained  having  the  constitution  1  :  3  :  o  (see  table, 

3.  The  dibromotoluidine  obtained  by  reduction  of  the  nitro-dibromotolueno  jjroduced 
by  nitration  of  para-orthodibromotolueno  (p.  1165),  crystallises  in  nacreous  scales  melt- 
ing at  95°,  and  does  not  combine  with  acids  (Wroblevsky,  Zeitschr.  [2],  vi.  239). 

4.  The  dibromotoluidine  obtained  from  the  nitrodibromotoluene  formed  by  nitration 
of  ortho-metadibromotoluene,  forms  silky  prismatic  crystals  melting  at  83°  (Wroljlm-- 
sky,  loc.  cit.) 

Trihromotoluidine,  C'H'Br'NH^,  is  formed  bypassing  bromine-vapour  (4  at.) 
into  the  hydrochloric  acid  solution  of  metatoluidiue,  and  separates  in  white  flocks 
which  may  be  purified  by  distillation  with  vapour  of  water.  It  dissolves  sparingly  in 
alcohol,  and  crystallises  therefrom  in  long  needles  melting  at  97°.  It  does  not  unito 
with  acids.  On  adding  it  to  alcohol  saturated  with  nitrous  acid,  a  violent  action  takes 
place,  resulting  in  the  formation  of  tribromotoluene,  C'ffBr^.  Metatoluidiue  differs 
therefore  from  para-  and  orthotoluidine  in  yielding,  by  bromination,  a  tribrominated 
instead  of  a  dibrominated  product  (Wroblevsky,  loc.  cit.) 

Cblorotoluldlnes.  Orthonitro toluene,  reduced  with  tin  and  hydrochloric  acid, 
yields  a  chlorotoluidinc,  C'1I"C1(NII-),  which  melts  at  29-5°,  boils  a't  241°,  dissolves 
easily  in  alcohol,  ether,  and  carbon  sulphide.  Its  hydrochloride  forms  thin  white 
crystals.  The  nitrate  forms  large  thin  quadrangular  striated  crystals,  of  which  100  pts. 
water  at  19°  dissolve  3'712  pts.  By  conversion  into  the  diazo-compound,  and  decom- 
position of  this  comxjound  with  hydriodic  acid,  a  chloriodotoluene  is  obtained  boil- 
ing at  240°  (Beilstein  a.  Kiihlberg,  Zeitschr.  f.  Chem.  vi.  102). 

Bichlorotoluidine,  C'H'Cl-.NH-. — The  nitrodichlorotoluene  produced  by  nitra- 
tion of  the  dichlorotoluene,  which  boils  at  195°-200°,  yields,  by  reduction,  a  dichloro- 
toluidine  which  forms  dazzling  white,  elongated  laminfe,  melts  at  88°,  and  boils  at 
259°  (Wroblevsky  a.  Pirogow,  Zeitschr.  [2],  vi.  164). 

Xodotoluidine.  Tara-iodorthotoluidine,  C°H%(NII-)„CH^,  prepared  by  re- 
duction of  para-iodortlionitrotohieno  (p.  1167),  forms  needle-shaped  colourless  crystals 
which  melt  at  48°-49°,  and  boil,  with  ]M|)i(l  d.roinposition,  at  273°.  It  dissolves  very 
easily  in  alcohol,  ether,  and  carbon  sul|iliidr.  The  nitrate  crystallises  from  hot  water 
in  colourless  nacreous  lamina;.  1000  j.is.  .m'  w.ih  i-  ;it  10°  dissolve  9-5  pts.  of  this  salt. 
The  diazo-compound,  which  is  formed  fmui  if  wiih  difficulty,  is  doeomposod  by  wa.tcr. 
oven  at  ordinary  temperatures,  yielding  diuitro-iodocrosul,  C"HI(iIO)(NO'-')'''.ClI^ 
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■which  &eparates  in  slender  yellow  needles  melting  at  75°,  and  exploding  at  a  higher 
temperature.  Caustic  soda  dissolves  this  dinitrocresol,  and  hydrochloric  acid  precipi- 
tates it  from  the  solution  without  alteration  (Heynemann,  Zeitsckr.  [2],  vi.  402). 

ZTitrotoluidmes  and  XTitro-acetoIuides.  Binitropara-acetoluidc, 
Cff  (NO-)-(NH.C-Il'O)  ,  is  obtained  by  adding  para-acetoluide  (1  pt.)  in  small  portions 
to  well-cooled  nitric  acid  (4  pts.)  of  49°  B. ;  the  product  is  precipitated  with  snow, 
washed  with  water,  then,  after  drying,  with  other,  and  recrystailised  from  alcohol.  It 
forms  long,  pale  yellow  needles,  much  more  soluble  in  hot  than  in  cold  alcohol,  melting 
at  190'5°. 

Binitroparatoluidine,  C'H^(NO-)-.(NH=)p,  is  easily  obtained  by  boiling  the 
acetyl-d.erivative  with  alcoholic  potash;  it  is  precipitated  by  water,  recrystailised  from 
benzene,  and  finally  from  boiling  carbon  sulphide.  It  crystallises  in  yellow  needles, 
melts  at  166°,  and  may  be  sublimed  in  small  quantities  without  decomposition.  It  is 
but  slightly  soluble  in  alcohol  even  at  the  boiling  heat,  more  soluble  in  benzene, 
especially  when  boiling,  nearly  insoluble  in  ether  ;  1000  pts.  of  carbon  sulphide  at  ]  8° 
dissolve  3-2  pts  of  it.  It  is  but  slowly  reduced  by  tin  and  hydrochloric  acid,  the 
product  being  apparently,  not  a  triamine  base,  but  a  tolylene-diamine.  Dinitro- 
toluidine  suspended  in  alcohol  or  in  strong  nitric  acid  is  not  acted  on  by  nitrous  acid 
at  ordinary  temperatures,  but  at  boiling  heat  the  dinitrotoluidine  dissolves,  being 
probably  converted  into  dinitrotoluene  (Beilstein  a.  Kuhlberg,  Ann.  Ch.  Pharm.  clviii. 
341). 

Metanitro-orthacetotoluide,  C'H«(JSr02)„.(NH.C2H30),„  or 
C<'(CH3)(NH.C-H30)(N02)HHH,  is  formed  by  adding  OTthacetotoluide  in  small 
portions  to  well-cooled  nitric  acid  of  45°  B.  The  product  is  precijiitated  with  snow, 
washed  with  water,  and  recrystailised  from  alcohol.  It  is  very  sliglitly  soluble  m 
water  even  at  the  boiling  heat,  and  crystallises  therefrom  in  microscopic  needles  melt- 
ing at  196°-197°.  From  alcohol,  in  which  it  is  more  soluble,  it  crystallises  in  smaU 
lemon-yellow  needles. 

Mefanitro-orthotohiidinc,  C«H3(N0%(NH=)„.CH»,  is  obtained  by  heating  the 
acetyl-derivative  with  a  mixture  of  1  vol.  sulphuric  acid  and  3  vols,  water,  and 
precipitating  with  ammonia;  also  by  boiling  the  acetyl-derivative  with  alcoholic 
potash.  It  may  be  purified  by  recrystallisation  from  water  or  from  aqueous  alcohol. 
It  is  very  slightly  soluble  in  boiling  water,  and  crystallises  therefrom  in  small  lemon- 
yellow  needles  which,  after  drying,  form  a  felted  mass;  it  is  easily  soluble  in  alcohol. 
From  its  hot  solution  in  dilute  nitric  acid,  the  free  base  crystallises  in  long,  flat, 
yellow,  shining  needles  melting  at  127°-128°.  By  nitrous  acid  and  alcohol  it  is  con- 
verted into  metanitrotoluene  (Beilstein  a.  Kuhlberg,  loc.  cit.) 

Orthonitrometucetoluide,  C"H3(NO-)„(NH.C-ffO),„.Cff,  prepared  by 
treating  acetoraetatoluide  with  cooled  nitric  acid  of  46'5°  B.,  precipitating  with  snow, 
,ind  recrystallising  several  times  from  water,  forms  small  cubes,  or  when  crystallised 
by  slow  evaporation,  larger  rhombic  crystals.  It  dissolves  easily  in  boiling  alcohol, 
very  sparingly  in  water  even  at  the  boiling  heat.    Melts  at  101°-102°. 

Ortlionitrometatoluidine,  C"ff(N0=)„(NII2  „..CH',  is  formed  by  treating  the 
acetyl-compound  just  described  with  the  theoretical  quantity  of  alcoholic  pobish.  It 
melts  at  133°-134°.  By  converting  this  base  into  diazotoluene  by  Griess's  reaction, 
and  decomposing  the  sulphate  of  this  diazotoluene  with  absolute  alcohol,  a  nitro- 
toluene  is  obtained,  which  boils  constantly  at  the  temperature  of  orf/ionitrotoluene 
and  remains  liquid  at  —20°.  Hence,  it  may  be  inferred  that  tho  nitro  group  in  the 
base  and  its  acetyl-derivative  under  consideration  occupies  the  ortho-position  (Beilstein 
a.  Kuhlberg,  Zeitschr.f.  Chem.  [2],  vii.  99). 

Furfurotoluldine,  C'-'H-^O-N^.  Toluidine  in  alcoliolic  solution  acts  but  slowly 
on  furfurol ;  a  more  decided  action  is  obtained  with  toluidine  salts.  A  hot  mixture  of 
12  pts.  toluidine  hydrochloride  and  9  pts.  toluidine  dissolved  in  150  pts.  alcohol 
with  8  pts.  furfurol,  also  dissolved  in  150  pts.  alcohol,  solidifies  on  cooling  to  small  red, 
needle-shaped  crystals  of fiirfurotoluidine  hydrochloride,  C'ff^O-N-.HCL  The  nitrate, 
C"II--O^N-.NO^B[,  prepared  in  like  manner  with  a  mixture  of  14  pts.  toluidine  nitrate 
and  9  pts.  toluidine  dissolved  in  100  pts.  alcohol  with  8  pts.  furfurol  in  100  pts. 
alcohol,  forms  purple  needles.  Fiirfurotoluidine,  prepared  by  triturating  ether  of  its 
salts  with  ammonia  and  kneading  the  resulting  mass  with  water,  forms,  when  purified 
by  solution  in  ether,  a  brown,  amorphous,  brittle  mass  (Stenhouse,  Ann.  Ch.  Fharm. 
clvi.  197). 

Ajjpendix  to  Furfurotoluidine.  Fukfueaniline,  CH'^O-N^.  This  base,  prepared 
in  a  similar  manner,  forms  a  hydrochloride  which  crystallises  in  small  purple  needles, 
insoluble  in  benzene,  carbon  sulphide,  and  water,  quickly  decomposed  by  boiling  with 
dilute  acids  or  alkalis.    The  nitrate  forms  similar  but  larger  crystals.    The  free  base 
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is  a  brown  mass,  the  .ilooholic  solution  of  M  liicli  decomposes  quickly  in  contact  v.-\ili 
the  air  cn'  on  boiling,  and  then  no  longer  forms  crystallisahlo  salts  (Stenlionse). 

TOJiUISHlffES,  BXaSETHYIsISSO.  On  the  formation  of  these  bases  by  the 
action  of  heat  on  triniclbyl-phfnylammonium  iodide,  see  Amines  (p.  67)- 

TOIitriDIWB-SU'lPHOOTIC  ilCS3>S.    II.  L.  Buff  (Dcut.  Chcm.  Ges.  Bcr.  iii. 

796)  has  oxaiiiiniul  these  aciils  with  nsiills  nearly  tho  same  hs  those  obtained  by 
Malyscheft'(lA/  -SWyijj/.  288).  lie  linds  tliat  the  ^-acid,  heated  -with  potassium  hydrate, 
yields  an  oily  base  which  docs  not  form  crybtallisablo  salts  ;  probably  oxytoluidinc, 
bff(OH)(NH-).CH\ 

TOI.V?Z.EZa-S,  C"H'-.    Syn.  with  Stilbkne  (p.  1099). 

TOI.UYI.3GBIB  AlCOHOI.,  and  OXXSS!.    Sec  HvDROBENZoiN 

and  DiioxyjiE.Nzoix,  under  Bi'.Nzr/jx  (pp.  171-176). 

TOI.YZ.  (DI-),  C'^H'<  =  C'=H'|^,J]j,|,(^jp^.    This  hydrocarbon,  isomeric  with 

dilicnzyl  and  benzyl-toluene  (p.  183),  is  produced  by  the  action  of  sodium  on  parabro- 
mololuone  (p.  1161). 

Sdilium  acts  very  briskly  on  a  solution  of  solid  bromotoluene  in  anhydrous  ether,  and 
if  tlif  liquid  is  not  well  cooled,  hydrogen  is  evolved  and  a  large  quantity  of  toluene  is 
regenerated,  tho  formation  of  which  indeed  cannot  be  completely  evaded,  even  if  the 
vessel  is  surruiinded  by  a  freezing  mixture.  The  other  products  of  the  reaction  are  a 
largo  quantity  of  a  yellow  solid  (not  further  studied),  which  is  sparingly  soluble  in 
alcohol,  and  can  thus  be  easily  separated  frotn  two  isomeric  ditolyls  which  dissolve 
re.adily  in  alcohol.  That  which  is  present  in  the  largest  quantity  is  a  solid,  which 
crystallises  from  ether  in  splendid  monoclinic  prisms  and  from  alcohol  in  white  plates 
iiielting  at  121°.  The  second  ditolyl  is  a  liqtud,  having  an  aromatic  smell  and  boiling 
at  283°-288°. 

By  acting  witli  sodium  on  crude  bromo-  and  chlorotoluene,  only  a  small  quantity  of 
the  solid  ditolyl  is  obtained;  the  chief  ^product  is  a  liquid,  which  appears  to  bo 
identical  with  the  ditolyl  (b.  p.  272°)  which  Fittig  obtained  {Ann.  Ch.  Phurm.  cxxxix. 
178)  by  the  action  of  sodium  on  bromotoluene.  That  prepared  from  ehlorotoluono 
boiled  at  273°-278°  (Zincke,  Deut.  Chom.  Gcs.  Bei:  iv.  396). 

TOX.-S-X1  ZSOCVASrA.TE,  N(CO)"C'i['.  Colourless  liquid  boiling  at  18.3°.  Sou 
CvANic  Ethkhs  (p.  107). 

TOlYtAlWIWES.  Axoditoli/ldiamine,  C'^H^^N'.  —  Hofmann  a.  Geygor 
(Di  i't.  Chi  lli.  Ci'K.  L'n:  V.  476),  inatti?mpting  to  prepare  this  base  by  heating  toluidine 
to  fusion  una  saturated  solution  of  common  salt,  and  passing  a  rapid  stream  of  nitrons 
acid  through  it,  obtained  the  isomeric  compound  diazoamidotoluene  ;  which  crys- 
tallises in  lemon-yellow  needles ;  and  decomposes  on  boiling  with  hydrochloric  acid 
into  nitrogen,  cresol,  and  toluidine  : 

C'H'^N^  +  H=0  =  N=  -t-  C'H«0  +  C'lPN. 

TrichlorcthT/lidcne-ditoli/lamine,  C"=H"CPN'^  =  CCF.CH(XIIC'ir r  (W.al- 
laeh,  Di.ut.  Chcm.  Gcs.  Bcr.  v.  252). — A  base  produced  by  the  action  of  chloral  on 
toluidine : 

COP— OHO  +  2(CH»— C«n^-NH-)  =  H^O  +  CCP-CHj^ljggl^^^j 

The  reaction  is  attended  with  rise  of  temperature,  and  tlio  mass,  which  solidifies  on 
cooling,  crystallises  from  ether  in  transparent  prisms  which  melt  at  ll  l°-llo°,  but 
are  decomposed  by  continued  heating  to  1 00°.    It  cannot  bo  distilled. 

Trichlorethylidcne-oxetJiyltolylamine,  COP — CH  j^jj^^tjji  QiY'y  '"^ 

the  preparation  of  the  preceding  compound  a  littlo  alcoliol  be  added  to  tho  product 
while  still  warm,  this  oxethyl-compoimd  is  obtained,  chiefly  from  tho  mother-liquor, 
in  large  tabular  crystals  ver}'  easily  soluble  in  alcohol  and  ether.  It  crystallises  witli 
groat  facility,  especially  from  ether  mixed  with  a  little  ."ilcohol,  which  deposits  it  in 
hard  thick  crystals  an  inch  in  length.  It  melts  at  76°-77^.  and  solidifies  with  diffi- 
culty after  fusion;  cannot  be  distilled  without  decomposition.  It  is  insoluljle  in 
water,  and  is  gradually  decomposed  by  boiling  with  it,  omitting  an  unpleasant  odour. 
Towards  aqueous  alkalis  it  is  moderately  stable  at  ordinary  temperatures.  Aqueous 
acids  separate  toluidine  salt  from  it. 

Toluidine  fused  with  chloral  alcoholatc  forms  t  r  i  e  h  1  or  c  t h  y  1  i  d  c  n  c-d  i  t  ol  y  1  a  m  1  n  c, 
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which,  wlien  boiled  with  alcohol,  appears  to  be  converted  into  trichlorethj'lideue- 
oxethyltolylamine  (Wallach). 

TOS.iri,CJiKBAE2ZC  ETHERS  or  T01.YI.TrKETKA.WBS.  Ethijlic  Tulyl- 
carhamatc,  CO  Iq^'^^s^  ^  >  is  obtained  by  the  action  of  chlorocarbonic  ether  on  tolui- 
dine  in  prespnce  of  ether.  It  crystallises  -with  difficulty  from  the  crude  product  in 
long  prisms  insoluble  in  water,  easily  soluble  in  alcohol  and  ether,  melting  at  02°. 
By  distillation  with  phosphoric  anhydride  it  yields  tolyl  isocyanate  (Hofmann,  Ptjc. 
Boy.  80c.  xix.  108). 

Bidjlic  Tohjlcarbamate,  COjQ^i^a"^'^  ,  is  obtained  by  the  action  of  butyl  chloro- 

carbonate  on  liquid  toluidine  (b.  p.  198°).  It  is  liquid,  does  not  solidify  at  —10°,  and 
boils  with  partial  decomposition  at  27o°-280°. 

TOa.irE.EIffESSIABfiIMES,  C'H«(NH2)2  (Beilstein  a.  Kuhlberg,  Ann.  Ch.  Pharrn. 
clviii.  305  ;  Zcitschr.  f.  Ciica.  [2],  vii.  134).  Three  of  these  isomeric  bases  have  been 
obtained,  viz  : 

12      3      4      5  c 

1.  Paraorthotolylenediamino    C^.CH^.NH^.  H  .NH^  H  .H 

2.  Parametatolylenediamine     C«.CH^  H  .NH^.NH-.  H  .H 

3.  Metaorthotolylenediamine    C^.CH^.Nff.NH^.  H  .  H  .H 

1.  Faraortho,  C"H^(Nff)=p_„.CH^. — This  is  the  known  form  obtained  by  reduction 
of  dinitrotoluene.  Hofmann  gives  09°  as  it  melting  point,  and  about  280°  as  the 
boiling  point.  The  sulphate,  C'H''(NII-)-.H^SO' +  2  aq.,  crystallises  from  water  in 
long,  prismatic,  glistening  crystals,  which  do  not  lose  their  water  of  crystallisation 
over  sulphuric  acid  ;  100  pts.  of  water  at  19'5°  dissolve  6'68  pts.  of  salt. 

2.  Parametatolylenediamine,  C''H'(NH-)-p_„.CH^. — This  modification  is  obtained  by 
reduction  of  nitroparatoluidine  with  tin  and  hydrochloric  acid.  The  solution  is  freed 
from  tin  by  hydrogen  sulphide,  and  evaporated  to  dryness ;  the  residue,  intimately 
mixed  with  pulverised  caustic  lime,  is  then  distilled  from  a  combustion-tube.  It  is 
obtained  in  brilliant  white  scales,  which  melt  at  88-5°,  and  distil  unchanged  at  265°. 
It  is  moderately  soluble  in  cold,  more  soluble  in  Jiot  water.  The  aqueous  solution  of 
the  base  is  extremely  unstable,  becoming  black  on  standing  for  a  few  hours.  "The 
hydrochloride  crystallises  in  long  needles,  extremely  soluble  in  water.  The  sulphate, 
C'Ii''(NH-)-.ffSO*  +  1  .^-11=0,  forms  magnificent,  white,  glistening  scales;  100  pts.  of 
water  at  19'5°  dissolve  9 '29  pts.  of  salt.  Both  the  free  base  and  its  salts  beoomo 
oxidised  when  exposed  to  the  air,  much  more  readily  than  paraorthotolylenediamine 
and  its  salts. 

3.  Metaorthotolylenediamine,  Q,^W{'SW)-„_„.CW.  Nitro-ortliotoluidine  is  attacked 
with  great  energy  by  tin  and  hydrochloric  acid.  The  free  base  is  colourless  and 
crystalline  ;  it  melts  at  80°,  and  boils  constantly  and  unchanged  at  270°.  It  is  even 
less  stable  when  exposed  to  the  air  than  parametatolylenediamine.  The  sulphate, 
C'II*(NH-)-.H'-SO*,  is  anhydrous  and  pulverulent,  difficultly  soluble  in  cold,  more  so 
in  hot  water.    100  pts.  of  water  at  11*5°  dissolve  -8-1  pt.  of  the  salt. 

The  following  is  a  tabular  arrangement  of  the  characteristics  of  the  isomeric  tolylene- 
diamines : 


Faraortho 

Parameta 

Mctaortho 

Meltin 
Boilin^ 

The 
salt 

g  point 
point 
forms 
contains  . 
100  pts.  W-O] 
dissolve  \ 

90° 
280° 
long  prisms 
2H-0 

6-58  pts.  at  19-5° 

88-5° 

265° 
scales 
liH-G 

9-29  pts.  at  19-5° 

80° 
270° 
powder 

0-8-i  pt.  at  11-5° 

TOZ.VS.USIETHAUES.    See  Tolylcaebamic  Ethers. 
TOS.Yl.-XYX.SSZn'E.    See  Xylidine. 

TOPAZ.  On  the  crystalline  form  of  this  mineral,  see  P.  Groth  (Jahrh.  f. 
Mincralogie,  1870,  624;  Jahresh.f.  Chem.  1870,  1310).  On  its  Pj'roelectric  properties, 
W.  Hankel  (JaAr/j.  /.  Mincralogie,  1871,  287  ;  Chem..  Soc.  J.  [2],  ix.  669).  On  the 
crystallographic  and  chemical  relations  of  Topaz,  Andalusite,  and  Staurolite,  C.  Ram- 
melsberg  (Zcitschr.  Geol  Ges.  xxiv.  87). 
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TOURlVTAIiINE.    A  very  fine  Llack  tourmalino  from  the  granite  of  Gjglio  was 
found  to  have  a  specific  gravity  3'15  and  the  follo-sving  composition  : 
SiO"      APO=    Fe=0="     FeO     CaO     MgO  K=0     B'O'  V 

3671    31-57    9-30    8-51    O'tU    0-49    2-83    070    5-56    1-85  =  98-16. 

This  tourmaline  is  remarkable  for  its  large  percentage  of  ferrous  oxide  (El.  Bechi, 
Jahrh.  f.  Mincralogie,  1872,  95). 

TSSACKITTE.  For  analyses  of  the  trachytes  of  Lake  Laach,  sec  L.  Dressel  {Jahrh. 
f.  Mincralogie,  1870,  569  ;  Jahresb.  f.  Chem.  1870,  1360);  of  the  trachytes  of 
"Auvergne,  see  A.  v.  Lasaulx  {Jahrh.  f.  Mineralogic,  1871,  673;  1872,  171,  281,  337  ; 
Jahresb.  f.  Chem.  1871,  1210;  1872,  1163). 

TRAN-SPIRATIOXT  OF  XZQVZSS.    See  Liquids  (p.  756). 

TRAP.  Vanadium  and  titanium  have  been  found  by  Engelbach  in  the  trap-rocks 
of  the  Ehiiui  district,  and  by  E.  Apjohn  in  those  of  the  Giant's  Causeway,  and  in  one 
fruui  the  Viccntine  territory  in  Italy  {Chem.  News,  xxvi.  183  ;  Chevt.  Soc.  J.  [2],  x. 
IIIG). 

TRXACSTAIMCZBE,  X(COCIi')^    See  AcETAjiiDii  (p.  3). 

TBIACBTYI.-BEKIVAT1VES  OI"  CAR30~HY3»StATES.  See  Cellu- 
lose {1st.  iSiijtj}!.  4)8);  and  the  articles  Glycogen,  Inulin,  Stalch,  and  Sugab,  in 
this  volume. 

TRlAMITffES,  CHROMIC.    See  Chbomium  (p.  336). 

TRZAI«VX.iaEX.A»SXI9-E,  C3H'(C*H")3N",  is  formed,  like  trietliylmelamine 
{1st  SiippL  808),  by  desulphuration  of  amyl-sulphocarbamide.  It  is  a  strongly 
alkaline  syrup,  insoluble  in  water  and  in  hydrochloric  acid.  The  flatinochloride, 
C^Il'(C*II")'N''.2HCl.PtCP,  forms  a  network  of  yellow  crystals  soluble  in  water, 
slightly  solulilc  in  alcohol.  By  lioiling  with  hydrochloric  acid  it  is  decomposed,  with 
evolution  df  animnnia,  (Ilofnianii,  Un'l.  Chem.  Gcs.  Ber.  iii.  264). 

TRZBEWZH-H-UROX-S-XAnaiWE,  N(C'H'^0)»0.    See  p.  155. 

TRZBEWZ-srZ.nTaiAESZIIE.    See  Benzylamine  (p.  182). 

TRZEROIMCK-STDRZW.    See  BROMHYDitiNS  (p.  209). 

TRZBROMO-BIOX-fi-SBIffZOEC  ACZD,  CH^Br^O^.  See  Dioxybenzoic  Acid 
(p.  43.-5). 

TRIBROMO-RESORQirZKrOBTE,  C'HBr'O^    See  Eesoecin  (p.  1042). 
TRZBUXVZ.AinZHE.    Sec  Butylamines  (p.  222). 
TRZCHZ.ORACETA9SZBE.  ^ 

TRICHZiOKACETIC  ACZB.  j-    See  Acetic  Acid  (pp.  9,  10). 
TRZCHX,ORACETOS.U-ISJE.  J 

TRZCKX.ORAI^G£31ACTXC  ACZX),  CCP- CII=CH— CH  5  ^qojj.  An  acid 

produced  liv  Iho  proloiic'cd  action  of  strong  hydrochloric  acid  on  the  corresponding 
cyanhydrin' foniied  by  the  action  of  hydrocyanic  acid  on  crotonic  chloral.  It  melts 
at  40^"  (p.  400). 

TRZCHZ.ORETKYZ.  OXZZ»E,  C'H^CPO.    See  Ethyl  Oxide  (p.  484). 
TRXCHZ.ORETEZVX.ZSSIS'E-BZTOI.'SrZ.AMZnS,     CCP— CH[NH(C'H')]% 
See  TOLYLAMINKS  (p.  1179). 

TRZCHX.ORH'SfSRZM'.    Sop  CliLORiiYnniNS  (p.  319). 

TRSCHOROCROTOBrAIfflEBE.  j 

TRICHLOROCROXOM-IC  ACIB.  i 

T3aiCH10aOPORMEia-E-SU-StPI20CH3:.OMI>S.  On  the  reaction  of  this 
•  •.'liiiM.uii.l  v>illi  p.itassium  sulpliilr,  ,s,t,  Sn.fiiiTF.s  (p.  1135). 

TRICH3.0SS.O-I>IBROM03XriTROETHA3IE,  C-'CPBr'(NO-),  and  TSil- 
CH2.03£OT2£IEI2TROETHA3a-E,  C-Cr'(NO-)-'.    See  Carbon  CllLOiiiDES  (p.  259). 

TKICOBEIWE,  C'"Mt''-''N''0'».    See  Codeine  (pp.  373-375). 

TRIBYMZTE.  This  varii'ty  of  crystallised  silica  {1st  Stippl.  1110)  occurs  but 
rarrly  in  tlic  dldcr  rocks,  or  in  the  newer  rocks  of  .a  comparatively  basic  character  ;  it 
is  fVunid  cliii'i'ly  in  trachytes,  associated  with  sanidiu  and  acid  plagioclases.  It  often 
occurs  with  liornUeude,  rarely  with  augite,  never  (like  quartz)  with  olivin  (F.  Zirkel, 
Poyg.  Ann.  cxl.  492). 


Crotonic  Acid  (pp.  397,  398). 
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TRIEPIC  ACID— TRIMETHACETIC  ACIU. 


A.  Streng  has  found  tridymite  in  the  porphjTito  of  AValdbockelheim,  in  very 
numerous  small  crystals,  exhibiting  the  forms  ooP  and  oP,  as  well  as  the  character- 
istic twin  formations,  and  sometimes  covered  with  octohedrons  of  magnetic  oxide. 
With  regard  to  this  first  observed  occurrence  of  tridymite  in  the  older  rocks,  Streng 
observes  that  the  rock  in  which  it  occurs  is  not  very  acid,  also  that  the  amount  of  silica 
in  the  volcanic  rocks  which  contain  tridymite  does  not  exceed  69  p.  c.  {Jahrb,  f. 
Min.  19,11.,  933;  1872,  265:  Chem.  Soc.  J.  [2],  ix.  128). 

Tridymite  has  been  found  bySandberger  in  small  druses  of  a  coarse-grained  dolerite 
of  the  Frauenberg,  near  Heubach ;  by  H.  Wolf  in  the  trachyte  from  the  neighbourhood 
of  Quito;  by  G.  vom  Eath  very  abundantly  in  the  porous  scoriaceous  trachytes  of  the 
Stenzelberg  in  the  Siebengebirge,  also  in  outcasts  from  Vesuvius  in  the  eruption  of 
1822  ;  by  K.  Hofmann  in  the  pores  of  the  augitic  andesites  of  the  Guttin  and  Roysal 
ranges  (jahresb.f.  Chem.  1872,  1008). 

TBXZiPZC  jflCXB,  An  acid  said  by  Maumene  {Compt.  rend.  Ixxv.  85)  to  be 
formed  by  the  action  of  potassium  permanganate  on  cane-sugar. 

TRXSTHXBS,  STAJSTSZC.    See  Stannethtls  and  TiK  (p.  1159). 

TRXI:T!£YX.&BSXK-x:.    See  Arsines  (p.  107). 

TRXETHirXi-CARBXirOZ.,  C'E'^O  =  (C-H5)5.COH.  This  tertiary  heptyl 
alcohol  is  formed  by  the  action  of  zinc-ethyl  (2  mols.)  on  propionyl  chloride  (1  mol.) 
The  mixture  after  a  few  hours  forms  a  thick  mass,  and  on  decomposing  this  mass  with 
water  and  distilling,  the  alcohol  passes  over,  together  with  an  oily  body  which  remains 
undissolved  when  the  whole  is  treated  with  a  large  quantity  of  water.  The  alcohol  is 
separated  from  the  aqueous  solution  by  means  of  potassium  carbonate,  then  dried  with 
baryta  and  rectified. 

Triethyl-carbinol  is  a  colourless  liquid  having  a  sp.  gr.  of  0'8593  at  0°,  becoming 
viscid  at  — 20°,  and  boiling  at  140°-142°.  It  has  a  camphorous  odour,  and  an 
aromatic  taste,  burning  at  first,  but  afterwards  cooling.  By  oxidation  with  chromic 
acid  mixture  it  yields  a  hydrocarbon  which  unites  with  bromine,  and  probably  consists 

of  heptylene,  C'H"  =  c|q^'^jj-3.    Acetic  acid  was  also  formed,  together  with  a 

more  highly  carbonated  acid  (propionic  acid).  Diethylketone  does  not  appear  to  be 
formed  (Nahapetian,  Zcitschr.  f.  Chem.  [2],  vii.  274). 

TRZETHYli-METHANE,  CH(C=H=)3.  A  modification  of  heptane,  produced  by 
the  action  of  zinc-ethyl  and  sodium  on  orthoformic  ether.  The  crude  product  is  frac- 
tionated, the  portion  distilling  at  about  100°  is  agitated  with  sulphuric  acid,  and  the 
undissolved  portion  is  washed,  dried,  and  rectified.  Triethylmethane  thus  obtained  is 
a  colourless  liquid  having  a  faint  odour  of  petroleum,  a  sp.  gr.  of  0-689  at  27°,  and 
boiling  at  96°.    Vapour-density  =  101-5°  (Ladenburg,  Bcut.  Chem.  Ges.  Ber.  v.  752). 

TKXBTHVIi-PHOSPHXirz:  OXIDE.    See  Fhosfhixes  (p.  953). 

TS£XETHVX.-PYKOPHOSPHOSTrX.PHOBBOiaXBE,  P=S^(0C-ff)3Br.  See 

SULPHOFHOSPHOBIC  EtIIEES  (p.  1123). 

TRXBTKYli-SXIaXCOXi.    See  Silicic  Ethehs  (p.  1083). 

TBXSXH'SrXiSiriiPHXIl'S  PBRIOSIDE.    See  Iodides  (p.  678). 

THXeEWXC  A.CXB.  The  trigenic  acid  of  the  allyl  series,  C'H'N'O',  is  formed 
liy  the  action  of  cj'anic  acid  on  acrolein  (p.  26). 

TBICXg-S-COXIiAMXC  ACXB.  On  the  constitution  of  this  acid,  see  Heintz 
(J.  jir.  Chem.  [2],  iii.  69,  120  ;  Chem.  Soc.  J.  [2],  ix.  236)  and  Claus  {J.  'pr.  Chem.  [2], 
iii.  123). 

TRIMETHACETIC  ACXB,  C^H^'O-  =  C(CH^)'.CO=H  (Butlerow,  Beut.  Chem. 
Ges.  Bcr.  v.  478).  This  acid  is  best  prepared  by  acting  on  tertiary  butyl  iodide, 
C(C11^)^J,  with  mercuric  cyanide,  whereby  tertiary  butyl  cyanide  is  produced : 

C(CH^)»I  +  Hg(CN)^'  =  HglCN  +  C(CH')»CN, 

digesting  tliis  cyanide  with  alcoholic  potash,  and  decomposing  the  resulting  potassium 
salt  with  sulphuric  acid.  By  dehydrating  the  distillate  with. phosphoric  anhydride, 
trimethacetic  acid  is  obtained  as  a  vitreous  mass  intersected  by  crystals.  It  melts  at 
34°-35°,  and  boils  at  161°  ;  is  not  deliquescent,  but  dissolves  slowly  in  water.  The 
hari'um  salt,  (C'*H''0^)^Ba-i-  5H-0,  is  easily  soluble,  and  crystallises  in  stellate  needles. 
The  silver  salt,  C^H'O^Ag,  crystallises  from  aqueous  solution  iu  laminae,  from  an  acid 
solution  in  small  needles,  a  reaction  by  which  it  is  distinguished  from  the  silver  salt 
of  ordinary  valeric  acid. 


TRIMETHYL-CARBmOL— TRONA.  1183 

TRlMETHYI-CARBIirOI.,  C(C1I-')^C0II.    Sco  Butyl  Alcohols  (p.  219). 

TIlIMI5THiri,EIffE  GI.-H-COS.  ;inil  ETHEKS.  Tho  bromide,  C^ir'Br',  is 
foniKid  hy  the  iiel  ion  of  hjclrobi-omic  acid  on  all^yl  bromide  (p.  40).  See  Propylkne- 
COMPOUNDS  (pp.  1017,  1020). 

TRIBHETHYI-ETHYI-METHAIfE,  CTI"  =  C  This    form  of 

liexane,  ].r()dace.l  hy  I  he  ■•ictioii  of  ziiic-ethyl  on  tertiary  butyl  iodide,  is  a  colourless 
liquid  boiling  between        and  iS°,  and  having  u  vapour-density  =2-917. 

TRIMETHYli-PHEWYSiAiaMOBriUM    lOSXBE,   (CH^)XC'=H')N.I.  On 

tho  formation  of  dimetliyltoluidines  bv  tile  .-letioii  of  lieat  on  this  compound,  seo 
Amines  (p.  57). 

TRIlWETHYI.-TOI.Yl.il.lWlWOmtJ'M  lOBIBE,  (CH^)(C=IP)N.I  (p.  58). 

TRXSriTRO-AZOBEUZEME.  AVhen  cry.stals  of  azobenzeno  arc  dissolved  iu 
nitric  acid  of  sp.  gr.  1-5,  and  the  snhition  is  boiled,  sulphur-yellow  crystals  of  triuitro- 
azoxylienzene,  C'-H'(N(  )-)'X(  ),  :.>-r,iihially  separate  out,  and  afterwards  needles  of 
trinitro-azobenzeno,  C'-ir(N(,)-)'X,  which  melt  at  112°  (PetrielF,  ZcjYsc/^-. /.  Chcm.  [2], 
vi.  564). 

TRXNITRO-CKESOTIC  ACZB,  C''H^(NO-);0".  This  is  the  composition  of 
nitrococctisic  acid,  tho  product  of  tho  action  of  nitric  acid  on  carminic  acid.  See 

COCHLXEAL  (p.  307). 

TRISTKERXTB.  A  fossil  icsin  occurring  in  the  Eocene  lignite  of  Carpano,  near 
Albona  in  Istria,  in  tliick  transparent  and  translucent  masses,  having  a  fatty  lustre 
and  hyacinth-red  to  chestnut-brown  colour,  It  has  a  flat  conchoidal  fracture,  and  is 
often  traversed  by  parallel  clefts.  Hardness  =  1-5  to  2;  sp.  gr.  =  1'026.  Becomes 
strongly  electric  when  rubbed.  Melting  point  168°-180°.  AVhen  heated  it  gives  off" 
pungent  vapours  rich  in  hydrogen  sulphide.  It  is  insoluble  in  water,  sparingly  soluble 
in  ether  and  in  alcohol,  perfectly  soluble  in  hot  benzene.  An  analysis  by  H.  Hlasi- 
wetz  gave,  without  any  ash,  the  numbers  a  (Tschermak,  J.  ^jr.  Chem.  [2],  ii.  258). 

Trinkerite  has  also  been  found  by  Niedzwiedzki  {Jahrb.  f.  Mincralogie,  1871,  641) 
in  flat  lumps  imbedded  in  a  carbonaceous  marl  at  Gams,  near  Hieflau  in  Styria.  An 
analysis,  also  by  HIasiwetz,  gave  the  numbers  h. 

C  n  O  S 

a.  .       .    81-1  11-2  3-0  4-7  =  1I>0 

b.  .       .    81-9  10-9  3-1  4a  =  100 

The  composition  does  not  diifer  mucli  from  that  of  Tasmanito  (v.  698)  (Tschermak, 
J.jir.  Chem.  [2],  ii.  258). 

A  resin,  intermediate  between  retinito  and  trinkerite,  occiuTiug  in  the  lignite  of 
Agka,  in  tho  Bakonyer  forest,  Veszprimer  Comital,  Hungary,  consists,  according  to 
HIasiwetz,  of  81-59  0.,  10-20  H.,  1-87  S.,  and  6-34  0.  (=  100). 

TRXOXYASXPXC  ACXB,  f  :'^lt"'0".    .See  Adipic  Acid  (p.  29). 

TRXOXYBROIWXC,  TRXOXYCKIiORXC,  and  XRX03CYI0BXC  AGXSS. 
These  names  are  given  by  Kiimnierer  to  Bromic,  Chloric,  and  Iodic  ;\.cids  (^i.  592). 

TRXOXYSJ-APHTKA.X.EIO'E,  C'E^O'.    See  Naptuols  (pp.  841,  842). 

TRXOXY^APHTKAQVXMOKTE,  C'"H«0^    See  Naphthaquinonb  (p.  837). 

TRXPHEN-YXiAMXITE,  N(C«ff)-'.    Seo  PuEKYLAmxES  (p.  946). 

TRXPHEKYIi-EXURET,  C-»H"N30^.    See  Biuret  (p.  193). 

TRIPHEN-YX.-niETHAITE,  CH(C''H5)^    Sec  Phenylmethaxes  (p.  948). 

TRXPHEM'YX.ROSAWXXiXXe'E-SUZ.PHOUXC  ACXX»,    Seo  Aniline  (p.  77). 

TRISAI.SGEIfO-SAS.XGEWI3S-,    C--''Jr-"(>"'       4C'IP0-  -  3H-0.     See  S.iLi- 

GENIN  (p.  f^57). 

TRISAX.XCYX.O-SAX.XCYZ.IC  ACXB.    Seo  Salicylic  Anhydrides  (p.  1067). 
TRXSVX.PH03CYAZATES.    Seo  Sulphazotisbd  Acids  (p.  1111). 
TRXTHXONXC  ACXB.    Sec  SuLpnrR,  Oxygen  Acids  of  (p.  1141). 
TRXTICUIW.    On  the  constituents  of  the  rhizomes  of  Triticum  re]^cns,  see 
Ludwig  a.  Miiller  {Areh.  Plmrm.  [2],  el.  132;  Chcm.  Soc.  J.  [2],  x.  840). 

TROGERXTE.    See  Uranic  Arsenates  (p.  1190). 

TROSTA.  0.  Popp  (Ann..  Ch.  Tharm..  elv.  348)  has  analysed  three  sorts  of 
Egyptian  Trona  :  a,  small  transparent  xjrisnuitic  crystals,  having  nearly  the  com- 
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TUNGSTEN. 


position  2Na-0.3CO-  +  4H"0 ;  h  and  c  very  impure  saline  masses,  -witli  few  or  uo 
distinct  crystals  : 

2Na=0.SC0=     Na=O.SO"         NaCl        CaO.SO'        II-'O  Insul. 

64-3            1-5            8-4           1-3         22-5  1-6j  =  99-63 

32-2           24             33'3           —           8-87  I'S.j  =  09-72 

2G-lo         66-66           2-63          —          4-05  0-40  =  09-80 
See,  further,  Carbonates  (p.  268). 

TUPA.  On  tlie  composition  of  the  tufas  of  Ichia,  see  C.  W.  Fuchs  {JaJirh.  f. 
Mineralogic,  1873,  429;  Jahrcsb.f.  Chem.  1872,  1168). 

TUSTSffSTBIf.  Atomic  Weight,  184. — Very  exact  experiments  on  this  metal  and 
its  compounds  have  lately  been  made  by  Eoscoe  {Proceedings  of  the  Lit.  and  Phil.  Soc. 
of  Manchester,  January  23,  1872 ;  abst.  CJiem.  Soc.  J.  [2],  x.  286). 

Metallic  Tungsten. — Tungstic  oxide  -was  prepared  by  decomposing  commercial 
crystallised  sodium  tungstate  with  hydrochloric,  acid,  dissolving  the  washed  precipitate 
in  ammonia,  and  igniting  the  recrystallised  ammonium  salt  in  an  open  crucible. 
Tungstic  oxide  thus  obtained  is  a  heavy  powder,  having  a  canary-yellow  colour  at 
ordinary  temperatures,  but  acquiring  a  dark  orange-colour  when  heated.  The  smallest 
admixture  of  sodium  salt  gives  it  a  greenish  colour ;  the  same  tint  is  also  imparted  to 
it  by  the  action  of  light,  which  occasions  a  partial  reduction.  The  pure  metal 
obtained  by  heating  this  oxide  to  bright  redness  in  a  platinum  or  porcelain  tube 
througli  which  a  stream  of  hydrogen  is  passed,  is  a  granular  powder  having  a  light 
grey  colour  and  strong  lustre.  By  oxidation,  it  increases  in  weight  by  26-01  p.c;  the 
atomic  weight,  184,  requires  an  increase  of  26-09  p.c. 

To  obtain  exact  determinations  of  the  atomic  weight,  the  trioxide  prepared  from 
tlie  oxyehloride,  to  be  presently  described,  was  ignited  in  a  platinum  disli  and  then 
reduced  by  heating  it  in  a  stream  of  hydrogen.  The  atomic  weight  thence  deduced 
was  183'84.  Secondly,  the  hexchloride,  WCl",  was  heated  in  a  stream  of  hydrogen, 
the  resulting  hydrochloric  acid  was  determined,  and  the  residual  metallic  tungsten 
weighed.  This  experiment  gave  W  =  184-25,  the  mean  of  which  and  the  preceding 
number  is  184-04. 

Chlorides.  The  hexchloride,  WCl",  is  formed  by  the  action  of  chlorine  on 
metallic  tungsten,  at  a  moderate  heat,  the  combination  being  attended  with  ignition. 
The  chlorine  must  be  perfectly  dry  and  free  from  oxygen,  otherwise  oxyehloride  will  be 
formed  at  the  same  time,  which  it  is  not  possible  to  separata  from  the  chloride.  The 
pure  hexchloride  forms  a  black- violet,  crystalline  sublimate,  which,  when  considerable 
quantities  are  distilled,  condenses  in  dark-red  drops.  The  solidified  mass  decrepitates 
when  cold  ;  when  pure,  it  does  not  alter  in  contact  with  moist  air,  but  if  the  slightest 
trace  of  oxyehloride  is  present,  it  absorbs  moisture  and  decomposes.  Water  does  not 
act  on  the  pure  chloride  at  temperatures  below  60°,  but  the  impure  chloride  is  im- 
mediately decomposed  by  water  even  in  the  cold,  into  hydrochloric  acid  and  yellow  (or 
greenish-yellow)  oxide.  The  chloride  dissolves  very  easily  in  carbon  sulphide,  and 
separates  out  on  cooling  or  evaporation  of  the  dark  red-brown  solution,  in  brown 
hexagonal  crystals.  It  melts  at  275°  (corr.),  but  the  smallest  contamination  with  oxy- 
ehloride lowers  the  melting  point  by  nearly  100°.  It  solidifies  at  270°  and  under  a 
pressure  of  759  mm.,  boils  constantly  at  346-7°.  The  vapour-density,  determined  in 
sulphur-vapour  (440°)  was  =  168-8;  (H  =  1)  in  mercury-vapour  (350°)  =  190-9. 
The  calculated  value  is  198-5.  Hence,  it  appears  that  dissociation  takes  place 
between  350°  and  440°,  and,  in  fact,  direct  experiments  indicated  a  resolution  of  the 
hexchloride  into  pentachloride  and  free  chlorine.  This  may  explain  the  result 
obtained  by  Deville,  who  found  the  vapour-density  to  be  164-3  (at  350°),  which  was 
regarded  as  supporting  the  view  suggested  by  Persoz,  that  tungsten  is  a  pentad 
element  with  the  atomic  weight  Tu  =  153-3,  its  highest  chloride  being  accordingly 
represented  by  the  formula  TuCl^  (v.  899). 

Pentachloride,  WOP. — This  compound  was  prepared  by  partially  reducing  the 
liexchloride  at  a  low  temperature  in  a  current  of  hydrogen,  and  then  distilling  oif  the 
volatile  pentachloride  from  the  non-volatile  tungsten-compounds  containing  (dess 
chlorine,  formed  at  the  same  time.  It  crystallises  in  black,  shining,  highly  deliquescent 
needles,  which  melt  at  248°  and  boll  at  275-6°.  Vapour-density,  obs.  =  182-8  (in 
mercury-vapour) ;  calc.  =  180-7. 

Tetrachloride  and  Bichloride. — The  tetrachloride,  WCl-*,  forms  the  non- 
volatile residue  produced  in  the  distillation  of  the  hexchloride  in  hydi-ogen,  provided 
that  the  temperature  has  not  been  allowed  to  rise  too  high.  It  is  a  soft,  crystalline, 
highly  hj'groscopic  powder,  of  a  greyish-brown  colour;  is  decomposed,  when  strongly 
heated,  into  the  volatile  pentachloride  and  dichloride  wliich  remains  behind.  The 
dichloride,  WC1-,  is  a  loose  grey  powder,  without  lustre  or  crystalline  structure.  It 
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is  not  permanent  in  the  air,  is  dissolved  in  small  quantity  by  water,  but  the  greater 
part  is  decomposed  into  brown  oxide  (WO^),  and  hydrochloric  acid.  It  reduces 
nitric  acid,  forming  ammonium  nitrate: 

2AVCF  +  HNO^  +  3R-0  =  2W0^  +  4HC1  +  NH^ 

Oxy chlorides. — The  wzojioj-^c^forirZc,  WOCl*,  is  obtained  by  passing  the  vapour 
of  the  penta-  or  hex-chloride  over  the  heated  oxide  or  dioxychloride  in  a  current  of 
chlorine.  It  occurs  in  beautiful  ruby-red  crystals,  which  melt  at  210-4°,  and  yolatilise 
a  t  227"5°,  and  on  exposure  to  air  become  at  once  coated  with  a  yellow  crust  of  the 
dioxychloride.  Vapour-density  in  sulphur-vapour  =  171'5°;  in  mercury- vapour 
=  173°;  calc.=  171. 

The  dioxychloride,  "VVO^Cl",  is  best  obtained  by  the  action  of  chlorine  on  the  brown 
dioxide.  It  sublimes  at  a  moderate  heat,  without  previous  fusion,  in  light  yellow, 
shining,  four-sided  laminae,  partly  decomposing  however  into  trioxide  and  monoxy- 
cliloride. 

Bromides.  By  the  action  of  excess  of  bromine  on  tungsten,  a  jyenta-  and  not  a 
hexbromide  is  obtained.  The  crystals  of  the  pentabromide,  WBr*,  have  a  dark  metallic 
lustre,  resembling  iodine ;  they  undergo  a  slight  decomposition  by  keeping,  bromine 
being  liberated.  When  the  pentabromide  is  heated  to  350°  in  a  current  of  hydrogen, 
the  dibromidc,  WBr-,  is  produced.  Some  slight  indication  of  the  formation  of  the 
compound  WBr'  was  also  observed,  but  it  was  not  isolated. 

Oxyhromides . — The  oxybromides,  WOBr^  and  WO'-Br=,  closely  resemble  the 
oxychlorides,  and  are  prepared  in  a  similar  manner. 

Xodide,  WI-.  Tungsten  appears  to  form  but  one  compound  with  iodine,  the 
diiodidc,  which  is  produced  when  iodine  vapour  is  passed  over  heated  metallic 
tungsten,  or  over  the  brown  oxide.  It  is  a  somewhat  unstable  compound,  losing  its 
iodine  when  heated  in  the  air,  and  becoming  converted  into  tungstic  acid. 

TUSSBSEKIC.    On  the  colouring, matter  of  turmeric,  see  Cuecumin  (p.  403). 

TUKFEMTIBTB  OIXi.  On  the  action  of  pliosphonium  iodide  on  turpentine  oil, 
see  Hydkocareons  (p.  667). 

On  the  formation  of  Cymene  from  turpentine  oil,  see  Cyiienb  (p.  419). 

The  converse  reaction  does  not  appear  to  have  been  effected.  According  to 
Louguinine  {Dent.  Ckem.  Ges.  Ber.  v.  730),  cymene  is  not  converted  into  turpentine 
oil,  cither  by  the  action  of  sodium-amalgam  on  a  solution  of  turpentine  oil  in  aqueous 
alcohol  mixed  with  a  little  ether,  or  by  adding  sodium  to  its  alcoholic  solution. 

On  the  chemical  relation  of  phosphorus  to  turpentine  oil,  and  the  action  of  the 
latter  as  an  antidote  in  phosphorus  poisoning,  see  Kohler  a.  Schimpf  {Chem.  Centr. 
1872,  294;  Jahrcsh.  f.  Chem.  1872,  242;  Chem.  Sac.  J.  [2],  xi.  179). 

TTUTU.    See  CoEiAEiA  (p.  391). 

TYRITE.  This  mineral,  from  Helle  near  Arendal,  has  been  analysed  by  Eammels- 
bcrg  {Dcuf.  Chem.  Gcs.  Ber.  iii.  926). 

Nb"0=       SnO"       YO        CeO        LaO   DiO      FeO        U0=        CaO  H^O 

45-00      1-05      30-0      5-74  3-51        1-48      6-62      2-46      4-88  -  100-54. 

See  also  Tantalates  (p.  1146). 

T^-ZSOSIITB.  According  to  Bechamp  {Comin.  rend.  Ixxiv.  115,  184),  this  substance 
is  formed,  together  with  leucine,  in  alcoholic  fermentation  induced  by  beer-yeast. 


u 


'U'X.IiAXAra'ia'XTE.  Antimonial  and  Arsenical  NicJcel-glance  (iv.  43). — Hemihedral 
crystals  of  this  mineral  from  Lolling  in  Carinthia  have  been  examined  by  Zepharovich 

{Wiai.  Al-ad.  Ber.  [1  Abth.],  Ix.  809).    They  exhibit  the  faces  +  ^,  a.0,  + 

'S^.  axiA.^.    Sp.gr.  —  6-54  — 674.    An  analysis  by  W.  Gintl  gave  the  values  A, 

which  when  corrected  for  admixed  metallic  bismuth  and  galena  gave  those  in  B.  The 
Ind  St'f.  4  G 
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formula  NiS.Ni(Sb  ;  As),  siipposicg  of  the  antimony  to  be  replaced  by  arsenic, 
requires  the  valuea  C  : 


Sb 

As 

Ni 

Bi  Pb 

A. 

15-22 

50-53 

3-10 

27-38 

3-80 

=  100-12 

B. 

15-73 

62-56 

3-23 

28-48 

=  100 

C. 

15-36 

52-71 

3-60 

28-32 

=  100 

Tin-white  to  steel-grey  ullmannite  from  the  micaceous  clay  slate  of  the  Einkeberg 
in  Carinthia  exhibits  the  faces  ooOoo,  c»0,  and  cleaves  parallel  to  the  cubic  faces. 
Sp.  gr.  =  6-63.    Its  analysis  gave 

S  Sb  As  Ni* 

15-28       66-07       6-9i       27-50    =  99-79. 
»  With  traces  of  cobalt. 
(M.  V.  Lill,  Jahrb.f.  Min.  1871,  641). 

Ullmannite  free  from  arsenic  occurs,  with  spathic  iron  ore,  in  clefts  of  the  limestone 
near  Waldstein,  in  Carinthia,  usually  in  laminar  or  granular  aggregates,  rarely  in 
crystals.  The  crystals  exhibit  the  combination  ooOot  .0.  coO,  without  any  indication 
of  hemihedral  forms.  Decomposition  and  mutual  action  of  the  mineral  and  the 
ground-mass  is  indicated  by  the  presence  of  a  calcic  antimonate,  3Ca0.2Sb'^0^  +  6H-0, 
■which  occurs  on  the  vein,  partly  as  a  greenish  earthy  mass,  partly  in  pseudomorphous 
crystals  of  the  form  above  described  (Kumpf  a.  Ullik,  Jahrl.f.  Min.  1870,  355). 

TJI.TKAHa:ii.KIB3-E.  On  the  composition  of  Ultramarine,  see  Fiirsteuau  {Dingl. 
pol.  J.  cci.  176  ;  Jahrcsh.f.  Chem.  1871,  1019) ;  Stein  {J.pr.  Clicm.  [2],  iii.  39 ;  Chem. 
Soc.  J.  [2],  ix.  166;  Jahrcsh.  1871.  1020).  On  the  blue-burning  of  ultramarine  direct 
from  the  raw  mass  :  Fiirstenau  {Bingl.  cii.  446  ;  Jalirasb.  1871,  1019).  On  the  sup- 
posed incapability  of  Potash  to  form  Ultramarine;  Stein  {J.pr.  Chem.  [2],  iii.  137; 
Chem.  Soc.  J.  [2],  ix.  451). 

TTBIBBIiailPSSlOWE,  C''H''Ol  From  experiments  by  Kachler,  reported  by 
Hlasiwetz  {Bciit.  Chem.  Gcs.  Ber.  [2],  ix.  850),  it  appears  that  umbelliferone,  heated 
to  100°  with  acetyl  chloride,  is  converted  into  monacetyl- umb elliferoue, 
C''H^(C-H^O)0',  wdiieli,  after  recrystallisation  from  dilute  alcohol,  forms  small  colour- 
less needles,  nearly  insoluble  in  watex-,  easily  soluble  in  warm  alcohol,  and  fluor- 
escent, though  somewhat  less  strongly  than  pure  umbelliferone. 

Umbelliferone  boiled  with  strong  potash  yields  resorcin,  together  with  carbonic 
and  formic  acids.    Hlasiwetz  represents  it  by  the  formula  C'*H^(CH.O)-(C.OH). 

URAmiBOBBSXZOSC  ACID,  C^H^N^O'.  This  acid,  discovered  by  Griess  {\st 
Sajipl.  318),  may  bo  produced  by  melting  together  urea  and  amidobenzoic  acid : 

C'H'NO^  +  COHW  =  NH3  -f  C'H'N^O' 

and  its  etliylic  ether  in  like  manner  by  fusing  urea  with  ethylic  amidobenzoate  (see 
Benzoic  Acid  Derivatives,  p.  166). 

la-itro-uramiclolbiemzoic  Aoi^s  (Griess,  J.  pr.  Chem..  [2],  v.  227 ;  Bent.  Chem. 
Ges.  Ber.  v.  192;  Proc.  Hoy.  Soc.  xx.  168).  The  dini  tro-uramidobenzoic  acid, 
C^H''(NO^)-0^,  formed  by  the  action  of  strong  nitric  acid  on  uramidobenzoic  acid  (\st 
Stippl.  318),  is  a  mixture  of  three  isomeric  acids,  which  cannot  be  separated  from  each 
other,  owing  to  the  great  similarity  of  their  properties. 

When  the  solution  of  the  three  dinitro-acids  in  aqueous  ammonia  is  boiled  for  some 
time,  they  are  converted  into  the  mono-nitro-acids  : 

C«H«N^O'  +  JT-O  =  C'H'N^Os  +  HNO'. 

By  adding  barium  chloride  to  the  hot  solution  on  cooling,  the  barium  salt  of  the 
jS-acid  is  separated  in  needle-shaped  crystals.  On  concentrating  the  mother-liquor  of 
this  salt  by  evaporation,  the  salt  of  the  a-acid  separates  in  microscopic  needles ;  the 
barium  salt  of  the  third  acid  is  obtained  by  boiling  the  mother-liquor  from  the 
previous  salt  to  dryness,  and  washing  the  residue  with  water.  It  crystallises  from 
hot  water  in  bright  yellow  scales. 

The  three  acids  set  free  from  the  barium  salts  by  means  of  hydi-ochloric  acid  have 
the  following  properties : 

a-Nitro-uramidnhcngoic  acid,  CTI'(NO^)N^O^,  crystallises  in  bright  yellow  needles 
or  small  plates  ;  it  is  very  slightly  soluble  in  cold  water,  sparingly  in  hot,  and  freely 
in  hot  alcohol. 

^-Nitro-tiramidobenzoio  acid  crystallises  in  slender  yellow  needles,  and  is  also  much 
more  freely  soluble  in  alcohol  than  in  water. 
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•)-Nitro-iiramidoben::oic  acid  is  very  slightly  soluble  in  all  neutral  solvents,  and  forms 
small  yellow  scales.  When  the  free  acid  and  its  salts  are  boiled  with  water  for  a 
considerable  time,  the  following  decomposition  takes  place : 

CH'N'O^  +  H^O  =  C'H^N^O*  +  CO^  +  NH^. 

The  a-  and  jS-acids  are  reduced  by  tin  and  hydrocliloric  acid  to  the  amido-acids. 
a.-Amido-wra'inidobcmoicacid,  C'H'(NH-)N^O',  is  but  slightly  soluble  in  hot  water,  and 
less  so  in  alcohol;  it  forms  a  white  silver  salt,  CffN'O^Ag,  and  a  hydrochloride, 
C''I1''N'0^.HC1,  which  is  almost  insoluble,  even  in  very  dilute  hydrochloric  acid. 
fi-Amido-uramidohemoio  acid  is  very  little  soluble  in  water,  and,  curiously  enough, 
does  not  combine  with  acids,  but  forms  metallic  salts  having  the  formula 
C^H'N'O'M'.  On  boiling  this  acid  with  hydrochloric  acid  or  baryta-water,  it  gives 
off  ammonia,  and  a  new  acid  is  formed,  which  may  be  regarded  as  amidobonzoic  acid, 
in  which  one  atom  of  hydrogen  is  replaced  by  (CO)N,  and  may  therefore  be  called 
fi-amidocarhoxamidobensoic  acid,  C'H*(NH-)(CO(N))0'-' ;  this  acid  forms  white  nodules 
insoluble  in  all  neutral  solvents. 

7-Nitro-uramidobenzoic  acid  is  not  reduced  by  the  action  of  tin  and  hydrocliloric 
acid,  but  undergoes  the  following  decomposition  : — 

C'H'N'O*  +  H«  =  CHON^C  +  NH^  +  2H=0. 
The  new  compound  is  y-amidocarboxamidobcmoic  acid.    It  forms  white  needles,  Avhich 
are  almost  insoluble  in  water,  alcohol,  and  ether. 

By  the  action  of  nitric  acid,  the  mononitro-acids  are  again  converted  into  the 
dinitro-acids,  which  can  thus  be  obtained  in  the  pure  state.  They  closely  resemble 
one  another,  forming  yellowish  white  needles,  which  are  readily  soluble  in  alcohol  and 
ether,  but  scarcely  soluble  in  cold  water.  The  barium-salts  of  the  a-  and  /8-acids  are 
very  sparingly  soluble  ;  that  of  the  former  crystallises  in  microscopic  needles,  that  of 
the  latter  is  amorphous.  Barium  y-dinitro-airamidobenzoato  is  somewhat  more  readily 
soluble,  and  forms  long  slender  yellow  needles. 

The  three  dinitro-acids  are  converted  into  the  corresponding  nitro-amido- 
benzoic  acids,  when  their  aqueous  solutions  are  boiled  for  a  considerable  time  : 
C»H°N'0'  =  C'H«N'0«  +  CO"-  +  N^O. 

a-Niiro-amidobemoic  acid,  C'H''(NO^)(NH^)0^  is  readily  soluble  in  hot  alcohol,  but 
only  sparingly  soluble  in  water,  and  forms  yellow  prisms.  The  barium  salt, 
(C'fl*iS['^0<)^Ba  -I-  3H^0,  crystallises  in  yellowish-red  needles,  and  is  readily  soluble  in 
■water. 

fi-Nltro-amidobensoic  acid  crystallises  from  hot  alcohol  in  clusters  of  glistening, 
yellowish-red  needles,  or  small  plates.  When  gently  heated  it  sublimes  in  shining 
rhombic  plates,  without  previous  melting.  Its  barium  salt,  (C'H^N-O')-Ba  +  2H'0, 
is  only  .slightly  soluble  in  boiling  water,  and  crystallises  in  briglit,  yellowish  rod 
prisms. 

y-Nitro-amidobeneoic  acid  is  very  readily  soluble  in  hot  water  and  in  cold  alcohol  and 
ether.  It  forms  yellow  prisms,  which  melt  when  heated  to  a  brown  oil,  and  decom- 
pose with  slight  explosion  at  a  higlier  temperature.  The  barium  salt,  (C'H^N'-O')-Ba 
-1-  7H"0,  is  easily  soluble,  even  in  cold  water. 

On  gently  warming  these  three  nitro-aniido-acids  with  tin  and  hydrocliloric  acid, 
thecorrespondingdiamido-acids  are  formed.  a-Diamidchcnzoio  acid,  C'li'(NTr-)-0'', 
is  sparingly  soluble  in  hot  water,  and  crystallises  in  minute  but  well-defined  short 
prisms.  It  is  remarlcable  for  the  extremely  sparing  solubility  of  its  sulphate, 
C'H'N^G^.SO'ff-. 

The  ^-diamido-acid  is  rather  readily  soluble  in  hot  water,  and  forms  pale  yellow 
plates.  Its  sulphate  has  the  composition  [C'H^(NH^)=0-]^SO*H-,  and  is  a  little  more 
soluble  than  that  of  the  a-acid.  The  y-acid  crystallises  in  long,  yellowish-wliite 
needles;  the  sulphate,  (C'I18N»0-)'S0^H=  -i-  UH^O,  forms  white,  six-sided  tables,  and 
is  almost  as  insoluble  as  that  of  the  a-acid. 

When  the  a-dianiido-acid  is  dissolved  in  warm,  dilute,  hydrochloric  acid,  iusufS- 
cicnt  to  dissolve  the  whole,  and  the  filtered  solution  is  mixed  with  sodium  nitrite,  an 
explosive  compound,  crystallising  in  long  needles,  is  formed.  This  body  has  no  acid 
properties,  but  combines  readily  with  acids,  forming  well-crystallised  salts.  Its 
formula  is  probably  C'^H'^N^O^  In  presence  of  free  hydrochloric  acid,  this  basic 
compound  is  not  formed,  but  nitrogen  is  evolved,  and  an  amorphous  reddish-brown 
acid  is  deposited. 

The  hydrochlorides  of  the  two  other  amido-acids  behave  differently  with  sodium 
nitrite;  they  both  yield  azo-acids.     That  from  the  /3-compound  is  very  sparingly 
soluble  in  wate^.,  and  forms  white,  short  needles,  -which,  when  heated  in  the  dry  state, 
melt  and  blacken,  a  small  portion  subliming,  but  the  greater  jMrt  being  completely 
4  a  2 
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decomposed.  The  barium  salt,  (C'H^N'O^j'Ba  +  4H-0,  is  readily  soluLle  in  hot 
•water,  and  crystallises  in  slender,  colourless  needles.  The  y-azo-acid  crystallises  in 
long,  hair-like,  silky  needles.  It  is  more  soluble  than  the  ;8-acid ;  when  gently  heated 
it  melts  to  a  yellow  oil,  with  partial  sublimation  ;  at  a  higher  temperature  it  decom- 
poses, with  a  slight  explosion.  The  white  needles  of  its  barium  salt,  (C'ff  N'0^)-Ba 
+  2H-0,  are  only  sparingly  soluble  in  hot  water. 

When  either  of  the  diamido-acids  is  submitted  to  dry  distillation,  it  splits  up  into 
carbon  dioxide  and  a  phenylene-diamine.  That  from  the  a-acid  is  identical  with 
the  diphenylamine  which  is  obtained  from  the  nitroaniline  prepared  from  substituted 
anilides.  The  /3  and  7-acids  yield  one  and  the  smne  phenylene-diamine,  which,  how- 
ever, is  not  identical  with  that  derived  from  dinitrobeuzene,  but  is  a  new  isomeric 
modification.  It  crystallises  from  hot  water  in  white,  rectangular,  four-sided  tables, 
melting  at  99°,  and  boiling  at  about  252°.  The  sulphate,  C<'H'(NH-)2SO''H2  +  liH-0, 
crystallises  in  pearly  scales.  The  platinum  salt  is  precipitated  in  the  form  of  brownish- 
red  needles.  When  ferric  chloride  is  added  to  a  solution  of  the  base  in  hydrochloric 
acid,  ruby-red  needles  are  formed,  consisting  of  the  hydrochloride  of  a  new  base,  which 
probably  has  the  composition  C'-II"N*. 

There  is  a  fourth  diamidobenzoic  acid  known,  which  Voit  has  obtained  by  reducing 
dinitrobenzoic  acid.  This  body  is  distinguished  from  its  isomerides,  not  only  by  its 
physical  properties,  but  especially  by  not  yielding  a  volatile  base  when  submitted  to 
distillation,  being  completely  carbonised,  with  evolution  of  ammonia. 

VRAiaXDODIN'ITROPHEia'irX.XC  ACIB,  C'E'^N'O" 

C'H'[(COH3)N=]'(NO^)20  (Griess,  J.  pr.  Chcm.  [2],  y.  1).  When  picramic  acid  is 
added  to  an  equal  weight  of  melted  lu-ea,  ammonia  is  evolved,  and  the  whole  soon 
solidifies  to  a  brown  mass;  and  on  dissolving  this  mass  in  dilute  ammonia,  and  adding 
hydrochloric  acid  to  the  solution,  uramidodinitrophenylic  acid  is  precipitated,  and  may 
be  purified  by  repeated  crystallisation  from  boiling  water.  Its  formation  is  thus  re- 
presented : — 

C6H5N305  +  COH^N=  =  C'H^N^O"  +  H^N. 

Uramidodinitrophenylic  acid  dissolves  with  difficulty  in  boiling  water,  and  crystal- 
lises out  on  cooling  in  long  narrow  plates  of  a  bright  yellow  colour.  It  is  readily  soluble 
in  hot  alcohol,  and  yields  crystalline  salts  with  bases.  Its  barium  salt  forms  blood-red 
needles,  and  its  silver  salt,  C'H'*N^O°.Ag,  is  a  reddish-yellow  amorphous  precipitate. 

Amido-tiramidonitrophcmjUc  acid,  C'H^N^O^  =  C«H'(NH2)  |^^?|n-J '(J^0=)0,  is 

prepared  from  the  acid  just  described  by  treating  it  with  ammonium  sulphide.  The 
blood-red  solution  is  carefully  decomposed  by  hydrochloric  acid,  and  the  precipitate 
treated  with  hot  water.  After  separation  of  the  sulphur  by  filtration,  the  solution  is 
first  rendered  alkaline  by  ammonia,  and  then  acidified  witli  acetic  acid.  The  acid  thus 
obtained  crystallises  in  reddish-brown  needles,  which  are  soluble  with  difficulty  both 
in  hot  water  and  alcohol,  and  scarcely  soluble:  in  ether.  It  forms  compounds  both 
with  acids  and  bases,  the  latter  being  very  stable.  The  hydrochloride,  C'H'N^0''.HC1, 
is  precipitated  in  white  glistening  scales  on  adding  concentrated  hydrochloric  acid  to 
a  solution  of  the  new  acid  in  warm  dilute  hydrochloric  acid.  It  is  readily  soluble  in 
pure  water.  On  mixing  a  hot  concentrated  ammoniacal  solution  of  amido-uramido- 
nitrophenylic  acid  with  barium  chloride,  the  barium  compound,  (C"H'N<0^)-Ba  +  SiH^O, 
is  precipitated  in  steel-blue  glistening  needles,  which  dissolve  freely  in  hot,  sparingly 
in  cold  water. 

Amidocarhoxamidonitroplicnylic  acid,  C'H^N^O*  =  C«ff(NH-)[(C0)N](N02)0.— On 
boiling  the  hydrochloric  acid  solution  of  amido-uramidonitrophenylic  acid  for  a  quarter 
of  an  hour,  ammonia  is  eliminated,  and  solidifies  on  cooling  to  a  pulp  of  crystals, 
consisting  of  amido-carboxamidonitrophenylic  acid.  This  acid  dissolves  with  difficulty 
in  boiling  water,  and  crystallises  therefrom  in  golden-yellow  needles.  It  is  mucla 
more  soluble  in  alcohol  than  in  water,  but  only  sliglatly  soluble  in  ether.  Like  the 
preceding  it  combines  both  with  acids  and  with  bases,  but  the  former  compounds  are 
very  unstable.  The  hydrochloride,  C'H'N'0''.HC1  H-  H^O,  formed  by  dissolving  the 
acid  in  hot  moderately  concentrated  hydrochloric  acid,  crystallises  in  white  glistening 
plates,  which  at  100°  lose  both  their  water  and  hydrochloric  acid,  leaving  pure  amido- 
carboxamidonitrophenylic  acid.  The  harivm  salt,  (C'H^N'0'')-Ba,  forms  yellow  diffi- 
cultly soluble  needles. 

BiamidocarboxamidopJienylic  acid,  CWWO"-  =  C'H'(NH2)2[(CO)N]0. —Amido- 
carboxamidonitrophenylic  acid,  when  treated  with  tin  and  hydrochloric  acid,  yields  a 
very  difficultly  soluble  stannochloride  of  the  dianiidated  acid.  On  decomposing  this 
salt  with  sulphuretted  hydrogen,  the  hydrochloride  C'H'N^O-.HCl,  is  obtained  in 
wliite  plates,  wliich  become  brown  when  exposed  to  the  air  in  the  moist  state.  The 
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free  acid,  prepared  from  tliis  compound  by  the  addition  of  ammonia  to  its  solution  in 
boiling  water,  forms  needles  which  are  difficult  to  obtain  colourless,  as  they  oxidise  and 
become  1  'ro'^^■n  on  exposure  to  the  air.  This  acid  is  but  very  slightly  soluble  in 
Ijoiliiig  water,  and  still  loss  so  in  alcohol  or  ether.  Itr  combines  with  mineral  acids, 
forming  moiiaeid  compounds,  and  dissolves  in  potash-solution  and  baryta-water,  but  is 
reprecipitated  by  carbonic  acid. 

URAmiaO^ailC'S-SsSC  ilCXD,  C'HSN-O^  is  formed  in  urea  and  para- 
amidobeiizoic  acid  in  the  same  manner  as  uramidobenzoic  acid  from  urea  and  amido- 
benzoic  acid  (p.  16G). 

?r3aABa22SOH2PS»?JSlIC  ACID,  C"'H"N''0*,  is  the  chief  product  obtained  by 
fusing  urea  with  amidohippuric  acid.  It  is  very  soluble  in  hot  water,  and  crystallises 
therefrom  in  nodules.  Its  silver  salt,  C"'H"'N''O^Ag,  is  a  white  crystalline  precipitate. 
By  prolonged  boiling  with  strong  hydrochloric  acid,  uramidohippuric  acid  is  resolved 
into  uramidobenzoic  acid  and  glycerin  : 

C'"H"N30<  +  H-0  =  C«H«N-0^  +  C-ffNO-. 
AVlien  heated  by  itself  it  does  not  yield  carboxamidohippuric  acid,  nevertheless 
this  acid  is  formed  in  small  quantity  in  the  preparation  of  uramidoliippuric  acid.  It 
is  very  .slightly  soluble  in  water,  and  crystallises  therefrom  in  narrow  shining  laminae 
or  six-sided  tablets.  Its  barium  salt,  C"'II'''N*0'Ba,  crystallises  in  needles  (Griess, 
J.irr.  Chcm.  [2],  i.  23.3). 

URii.M:2I»©Sil.S»IC-S-S.IC  C'*H»N=0^  is  formed  in  like  manner  by  fusing 

urea  with  aiithranilie  acid.  When  heated  to  200°  it  splits  up,  like  uramidobenzoic 
acid  (p.  166),  into  urea  and  carboxamidosalicylic  acid,  C"^H'-N^O^: 

This  latter  acid  is  nearly  insoluble  in  water  and  in  alcohol,  and  separates  from  its 
ammoniacal  solution,  on  acididation  with  hydrochloric  acid,  in  white  microscopic 
needles  (Griess,  loc.  cit.) 

TTKAOTIWRS.  Atomic  weight. — Mendelejeff  doubles  the  usually  received  atomic 
weight  of  this  metal,  making  it  240,  and  regarding  uranium  as  a  hexad  analogous  to 
chromium.  The  reasons  for  this  change  are  given  in  his  memoir  '  Ueber  die  periodische 
Gesetzmiissigkeit  der  Chemischen  Elemento '  {Ann.  Ch.  Pharm.,  Suppl.  viii.  178). 

According  to  the  atomic  weight  hitherto  adopted  (120),  uranium  is  regarded  as  a 
metal  of  the  iroij-group,  forming  the  oxides  UO,  U^O',  U^O* ;  but  it  differs  from  the 
metals  of  this  group  in  several  important  characters,  viz. :  that  it  has  a  high  specific 
gravity  (18'4),  and  forms  a  volatile  chloride  (UC1-) ;  that  uranic  oxide  does  not 
form  salts  of  the  type  UCF  or  U'-'Cl",  but  only  of  the  type  UOX'  (X'  denoting  an 
acid  radicle,  C1,N0^,  &c.) ;  and  that  although  uranium  has  a  greater  atomic  weight 
than  iron,  it  is  less  easily  reducible,  and  its  oxides  are  weaker  bases  than  the  corre- 
sponding iron  oxides.  Moreover,  the  uranous  salts  are  not  isomorphous  with  those  of 
the  magnesium  series,  as  they  should  be  if  uranous  oxide  were  a  monoxide,  UO. 
Uranous  sulphate,  UrS'-'O^  +  SH'^'O,  crystallises  in  the  monoclinic  system,  and  forms, 

according  to  Eammelsberg's  experiments,  the  double  salts  ^^'^"urS^O^}  ^""^  Ur^O*  [ ' 
to  which  there  are  no  analogues  among  the  sulphates  of  the  magnesian  metals  (see 
further,  Eammelsberg,  Deut.  Chem.  Ges.  Bcr.  v.  1003).  On  the  other  hand,  uranium 
resembles  the  hexad  metals,  tungsten  and  molybdenum,  in  forming  a  pentachloride 
(p.  1190). 

An  apparent  objection  to  tlie  doubling  of  the  atomic  weight  of  uranium  is,  that  its 
specific  heat,  0-6190,  when  multiplied  by  240,  makes  the  atomic  heat  14-86,  which  is 
more  than  double  the  normal  value ;  but  the  force  of  this  objection  is  considerably 
diminished  by  the  fact  that  the  specific  heat  of  metallic  uranium  has  not  yet  been 
accurately  determined  (see  Heat,  iii.  30). 

The  following  table  exhibits  the  formulae  of  the  chlorides,  oxides,  &c.,  of  uranium, 
uccording  to  the  old  and  new  atomic  weiglits  • 

U  =  120  I  U  =  240 

Uranous  Compounds. 

UCP;  UO  I  UCl^  UO- 

US0'.2H^0  U(SO^)-.4H20 
K2U=(S0<)lH-0  I  K-U(SO<)^H-0 

IJranoso-^iranio  Oxide. 
U'O*  =  UO.U^O^  I  WO^  =  U0=.2U0' 
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Uranic  or  JJranyl  Compounds. 


U^O';  UOCl 
UO(NO').3H20 
2UO(NO=).3H-=0 

U0(C=ff02).H^0 


UO^ ;  UOW 
UO=(NO')2.6H20 
U02(N07.3H-0 
UO-(NH')^(CO^)= 


Estimation  and  Separation. — On  the  titration  of  Uranous  Solutions,  see  Follenius 
{Zeitsohr.  anal.  Chem.  1872,  179). 

On  the  Separation  of  Uranic  from  Ferric  Oxide,  and  on  the  estimation  of  Phosphoric 
acid  by  means  of  Uranium,  see  H.  Eheineck  {Bingl.  pol.  J.  ce.  383;  Chem.  See.  J. 
[2],  X.  178).    On  the  latter  point  see  also  p.  968  of  this  volume. 

On  the  working  up  of  Uranium-residues  after  estimation  of  Phosphoric  acid,  see 
"VV.  Jani  {Chem  News,  xxiii.  220;  Chem.  Sac.  J.  [2],  ix.  586). 

PentacMoride,  UCP  [U  =  240]  (Eoscoe,  Chem.  Soc.  J.  [2],  xii.  933).  This  com- 
pound is  obtained,  together  with  the  well-known  tetrachloride  or  uranous  chloride, 
UCP,  by  passing  excess  of  dry  chlorine  over  a  moderately  heated  mixture  of  charcoal 
with  any  of  the  oxides  of  uranium,  or  with  the  oxychloride,  UO'Cl".  It  exists  in  two 
distinct  forms  according  as  it  is  produced  slowly  or  quickly.  When  the  current  of 
chlorine  is  slow,  the  pentachloride  of  uranium  forms  long,  dark,  needle-shaped 
crystals,  which  reflect  light  with  a  green  metallic  lustre,  but  appear  of  a  splendid 
ruby-red  colour  when  viewed  by  transmitted  light.  If  the  rate  at  which  the  chlorine 
passes  is  rapid,  the  pentachloride  is  deposited  in  the  form  of  a  light  brown,  mobile 
powder.  The  magnificent  octohedral  crystals  of  the  tetrachloride  are  always  deposited 
in  quantity  in  that  part  of  the  tube  nearest  to  the  heated  mixture ;  then  the  black 
needle-shaped  crystals  of  pentachloride  are  formed,  mixed  with  more  or  less  of  the 
brown  powder,  which  is  generally  carried  for  a  considerable  distance  along  the  tube. 
Both  the  black  needles  and  the  brown  powder  are  extremely  hygroscopic,  yielding,  on 
exposure  to  the  air  for  a  few  minutes,  yellowish  green  liquids,  and  hissing  and  giving 
off'  fumes  of  hydrochloric  acid  when  thrown  into  water. 

The  mean  of  four  analyses  of  this  compound  gave  57"47  p.c.  uranium  and  42'32 
chlorine>(  =  99'79),  the  formula  UCP  requiring  5'i"49  uranium  and  42'51  chlorine. 

Uranium  pentachloride  cannot  be  volatilised  without  partial  decomposition,  either 
when  heated  alone  or  in  an  atmosphere  of  chlorine  or  of  carbon  dioxide,  m-anium 
tetrachloride  and  free  chlorine  being  formed.  This  dissociation  begins  in  an  atmo- 
sphere of  carbon  dioxide  at  a  temperature  of  120°,  and  is  completed  at  235°,  when  the 
percentage  of  chlorine  contained  in  the  residue  shows  that  one-fifth  of  the  chlorine 
has  been  driven  off".    The  tetrachloride,  when  similarly  heated,  loses  no  chlorine. 

The  pentachloride  heated  to  redness  in  a  current  of  dry  ammonia  yields  a  black 
nitride. 

XTranates.  Thallious  oxide  added  to  uranium  solutions  forms  a  yellow  precipitate 
of  thallium  uranate  analogous  to  the  uranates  of  the  alkali-metals  (C.  Bolton, 
American  Chemist,  1872,  ii.  456). 

Tetrcthylammonkvm,  Uranate,  (C^H^)^NO.UO'  +  3H-0,  is  formed  on  adding  a 
solution  of  tetrethylammonium  hydroxide  to  a  solution  of  uranic  nitrate,  as  a  yellow 
precipitate  very  much  like  that  produced  by  ammonia,  and  shrinking  up  in  drying  to 
a  brownish-red,  amorphous,  semivitreous  mass,  which  yields  a  yellow  powder.  It 
dissolves  easily  in  dilute  acids.  The  acetic  acid  solution  yields  on  evaporation  small 
crystals,  probably  consisting  of  a  double  acetate  of  uranium  and  tetrethylammonium. 
On  dissolving  the  salt  in  strong  nitric  acid,  decomposition  takes  place  (Bolton,  loc.  cit.) 

On  Uranic  Acetates  and  Sulphates,  see  pp.  7,  1140. 

nranic  Arsenates.  Four  of  these  minerals  found,  together  with  a  bismuth 
uranate  (uranosphwrito)  in  the  White  Hart  Mine,  near  Sehneeberg  in  Saxony,  have 
been  described  by  A.  Weisbaeh  {Mineralogischc  Mitthcrliingcn,  1872,  181  ;  Jahresh.f. 
Mineralogie,  1873,  296),  and  analysed  by  CI.  Winkler,  with  the  following  mean 
results : 

As=0"  U0=  Bi=0'  CuO  CaO  H=0 
Trogerite  ....  18-98  63  21  _  _  _  17-21  =  99-30 
Walpurgin  ....  12-45  60-38  20-41  —  —  4-48  =  97-72 
Zounerite  ....  20-94  55-86  —  7-49  --  15-68  =  99-97 
Uranospinite  .  .  .  19-37  69-18  —  —  5-47  10-19  =  100-21 
Uranosphserite     ...      —     60-60    44-23      —       —       6-16  =  99-99 
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These  analyses  lend  to  the  following  furniulae  : 

Trogerito      ....  3U0'  .  As-0=*  +  1211=0. 

Walpurgin    ....  5Bi=0' .  As^O^  +    3U0^  .  +  lOH^O. 

Zeunerite      ....  CuO  .  2V0^  .  As-'O-'  +  8H"0. 

Uranospinite        .       .       .  CaO  .  2U03  .  As-O'^  +  SH^O. 

Uranosphserito      .       .       .  Bi^O^  .     UO'  +  H^O. 

TrbgerUc  forms  lomon-yellow  monoelinic  crystals,  scaly  by  predominance  of  the 
elinopinaco'id,  bearing  a  general  resemblance  to  the  crystals  of  heulandite,  and,  like 
the  latter,  having  a  nacreous  lustre  on  the  elinopinaco'id  faces. 

Walimrgin  is  mostly  lemon-yellow,  honey-yellow,  or  wax-yellow,  sometimes  how- 
ever straw-yellow.  Tho  crystals  have  the  character  of  the  ordinary  crystallisation  of 
gypsum.  Tho  most  highly  developed  faces  are,  as  in  trogorite,  those  of  the  elino- 
pinaco'id, but  they  have  an  adamantine  rather  than  a  nacreous  lustre.  The  projecting 
summits  of  the  crystals  are  often  serrated. 

Zeunerite  forms  emerald-green  or  apple-green  quadratic  crystals,  of  pyramidal, 
'::iljular,  or  scaly  character,  consisting  of  the  prism,  the  base,  and  a  very  acute 
pyramid.  The  basal  faces  have  a  nacreous  lustre,  and  correspond  with  the  direction 
of  a  perfect  cleavage.  Zeunerite  is,  therefore,  not  only  analogous  in  chemical 
composition  to  ordinary  copper  uranium  mica  (torbernite).  but  likewise  isomorphous 
and  isoelastie  with  it.  The  two  minerals  are,  indeed,  deceptively  similar  to  one 
another  in  appearance. 

Uranospinite  forms  siskin-green  scaly  crystals  having  a  square  or  rectangular 
transverse  section ;  their  optical  characters  show  that  they  belong  to  the  rhombic 
system.  The  cleavage-planes  run  parallel  to  the  plane  of  the  scales,  and  notwith- 
standing the  perfection  of  the  cleavage,  they  exhibit  but  little  tendency  to  nacreous 
lustre.  Uranospinite  probably  belongs  also  to  the  family  of  the  uranium  micas, 
being  indeed  tho  arsenate  analogous  to  lime-iiranite  (autinite). 

Uranospliarite  forms  orange-yellow  or  egg-yellow  nodules,  roughly  or  finely  drusy, 
and  having  a  dull  or  faint  satiny  lustre.  Under  the  microscope  the  drusy  surface 
resolves  itself  into  an  aggregate  of  acutely  pyramidal  crystals,  sticking  out  from  the 
nodules  like  the  bristles  of  a  hedgehog.  The  fractured  surface  exhibits  a  fatty  lustre 
and  a  concentrically  scaly  structure. 

All  five  species  are  somewhat  lighter-coloured  when  pulverised,  and  are  intermediate 
in  hardness  between  gypsum  and  calcspar.  Their  specific  gravities,  according  to  tho 
mean  of  several  determinations  at  9°,  are — 

Trdgerito        Walpm-gin        Zeunerite       Uranospinite  Uranosphicrite 
8-23  6-6-1  3-53  3-45  6-36 

Trogerite  is  therefore  the  lightest  and  uranosphserite  the  heaviest  of  the  five. 

With  regard  to  succession  in  time,  walpurgin  and  trogerite  appear  to  be  the  oldest 
formations  ;  then  follows  uranosphaerite,  then  zeunerite,  and  lastly  uranospinite. 

UEAWOPHABTE.  A  hydrated  uranic  silicate  from  Kupferberg  in  Silesia,  having 
the  following  composition : 

SiO-  UO'  APO^  CaO  MgO  K=0  H'O 

17-08       53-33         6-10         6-()7         1-46         ISr)        1511   =  100 
(Websky,  Jaliresb.  f.  C'kem.  1870,  1304). 

uaAKrOTESi.  This  is  also  a  uranic  silicate  chemically  and  crystallo-graphically 
allied  to  uranophano,  occurring  in  slender  needles  in  the  druses  of  the  quartz  which 
covers  tho  fluor  spar  of  Wiilsendorf  in  Bavaria.  It  is  lemon-yellow,  blackens  when 
heated,  and  dissolves  in  hydrochloric  acid,  with  separation  of  flocculent  silica.  Accord- 
ing to  Zepharovich,  the  needles  are  rhombic  and  exhibit  the  faces  oo  P  .  oo  Poo  .  mfco  . 
The  angle  CO  P  is  nearly  164°.  Sp.gr.  =  3-95.  The  mean  of  three  analyses  (A)  by 
Borieky  {Jahrcsh.f.  Mineraloqie,  l^'J'i,  780),  and  the  analyses  B  and  C  by  'Weisbach 
{ibid.  1873,  296)  lead  to  the  formula  UO^SiO=  -f  H-0. 

SiO^  P^O'-  UO'  Al=0\Pe=0=  CaO  H=0 

A.  13-78  0-45  66-75  0  51  5-27  12-67  =  99-43 

B.  13  02  —  63-93  3-03  5-13  14-55  =  99-66 

C.  14-48  —  62-84  2-88  5-19  13-79  =  99-48 

IJaSiL,  CH^N'^0.  Formation— CAm^wA  {Gasz.  chim.  ital.,  i.  472)  has  observed 
tho  formation  of  urea  by  the  slow  evaporation  of  aqueous  hydrocyanic  acid. 

By  0.rif&/<o;z  o/Prote'o'fi,— Bechamp,  in  1856  {Ann.  Chim.  Phijs.  [3],  xlviii.  348) 
described  the  formation  of  urea  from  albumin  by  the  action  of  potassium  permanga- 
nate in  alkaline  solution.  Staedeler  {J.  fr.  Chcm.  Ixxii.  251)  and  0.  Loew  {ibid.  [2],  ii. 
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289),  in  repeating  Becliamps  experiments,  did  not  succeed  in  oLtaining  iirea.  Bechamp 
however  (fiomft.  rend.  Ixx.  866)  maintains  tlie  correctness  of  liis  former  statementand 
describes  more  fully  the  process  by  which  he  obtained  urea  from  albumin.  60-70  grams 
of  potassium  permanganate  are  added  to  10  grams  of  pure  dry  white  of  egg  suspended 
in  200-300  grams  of  water,  and  the  liquid  is  digested  on  a  water-bath  at  60°-80°. 
The  reaction  sets  in  after  a  while,  with  frothing,  and  as  soon  as  this  is  over,  the  liquid 
is  filtered,  the  precipitate  washed,  and  the  filtrate  precipitated  with  basic  lead  acetate, 
not  in  excess.  The  lead  is  then  removed  by  hydrogen  sulphide,  and  mercuric  nitrate 
is  added  to  the  filtered  solution,  which  is  kept  nearly  neutral  with  baryta-water  till 
the  addition  of  the  baryta-water  produces  a  yellow  precipitate.  This  precipitate  is 
suspended  in  water,  decomposed  -with  hydrogen  sulphide ;  the  acid  filtrate  saturated 
with  barium  carbonate  and  evaporated  to  dryness  on  the  water-bath  ;  and  the  residue 
is  exhausted  with  alcohol  of  94  p.e.  The  amorphous  residue  of  the  alcoholic  extract 
gives  with  nitric  acid  crystalline  laminse,  which  evolve  gas  when  treated  in  the  cold 
with  Miller's  reagents.  E.  Eitter  (Bull.  Soc'  Chim.  [2],  xvi.  32)  confirms  Bechamp's 
statement,  and  gives  the  following  as  the  quantities  of  urea  obtained  by  oxidation  of 
different  protei'ds : 

30  grams  of  moist  Albumin  gave  0  09  gram  urea. 

Fibrin       „    0-07      „  „ 

Gluten      „    0-20,  0-31,  and  0-21  gram  urea 

On  the  Formation  of  Urea  in  the  Animal  Organism,  see  Schulzen  a.  Nencki  {Zeitsch, 
f.  Biologic,  viii.  124;  Chem.  Soc.  J.  [2],  x.  833). 

On  the  question  whether  the  formation  of  Urea  takes  place  in  the  Blood  or  in  the 
Kidneys,  see  Grehant  (Jahresh.f.  Chem.  1872,  916). 

0.  Popp  {Ann.  Ch.  Pharm.  clvi.  88)  has  obtained  from  fresh  pig's  bile,  crystals 
which  he  regards  as  urea. 

Eeactions.  1.  With  Nitrous  Acid. — The  decomposition  of  urea  by  nitrous  acid  is 
generally  represented  by  the  equation : 

CB.m"-0  +  N=0'  =  00^  +  W  +  2W0    .      .       .  (1); 
whereas  Wohler  a.  Liebig  some  years  ago  represented  it  by  the  equation : 
2CH^N-0  +  =  (NH^)=C0'  +  W  +  CO^    .       .  (2). 

According  to  Glaus  (JDeut.  Chem.  Ges.  Ber.  iv.  140)  the  reaction  (2)  takes  place  when 
nitrous  acid  is  added  to  a  solution  of  urea  in  the  cold,  in  the  proportion  of  1  mol. 
N^O'  to  2  mols.  urea ;  reaction  (1),  on  the  other  hand,  when  nitrous  acid  is  gradually 
added  to  a  hot  solution  of  urea.  This  arises,  as  Wohler  a.  Liebig  showed,  from  the 
fact  that  1  mol.  urea  and  1  mol.  nitrous  acid  are  resolved  in  the  cold  into  cyanic  acid 
and  ammonium  nitrite : 

CWWO  +  NO"-H  =  CNHO  +  NmNO-; 
and  that,  on  warming  the  solution,  the  ammonium  nitrite  is  resolved  into  water  and 
nitrogen,  while  the  cyanic  acid,  by  reacting  with  the  water,  is  resolved  into  ammonia 
and  carbon  dioxide.  Wlien,  on  the  other  hand,  the  nitrous  acid  is  gradually  added,  the 
ammonium  carbonate  formed  in  the  first  instance  is  resolved  into  nitrogen,  carbon 
dioxide,  and  water.  Equation  (2)  is  likewise  realised  when  a  stronger  acid  is  added  to 
the  liquid,  the  ammonia  salt  of  this  acid  being  then  produced. 

2.  With  Phosgene. — Urea,  heated  with  excess  of  liquid  phosgene,  is  converted  into 
carbonyl-diurea,  C^H'^N^O'',  which,  by  further  action,  yields  hydrochloric  acid  and 
a  mixture  of  cyanic,  dicyanic,  and  cyanuric  acids  (p.  262). 

On  the  action  of  Urea  Nitrate  on  Benzyl  Alcohol,  see  p.  178. 

On  the  Detection  of  Urea  in  Blood  and  in  the  Tissues,  see  Perls  {Zeitschr.  anal. 
Ciiem.  ix.  421  ;  Jahresh.f.  Chem.  1871,  1062). 

On  the  Estimation  of  Urea  by  means  of  Sodium  Hypohromite,  see  Hufuer  {J.  pr. 
Chem.  [2],  iii.  1 ;  Chem.  Soc.  J.  [2],  ix.  162). 

Sulpho-tireas.    See  Sulphocaebamides  (p.  1115). 

VRXC  ACID/C^H-'N^O'.  On  the  constitution  of  this  acid,  see  Kolb  {J.pr.  Chem. 
[2],  i.  134;  Streeker,  Aim.  Ch.  Pharm.  civ.  177;  also  Jahresh  f.  Chem.  1870,  724). 

On  the  Estimation  of  Uric  acid  in  Urine,  see  E.  Salkowski  {Pfliiger's  Archiv.  f.  Phys. 
V.  210  ;  Beut.  Chem.  Ges.  Ber.  v.  410;  Chem.  Soc.  J.  [2],  x.  333,  844  ;  H.  Schwanert, 
Ann.  Chem.  Pharm.  clxiii.  163  ;  Dent.  Chem.  Ges.  Ber.  v.  316  ;  Chem.  Soc.  J.  [2],  x. 
844,  929;  E.  Maly,  Pfiiigers  Archiv.  v.  201;  Chem.  Soc.  J.  [2],  ix.  1123). 

VRXICE.  (Neubauer  a.  Vogel,  Anleitunq  zur  qual.  u.  quant)  Anal.  d.  Hams.  6 
Aiiflago).  Thudichum( Cojiir.  /.  d.  Med.  Wissen.  1870,  No.  13,  14  ;  Chem.  Soc.  J.  [2], 
viii.  132)  has  described  an  amorphous  nitrogenised  acid,  C^H'NO^,  which  he  names 
cryptophanic,  as  a  normal  constituent  of  human  urine  (see  l*;".  Suppl.  513).  Sub- 
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sequent  observers  have  however  completely  failed  to  prepare  this  acid,  and  are  agreed 
that  Thudichum's  calcic  cryptophanate  is  a  variable  mixture  of  still  unknown  bodies, 
whoso  indefiniteness  and  impurities  render  it  impossible  to  make  as  yet  any  definite 
assertion  as  to  their  composition  (see  Pucher,  Centr.  f.  d.  Med.  Wissen.  1871,  322, 
o.nA'Li^e.rsiAge,  Journ.  of  Anat.  a.  Phys.  May  1872).  Thudichum  has  however  re- 
peated his  statement  ( feji/". /'.  d.  Med.  Wissen.  1872,  81),  and  also  described  another 
acid  with  the  composition  C'lE'^N^O^,  "which  he  calls  jjara^^rtJiic,  as  existing  in  the 
mother-liquor  from  which  the  calcic  cryptophanate  has  been  precipitated.  He  also 
believes  that  he  has  detected  acetic  acid  as  a  normal  constituent  of  human  urine  {Deut. 
Chem.  Ges.  Ber.  1870,  578). 

Eoberts  {Mem.  Manch.  Lit.  a.  Phil.  Soc.  1862)  has  given  a  simple  method  of 
estimating  the  quantity  of  sugar  in  urine,  which  is  extremely  useful  as  being  suffi- 
ciently accurate  for  clinical  purposes.  The  specific  gravity  of  the  urine  is  taken,  and 
a  little  dried  yeast  is  added  to  it ;  it  is  then  set  aside  in  a  warm  place  for  24  hours, 
and  its  specific  gravity  is  again  taken  ;  the  number  of  degrees  of  specific  gravity  which 
is  lost  answers  to  one  grain  of  grape-sugar  in  a  fluid  ounce  of  lurine,  or  multiplied  by 
0'23,  will  give  the  number  of  parts  of  sugar  in  100  of  the  urine.  According  to 
llensley,  the  quantity  reckoned  in  this  way  is,  on  theoretical  grounds,  about  J=  too 
great.  Manassein  finds  that  for  practical  purposes  it  may  be  regarded  as  very  nearly 
exact  {Deutschcs.  Arch.  f.  Klin.  Med.  1872,  73);  the  number  which  he  gives  as 
multiplier  is  0-219.  With  reference  to  the  detection  of  grape-sugar  in  urine  by 
means  of  Trommer's  test,  it  is  worthy  of  note  that  the  reaction  is  much  clearer  if 
the  urine  be  previously  filtered  through  animal  charcoal ;  in  many  cases  indeed,  even 
when  a  considerable  quantity  of  glucose  is  present,  no  reduction  will  occur  on  boiling, 
unless  this  precaution  be  taken  previously.  The  animal  charcoal  holds  back  a  very 
small  quantity  of  the  glucose. 

The  exact  places  in  the  body  at  which  urea  is  formed  are  still  far  from  accurately 
known.  It  has  already  been  pointed  out  that  there  is  considerable  reason  to  believe 
that  a  good  deal  is  formed  in  the  liver  (see  Glycogen),  but  man}"-  observers  still  main- 
tain that  all,  or  nearly  all,  is  formed  in  the  kidneys,  from  less  highly  oxidised 
nitrogenous  compounds  brought  to  them  by  the  blood.  Voit  has  shown  that  creatine 
when  introduced  into  the  blood  passes  out  in  the  urine  as  creatinine,  and  not  as  urea, 
and  he  has  also  shown  that,  after  extirpation  of  the  kidneys,  just  as  much  urea  accu- 
mulates in  the  blood  and  organs  as  after  simple  ligature  of  the  ureters  {Site.  d.  Kon. 
hayer.  Akad.  d.  Wiss.  1867,  i.  364;  see  also  Grehant,  Journ.  de  HAnat.et  do  la  Phys. 
1870,  318).  These  facts  very  strongly  support  the  view  that  urea  is  simply  separated 
from  the  blood  in  the  kidneys.  It  has  also  now  been  well  established  that  muscular 
work  has  little  or  no  effect  on  the  excretion  of  nitrogen  in  the  urine  (see  Muscular 
Tissue),  but  that,  on  the  other  hand,  the  quantity  of  protei'd  matters  taken  in  the  food 
has  a  very  important  influence.  Possibly  in  the  latter  case  a  good  deal  of  the  urea  pro- 
ceeds almost  directly  from  the  food,  for  it  has  been  shown  that  leucine,  which  is 
largely  formed  in  the  small  intestine  from  protei'd  foods,  is,  when  given  to  an  animal, 
excreted  for  the  most  part  as  urea  (Schultzen  a.  Nencki,  Zcitsch.  f.  Biologic,  1872, 
139).  Glycine  and  glycocine,  when  administered  to  an  animal,  also  increase  the 
quantity  of  urea  excreted  by  it.  There  is  also  much  reason  to  believe  that  a  good 
tleal  of  urea  is  formed  in  the  spleen  (Gscheidlen,  Ucbcr  den  Ursprimg  des  Harnstoffs 
till  Thierkdrper,  Leipzig,  1871). 

Baysson  {Joiirn.  pour  I'Ancit.  et  Phys.  f.  Eohin.  1872,  383)  has  suggested  that  the 
acidity  of  normal  human  urine  is  not  due,  as  generally  supposed,  to  the  presence  of 
acid  phosphates,  but  rather  to  free  uric  and  hippuric  acids,  since  he  finds  that  those 
bodies  cannot  decompose  neutral  sodic  phosphate  at  ordinary  temperatures. 

H.  N.  M. 

ITSlOBXXiXN'.    See  Bilk- pigments  (p.  190). 

WROSU-SPHIBTIC  ACID,  C^H^N-iSO^.  This  name  is  given  by  Nencki  {Deut. 
Chem.  Gi's.  Ber.  v.  45)  to  an  acid  produced  by  the  action  of  strong  sulphuric  acid  on 
sulpho-pseudo-uric  acid  (p.  1125)  at  a  temperature  not  exceeding  160°.  The  sub- 
stance precipitated  by  water  is  dissolved  in  ammonia,  reprecipitated  by  hydrochloric 
acid,  and  the  washed  and  di-ied  precipitate  is  boiled  with  a  weak  alkaline-ley.  The 
alkali  salt  then  separates  from  the  filtrate  in  white  needles  containing  water,  and  may 
be  purified  by  repeated  crystallisation.  The  acid  precipitated  from  it  by  hydro- 
chloric acid  and  dried  at  140°  has  the  composition  above  stated. 

Urosulphinic  acid  is  intermediate  in  its  chemical  relations  between  uric  acid  and 
xanthine.  It  is  a  weak  monobasic  acid,  and  is  precipitated  from  its  alkaline  solution 
by  carbonic  acid  in  characteristic  spherical  forms.  The  sulphur  is  not  abstracted  from 
it  by  metallic  oxides  at  the  boiling  heat,  or  even  at  higher  temperatures.  The  acid  is 
decomposed  by  prolonged  boiling  of  its  alkaliao  solution,  but  it  is  not  altered  by  heat- 
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ing  it  to  200°  -with  water  for  five  hours.  Sodium-amalgam  converts  it  into  a  sulphu- 
retted compound  wliieh  dissolves  easily  in  hot  water  and  crystallises  in  silky  needles. 

UROXATJIC  Acm.  This  acid,  which  Stadeler  obtained  by  the  action  of  potash 
on  uric  acid  (v.  969),  has  been  further  examined  by  Strecker  {Jnn.  Ch.  Tliarm.  civ. 
177).  To  prepare  it,  uric  acid  was  dissolved  in  potash-ley,  and  left  to  itself,  in  a  flask 
fitted  with  a  potash  tube.  In  about  six  months  the  uric  acid  was  decomposed,  and  the 
solution,  cooled  to  between  —5°  and  — 10°,  deposited  crystallised  potassium  uroxanate, 
from  which  the  uroxanic  acid  was  precipitated  by  hydrochloric  acid. 

Analyses  of  the  acid  and  its  salts  led  to  the  formula  C^H^N'O",  whereas  Stadeler 
found  C^H"'N<0'^.  Prom  Strecker's  formula  it  appears  that  uroxanic  acid  is  formed 
from  uric  acid  by  oxidation  and  addition  of  water : 

C^H'N^O'  +  2H-0  +  0  =  C'H^N^O". 

Potassium  Uroxanate,  C^H^K^N^O"  +  3H-0,  or  3^H=0,  does  not  give  off  all  its  water 
of  crystallisation  till  it  begins  to  decompose.  The  silver  salt,  C'H''Ag-N*0'*,  obtained 
from  it  by  precipitation,  is  a  white  crystalline  powder.  The  barium  salt,  C^H*BaN''0' 
+  5H^0,  prepared  in  like  manner,  gives  off  its  water  at  100°-110°.  The  calcium  salt, 
0'H''CaN''O"  +  4H-0,  similarly  prepared,  dissolves  in  hot  water  and  separates,  on 
addition  of  alcohol,  in  white  needle-shaped  crystals. 

USlfflC  C"*H'S0'  (Stenhouse,  Proc.  Boy.  Soc.  xviii.  222).  Preparation 

from  Usnea  barhata. — This  lichen  is  macerated  with  a  dilute  solution  of  sodium 
carbonate,  and  the  crude  dark  green  acid,  precipitated  from  the  turbid  solution  by 
hydrochloric  acid,  is  mixed  with  milk  of  lime  and  warm  water  at  40°.  From  the  clear 
lemon-yellow  filtrate  the  usnic  acid  is  precipitated  by  hydrochloric  acid  in  pale  yellow 
flocks. 

Sodium  iisnate  forms  pale  yellow  silky  needles,  not  very  soluble  in  cold  water,  more 
soluble  in  alcohol ;  it  is  easily  decomposed  by  carbonic  acid.  The  calcium  salt,  which 
separates  from  a  boiling  solution,  is  also  completely  decomposed  by  carbonic  acid. 

LTsnic  acid,  identical  with  that  from  Usnea  barhata,  is  likewise  obtained  from 
Evernia  prunastri,  in  which  it  exists  together  with  evernic  acid  (p.  496).  The  two 
acids  extracted  from  the  lichen  by  milk  of  lime  are  precipitated  together  by  hydro- 
chloric acid,  and  the  dried  precipitate  is  treated  with  boiling  alcohol,  which  dissolves 
the  evernic  acid,  and  leaves  the  usnic  acid,  which  may  bo  purified  as  above. 

Usnic  acid  is  isomeric  with  cladonic  (/3-usnic)  acid  (p.  353).  The  two  acids  are 
distinguished  by  their  melting  points,  usnic  acid  melting  at  203°,  cladonic  acid  at 
176°.  Moreover  cladonic  acid,  when  subjected  to  dry  distillation,  yields  j8-orcin  (iv, 
204),  whereas  piire  usnic  acid  yields  none. 


V 

VACCXN'XVnX.  The  fruit  of  the  red  whortleberry  (Vaceinium  Vitis  Idaa)  has 
been  examined  by  Grager  (IV.  Jdhrb.  Pharm.  xxxvi.  208)  according  to  the  method  for 
the  examination  of  fruits  given  by  Fresenius  (ii.  712,  716).  The  juice  obtained  from 
the  crushed  perfectly  ripe  berries,  by  four  times  repeated  exhaustion  with  distilled 
water,  was  found  to  contain  : 

Free   acid,    reckoned   as  malic 

(better,  however,  as  citric  acid)  1-97 
Fruit-sugar  ....  5-18 
Tannic  acid  ....  0-48 
Protei'ds  (pectin-substances),  sus- 
pended fat,  &c.  .  .  .  2-33 
The  berries  yielded  10-18  p.c.  soluble  substances,  85-61  p.c.  water,  and  4-20  p.c. 
residue,  dried  at  100°,  which  contained  0-1  p.c.  ash.  The  free  acid  is  chiefly  citric,  with 
a  little  malic  acid.  The  proportion  of  ferric  oxide  is  unusually  large.  For  concen- 
trating the  juice  Griiger  recommends  the  addition  of  5  or  6  grams  of  sodium  bicar- 
bonate to  O'o  kilos,  of  whortleberries. 

Vaccinin.—1\i\s  name  is  given  by  E.  Classen  {Arch.  Pharm.  [2],  cxliv.  248)  to  a 
slightly  bitter  inodorous  non-nitrogenous  substance  which  he  obtained  from  the 
wh^ortleberries  by  boiling  the  fresh  plants  in  water  with  a  little  milk  of  lime,  &c.  It 
crystallises  in  long  colourless  silky  needles,  molts  when  heated,  is  not  precipitated 
from  its  solutions  by  basic  lead  acetate  or  tannic  acid. 


Potash  0-06 

Lime  0-13 

Magnesia  0-01 

Ferric  oxide  .  .  .  .0-02 
Water  89-81 
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VAXiERAIi  or  V/ilERIC  AIiBEHYSJS,  C='H'»0.    1.  XJormal  Valeral, 

CH' — (CH-)^ — CHO,  prepared  from  normal  valeric  acid  by  distilling  the  calcium  salt 
with  an  equivalent  quantity  of  calcium  formate,  and  purified  by  fractional  distillation, 
boils  at  102°,  dissolves  completely  in  a  large  quantity  of  water,  and  forms  a  erystallina 
compound  with  sodium  bisulphite  (Liebeu  a.  Eossi). 

2.  Isovaleral.  Ordinary  Valeric  Aldehyde,         ^CH — CH= — CHO  (A.  Schroder, 

Deut.  Chem.  Ges.  Ber.  iv.  400,  468).  This  compound  boils  at  92'5°  under  a  baro- 
metric pressure  of  758-2  mm.  Sp.  gr.  =  0-768  at  12-5.  Vapour-density  =  43-06 
(H  =  1 ;  calc.  =  43). 

Valeral-ammoniwm,  C^H"(NH'')0,  exhibits  the  normal  vapour-density.  A  deter- 
mination at  160°  gave  the  value  52-16;  calc.  51-6°.  (H  =  1).  The  vapour-density 
of  the  hydrated  compound,  C^H'(NH')0.7H-0,  is  by  experiment  14-31,  which  is  also 
normal;  for  the  7  niols.  of  water  occupy  14  volumes,  and  if  the  group  C^H'-'(NH-')0 
occupies  two  volumes,  the  hydrated  molecule  should  occupy  16  volumes,  and  the 
molecular  weight  229,  divided  by  16,  gives  14-5,  which  is  nearly  the  same  as  14-31. 

Action  of  Chlorine  on  Valeral. — When  chlorine  is  passed  into  valeral,  first  in  the 
cold,  afterwards  at  145°,  as  long  as  it  is  absorbed,  the  compound  C"'H'-C1''0  is  formed 
according  to  the  equation  : 

2C5H'»0  +  6C1'  =  H^O  +  6HC1  +  C'°H'=C1«=0. 

This  body,  which  may  bo  regarded  as  a  derivative  of  the  condensation-product, 
Q10JJ18Q  1196),  is  a  liquid  having  a  fetid  odour  like  that  of  the  goat,  and  boiling  at 
203°-204°.  It  does  not  combine  with  alkaline  bisulphites,  and  is  not  acted  upon  by 
cold  nitric  acid.  Boiled  with  fuming  nitric  acid  it  yields  a  nitro-derivati-.'e.  On 
treating  it  with  a  boiling  solution  of  caustic  soda  in  alcohol,  2  mols.  of  hydrochloric 
acid  are  taken  out,  and  the  body  C'^H'^CPO  is  obtained,  which  is  an  oily  liquid  having 
a  pleasant  smell  of  mint,  and  boiling  at  208°-210°. 

Chlorovalcral,  C^H'CIO,  is  formed,  together  with  more  highly  chlorinated  pro- 
ducts, when  valeral  is  imperfectly  saturated  with  chlorine  in  the  cold.  It  is  a  liquid 
boiling  at  134°-135°,  and  forming  crystalline  compounds  with  alkaline  bisulphites. 

Thiovaleral,  C^H'^S. — Dry  hydrogen  sulphide  does  not  act  upon  valeral,  but 
when  this  gas  is  passed  into  its  aqueous  solution,  white  crystals  separate,  consisting 
of  thiovaleral.  This  compound  is  insoluble  in  water,  soluble  in  alcohol  and  ether, 
and  separates  from  a  hot  ethereal  solution  in  asbestos-like  crystals.  It  has  a  most 
offensive  and  persistent  odour,  melts  at  69°,  and,  when  heated  very  strongly,  decom- 
poses, giving  off  white  fumes  having  an  indescribable  smell ;  but  it  may  be  sublimed 
without  decomposition  in  a  vacuum.    Vapour-density,  obs.  =50-76;  calc.  =51. 

Valeraldine,  C'^H^'NS^  (v.  974),  is  formed  by  passing  dry  ammonia  over  thio- 
valeral : 

SC^H'^S  +  2NH'  =  C'^H^'NS^  +  NH^SH. 

Thus  prepared  it  contains  an  excess  of  ammonia,  which  ma}'  be  removed  by  a 
current  of  hydrogen,  or  by  dissolving  it  in  ether  and  evaporating  the  solution  in  a 
vacuum  over  sulphuric  acid.  It  is  thus  obtained  as  an  oil,  which,  by  standing  over 
sulphuric  acid  in  a  vacuum  for  some  time,  and  being  then  exposed  for  a  short  time  to 
the  air,  becomes  crystalline.  The  oily  valeraldine  may  also  be  solidified  by  passing 
hydrocyanic  acid  over  it.  It  melts  at  41°,  and  is  a  very  indifferent  body,  not  being 
acted  upon  by  hydrocyanic  acid,  cyanogen  gas,  or  cyanogen  chloride  ;  it  is  insoluble 
in  water,  soluble  in  alcohol  or  ether ;  from  the  latter  it  crystallises  in  white  fern-like 
leaves,  having  the  consistence  of  wax.  Its  odour  resembles  that  of  acetamide.  When 
heat,ed,  it  distils  with  decomposition ;  but  in  a  vacuum  it  sublimes  imdecomposed. 

Seleniovaleral,  C'H"'Se,  obtained  by  passing  hydrogen  selenide  into  the  aqueous 
solution  of  valeral,  is  a  crystalline  solid,  which  cannot  be  ro-crystallised,  as  its 
solution  in  ether,  alcohol,  or  methyl-alcohol  soon  decomposes,  with  separation  of 
selenium  in  the  form  of  a  mirror;  but  it  may  be  purified,  as  it  volatilises  in  a  current 
of  gas  with  aqueous  vapour  at  the  common  temperature.  It  forms  white  crystalline 
crusts,  melting  at  56-5° ;  its  odour  is  exceedingly  offensive,  and  produces  difficulty  of 
respiration  and  palpitation  of  the  heart.  It  decomposes  at  30°  in  contact  with 
mercury.  With  dry  ammonia  it  forms  seleniovaleraldino,  a  compound  closely 
resembling  valeraldine  (Schroder). 

Carbovaleraldinc,  C"II'-"-N-S-,  is  formed  either  !iy  shaking  a  mixture  of  carbon 
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sulphide  and  valeral  with  aqueous  ammonia,  or  by  adding  carbou  sulphide  to  an 
alcoholic  solution  of  valeral-ammonium : 

2C'H'»0  +  2NH2  +  Cfi-  =  C'H-N^s-  +  2H=0. 

Its  vapour-density,  determined  in  vapour  of  water  and  oil  of  turpentine,  was  found  to 
be  60-08  and  60'4  instead  of  the  calculated  120-3,  sho-wing  that  the  compound  already 
decomposes  between  100°  and  160°.  It  is  insoluble  in  water,  soluble  in  cold  ether  and 
alcohol,  crystallising  from  the  latter  in  small  warty  crystals.  Itmeltsat  11.5-5°-117°, 
and  is  decomposed  on  heating  it  above  this  temperature,  but  may  be  sublimed  in  a 
vacuum  (Schriider). 

Condensation-products  of  Valeral.  Borodin  in  1864,  by  treating  valeral  with 
sodium,  obtained  valeric  acid,  amyl  alcohol,  decyl  alcohol,  C'"H='^0,  and  the  condensa- 
tion-product C"'H'*0  (v.  673).  Further  experiments  {Deut.  Chcm.  Ges.  Ber.  v.  480) 
have  demonstrated  the  formation  of  the  acid  C'H'^O^,  and  the  condensation-product 

C20H33O3. 

The  first  action  of  sodium  on  valeral  gives  rise  to  condensation,  and  the  formation 
of  sodium  hydrate,  and  the  further  products  are  formed  by  the  action  of  the  caustic 
soda  and  of  nascent  hydrogen.  The  products  formed  are:  (1).  A  polymeric  valeral, 
5jC^H'"0,  forming  a  thick  liquid,  lighter  than  water,  not  capalsle  of  combining  -ndth 
alkaline  bisulphites,  converted  by  distillation  into  valeral.  It  is  obtained  in  the  pure 
state  by  the  action  of  solid  potash  on  valeral  at  0°.  (2).  A  condensation-product, 
C'^H'^O^  This  is  an  oily  liquid  which  boils  without  decomposition  at  260°- 290°. 
8p.  gr.  =  0-900-0-895.  It  unites  -svith  sodium  bisulphite.  Heated  with  alkalis,  it 
yields  valeric  acid,  amyl  alcohol  and  a  small  quantity  of  valeral.  (3).  The  condensa- 
tion-product C'°H'^0,  which  Eiban  likewise  obtained  by  the  action  of  sodium  or 
sodium-amalgam  on  valeral,  or  by  heating  valeral  with  zinc  to  180°  {Compt.  rend. 
Ixxv.  96),  and  Kekule  {Ann.  Ch.  Pharm.  clxii.  77),  by  the  action  of  zinc  chloride. 
It  is  an  aldehyde,  which  unites  with  acid  sodium  sulphite,  and  forms  an  oily  liquid,' 
having  a  strong  aromatic  odour,  a  sp.  gr.  of  0-862  at  0°,  0-848  at  20°,  and  boiling  at 
195°  (Borodin),  at  190°  (KekuM ;  Kiban).  By  oxidation  it  yields  isocapric  acid 
(p.  250).  (4).  The  ^Droduct  C-''H'*0^  is  formed  from  the  polymeric  aldehyde  by 
elimination  of  water ;  the  amyl  alcohol  and  the  valeric  acid  from  the  first  product  by 
the  action  of  caustic  soda.  The  alcohol,  C"'H==0,  is  formed  by  addition  of  hydrogen 
to  the  aldehyde  C'E'^O.  The  high-boiling  product,  jjC'H'sO,  is  formed  by  poly- 
merisation of  C'°H"0.  The  same  products  are  formed  by  the  action  of  alkalis,  zinc 
chloride,  hydrochloric  acid,  &c.  on  valeral  at  high  temperatures. 

VAIiERALiaiKTE,  C'^H^'NS^.    See  p.  1195. 

VAIiERAIUXDE,  C^H^O.NH-,  is  formed  by  heating  valeric  acid  with  potassium 
sulphocyanate.  It  is  a  white  crystalline  mass  having  a  pleasant  aromatic  odour  like 
that  of  valerian-root,  soluble  in  water,  alcohol,  and  ether,  and  crystallising  from  water 
in  large,  thin  laminte.  It  melts  at  126°-128°,  and  sublimes  much  below  its  boiling 
point,  which  lies  between  230°  and  232° ;  distils  without  decomposition  (E.  A.  Letts, 
Beut.  Chem.  Gcs.  Ber.  v.  669).    Compare  v.  974. 

VAI.EBXC  or  ■VAI.EUXA.WIC  ACSS,  C'WO''  =  C^H^COOH.  Of  the  four 
possible  modifications  of  this  acid  (Is;;  Swppl.  1121),  three  only  are  known  with 
certainty,  viz. : 

Normal  Valeric  acid,    CH'— CH^— CH^— CH-— COOH 

Isovaleric  acid,  (CH^CH— CH'^— COOH 

Trimethyl-acetic  acid,  (CH3)3C— COOH. 

The  fourth  modification,  or  methyl-ethylacetic  acid,        1  CH — COOH,  is,  however, 

in  all  probability  the  acid  formed  by  the  action  of  ethyl  iodide  and  metallic  silver  on 
Beilstein's  iodopropionic  acid,  produced  by  the  action  of  iodine  and  phosphorus  on 
glyceric  acid  (iv.  733  ;  Ist  Suppl.  961).  This  iodopropionic  acid  was  formerly 
regarded  as  having  the  constitution  CH-I — CH' — CO-H,  and  consequently  the  valeric 
acid,  formed  from  it  as  above,  was  supposed  to  be  normal  valeric  acid  (1st  Suppl. 
1121);  but  V.  Schneider  a.  Erlenmeyer  have  shown  (Deut.  Chem.  Ges.  Ber.  iii. 
602)  that  the  true  constitution  of  this  iodopropionic  acid  is  CH' — CHI — COOH, 
inasmuch  as  it  is  converted  by  potassium  ethylate  into  acrylic  acid  : 

CH'— CHI— CO=K  +  KOCm^  =  KI  +  Cm^O  +  CH^^CH— CO^K 

lodopropiona  Acrylate 
and  by  silver  acetate,  into  acetoxypropionic  acid,  which,  when  boiled  v/ith  water, 
yields  fermentation  lactic  acid.    This  being  the  case,  it  follows  that  the  valeric  acid 
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formed  from  the  iodopropionic  acid  in  question  is  not  normil  valeric  or  propyl-acetic 
acid,  but  metliyl-etliyl-acetic  acid.    Respecting  trimcthyl-accHc  acid,  see  p.  1182. 

normal  Valeric,  Propyl-acetic,  or  Butyl-formic  Acid.Cff— (CK-)'— COOH 
(Liebeu  :i.  Eossi,  Gacccttu  i  hnnica  italinna,  i.  239).  This  acid  is  formed  by  oxidation 
of  normal  amyl  alcohol,  and  by  distilling  normal  Ijutyl  cyanide  with  alcoholic  potash 
in  a  retort  with  reversed  condenser  as  long  as  ammonia  continues  to  escape.  On 
distilling  olf  the  alcohol  (which  contains  ammonia  and  a  mixture  of  mono-,  di-,  and 
tri-butylamino,  formed  as  secondary  products),  dissolving  the  residual  saline  mass  in 
water,  saturating  approximately  with  sulphuric  acid,  filtering  to  separate  potassium 
sulphate,  evaporating  the  filtrate  to  dryness,  and  treating  the  residue  with  dilute 
sulphuric  acid,  the  valeric  acid  is  separated  and  rises  as  an  oil  to  the  surface.  This 
oily  liquid  washed  with  a  little  water  and  distilled,  rejecting  the  first  few  drops,  which 
are  slightly  humid,  yields  pure  valeric  acid  boiling  within  an  interval  of  1'5°,  and 
yielding  by  analysis  68'63  p.c.  C,  and  9-62  H.,  the  formula  C^H'°0- requiring  58-82  C, 
and  9-80  H. 

Normal  valeric  acid  has  an  odour  more  like  that  of  pure  butyric  acid  than  that  of 
ordinary  valeric  acid.  It  boils  at  184°-185°  (corr.)  under  a  pressure  of  736  mm. 
When  cooled  to — 16°,  it  becomes  slightly  viscous,  but  does  not  solidify.  A  cubic 
centimeter  of  this  acid  dissolves  at  16°  about  1  c.c  of  water  ;  on  adding  more  water, 
a  lower  aqueous  layer  is  formed,  on  which  the  valeric  acid  floats,  but  after  the 
addition  of  27  c.c.  water  to  1  c.c.  acid,  complete  solution  takes  place.  The  specific 
gravity  of  normal  valeric  acid  referred  to  water  at  the  same  temperature  is  as 
follows : — 

Temperature       ...       0°  20°  40°  99-3° 

Specific  gravity    .       .       .    0-9577       0-9415       0-9284  0-0034 

Normal  Valerates. — All  the  following  salts  wore  prepared  by  saturation,  excepting 
the  copper  salt,  which  being  but  sparingly  soluble,  was  obtained  by  precipitation. 
The  sodhiiii  salt  is  very  soluble  in  water,  and  the  hot  solution  gelatinizes  on  cooliug. 
The  lavriiiM  su'f,  (C*H''0-)=Ba,  is  more  soluble  in  hot  than  in  cold  water,  and  its  hot 
saturation  solidifies  on  cooling  to  a  mass  of  unctuous  laminar  crystals.  The  dry  salt, 
obtained  by  evaporating  the  solution  at  ordinary  temperatures  and  exposing  the  crystals 
to  the  air,  is  neutral  and  anhydrous.  100  pts.  of  a  solution  saturated  at  10°  contain 
16-906  pts.  of  the  anhydrous  salt.  The  calcium  salt  is  obtained  by  evaporation  at 
ordinary  temperatures  in  small,  shining,  unctuous  laminse,  resembling  those  of  the 
barium  salt ;  they  contain  (C^H"0-)'Ca  +  H-0,  and  give  off  their  -svater  of  crystallisa- 
tion at  100°.  This  salt  exhibits  a  maximum  of  solubility  at  about  70°,  so  that  it 
separates  from  a  hot  saturated  solution  on  cooling,  and  from  a  cold  saturated  solution  on 
heating.  A  solution  saturated  at  about  20°  contains  8-0809  p.c.  of  the  anhydrous 
•salt.  The  manga^ioiis  salt,  (C^H'O-)-Mn  +  H-0,  forms  small  faintly  rose-coloured 
crystals,  which  give  off  their  water  at  100°.  It  is  much  more  solulde  in  cold  than  in 
hot  water,  and  a  solution  saturated  in  the  cold  deposits,  when  heated,  a  precipitate 
(probably  of  basic  salt)  which  does  not  redissolve  completely  on  cooling  ;  this  decom- 
position by  heat  takes  place  with  especial  facility  in  dilute  solutions,  so  that  such 
solutions  cannot  be  concentrated  by  heat. 

The  ciqiric  salt,  (C^H"0-)-Cu,  is  obtained,  by  precipitating  the  sodium  salt  with 
cupric  sulphate,  as  an  azure-green  substance,  which  partly  dissolves  when  washed 
and  digested  with  water  at  ordinary  temperatures.  The  resulting  sky-blue  solution, 
when  evaporated  in  a  vacuum  over  sulphuric  acid,  yields  the  neutral  salt  in  groups  of 
green  microscopic  needles  ;  its  powder  has  a  lighter  colour  inclining  to  sky-blue.  This 
s:ilt  is  likewise  more  solulale  in  cold  than  in  hot  water,  its  solution  becoming  turbid 
when  heated,  and  always  depositing  a  small  quantity  of  basic  salt,  which  does  not 
redissolve  on  cooling,  and  on  evaporating  the  solution  by  heat,  a  residue  is  obtained 
consisting  chiefly  of  a  sky-blue  basic  salt.  On  boiling  a  dilute  solution  of  the 
neutral  salt,  or  heating  a  solution  of  the  basic  salt,  cupric  oxide  is  precipitated,  and 
valeric  acid  volatilises  with  the  aqueous  vapour.  The  same  decomposition  appears 
also  to  take  place  partially  at  ordinary  temperatures.  The  giiic  salt,  (C^H'-'O'-')^Zn, 
forms  thin,  shining,  transparent  laminae,  unctuous  to  the  touch.  100  pts.  of  a  solu- 
tion, saturated  at  24-25°,  contain  2-54  pts.  of  the  salt ;  the  solution  becomes  turbid 
when  heated,  but  the  precipitate  redissolves  on  cooling. 

Isovaleric,  Xsopropyl  -  acetic,  or  Esobutyl  -  formic  Acid, 
(CH')-CH— CH'-— COOH.  Ordinary  ?«/<:■)•/(,■  ^cir/.— The  properties  of  this  acid  and 
its  salts,  as  obtained  from  various  sources,  have  been  carefully  studied  by  Erlenmeyer 
a.  Hell  {Ann.  Ch.  Pharm.  clx.  257). 

1 .  Valeric  Acid,  prepared  hy  boil ing  Isohwtyl  Cyanide  with  Alcoholic  Potash. — The  acid 
thus  prepared  is  a  colourless,  oily,  optically  inactive  liquid,  which  makes  a  white  spot 
on  the  tongue.    The  silver  .mlt  crystallises  from  neutral  solutions  in  dendritic  bundles, 
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from  solutions  containing  a  little  free  acid,  especially  acetic  acid,  in  large,  highly 
lustrous,  apparently  triclinic  lamina;.  It  is  sparingly  soluble  in  cold  water,  more 
soluble  in  hot  water,  and  in  water  containing  free  fatty  acids.  It  is  permanent  in  the 
air,  and  not  much  altered  by  light.  The  crystals  rotate  rapidly  on  dilute  nitric  acid. 
The  barium  salt  crystallises  in  anhydrous  prisms  or  laminse  belonging  to  the  triclinio 
system ;  they  are  permanent  in  the  air,  and  rotate  quickly  on  water.  Tlio  aqueous 
solution  decomposes  gradually  at  ordinary  temperatures,  more  quickly  on  boiling, 
giving  off  valeric  acid. 

2.  From  Valerian  root. — The  crude  acid  contained  formic  acid,  acetic  acid,  and  an 
acid  boiling  at  180°-195°,  but  not  butyric  acid;  it  was  dextrogyrate,  but  by  reery- 
stallisation  of  the  barium  salt,  a  perfectly  inactive  acid  was  obtained.  The  silver 
and  barium  salts  resemble  those  of  the  acid  from  isobutyl  cyanide. 

3.  From  Amyl  Alcohol. — The  separation  of  the  active  and  'inactive  amylic  alcohols 
was  effected  by  Pasteur's  method,  depending  on  the  difference  of  solubility  of  the 
corresponding  amylsulphates  of  barium  (i.  203).  The  valeric  acid  prepared  from  the 
inactive  alcohol,  when  purified  by  recrystallisation  of  its  barium  salt,  and  separation 
therefrom,  was  absolutely  destitute  of  rotatory  power,  and  agreed  in  other  respects 
with  the  acids  prepared  from  isobutyl  cyanide  and  from  valerian  root.  The  valeric 
acid  prepared  from  the  active  amyl  alcohol  (too  small  in  quantity  for  complete  purifi- 
cation) boiled  for  the  most  part  between  168°  and  171°.  Eotatory  power  =  +39° 
to  40°.  The  silver  salt  crystallises  from  acid  solution  in  laniinee,  from  neutral  solu- 
tion in  felted  feathery  crystals.  The  barium  salt  remains  on  evaporation  as  a  thick 
syrup  which  often  only  after  some  months  deposits  small  crystals  resembling  those  of 
the  barium  salt  above  described.  The  syrupy  mother-liquor  scarcely  wets  paper,  so 
that  the  crystals  cannot  be  freed  from  it  either  by  absorption  or  by  pressure  ;  it  dries 
lip  to  a  varnish.  The  solution  of  the  salt  dialyses  with  peculiar  facility  through 
parchment  paper.  The  salt  dissolves  in  all  proportions  in  alcohol,  but  is  insoluble  in 
ether. 

The  separation  of  active  valeric  acid  from  a  mixture  of  the  two  cannot  be  completely 
effected  by  crystallisation  of  their  barium  salts,  or  by  fractional  distillation,  or  by 
partial  oxidation  of  a  mixture  of  the  two  alcohols.  Erlenmeyer  a.  Hell  found,  how- 
ever, in  a  commercial  product  consisting  of  a  mixture  of  amyl  valerate  and  amyl 
alcohol  (residues  of  the  preparation  of  valeric  acid)  a  material  for  the  preparation  of 
very  active  valeric  acid.  The  acid  obtained  from  it  by  saponification  of  the  valeric 
ether  had  a  rotatory  power  =  +  48'7°,  and  boiled  at  172'6°-173'o°  imder  a  pressure 
of  721  mm. 

Valeric  acid,  active  or  inactive,  is  easily  oxidised  by  a  mixture  of  2  mols.  water, 
1  mol.  strong  sulphuric  acid,  and  as  much  potassium  dichromate  as  can  dissolve 
therein  at  20°.  The  products  are  acetic  acid,  carbon  dioxide,  and  water.  If  the 
inactive  acid  were  isobutyl-formie  acid,  its  oxidation  would  probably  take  place 
according  to  the  equation  : 

C^H'»0=  +  0»  =  300^  +  SH^O  +  cm'o\ 

yielding  123-9  p.c.  CO-.  The  acid  from  inactive  amyl  alcohol  actually  yielded  120  0-1, 
and  that  from  valerian  root  123'4  p.c.  CO'^.  The  quantity  of  carbonic  acid  produced 
by  oxidation  of  the  active  acid  was  too  variable  to  give  any  distinct  indication  of  its 
constitution. 

The  active  acid,  heated  for  a  quarter  of  an  hour  with  a  few  drops  of  strong  sulphuric 
acid,  becomes  optically  inactive  without  alteration  of  its  other  properties. 

4.  From  Leucine. — The  cold  saturated  solution  of  leucine,  prepared  by  boiling 
elastic  tissue  or  various  proteids  with  dilute  sulphuric  acid,  is  optically  inactive.  The 
valeric  acid  obtained  by  heating  it  with  a  mixture  of  potassium  dichromate  or  man- 
ganese dioxide  and  sulphuric  acid,  or  by  fusing  it  with  potash,  was  too  small  in 
quantity  to  be  completely  purified  ;  it  contained  a  little  acetic  acid.  Its  rotatory  power 
was  +  17°.  The  barium  salt  showed  little  tendency  to  crystallise,  and  it  was  im- 
possible to  decide  whether  it  consisted  of  a  single  salt  or  of  a  mixture  of  two. 

Erlenmeyer  a.  Hell  are  of  opinion  that  valeric  acid  obtained  from  valerian  root,  or 
bj'  oxidation  of  amyl  alcohol,  or  of  leucine  from  various  proteids,  is  almost  always  a 
mixture  in  various  proportions  of  two  acids,  one  of  which  is  inactive  isobutyl-formic 
acid,  while  the  other  is  the  optically  active  acid,  whose  barium  salt  is  more  soluble 
and  less  easily  crystallisable  than  that  of  the  inactive  acid. 

The  following  table  exhibits  a  comparative  view  of  the  properties  of  the  valeric 
acids  from  the  four  sources  above  mentioned.  The  specific  gravity  in  each  case  is 
referred  to  water  at  the  same  temperature.  The  optical  rotation  is  given  for  a  column 
50  cm  .  thick,  in  degrees  or  divisions  of  a  Vontzke's  saccharimeter.  The  properties  of 
normal  valeric  acid,  as  determined  by  Lieben  a.  Eossi,  are  also  given  for  comparison. 
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Valeric  Acid  from 

2 

1 

168°-171°  coiT. 
bar.  at  720-8  mm. 

+  17° 

0-101  pt.  at  21° 

the  samo 

in  all  proportions 

i 

1 

172-5°-173-5°  corr. 
bar.  at  721  mm. 

0-8264  at  0° 
0-8133  at  19-5° 

+  48-7° 

0-195  pt.  at  22° 

not  crystallisable, 
eitlier  from  water 
or  from  alcohol 

apparently  soluble 

93-7  p.c. 
102-8  „ 
96-6  „ 
98-4  „ 

1 

174-5°  corr. 
bar.  at  721  mm. 

0-9465  at  0= 
0-9290  at  20-2° 

0 

0-185  pt.  at  20-5° 

crystallises  easily  ; 
anhydrous 

48-4  pts.  at  18° 

14-4  pts.  at  21° 

3-5  pts.  at  19-5° 
120-4  p.c. 

1 
I 

{hi.  Wii!  ii 

iji  iV  il  1' 

1 

i 

172-6°-174-l°  con-, 
bar.  at  722-6  mm. 

0-9471  at  0° 
0-9307  at  19-7° 

0 

0-185  pt.  at  21° 

crystallises  easily  : 
anhydrous 

49  pts.  at  22° 

14-6  pts.  at  21° 

3-3  pts.  at  19-5° 

1 

184°-185°  corr. 
under  736 

0-9577  at  0° 
0-9415  at  20^ 

0  I 

crystallises  easily  ; 
anhydrous 

16-900  pts.  at  10° 

L'oiling  point  . 

Specific  gravity  .... 

[  Optical  rotation  .       .       .       .  , 

100  pts.  vrater  dissolve  of  the 
silver  salt 

Crystallisability  of  barium  salt  . 

100  pts.  aqueous  solution  contain 
of  the  barium  salt  . 

100  pts.  of  alcoholic  sohition  con- 
tain of  the  barium  salt  . 

100  pts.  of  absolute  alcoholic 
solution  contiiin  of  the  barium 

CO-  evolved  by  oxidation  of  the 
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According  to  Pierre  a.  Puchot  {Compt.  rend.  Ixxv.  1005)  valeric  acid  obtained  by 
oxidation  of  ordinary  amyl  alcoliol,  boils  at  178°  under  a  pressure  of  760  mm.  and 
exliibits  the  follo\ying  specific  gravities : 

Sp.  gr.       0-9470       0-8972       0-8542  0-8095 
at  0°  64-66°       99-9°  147-5° 

A  mixture  of  the  concentrated  acid  with  -water  boils  regularly  bet-ween  99-8°  and 
100°,  giving  off  vapours  -which  condense  to  t-wo  layers,  the  upper  of  -which  is  the  pure 
acid,  and  the  lo-wer  its  aqueous  solution. 

Ordinary  calcium  valerate  separates  from  its  solution  at  ordinary  temperatures  in 
crystals  containing  3  mols.  -water  (Barone,  Beut.  Chen.  Gcs.  Ber.  iv.  758). 

Zinc  valerate  unites  -with  ammonia,  forming  the  compound  (C^H'0-)-Zn.2NH^ 
(Lutschak,  ibid.  v.  30). 

VA2.ERIC  ETHESES.  Pierre  a.  Puchot  {Ann.  CUm.  Phys.  [4],  xx.  234)  have 
determined  the  boiling  points  and  densities  of  the  ordinary  valerates  of  methyl,  ethyl, 
aiKl  butyl  (from  fermentation  butyl  alcohol),  -with  the  following  results : 


Methyl  Valerate, 
C=H''0=.CH^ 

Ethyl  -Valerate, 
C'H''0'.C=H'' 

Isobutyl  Valerate, 
C^H''0=.C*H' 

Boiling  point 
Specific  gravity  at 

Odour 

117-25°  at  755  mm. 
0°     =  0-9005 
41-5°  =  0-8581 
64-3°  =  0-8343 
100-1°  =  0-7945 
like  bananas 

135-6°  at  760  mm. 

0°     =  0-886 
55-7°  =  0-832 
99-63°=  0-7843 
122-5°  =  0-7582 
like  rennet  apples 
and  Mentha  aquatica; 
excites  coughing 

173-4°  at  760  mm. 
0°     =  0-8884 
49-7°  =  0-8438 
100°     =  0-7966 
155-8°  =  0-7428 
like  the  ethylic 
ether 

VASBaSBIBTa,  Ci'ir'N,  and  ViiliERITrairjrs:,  C'^H^N.  Two  volatile  bases 
obtained  hy  the  action  of  .-ilcoholic  ammonia  on  valeral  at  160°.  Their  formation 
takes  place  in  the  manner  sho-n-n  by  the  following  equations : 

2C^W0  +  NH»  =  2H-0  +  C"'H"'N 
3C^H'"0  +  NH3  =  3H=0  +  C'^H"N 

Valeridine  hydrochloride  crystallises  in  laminae ;  valeritrine  forms  a  characteristic 
picrate  (Ljubavin,  Deut.  Cham.  Gcs.  Ber.  iv.  976  ;  v.  1101). 

VAXiBROMTTlSiai,  C^II'N,  is  formed,  together  with  valeramide,  by  heating 
valeric  acid  with  potassium  sulphocyanate.  It  boils  at  126°-128°.  Fuming  nitric 
acid  converts  it  into  a  crystalline  compound  not  yet  examined  (Letts,  Bent.  Chem.  Ges. 
Bir.  v.  669). 

■VAWABIUBI.  This  element  has  been  found  in  trap-rocks  by  E.  Apjohn  (Chem. 
Soc.  J.  [2],  X.  1116),  and  in  iron  ores  from  the  county  of  Antrim  in  Ireland,  by  E.  J. 
Hodges  {Chem.  News,  xxvi.  238). 

Vanadates.  Eositc. — This  name  is  given  by  A.  Sehrnuf  {Jahrh.f.  Mineralogic, 
1871,  163,  451)  to  a  quadratic,  aurora-red  mineral  implanted  on  cerussite  at  Lead- 
hills,  and  regarded  as  a  species  intermediate  between  molybdate  and  vanadate  of 
lead.  The  crystals  exhibit  the  forms  OP  and  P,  the  latter  =  62-50'.  Streak  brownish- 
yellow.    Hardness  =3. 

Vanadinite,  3(V0')=Pb'.PbCP.— On  the  artificial  formation  of  this  mineral,  see 
\st  Suppl.  1125. 

Maskelyne  a.  Flight  {Chem.  Soc.  J,  [2],  x.  1053)  found  in  a  vanadinite  from  South 
Africa  (sp.  gr.  6  61): 

Pb  V'O'  CI 

78-416  19-329  2-56 

77-770  18-670  undetermined 

The  absence  of  Mo,  Or,  and  P  was  directly  established. 

The  relations  between  vanadinite,  deselo'izite,  and  dechenite  have  been  examined  by 
A  Schrauf  {Jahrb.  f.  Mineralogie,  1871,638;  CJiem.  Soc.  J.  [2],  ix.  500).  Of  the  two 
varieties  of  vanadinite  from  Kappel,  the  darker  is  identical  with  deselo'izite  from  Peru, 
while  the  lighter  is  nearly  related  crystallograpliically  to  descloi'zite,  chemically  to 
the  dechenite  of  Niederschlettenbach. 
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Vanadioliie. — A  mixture  of  calcic  hypovanadate  with  augitic  Bubstflneo,  found, 
together  with  lawrowite,  near  Lake  Baikul  (see  Lawbowite,  p.  725), 

VASriZiXiXC  AGXD  or  VASrXXiIiXN',  C'H'O'.     The  odorous   principle  of 

vanilla,  the  fruit  of  Vanilla  lilanifolia,  has  been  the  subject  of  various  contradictory 
statements.  Gobley  assigned  to  it  the  formula  C'^ffO- ;  Stokkebye  regarded  it  as 
C"H"0"  (v.  99i).  W.  V.  Leutner  {Buss.  Zeitschr.  Fharm.  x.  611,  67o,  706;  Jahrcsb. 
f.  Chcm.  1871,  815)  regards  it  as  a  neutral  substance,  vanillin,  having  the  composition 
C'H"0^,  and  states  that  when  boiled  with  potash-ley  it  takes  up  water  and  is  con- 
verted into  a  monobasic  acid,  vanillic  acid,  C^H'^O",  the  silver  salt  of  which  contains 
CH'^AgO". 

The  true  comiDosition  of  vanillic  acid  has  been  determined  by  P.  Carles  {Bull.  Soc. 
Chim.  [2],  xvii.  12),  who  has  described  and  analysed  many  of  its  derivatives.  The 
vanillic  acid,  which  forms  an  efflorescence  on  the  surface  of  the  ripe  fruits  and  collects, 
at  the  bottom  of  the  vessels  in  which  they  are  kept,  was  dissolved  in  liot  water,  de- 
colorised by  animal  charcoal,  and  several  times  recrystailised.  By  slow  cooling  it 
separates  in  large  translucent  prisms,  which  may  attain  a  length  of  more  than  2  cm. 
It  has  a  pungent  taste,  and  when  fresh  and  pure,  only  a  faint  aromatic  odour,  wliieh, 
however,  becomes  stronger  on  warming.  It  melts  between  80^  and  81°,  and  may  be 
sublimed,  but  when  distilled  from  a  tube,  passes  over  with  difficulty  at  280°,  and 
becomes  partially  resinised.  It  is  very  soluljle  at  ordinary  temperatures  in  alcohol, 
ether,  chloroform,  carbon  sulphide,  and  oils,  gives  off  V2  p.c.  water  at  15°,  and  a  very 
large  quantity  at  boiling  heat.  It  decomposes  carbonates  and  saturates  alkaline  bases 
completely  at  ordinary,  and  alkaline  earths  at  higher  temperatures.  Its  lead,  magnesium, 
and  zinc  salts,  (C*H'0')-M",  are  sparingly  soluble  in  water,  and  are  obtained  by  pre- 
cipitation. The  lead  salt  is  decomposed  by  boiling  water  into  a  more  soluble  acid  salt 
and  resinous  basic  salts.  These  salts  are  but  little  altered  by  exposure  to  the  air,  but 
the  ammonium,  potassium,  sodium,  barium,  and  calcium  salts  quickly  turn  brown  in 
contact  with  the  air,  and  leave  a  blackish  indistinctly  crystalline  residue  when  their 
solutions  are  left  to  evaporate  in  a  vacuum. 

Bromovanillic  acid,  CTI'BrO',  is  formed  by  adding  bromine  in  slight  excess  to 
a  concentrated  lukewarm  aqueous  solution  of  vanillic  acid — taking  care  to  prevent  rise 
of  temperature — as  a  precipitate  which,  after  crystallisation  from  alcohol,  and  finally 
from  boiling  water,  with  addition  of  animal  charcoal,  forms  nacreous,  scentless,  light 
yellow  crystals,  which  dissolve  sparingly  in  cold  water,  more  easily  in  alcohol,  ether, 
and  chloroform,  melt  at  161°,  and  sublime  without  decomposition.  The  mother-liquor 
contains  more  highly  brominated  products. 

Mono-iodovanillic  acid,  C'H'IO^  obtained  by  adding  alcoholic  iodine  to  aqueous 
vanillic  aeid,  forms  white  nacreous  crystals  which,  after  two  recrystallisations  from 
alcohol,  melt  at  174°,  sublime  undecomposed,  and  have  a  faint  odour.  J>i-iodovanillio 
acid,  C'*H''I"0',  obtained  by  using  an  excess  of  iodine,  forms  nacreous  crystals  slightly 
soluble  in  boiling  water,  insoluble  in  cold  chloroform,  soluble  in  warm  alcohol  and 
ether. 

With  chlorine,  vanillic  acid  does  not  form  any  crystallised  substitution-products 

Action  of  melting  Potash  on  Vanillic  acid. — When  vanillic  acid  is  gradually  added 
to  melting  potash,  the  cooled  mass  treated  with  strong  hydrochloric  acid,  the  whole 
then  shaken  with  ether,  and  the  ethereal  solution  left  to  evaporate,  small  warty 
crystals  areobtained  of  a  compound  regarded  by  Carles  as  oxyvanillic  acid.  This 
substance,  after  two  crystallisations  from  boiling  water,  forms  white,  scentless,  prismatic 
crystals  melting  at  169°,  slightly  soluble  in  cold,  very  soluble  in  boiling  water,  soluble 
in  alcohol  and  in  ether;  it  saturates  bases  completely,  and  some  of  its  salts  are  crystal- 
line. Its  solution  does  not  alter  the  colour  of  pure  ferrous  salts,  but  in  presence  of 
traces  of  ferric  oxide,  a  very  deep  green  colour  is  produced,  which  is  destroyed  by 
nitric  acid,  chlorine,  and  sulphurous  acid. 

Action,  of  Hgdriodic  acid. — Vanillic  acid,  heated  to  100°  in  a  sealed  tube  for  30 
hours  with  five  times  its  weight  of  fuming  hydriodic  acid,  forms  a  brown  product 
which,  on  distillation,  yields  methyl  iodide  (Carles). 

Formation  of  Vanillic  acid  from  Coniferin. — When  coniferin,  C'^H-^O^,  the  ghicoside 
contained  in  the  cambium  of  coniferous  woods  {\st  Siqypl.  480),  is  digested  at  25°-36° 
with  water  and  a  small  quantity  of  emulsiu,  it  splits  up  into  glucose  and  a  substanca- 
wliich  separates  in  white  crystalline  flocks,  and,  after  purification  by  solution  in 
ether,  has  the  composition  C'°H'-0^  This  subsfcinco  acquires  the  odour  of  vanilla  on 
exposure  to  the  air,  and  when  it  is  oxidised  with  chromie  acid  mixture,  the  product 
shaken  with  ether,  and  the  ether  left  to  evaporate,  there  remains  an  oil  which,  on 
cooling,  solidifies  to  a  substance  identical  in  composition,  melting  point,  and  all  its 
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other  properties,  with  vanillic  aciil  from  vanilla,  forming  the  same  salt?,  and  the  same 
bromine-  and  iodine-derivatives  (Tieraan  a.  Haarmann,  Beut.  Chem.  Gcs.  Ber,  vii, 
COS). 

When  coniferin,  the  crystalline  substance  C"'H''*0',  or  vanillic  acid,  is  fused  with 
potash,  protocatechuic  acid  is  formed,  and  vanillic  acid  heated  with  hydriodic  acid 
yields  methyl  iodide.    Hence  vanillic  acid  may  be  inferred  to  be  a  methylic  ether  of 
rOCH^ 

protocatechuic  aldehyde,  viz.  CH'  \  OH   .    This  aldehyde  has  not  been  actually 
(COH 

separated  from  the  products  of  the  action  of  hydriodic  acid  on  vanillic  acid,  but  it  is 
formed,  together  with  methyl  chloride,  when  vanillic  acid  is  heated  to  180°-200°  -svith 
dilute  hydrochloric  acid.     With  acetic  anhydride  vanillin  yields  acetyl-vanillic 
(OCH^ 

acid,  C°H' j  OC-H^O,  and  with  heneoyl  chloride  it  yields  benzoyl-vanillic 

(cOH 

{OCW 
acid,  CH'JoO'ffO. 

icOH 

The  substance  C'E'-O^  is  probably  a  methyl-ethylic  ether  of  protocatechuic 
aldehyde,  or  an  ethylic  ether  of  vanillic  acid,  and  may  be  represented  by  the  formula 

C*H^  \  OC-H^  this  view  being  confirmed  by  the  fact  that  hydriodic  acid  decomposes 
(COH 

the  substance,  with  formation  of  methyl  iodide  and  ethyl  iodide.  Protocatechuic 
aldehyde  was  not  actually  detected  among  the  products,  but  protocatechuic  acid  and 
pyrocatechin  wore  found  (Tiemann  a.  Haarmann). 

VETCH.  Vicia  sativa. — The  composition  of  three  varieties  of  vetch-seed  has 
been  determined  by  H.  ^^Weiske-Proskau  {Ann.  d.  Landwirthschaft.  Wochenhlatt. 
Sept.  6,  1871  ;  Chem.  8oc.  J.  [2],  s.  840). 

Water  

Prote'ids  ..... 
Soluble  Carbo-hydrates  and  Fats 
Crude  Fibre 

Ash  


On  the  formation  of  Asparagin  in  vetches,  see  p.  108. 

VlSffYX.-COBSPOUBS'BS  (E.  Baumann,  Ann.  Ch.  Pharm.  clxiii.  308).  The 

bromide  and  iodide  of  vinyl,  C^H^'Br,  and  C-H^'I,  are  acted  on  by  sodium  methylate  at 
ordinary  temperatures,  even  in  the  shade,  yielding  the  same  products  as  when  the 
action  takes  place  at  a  higher  temperatm'e,  viz.  acetylene,  sodium  bromide,  methyl 
alcohol,  and  a  trace  of  a  substance  which  may  perhaps  be  allyl  alcohol,  as  it  gives 
rise  to  an  odour  exactly  resembling  that  of  acrolein  when  treated  with  dilute  sulphuric 
acid  and  potassium  dichromate. 

Pure  potassium  cyanide  (prepared  by  saturating  alcoholic  potash  with  gaseous 
hydrocyanic  acid)  and  silver  cyanide,  have  practically  no  action  on  vinyl  bromide,  even 
after  several  hours'  heating  at  14:0°-150°. 

When  vinyl  bromide  is  kept  in  a  sealed  tube  in  the  dark,  no  change  ensues, 
even  after  several  weeks  ;  but  if  exposed  to  direct  sunlight,  it  becomes  changed  into 
an  isomeric,  solid,  non-crystalline,  porcelain-like,  elastic  substance ;  this  change  takes 
place  more  rapidly  with  moist  bromide  than  with  the  perfectly  dry  substance ;  the 
presence  of  a  small  quantity  of  alcohol  neither  accelerates  nor  retards  the  change. 
This  solid  substance  has  the  sp.  gr.  2'075,  whereas  the  liquid  bromide  has  the  sp.  gr. 
1'62  (Eegnault).  It  begins  to  decompose  at  125°-130°,  and  is  but  little  acted  on  by  boil- 
ing alcoholic  potash ;  after  twelve  hours  heating  to  180°-200°,  with  this  reagent,  how- 
ever, it  forms  a  brown-black  substance,  insoluble  in  all  menstrua,  all  the  bromine  being 
removed  from  it  without  evolution  of  gas.  Sulphuric  acid  carbonises  the  substance  on 
being  heated  with  it ;  boiling  nitric  acid  has  but  little  action  on  it ;  bromine  dissolves 
it,  forming  a  loose  compound,  which  splits  up  into  bromine  and  the  original  substance, 
on  treatment  with  water,  alcohol,  or  alkalis. 

Vinyl  chloride  undergoes  a  change  by  the  action  of  sunlight,  producing  an 
isomeridc  of  similar  appearance  and  properties  to  the  above-described  substance.  The 
specific  gravity  of  the  solid  modification  is  1-406;  it  can  be  heated  to  130°  without 
decomposition,  but  melts  to  a  black-brown  mass  at  a  higher  temperature ;  it  is  not 
dissolved  by  bromine. 


Ordinary 

Wliite 

Grey 

12-93 

13-^8 

14-36 

27-60 

27-81 

29  06 

47-80 

48-03 

46-72 

7-17 

6-87 

6-22 

4-60 

3-61 

3-64 

100 

100 

100 
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Dielilorotliylidone  (chlorinated  vinyl  chloride),  boiling  at  36°,  is  also  changed 
into  a  solid  isomeride  by  tho  aetio'n  of  light.  This  body  has  been  described  by 
Eegnault,  and  a  similar  modification  of  bromiuatod  vinjd  bromide  by  Sawitsch. 

Tho  iweparation  of  vinyl  iodide  from  ethylene  iodide  is  difficult,  the  yield  being 
veryBmall;  it  is  not  obtained  by  the  action  of  potassium  iodide  on  vinyl  bromide; 
sunlight  decomposes  it,  setting  free  iodine,  which  prol):ibly  prevents  the  isomeric 
transformation  of  the  unaltered  iodide,  as  a  trace  of  free  iodine  prevents  this  change 
in  the  case  of  vinyl  bromide. 

VIHSBIOTS,  C'-H"N.  On  the  occurrence  of  this  base  in  tobacco-smoke,  see 
ToBAca)  (p.  1161). 

VSVIABa-STB,  SFeO.P-'O^*  +  8IF0,  or  Fo\VO'f  +  8H=0.  Maskelyne  a.  Flight 
{C/iem.  Soc.  J.  [2],  ix.  6)  have  analysed  several  specimens  of  vivianite  from  Corn-wall. 

a.  Pale  blue-green  crystals  (examined  crystallographically  by  G.  vom  Ratli,  Poffg. 
A?in.  cxxxvi.  4:05),  occurring  with  quartz,  and  chalybite  in  the  cavities  of  a  gangue 
composed  of  blende,  with  small  quantities  of  galena,  iron  pyrites,  copper  pyrites  and 
mispiekel.  b.  From  the  same  locality  ;  dark  blue  fragments  of  pulverulent  structure, 
sometimes  enclosing  imperfect  dark  brown  crystals,  c.  and  d.  Fine  crystals  from 
Fernando  Po. 

PoO         Fe=0'        P=0"  CO"-  SiO=  H=0  Ste 

a.  42-71        1-13       28-53         —  —         28-98         —    =  101-33 

37-21        9-17       23-90       5-16         0-81        23-87       0-29    =  100--11 
€.  42-89        0-80       28-79         —  —         29-44         —    =  101-92 

d.  38-50       5-08       27-80        —  —         28-33        —    =  09-71 

The  whole  of  the  iron  was  doubtless  originally  present  as  monoxide ;  but  the  nearly 
colourless  powder  of  the  variety  a  oxidises  even  during  trituration,  its  colour  changing 
to  deep  blue.  Bearing  this  in  mind,  tho  composition  of  all  the  species  may  be 
represented  by  the  ordin-iry  formula  of  vivianite. 

VOS.C^S-JSC  umik'mM.-no^S.  On  the  Gases  evolved  from  the  Fumaroles  of 
Vesuvius  and  Etna,  see  Scacchi  (ilfw?.  Mitth.  1871,  64;  Jahrcsh.  f.  Clicm.  1871, 
1220  ;  1872,  1175). 

On  the  Gaseous  Exhalations  from  tho  Solfataras  of  Pozzuoli :  S.  do  Luca  (^Ann. 
C%//H.  ZV/y.s.  [4],  xxvi.  289  ;  Jahresb.  1872,  1175;  Chcm.  Soc.  J.  [2],  x.  294),  Seo 
fui-tlier  the  article  Gases,  Volcanic,  in  this  volume  (p.  550). 


w 


WAas.  C.  P.  Williams  {Chcm.  News,  xxi.  237)  describes  an  anhydrous  wad  oc- 
curring in  the  quartz-veins  of  the  gold  districts  of  Nueva  Providencia,  Venezuela, 
containing:  46-973  p.c.  MnO,  7'545  0,  4-073  Fe=0\  15-934  APO^  0-528  CuO, 
3-565  CoO,  10-385  NiO,  trace  of  ZnO,  1-605  CaO,  1-653  MgO,  and  8-653  SiO^. 

Analysis  of  three  specimens  of  wad  from  different  localities  in  Germany  are  given 
by  n.  Ludwig  {Arch.  Pharm.  [2],  cxliii.  101  ;  Jahrc.'ih.  1871,  1284). 

■Wiiliia-UT.    Seo  Eegianin  (p.  1039). 

WATER.    On  the  Compressibility  of  Water,  see  Liquids  (p.  756). 

Specific  Heed. — G.  A.  Hirn  finds  that  the  specific  heat  of  water  does  not  exhibit 
any  irregularity  near  its  point  of  maximum  density,  but  merely  changes  somewhat 
more  quickly  below  than  above  that  point  {Conrpt.  rend.  Ixx.  831). 

Freezing. — Boussingault  {Compt.  rend.  Ixxiii.  77)  observed  that  water  enclosed  at 
4°  in  a  cast-steel  tube,  thick  enough  to  be  regarded  as  inexten.;ible,  remained  liquid 
for  several  days  at  —24°,  as  was  shown  by  the  mobility  of  a  steel  ball  enclosed -within 
the  tube.  Solidification  took  place  as  soon  as  the  tube  was  opened  and  tho  water 
allowed  to  expand. 

Marlins  a.  Chancel  {Ann.  Chim.  Phys.  [4],  xxvi.  660)  have  examined  tho  physical 
phciionuna  attending  the  bursting  of  shells  by  the  freezing  of  water.  However  low 
the  temperature  of  the  air  might  be,  that  of  the  enclosed  water,  at  the  moment  of 
splittiiij^  of  the  shell,  which  took  place  without  any  scattering  of  fragments,  never 
sank  bolow  —4-2°,  The  proportion  of  water  frozen  varied  from  20  to  30  p.c,  and 
4h2 
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the  pressure  thereby  exerted  was  sufficient  to  roduco  the  entire  volume  by  j\  to 
(compare  iii.  79). 

According  to  Tellier  {Compt.  rend.  Ixxv.  506),  ordinary  water  can  be  cooled  in  a 
glass  vessel  to  —  3°  or  —  4°  without  freezing,  even  when  briskly  shaken.  A  very 
violent  concussion,  however,  frequently  causes  it  to  freeze,  and  the  solidification  may 
be  instantly  determined 'by  di-opping  in  a  crystal  of  ice,  tieedles  of  ice  being  then 
formed,  which  traverse  the  entire  mass,  and  the  temperature  rising  to  0°.  These 
phenomena  are  similar  to  those  whicli  take  place  in  supersaturated  saline  solutions. 

Zoppritz  {Poc/g.  Ann.  Erg'dnzb.  v.  497)  has  shown  by  careful  experiments  that  sea- 
water  in  freezing  exhibits  no  deviation  from  the  general  law  which  governs  the 
variation  of  density  with  temperature  in  all  liquids  excepting  pure  water. 

Bolley  {Bingl.  fol.  J.  cxcviii.  267)  has  shown  that  the  concentration  which  is 
observed  in  sea-water  and  in  strong  saline  solutions  in  general  by  the  act  of  freezing, 
takes  place  also  in  spring  and  river-waters,  even  in  such  as  have  but  a  very  slight 
degree  of  hardness.  A  litre  of  filtered  water  from  the  Lake  of  Ziirich  left  on  evapora- 
tion 0-128  gram  of  saline  residue  (dried  at  110°),  whereas  a  litre  of  filtered  water  from 
the  thawed  ice  of  the  same  lake  yielded  only  0-026  gram. 

Becomposition. — On  the  decomposition  of  water  by  zinc  in  conjunction  with  a  more 
negative  metal,  see  Electeolysis  (p.  454). 

H.  T.  Brown  (Chem.  8oe.  J.  [2],  s.  677)  finds  that  water  is  decomposed  during 
vinous  fermentation,  and  that  the  decomposition  is  facilitated  by  an  increase  of 
atmospheric  pressure. 

According  to  V.  Meyer  {Compt.  rend.  Ixxiv.  195),  vapour  of  water  passed  over 
boiling  sulphur  is  decomposed,  with  formation  of  sulphurous  and  thiosulphuric 
acids. 

Detection  and  Estimation, — For  the  detection  of  water  in  the  state  of  vapour 
Schoras  {Beut.  Chem.  Ges.  Ber.  iii.  11)  recommends  paper  impregnated  with  solution 
of  calcium  jdatinocyanide,  and  decolorised  by  heating.  Exposure  to  vapour  of  water 
immediately  restores  the  colour. 

The  presence  of  water  in  common  Ether  may  be  detected  by  dropping  the  ether  into 
carbon  sulphide  previously  purified  by  means  of  silver  amalgam.  The  slightest 
quantity  of  water  produces  a  milky  turbidity  (V.  Wartha,  Beut.  Chem.  Ges.  Ber.  iii. 
82). 

Water  may  be  detected  in  Essential  Oils  by  the  turbidity  which  it  produces  when  the 
oil  is  mixed  with  several  times  its  volume  of  petroleum  ether  (Leuchs,  J.  p.  Chem.  [2], 
vi.  159). 

On  the  estimation  of  water  in  Acetic  acid  by  observation  of  the  freezing  temperature 
of  the  aqueous  acid,  see  Acetic  Acid  (p.  5). 

On  the  mode  of  combination  of  Water  of  Crystallisation,  see  F,  v.  IvobcU  {Pogg. 
Ann.  exli.  446  ;  Jahresb.  f.  Chem.  1870,  204). 

F.  Mohr  infers  from  Landolt's  tables  of  the  boiling  points,  specific  gravities,  and 
refractive  indices  of  isomeric  bodies,  that  when  hydrogen  is  present  in  a  compound  in 
the  form  of  water,  it  lowers  the  index  of  refraction,  but  raises  the  specific  gravity  and 
the  boiling  point  {Beut.  Chem.  Ges.  Ber.  iv.  156). 

"Water  Analysis.  Estimation  of  free  Oj;y^cn.— Schiitzenberger  a.  Gerardin 
{Co?npt.  rend.  Ixxv.  879)  estimate  the  free  oxygen  in  water  by  means  of  sodium  hypo- 
sulphite, NaHSO-  (Schiitzenberger's  hydrosulphite,  1st  Suppl.  1063),  which  absorbs 
oxygen  with  great  rapidity.  The  reaction  consists  in  the  conversion  of  the  hyposid- 
phite  into  the  acid  sulphite  of  sodium,  and  the  amount  of  hyposulphite  thus  oxidised 
hy  a  water  is  determined  by  means  of  Coupier's  soluble  aniline-blue,  which  is 
instantly  decolorised  by  the  hyposulphite,  and  not  affected  by  the  acid  sulphite. 
Sodium  hyposulphite  also  decolorises  an  ammoniacal  solution  of  cupric  oxide,  while 
the  sodium  sulphites  do  not,  and  this  solution  may  also  be  used  as  a  means  of 
titrating  the  test-solution  of  hyposulphite.  It  is  necessary  to  exclude  the  air  from 
the  water  during  its  treatment  with  the  hyposulphite,  and  for  this  purpose  it  is 
covered  with  a  thin  layer  of  oil,  beneath  which  the  beak  of  the  burette  is  made  to 
dip.  The  hyposulphite  solution  is  added  from  a  burette,  first  to  the  standard  solution 
of  copper  to  determine  its  strength,  and  then  to  a  litre  of  the  water  coloured  with 
Coupier's  blue.  The  disappearance  of  the  colour  in  each  ease  shows  the  presence  of 
unoxidised  hyposulphite,  and  therefore  the  completion  of  the  action. 

A  method  of  detecting  air  dissolved  in  water  is  described  by  A.  Anderssohn  {Poqg. 
Ann.  clxiii.  142;  Jahresb.  f.  Chem.  1871,  206). 

On  the  estimation  of  Carbonic  acid  in  Sea-water,  see  p.  261  of  this  volume ;  in 
Calcareous  Spring-water:  K.  Knapp  (Ann,  Ch.  Pharm.  clviii.  112;  Chem.  Soc.  J.  [2], 
ix.  582). 
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On  the  estimation  of  Sulphnric  acid  in  water,  see  A.  Miiller  {Dcuf.  Chem.  Gcs.  Ber. 
ili.  881 ;  Chan.  Soc.  J.  [2],  ix.  439). 

On  the  detection  and  estimation  of  Nitrous  and  Nitric  acid  in  Waters,  see  pp.  854, 
858.  On  the  estimation  of  Nitric  acid,  see  also  Wittstein  {Dingl.  j)ol.  J.  cc.  123; 
CJwm.  Soc.  J.  [2],  ix.  754).  E.  Nicholson  {Chem.  News',  xxvi.  89) ;  F.  Schulze 
{Zcitschr.  anal.  Chem.  1872,  313  ;  Jahresb.  1872,  881). 

On  the  estimation  of  Nitrates  in  Well  Water :  J.  M.  Bemmelen  {Zcitschr.  anal. 
Chem.  1872,  136  ;  Jahresb.  1872,  881). 

On  the  estimation  of  Ammonia  in  Well  and  Eiver  Waters,  see  H,  Fleck  {J.  pr.  Chem. 
[2],  V.  263  ;  Chem.  Soc.  J.  [2],  x.  1041). 

On  the  detection  and  estimation  of  Organic  matter  in  Water,  see  A.  Miiller  {Dent. 
Chem.  Ges.  Ber.  iii.  669  ;  Jahresb.  f.  Chem.  1870,  875);  also  Wittstein  (Din^^.  j^oJ.  J.  cc. 
123;  Chem.  Soc.  J.  [2],  ix.  764),  also  E.  Sehiirmann  (.7.  Chem.  [2],  iv.  374; 
Jahresb. f.  Chem.  1871,  876).  On  Frankland's  method  of  estimation:  Chem.  News, 
XXV.  157. 

On  the  determinaton  of  Nitrogenous  Organic  matter,  see  J.  A.  Wanklyn  {Chem. 
News,  xxiv.  10  ;  xxv.  157);  D.  Campbell  {ibid.  xxiv.  19). 

On  the  determination  of  the  quality  of  Potable  Waters,  see  A\men  {Be ut.  Ohem, 
Gcs.  Ber.  iv.  750);  alsoG.  Bisehof  {Zcitschr.  anal.  Chcm.s..  441).  This  paper  contains 
descriptions  and  figures  of  the  microscopic  appearances  presented  by  the  evaporated 
residues  of  potable  waters  contaminated  with  various  kinds  of  organic  matter. 

On  the  alterations  of  Potable  Waters,  see  J.  Miiller  {Arch.  Pharm.  [2],  cxlix.  27  ; 
[3],  i.  385;  Jahresb.  f.  Chem.  1871,  165). 

Determination  of  the  Hardness  of  Waters:  E.  Eeichardt  {Zcitshr.  ancd.  Chem. 
1871,  284);  A.  Wagner  {Arcli.  Pharm.  [2],  cl.  235);  Grager  {N.  Jahrb.  Pharm. 
xxxvi.  1;  Jahresb.  f.  Chem.  1872,  877);  of  the  Temporary  Hardness:  A.  Wagner 
{Vingl.  imI.  J.  cci.  426  ;  Chem.  Soc.  J.  [2],  x.  23). 

For  analyses  of  Sea  Water,  see  Jahresb./.  Chem.  1870,  1380;  1871,  1222:  of 
Lake  and  Eiver  Water,  1871,  1223;  1872,  1180:  of  Spring  and  Mineral 
Waters,  ibid.  1870,  1382-1391  ;  1871,  1225-1233  ;  1872,  1181-1188. 

On  the  composition  of  Drainage  Water,  see  Voolcker(C%c;«.  Soc.  J.  [2],  ix.  276- 
297). 

0]i  the  composition  of  Water  for  feeding  Steam-Boilers,  and  the  methods  of  Softening 
it,  see  J.  Htiugl  {Bingl.fol.  J.  ccvi.  304;  Jahresb.  f.  Chem.  1872,  970). 

WATI'iK-GlASS.  According  to  Fliickiger  {Arch.  Pharm.  [2],  cxliv.  97; 
Jahrcsh.  /;  Chrm.  1870,  305)  the  precipitate  formed  in  solutions  of  water-glass  by 
vi  i'v  t-Dlulili;  suits  of  potash,  soda,  lithia,  and  ammonia,  consists  of  silica.  Heintz,  on 
ihoMllRr  liiinil  {Deut.  Chem.  Ges.  Ber.  iv.  104)  finds  that  soda  water-glass  gives  with 
strong  aqueous  ammonia  a  precipitate  contiiining  soda  and  silica  in  the  ratio 
Na-'O  :  4SiO=.  The  precipitate  formed  by  a  strong  solution  of  sodium  nitrate  has  the 
composition  Na-SiO' +  8H-0.  Water-glass  behaves  therefore  with  neutral  salts  of 
potassium  and  sodium  just  like  soaps,  excepting  that  the  latter  are  precipitated  by 
caustic  potash,  whereas  in  tho  water-glass  solution  the  precipitate  is  produced  only 
hy  ammonia.  This  circumstance  may  be  made  available  for  the  preparation  of  per- 
fectly piu'e  water-glass. 

On  the  use  of  Gaizc  (p.  536)  for  the  preparation  of  water-glass,  see  Scheurer- 
Kestner  {Commit,  rend.  Ixxii.  767  ;  Chem.  Soc.  J.  [2],  ix.  763). 

WAVBXiXiITS.    This  mineral  occurs  as  a  thin  coating  on  tho  cleavage-faces  of 
amlilygonito  (p.  972),  forming  small  radiate  spherules,  the  needles  of  which  have 
the  form  of  strongly-striated  prisms.    An  analysis  by  Pisani  gave  : 
F  p=0=         Al'O'  H"0 

2-27       34-30       38-25       26-60  =  101-42       Sp.  gr.  =  2-33. 

(Des  Cloizoaux,  Compt.  rend.  Isxv.  69). 

"^ILUL.  On  tlie  formation  of  Bees-wax,  and  tho  proportion  of  wax  in  Pollen,  see 
Pollen  (p,  1006). 

Straw-wax. — J.  Konig  {Bcut.  Chem..  Gcs.  Ber.  iii.  566)  confirms  the  observations  of 
Eadziszewski  respecting  the  occurrence  of  wax  in  the  straw  of  cereals  {Ist  Suppl. 
1 128),  and  adds  that  it  is  also  contained  in  meadow  and  clover  hay  and  in  pea  straw. 
In  meadow  and  clover  hay  he  found  I'O  to  1-3  p.c.  true  fat,  together  with  0-4  to  0-6 
p.c.  wax ;  rye  and  barley-straw  yielded  about  0-5  p.c.  fat,  and  the  same  quantity  of 
wax.    See  Fat  (pp.  506,  507). 

WEBSTBRITB  or  AX.UMIMS:TE.  This  mineral  h.-is  ]>vm  found  in  the  chalk 
near  Brighton,  forming  a  layer  about  3  feet  thick,  and  probably  filling  a  cleft;  above 
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it  is  a  ferruginous  clay  ■with  nodules  of  limonite,  flint,  and  isolated  crystals  of  gypsum. 
The  websterite  is  of  very  variable  constitution,  sometimes  in  the  form  of  the  finest 
white  powder,  appearing  under,  the  microsffope  as  an  aggregate  of  extremely  fine 
crystals,  sometimes  in  compact  nodular  masses  resembling  meerschaum  (S.  Poreovul, 
Jahrbuch.  f.  Miiicralogie,  1871,  637). 

WEOTE.  Preservation. — To  preserve  wine  in  good  condition,  Pasteur  {Bull.  Soc. 
Chim.  [2],  iv.  80,  410)  recommends  that  it  be  heated  for  some  minutes  in  perfectly 
filled  and  tightly  corked  bottles,  or  in  casks,  to  60°-70°  (perhaps  even  45°  would  be 
high  enough),  in  order  to  destroy  the  vitality  of  the  cryptogamic  germs,  which  are  the 
cause  of  its  deterioration.  Wine  thus  heated  is  quite  clear  after  cooling,  undergoes 
no  alteration  in  colour,  taste,  or  odour,  and  keeps  well  even  in  half-filled  bottles. 

Au  apparatus  for  carrying  out  this  process  on  the  large  scale  has  been  constructed 
by  Giret  a.  Vinas  {Dingl.  pol.  J.  cci.  ooO).  It  consists  of  two  upright  cylinders  of 
tinned  copper,  one  serving  as  a  heating  vessel,  and  the  other  as  a  cooler,  in  which  the 
wine  circulates  through  annular  jackets  of  the  same  height  as  the  cylinders.  The 
wine  first  passes  through  the  cooler,  then  passes  irito  the  heating  apparatus,  where  it 
traverses  the  annular  jacket — which  is  warmed  externally  by  water  to  55°-60° — 
thence  it  passes  into  the  annular  jacket  of  the  cooler,  and  finally  leaves  the  apparatus. 
It  is  essential  that  the  wine  be  not  heated  above  60°,  otherwise  it  acquires  a  boiled 
taste,  and  that  the  apparatus  be  perfectly  closed  to  prevent  the  escape  of  any  of  the 
volatile  odorifereus  principles  of  the  wine. 

A  table  of  the  composition  of  German  and  other  wines  is  given  by  G.  Glassner 
(Arch.  PJiarm.  [2],  cxlis.  117  ;  Jahrcsb.f.  Chem.  1872,  1043). 

Analysis  of  Wine.  On  the  Spectroscopic  examination  of  Wine,  and  its  appli- 
cation to  the  detection  of  Adulteration,  see  Sorby  {Quar.  Jour,  of  Microscopical 
Science,  1869,  358  ;  Jahrcsb.f.  Chem.  931). 

On  methods  of  distinguishing  between  Grape  and  Fruit  wines  (made  from 
apples,  pears,  gooseberries,  currants,  &c.),  sea  Zcitschr.  anal.  Chem.  1871,  231 ;  1872, 
337  ;  Jahresh.  1871,  967;  1827,  036. 

On  the  Detection  of  the  addition  of  Spirit  to  Wine  (so-called  gallisation),  see 
Schubert  (Z«7scAr.  anal.  Chem.  1870,  112;  Jahresb.  1870,  1043). 

Estimation  of  Free  Acid. — F.  Schwackhofer  {Zcitschr.  anal.  Chem.  1872,  331)  esti- 
mates the' quantity  of  free  acid  in  red  wine  by  mixing  the  wine  with  tincture  of  litmus, 
supersaturating  with  caustic  baryta,  and  titrating  back  with  sulphuric  acid.  As  the 
point  of  saturation  is  approached,  every  drop  of  sulphuric  acid  added  produces  a  red 
zone.  For  the  titration  10  c.c.  of  wine  are  used ;  1  c.c.  baryta-solution  =  0'009852 
gram  of  tartaric  acid  (eq.  76),  and  1  c.c.  sulphuric  acid  =  16  c.c.  of  baryta-solution. 

Estimation  of  Cream  of  Tartar  in  Wine. — P.  Carles  recommends  for  this  estimation, 
in  place  of  the  old  method  of  incineration,  which  is  not  exact,  the  process  devised  by 
Berthelot  a.  Fleurieu,  which  consists  in  precipitating  the  acid  tartrate  of  potassium 
by  adding  to  the  -nine  an  equal  volume  of  a  mixture  of  alcohol  and  ether,  washing  the 
crystalline  precipitate  slightly  with  alcohol,  redissolving  it  in  water,  and  estimating 
the  tartaric  acid  by  titration  with  a  standard  alkaline  solution  {J.  Pharm.  Chim.  [4], 
xiv.  188  ;  Chem.  Soc.  J.  [2],  ix.  1211). 

Estimation  of  Sugar  in  Wine  (Schubert,  Zcitschr.  anal.  Chem.  1870,  112;  Jahresb. 
/.  Chem.  1870,'  1037). 

WZSf3£a3E5RITB  (Brcitliaupt,  Jahrb.f.  Mineralogic,  1872,  816).  An  amorphous 
bluish-black  to  velvet-black  mineral  from  Oria  near  Matril  in  the  Sierra  Almahilla, 
Spain,  also  found  on  the  Rothenberg  near  Saalfeld.  Hardness  =3.  Sp.  gr.  =3-432. 
An  analysis  by  C.  Winkler  gave  the  values  A,  together  with  potash  and  soda, 
recognisable  by  the  spectroscope.  Deducting  Fc"0^  and  Si'O"  as  admixtures,  and 
reckoning  the  nickel  with  the  cobalt,  we  obtain  the  values  B,  which  Winkler  rejjre- 
sents  by,  the  formula : 

40CoO,  16CuO,  6Co'0',  8CaO,  4As=0^  24CO=,  70H=O  (C). 
Grouping  these  values  as  follows  : 

8(5Co0.2CO=  -h  4H-0)  +  6(Co-OlH20)  +  8(2CuO.CO-  +  H^O)  +  4(2CaO.As=05  +  6H=0), 
the  whole  may  be  regarded  as  an  intimate  mixture  of  malachite,  pharmneolite, 
cobaltic  hydrate,  and  cobaltous  carbonate.  The  mineral  may  have  been  formed  by 
the  action  of  calcareous  water  containing  carbonic  acid  on  cobalt-bloom  in  contact  with 
malachite. 

CoO       NiO      CuO      Co^O'     Fe=0^    CaO      As'0=      CO'       giO=  H=0 

A.  28-91    2-58    13-21    10-34    3-05    6-35    10-29    10-37    2-64    14-08  =  100-82 

B.  33-10      —     13-89    10-86      —     5-62    10-83    10-00      —     14-80  =  100 

C.  33-77     —     14-11    11-20     —    4-97    10-22    11-73     —     14-00  =  100 
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WIWKWOSaTHSTS  (H.  How,  Phil.  Mag.  [4],  xli.  270).  A  mineral  occurring 
in  colourless  tmusparent  nodules,  some  as  big  as  a  nut,  in  the  gypsum  of  AVinkwortli, 
Hants  County,  Nova  Scotia.  The  numbers  in  tlie  two  following  analyses  are  inter- 
mediate between  those  required  by  the  formiilse: 

llCaO,  SiO-,  9S0^  ?,W-0\  and    llCaO,  SiO^  880',  iWO\  20H-O. 

CaO  S0=  SiO=  B=0'*  H=0 

31-66  36  10  3-31  10-13  18-80  =  100 

31-14  31-51  4-98  14-37  18  00  =  100 

*  Detemined  by  loss. 

Kenngott  {Jahrh.f.  Mineralogie,  1872,  300)  shows  by  calculation  that  those  forma- 
tions arc  mixtures  of  silico-borocalcito,  77'87  p.c,  and  gypsum,  67'75  p.c. 

WIBTTiSKGSSSIJBr  OIS..  According  to  J.  Broughton  {Pharm.  J.  Trans.  [3],  ii. 
281)  the  oil  of  Andromeda  Lesclienaultii  consists  of  methyl-salicylic  acid,  and  is  nearly 
identical  witli  C:i,nadian  -wintergreen  oil. 

WOCHUIWSTE.    See  Bauxite  (p.  126). 

WOEns.S26STS.    See  Tantalatbs  (p.  1146). 

WO l=i.a.ST OMITS.  Or.  vom  Eath  {Jahrcsh.  f.  Mincrcdogic,  1872,  217)  de- 
scribes an  outcast  from  Monte  Somma,  consisting  of  a  nucleus  of  compact  limestone 
surrounded  by  a  shell  of  wollastouite  arranged  in  layers  perpendicular  to  the  circum- 
ference. Between  the,  shell  and  the  nucleus  there  is  a  zone  of  limestone  not  sharply 
defined  on  its  inner  surface,  rich  in  -ivollastonite  fibres  (68-49  p.c.  wollastonite)  whilst 
the  central  mass  contains  only  25-33  p.c.  of  silicate.  There  is  here  abundant  evidence 
of  a  metamorphosis,  proceeding  from  without  inwards,  of  carbonate  into  silicate.  An 
analysis  of  the  wollastonite  (sp,  gr.  =  2-853)  gave  : 

SiO=  AP03  CaO  MgO  ]^ 

61-31  1-37  45-66  0-73  0-75  =  99-82. 

WOOB.  On  the  Distillation  of  AYood,  see  Watson  Smith  (Cto».  &r,  J.  [2],  ix. 
1101). 

WOOXi.  On  the  Action  of  Alkalis  upon  Wool,  sec  Lancgixic  Acid  (p.  723), 
and  Sericic  Acid  (p.  1080). 

A  method  of  distinguishing  bet-ween  wool  and  silk,  founded  on  the  presence  of 
sulphur  in  wool,  is  given  by  E.  Kopp  {Monitcur  Scicntifiqur,  [3],  i.  683).  The  (white) 
sample  to  be  tested  for  -wool  is  immersed  in  a  solution  of  lead  oxide  in  potash-ley, 
whereupon,  if  wool  is  present,  black  lead  sulphide  will  bo  produced.  See  further, 
Bingl.  pol.  J.  ccv.  663  ;  Clicm.  News,  xxvi.  100. 

On  the  Composition  of  Sheep's  Wool,  and  on  the  Extraction  of  Fat-acids  together 
with  Wool-grease  from  the  Soap-wators  of  Wool-washing,  see  Marker  a.  Schulzo 
(.7.  pr.  Chem.  cviii.  193;  Jahresb.  f.  Chcm.  1870,  811;  JJivgl.  pol.  J.  cxcv.  173; 
cxcvi.  571  ;  Jahrcsh.  f.  Chcm.  1869,  811  ;  1870,  1232). 

The  process  of  washing  and  dyeing  wool,  devised  by  Ensom  a.  Spence,  is  described 
by  0.  Bolle  {Dingl.  jjol.  J.  cci.  435;  Jahresb.  1871,  1104). 

On  Dyeing  Woollen  Cloth  with  Amaranth-colour,  see  Pfundheller  [Divgl.  cci.  179; 
Jahresb.  1871,  1100) ;  with  Scarlet,  B.  Jegel  {Dingl.  cciii.  422  ;  Jahrcsh.  1872,  1072). 

Wool-grca^e. — On  the  Composition  of  the  Grease  {siiint)  from  Sheep's  Wool,  see 
Cholesteein  (p.  330). 

The  substance  there  mentioned  as  separating  in  -white  flocks  from  solution  in  alcohol 
has  since  been  shown  by  Schulzo  to  bo  an  isomeride  of  cholesterin  {J.  -pr.  Chcm.  [2], 
vii.  163  ;  Chcm.  Soc.  J.  [2],  xi.  1210). 

WORMWOOB  OIIi.  On  the  Index  of  Eofraction  of  this  oil,  sec  Lirut  (p. 
740). 

WCraifEMETE.  On  Cliromo-wulfenitea.  seo  Scbrauf  (Proc.  Roy.  Soc.  1871, 
461  ;  Chcm,  Soc,  J,  [2],  ix.  501). 
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XA]H'THA»:XI>i:.  Pheni/l-xanthamlde,  ^^^^'-^^j^ip}  0.  is  formed,  together 
■with  xanthic  acid  and  t'reo  sulphur,  by  the  action  of  aniline  on  ethyldisiilphocarbonic 
sulphide  (v.  499) : 

(CSy-'  J^'^   +     H^j^  -      +      jj^ObU  +  c'^H^r- 

A  portion  of  the  xanthic  acid  is  further  acted  upon  by  the  excess  of  aniline  present, 
forming  diphenylsulphocarbamide  : 

^'^[CS=0  +  2(C«H5)H=N  =  (cS)"-|n  +  C'ffOH  +  H^S. 

.  Phenyl-xanthamide  forms  triclinic  crystals,  more  soluble  in  alcohol  than  sulpho- 
carbamide  (A.  AV.  Hofmann,  Beut.  Chem.  Gcs.  Bcr.  iii.  172). 

^ASfTHX^S.  This  substance  has  been  found  by  Gr.  Lebon  {Compt.  rend.  Ixxiii. 
47)  in  a  urinary  calculus  consisting  of  a  superficial  layer  1  mm.  thick  of  calcium  phos- 
phate mixed  with  ammonium-magnesium  phosphate,  an  equally  thin  layer  of  calcium 
oxalate,  and  a  nucleus,  forming  the  greater  part  of  the  stone,  consisting  of  xanthine 
with  a  small  quantity  of  calcium  urate. 

SASrTHOCOfiAI.T  COBXPOUSTBS.    See  CoBAiT  (p.  304). 

KA.SrXHOPHY'XiX.ITE.  In  the  xantliophyllite  of  the  Schischimstian  mountains 
near  Slatoust,  Joremejew  has  observed  microscopic  diamonds  of  Tarj'ing  size 
irregularly  distributed  through  the  plates  the  mineral  {Jahresb.f  Mineralogie,  1871, 
275  ;  Chem.  Soc.  J.  [2],  ix.  667).  In  connection  with  these  observations  Jeremejew 
has  collated  some  of  the  older  statements  regarding  xanthophyllite,  from  which  it 
appears  that  this  mineral  occurs  not  only  of  yellow  shades,  but  also  colourless, 
brownish,  light  grey  and  yellowish- green.  Hardness  =  5.  Sp.  gr.  =  3-035  —  3-062. 
Optically  uniaxial. 

A.  Knop  (Jahresb.  f.  Mimrahgic,  1872,  785)  has  published  several  analyses  of 
xanthophyllite  by  G.  -Wagner  («),  0.  Schifferdecker  (i),  and  himself  (c.  and  d). 
On  account  of  the  great  variations  in  the  amount  of  water  (two  other  specimens  gave 
2-33  and  3-83  p.c),  Knop  regards  it  as  unessential,  and  assigns  to  xantliophyllite  the 
formula  2(KO.Si02)  +  SCEO.E^O^). 


SiO' 

re=0' 

CaO 

MgO 

H=0 

17-42 

44-18 

3-53 

11-95 

20-61 

2-61  = 

100-30 

17-7 

43-6 

2-9 

11-5 

20-9 

2-5  = 

99-1 

16-38 

undet. 

3-00 

11-49 

undet. 

1-35 

16-04 

2-10 

11-50 

2-08 

CTI'"  =  C''H'(CI1^)'.    On  the  Xylenes  and  Cumenes  of  Coal-tar,  see 

CUJIENE  (p.  402). 

Orthoxylenc  is  produced  by  heating  liquid  bromotoluene,  dissolved  in  pure 
benzene,  with  methyl  iodide  and  sodium.  The  product,  purified  by  fractional  distilla- 
tion, boils  at  141°-143°  (the  column  of  mercury  being  wholly  in  the  vapour),  has  a 
faint  and  agreeable  aromatic  odour,  and  does  not  solidify  at  —22°.  By  oxidation 
with  dilute  nitric  acid,  it  yields  paratoluic  acid  (m.  p.  176°)  and  orthotoluic  acid  (m.  p. 
104°-105°),  in  the  proportion  of  about  1  to  3.  With  fuming  nitric  acid  either  in  the 
cold  or  at  boiling  heat,  it  yields  only  liquid  compounds,  from  which  after  some  weeks 
a  few  crystals  separate  (.Jannasch  a.  Hiibner,  Zeitschr.f.  Chem  [2],  vii.  706). 

Isoxylcnc  or  Metaxylenc. — This  modification  may  be  obtained  nearly  pure  by 
heating  commercial  xylene  (which  is  a  mixture  of  isoxylene  and  methyl-toluene  or 
paraxylene)  with  dilute  nitric  acid,  the  methyl-toluene  being  thereby  oxidised,  while 
the  isoxylene  remains  unattaeked.  From  this  isoxylene,  dinitro-isoxylenc,  and  amido- 
nitroisoxylcne  or  niiroxylidine  {1st  Suppl.  294,  1131)  were  prepared.  The  latter 
yields,  through  the  medium  of  the  diazo-compound,  a  ^-nitroxj'lene,  C'H'(NO-), 
which  solidifies  at  low  temperatures,  melts  at  +  2°,  boils  at  237°-239°,  and  has  a 
Bp.  gr.  of  1-126  at  17-5°.  By  oxidation  with  chromic  acid  it  is  converted  into  nitro- 
toluic  acid  {\st  Suppl.  1100).    By  reduction  it  yields  /3-sylidine  (p.  1209). 


XYLENE— XYLIDINB. 
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CMorosylenes.  Monochloroxylene,  ox  Xylyl  C-hloride,  C^Wi^q-q2qi>  is 
produced  by  the  action  of  clilorino  on  coal-tar  xylene.  When  heated  with  water  to 
200°  in  sealed  tubes,  it  splits  up  into  dimethyl-anthracene,  C"*H'*  =  C'^H*(CH^)-, 
sylyl-xylene,  C"'H"'  =  C'H'(G^H''),  and  hydrochloric  acid : 

iC^H^Cl  =  4HC1  +  C'«H'<  +  C'oH". 
See  Anthracene  (p.  84). 

Dichloroxylene,  or  Xylylene  Chloride,  CsffCP  =  Cff  |  J  (called  tolly- 
hnc  cliloride  by  Grimaux),  is  produced  by  the  action  of  chlorine  at  140°  on  methyl- 
toluene  (paraxylone),  (Grimaux,  Com2:>t.  rend.  Ixx.  1363).  It  may  also  be  obtained 
liy  the  action  of  chlorine  on  commercial  xylene  at  the  boiling  heat,  though  less  advan- 
tageously, as  commercial  xylene  contains  but  a  small  proportion  of  methyl-toluene 
(v.  1057). 

Dichloroxylene  oxidised  by  chromic  acid  mixture  is  converted  into  terephthalic 
acid.  Heated  with  -water  to  170°-180°  it  is  resolved  into  hydrochloric  acid  and 
dihy droxyl-xylene  or  xylylene  glycol,  ^^(OH)^.  Heated  with  sodium 
acetate,  it  yields  the  monoacetate  and  diacetate  of  xylylene,  and  with  sodium  hcnzoate, 
the  monobenzoate  of  xylylene. 

Bibromoxylene  or  Xylylene  Bromide,  C^HW  =  C«H'(CffBr)2,  jg  prepared 
by  dropping  into  boiling  methyl-toluene  2-1  times  its  volume  of  Ijromine,  washing  the 
cooled  mass  with  ether,  and  recrystallising  from  alcohol.  It  is  also  formed  by 
distilling  xylylene  glycol  with  hydrobromio  acid.  It  dissolves  sparingly  in  ether, 
easily  in  chloroform,  and  crystallises  therefrom  in  rhombic  laminae  which  melt  at 
145°-147°. 

Di-iodoxylene,  ovXylylene  Iodide,  C''H'(CH^I)-,  is  obtained  by  boiling  xylylene 
glycol  for  a  few  minutes  with  strong  hydriodic  acid  (b.  p.  127°).  It  forms  slender 
needles,  slightly  soluble  in  ether,  easily  soluble  in  boiling  alcohol  and  in  chloroform. 
It  quickly  turns  yellow  when  exposed  to  the  air,  melts  and  becomes  coloured  at  about 
170°,  and  decomposes  at  a  higher  temperature. 

Bihydroxyl-xylene,  or  Xylylene-glycol,  C^H^Iq^jq^,  is  prepared  by  heating 

the  chlorine  or  bromine  compound  ■\rith  30  times  its  weight  of  water  to  170°-180°, 
concentrating  the  aqueous  solution,  neutralising  with  alkaline  carbonate,  and  extracting 
the  glycol  with  ether.  It  cryst.allisos  from  ether  in  shining  needles,  dissolves  easily 
in  water,  alcohol  and  ether  ;  melts  at  112°-113°.  With  chlorine,  bromine,  or  iodine,  it 
yields  the  chloride,  bromide,  or  iodide  of  xylylene.  By  sulphuric  acid  and  potassium 
dichromate  it  is  oxidised  to  terephthalic  acid. 

Condensed  Glycols  appear  to  be  formed  by  heating  xylylene  chloride  or  bromide 
with  water  to  200°.    They  are  yellow  masses  insoluble  in  all  menstrua, 

Monobemoxy-xylene,ovXylylenemonob6nsoate,C^B}^^^^^^Q ,  obtained  by 

heating  the  dichloride  with  an  alcoholic  solution  of  sodium  bcnzoate,  forms  long  thin 
needles  which  melt  at  73°-74°,  and  dissolve  readily  in  alcohol  and  in  ether. 

Biacetoxy-xylcne,  or  Xylylene  diacetate,  C''H'(0C2H'0)^  obtained  by  heating 
the  dichloric'o  with  alcoholic  sodium  acetate  to  160°,  crystallises  in  hard  shining 
laminae,  having  a  hot  camphorous  taste,  easily  soluble  in  alcohol  and  ether.  By  dis- 
tillation it  appears  to  yield  the  monoacetate  (Grimaux). 

xyaiBIHB,  C«n"N  =  C^H'NH^  =  C«ff(NH-)|^^3.     Hofmaun  a.  Martins 

[Bcui.  Chem  Gcs.  Bcr.  ii.  411)  have  obtained  from  commercial  aniline  oil,  by  frac- 
tional distillation,  a  xylidine  boiling  constantly  at  212°.  This  xylidine  does  not  yield 
colouring  matters  by  oxidation,-  either  alone  or  when  mixed  with  toluidine,  but  when 
mixed  with  pure  aniline  it  yields  by  the  ordinary  treatment  a  colouring  matter  re- 
sembling rosaniline  (Hofmann,  ibid.  378). 

By  nitrating  synthetically  prepared  ethylbenzene,  and  reducing  the  nitro-compound 
with  tin  and  hydrochloric  acid,  a  xylidine  was  obtained,  likewise  boiling  at  212°,  but 
nevertheless  not  identical  with  the  xylidine  above  mentioned  ;  it  smells  like  aniline 
prepared  from  indigo,  its  salts  are  more  soluble,  and  it  does  not  yield  colouring  matters 
by  oxidation  either  alone  or  with  toluidine  or  aniline  (Hofmann). 

Tawildarow  {Bent.  Chem.  Ges.  Ber.  ii.  653  ;  Zeitschr.  f.  Chem.  vi.  418)  has  prep.ared 
xylidine  (distinguished  as  /3)  from  coal-tar  xylene  (purified  by  prolonged  boiling  with 
dilute  nitric  acid),  by  nitration  and  reduction  with  tin  and  hydrochloric  acid.  The 
xylidine,  separated  by  potash,  was  obtained  as  a  colourless  liquid,  having  a  sp.  gr.  of 
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0-985  at  18-5°  and  boiling  at  21G°;  100  pts.  water  at  18°  dissolve  3-319  pts.  of  it. 
The  oxalate  crystallises  well  and  dissolves  to  the  amount  of  3-846  pts.  in  100  pts. 
■water  at  21-5°.    The  acetyl-derivative  crystallises  in  needles  and  melts  at  123°. 

Tlie  crude  xylidine,  -when  distilled,  yielded  between  235°  and  245°,  a  solid  body 
melting  at.  89°,  which  gave  with  hydrochloric  acid  a  compound  having  the  composition 
(C«H8C1)^N.HC1  (Tawildarow). 

Bromoxylidinc,  C^H'Br.NH-,  is  formed  from  aeetobromoxylide, 
C»H»Br.NH(C=ffO)  {\st  Suppl.  1131),  by  distillation  with  soda-ley.  Should  it  be 
contaminated  with  dibromoxylidine,  it  must  be  dissolved  in  hydrochloric  acid,  the 
solution  evaporated  to  dryness,  the  monobromoxylidine  hydrochloride  dissolved  out  by 
hot  water,  and  the  free  base  precipitated  by  ammonia.  IJromoxylidine  is  insoluble  in 
cold,  and  but  slightly  soluble  in  hot  water.  It  dissolves  easily  in  alcohol  and  ether, 
and  crystallises  from  dilute  alcohol  in  white  microscopic  needles  melting  at  96°-97°. 
The  hydrochloride  forms  white  needles ;  its  aqueous  solution  forms  with  platinic 
chloride  a  light  yellow  crystalline  precipitate  (Genz,  Deut.  Chcm.  Gcs.  Ber.  iii.  226). 

Acetodihromoxylide  is  formed  by  agitating  acetoxylide  with  the  calculated  quantity  of 
bromine-water.  It  is  insoluble  in  water,  and  crystallises  from  alcohol  in  white  shining 
crystals  (Genz). 

Dibromoxylidine,  CH'Br-.NH",  produced  by  distilling  aceto-dibromoxylide  with 
potash-ley,  crystallises  from  alcohol  in  needles.  Its  hydrochloride  gives  off  hydro- 
chloric acid  when  boiled  with  water  (Genz). 

Pheiiylxylidinc,  C*H".NH(C"H^),  is  produced  by  heating  xylidine  with  aniline 
hydrochloride.  It  melts  at  62°,  boils  at  27fi°-282°  under  a  pressure  of  485  mm.  and 
at  173°  under  15  mm.  Soluble  in  alcohol,  ether,  benzene,  and  light  petroleum  oil.  The 
hydrochloride  is  best  obtained  by  passing  hydrochloric  acid  gas  into  a  solution  of  the 
base  in  benzene  (Girard  a.  Vogt,  Bull.  Soc.  Chim.  [2]  xviii.  67). 

Tolyl xylidine,  C^H''.NH(C'II'),  crystallises  from  alcoholic  solution  in  long,  white, 
silky,  light  needles  melting  at  70°.  It  boils  at  194°  in  a  vacuum,  and  at  298°-800° 
under  a  pressure  of  487  mm.  (Girard  a.  Vogt). 

Bixylidine,  {G^WyWS,  obtained  by  heating  xylidine  with  its  hydrochloride,  is  a 
mixture  of  isomeric  bodies,  one  of  which  is  liquid,  while  the  other  is  crystalline  and 
melts  at  162°  (Girard  a.  Vogt). 

Naphthylxylidine,  C'H''.NH(C"'H'),  obtained  by  heating  xylidine  hydrochlorido 
with  naphthylamiue,  is  a  thick  liquid  quickly  turning  brown  and  boiling  at  243°-246'' 
under  a  pressure  of  1 5  mm.  (Girard  a.  Vogt). 

Xirava-CAKaAMlBE,  or  XYairi.-TOaii,  N=H^(CO)C^H»,  is  produced  on 
mixing  a  solution  of  xylidine  sulphate  with  potassium  cyanate.  After  washing  with 
warm  water  and  recrystallisation  from  alcohol,  it  forms  white  needles  melting  at  186° 
(Genz). 

Bixyhjlcarhamide,  N-H'(CO)(OTI"')S  formed  by  heating  urea  with  three  times 
its  weight  of  xylidine,  is  insoluble  in  water,  slightly  soluble  in  boiling  alcohol,  ether, 
benzene,  chloroform,  and  acetic  acid,  and  crystallises  from  hot  alcohol  in  snow-white 
felted  needles,  which  do  not  molt  at  250°  (Genz). 

^■H'a.TS.-CAIRBSMlDE,  or  XYS.YS.  ISOCS-AKTATE,  N(CO)"(C'IP).  See 
Cyanic  Ethebs  (p.  407). 

STE.TS.^iSp'AK'SBSSrES  (UI-),  C(CsH"')=H3N5,  formed  by  the  action  of  dry 
cj'anogen  chloride  on  xylidine,  forms  large  -n-hite  plates  sparingly  soluble  in  cold, 
more  easil;^  in  hot  water,  very  soluble  in  alcohol  and  ether.  Its  plaiinochloride  has 
the  composition  2[C(C*II")-II^N^.HCl].PcCl'.  A  base  having  the  same  composition  is 
formed  lay  the  mutual  action  of  sulphocarboxyllde,  alcoholic  ammonia,  and  lead  oxide 
(Genz). 

3S-5r2!TI.ESSrE  AX.COHOX.  and  ETHERS.    See  Xylene  (p.  1209). 
Xira.YS.-HAE'H^HIfl.AMISfa.    See  Naphthyl-xylidine,  &c.  {supra). 


2£TKiirSi'"Xirii.ES3'E,  C''IL^(CTI'),  is  formed,  together  \vith  dimethylanthraceUe,  by 
heating  xylyl  chloride  with  water  in  a  sealed  tube.    See  Anthbacenb  (p.  84). 


See  Carbamates  (p.  253). 


YEAST— YTTRIUM. 
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YEAST.    Sco  Fermentation  (p.  516). 

YTTSasWRS  and  ERBItJIW  (Cleve  a.  Hoeglund,  Bull.  Soc.  Chim.  [2],  xviii.  193, 
289).  The  oxidus  of  these  metals  were  prepared  from  gadolinite  and  separated  from 
one  another  hy  the  method  of  Bahr  a.  Bunsen  (v.  721). 

The  atomic  weights  of  the  metals,  determined  by  the  an.alysis  of  the  siilphates,  are 
y  =  69-7;  Er  =  113'7.    Bahr  .a.  Biinsen  found  Y  =  617;  Er  =  112'6. 

An  attempt  to  prepare  the  metals  by  electrolysing  the  fused  chlorides,  or  by  reducing 
the  chlorides  by  sodium,  was  only  partially  successful. 

TTttrium  Salts.  These  salts  are  colourless;  their  solutions  do  not  give  an 
absorption-spectrum,  and  they  are,  as  a  rule,  less  soluble  than  the  corresponding  salts 
of  erbium.  Both  yttrium  and  erbium  salts  arc  precipitated  by  barium  carljonate. 
The  hydrate  of  yttrkiin  is  a  white,  gelatinous  precipitate,  obtained  liy  the  addition  of 
a  fixed  alkali  to  a  salt  of  yttrium.  When  calcined  at  a  white  heat,  it  is  converted  into 
yttrkimi  oxide,  a  yellowish-white  powder,  very  readily  soluble  in  acids,  even  after 
ignition. 

Yttrium  Chloride,  YGl-  +  4H-0,  forms  deliquescent  prisms  soluble  in  alcohol,  in- 
soluble in  ether.  When  heated  it  loses  hydrochloric  acid,  but  the  anhydrous  chloride 
can  be  prepared  by  fusing  together  a  mixture  of  liydrated  chloride  and  sal-ammoniac. 

The  bromide,  YBr-  +  6H-0,  and  the  iodide  closely  resemble  the  chloride  in  appear- 
ance and  solubility.  The  iodide  is  unstable,  and  rapidly  becomes  brown  when  exposed 
to  the  air. 

Fluoride,  YF-. — Heavy,  white,  liygroscopic  powder,  but  slightly  soluble  in  dilute 
acids. 

Nitrate,  Y(NO^)-  -l-  iH^O. — Occurs  in  large  colourless  crystals,  easily  soluble  in 
water,  aleoliol,  and  ether.  It  is  unalterable  in  the  air,  but  loses  2  mols.  of  water  when 
dried  at  100°. 

Chlorate,  Y(CIO')^  -f  6l[-0. — The  crystals  of  this  salt  arc  small  colourless  prisms, 
exceedingly  deliquescent,  soluble  in  alcohol,  but  very  slightly  so  in  ether. 

Perchloratc,  Y(CIO')  -i-  6H-0  (?). — Transparent  crystals,  very  deliquescent,  slightly 
soluble  in  alcohol. 

Bromate,  Y(BrO^)-  +  GH-0. — Colourless  needles,  very  soluble  in  water,  slightly 
soluble  in  alcohol,  almost  insoluble  in  ether.  It  decomposes  at  100°-110°.  The 
iodate  is  a  very  definite  salt,  but  not  crystalline. 

Pcriodate. — Two  periodates  are  formed,  accordirig  as  the  periodic  acid  employed  in 
their  preparation  is  in  excess  or  not.    The  salt  marked  («)  is  the  most  definite : 
(«)  Y^rO-"  -1-  UWO.  {b)  Y»I'0='  +  CH^O  (?). 

Sulphcde,  3YS0*  +  8II'-0. — Small  transparent  crystals,  which  lose  their  water  of 
crystallisation  at  11.5".  100  pts.  of  water  at  15'6°  dissolve  9'3  pts.  of  crystallised, 
and  15'2  pts.  of  anhydrous  sulphate  ;  but  on  raising  tlio  tejiiperature  of  tlic  latter 
solution,  a  portion  of  the  crystallised  salt  is  deposited. 

Sidijhocyanate,  Y(CNS)-  +  4ff  0. — Well-defined  prisms,  soluble  in  water,  alcohol, 
and  ether,  and  permanent  in  the  air. 

Platinosoeijanide,  Y(CN)''Pt  +  1W0. — Like  many  platiuosocyanides  this  salt  crystal- 
lises in  large,  well-defined,  dicliroic  crystals,  red  by  transmitted  light,  and  green  or 
violet-blue  by  reflected  light.  It  is  easily  soluble  in  water,  but  alcohol  deprives  it  of 
a  portion  of  its  water  of  crystallisation,  and  changes  its  colour  to  a  lemon-yellow. 

Yttrium  and  Potassium  Ferrocyanide,  yallSCN.Fe"-  +  4H-0. 

Yttrium  Colalticyanidc,  Y^Co^Cy'''  +  bW'o  (?). 

Double  Sidphates. — Two  potassium  salts  were  obtained,  to  which  the  formute 
y^K''.6S0'  and  Y^K'^.SSO'  were  assigned,  but  the  analytical  results  did  not  agree  very 
accurately  with  the  calculated  percentages.  Tiie  sodium  an.d  ammonium  salts  were 
much  more  definite,  and  the  formulse  Y'''Na-(SO')' -f  2H=0  and  Y'(NH<)>(SO^)'>-t-9ffO 
may  bo  regarded  as  correctly  representing  their  composition. 
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The  sulphiie,  YSO'  +  H^O,  is  also  a  definite  salt,  crystallising  in  microscopic 
needles.    It  absorbs  oxygen  rapidly  from  the  air. 

Selenate,  YSeO*  +  3H-0  (?) — Large  well-developed  crystals,  very  soluble,  and  losing 
a  portion  of  water  of  crysbiUisatiou  in  dry  air. 

Selcnite,  Y^R'{Se0^y. — This  salt  occurs  either  as  a  white  crystalline  powder,  or  in 
the  form  of  flattened  microscopic  prisms,  according  to  the  manner  in  which  it  has  been 
prepared.    It  is  soluble  in  mineral  acids. 

Phosphates. — The  mdapkosphate,  Y(PO')-,  is  a  heavy  crystalline  powder  insoluble 
in  water  and  acids.  Tl\\& pyrophosphate,  Y^H^.2P-0'  +  7H-'0,  is  a  soluble  salt;  the 
orthophosphatc,  Y^(PO')-  +  4H-0,  is  very  sparingly  soluble. 

Carbonate,  YCO^  +  H-0. — Heavy  white  powder,  indistinctly  crystalline,  and  per- 
fectly insoluble  in  water. 

Acetate,  2Y(C''H^02)-  +  oH-O. — Crystallises  from  its  solution  in  colourless  rhom- 
bohedrons,  very  soluble  in  warm  water,  but  very  sparingly  in  cold.  It  is  permanent 
in  the  air. 

Oxalate,  YC-O*  +  ffO. — ^White  crystalline  powder,  readily  soluble  in  water 
acidulated  with  hydrochloric  acid.  It  dissolves  easily  in  concentrated  solutions  of 
potassium  oxalate,  forming  the  double  salts,  Y'K*.(CrO')'  +  12H-0  and 
Y^KK{C-0'y  +  H-O. 

Double  Carbonates,  Ym&\CO^y  +  iH^O  and  Y\^W)\CO^y  +  SH^O. 

Succinate,  YC^H^O*  +  xH^O  (?). 

Tartrate,  Y^W{C^WO'^y  +  6H^0.— AVhite  crystalline  precipitate,  very  slightly 
soluble  in  water. 

Erbium  Salts.  These  salts  resemble  those  of  yttrium  in  most  of  their  pro- 
perties.   The  only  well-marked  distinctive  characteristics  are  the  following. 

The  salts  of  erbium  have  a  beautiful  rose  colour,  and  their  solutions  give  absorption- 
bands.  The  appearance  of  their  spectrum  is  quite  different  from  that  of  didymium- 
salts.  Erbium  oxide  dissolves  with  great  difficulty,  even  in  concentrated  acids. 
A  solution  of  ammonium  oxalate  dissolves  only  traces  of  yttrium  oxalate,  but  erbium 
oxalate  dissolves  in  it  with  gceat  readiness,  forming  a  well-defined  crystallisable 
double  salt. 


Erbium  Salts. 

Chloride   ErCP  +  iWO 

Bromide   ErBr-  +  H-0 

Sulphocyanato   Er(CNS)=  +  4H=0 

Chlorate   Er(C10»)^  +  6H^0  (?) 

lodate   Er(I03)2  +  2H=0 

Sulphate   (ErSO^)^  +  8H'-0 

Selenite   Er'H2(SeO--')i  +  3H=0 

Pyrophosphate   Er^H=(P-0')-  +  71V0 

Acetate   Er(C=H^O^y-  +  3H=0 

Succinate   (ErCn'O^)"  +  SWO 

Double  potassium  sulphate        .       .       .  ErK^SO*)^ 

„     potassium  oxalate  .       .       .  Er'K»(C-0')'  +  12H=0 

„     ammonium  oxalate         .       .       .  Er(NH')'(C'-0^)'  +  SH^O 

Fluoride   ErF^ 

Ferrocyanide   K'-Er'.CyTe'  +  xH^O 

Nitrate   Er(NO^)^  +  4H=0 

Bromate   Er(BrO»)2  +  6H-0 

Periodate   Er^IoO'"  +  2H=0 

Sulphite   ErSO^  +  H^O 

Orthophosphate   Er=(P0^)2  +  2H=0 

fOH 

Carbonate   ErM  (00^=  +  ffO 

(oh 

Oxalate  •       .    ErC-O*  +  2H^0 

Platinocyanidc  Er(CN)'Pt  +  TH^O 

Since  most  of  the  salts  of  yttrium  and  erbium  contain  the  same  quantity  of  water  of 
crystallisation  as  the  corresponding  salts  of  magnesium  and  zinc,  and  since  the  sul- 
phates are  isomorphous  with  cadmium  sulphate,  it  is  probable  that  these  elements 
might  be  arranged  in  the  same  series  as  magnesium  and  its  congeners  ;  but  it  will  be 
noticed  that  they  do  not  give  the  double  sulphatee  so  characteristic  of  the  magnesium 
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series,  R"E'-(SO')'  +  6H=0.  In  addition  to  this,  yttrium  and  erbium  enter  into 
numerous  combinations  witli  a  triple  atomic  weight,  which  would  seem  to  imply  that 
they  are  trivaloiit  elements.  The  question  cannot  as  yet  be  settled  by  the  specific  heat 
of  the  motals,  as  they  hare  not  been  obtained  in  the  pure  state. 

TTTTSSOCEBITE.  The  composition  of  this  mineral,  according  to  two  analyses 
by  Eammelsborg  {Dad.  Chem.  Ges.  Bcr.  iii.  657),  is  : 

CaO  Ce^O  '  YO  ^^.s^y 

47-27  9-35  14'87  2-52  3-363 

49'32  16-14  undeterm-  imdeterm- 

ined  ined 

From  these  numbers  (with  the  atomic  weights  Ce  =  92  ;  Y  =  64)  Eammelsberg 
deduces  the  formula  2(CeF=.2YF-.9CaF-)  +  3H-0. 

The  ceroso-ceric  oxide  contained  nearly  half  its  weight  of  lanthanum  and  didymium 
oxides,  and  the  substance  designated  by  YO  contained  30  p.c.  of  a  base  precipiitable 
by  barium  carbonate  and  70  p.c.  of  a  base  not  thus  precipitable. 

YTTROTANTAMTB.    See  Tantalates  (p.  1146). 


z 


ZEinrERXTE.   See  Ueanic  Aksekates  (p.  1190). 

Zisrc.  Atomic  Weight,  eo.—Prqxtration. — Pure  zinc  may  be  prepared  by  the  elec- 
trolysis of  an  ammoniaeal  solution  of  zinc  sulphate,  a  zinc  plate  being  used  as  the 
positive,  and  a  T-shaped  copper  wire  as  the  negative  electrode.  On  passing  the  current 
of  two  Bunsen's  elements  through  the  liquid,  crystals  of  zinc  form  at  the  ends  of  the 
T  ;  they  may  be  removed  with  a  pair  of  forceps,  and  washed  with  dilute  ammonia 
(J.  Myers,  Compt.  rend.  Ixxiv.  196). 

On  the  Heat  of  Oxidation  of  Zinc,  see  Heat  (p.  617). 

On  the  action  of  Zinc  on  Nitric  acid  and  on  mixtures  of  this  acid  with  Hydrocldorio 
and  Sulphuric  acids,  the  ultimate  products  of  which  are  Ammonia  and  Sulphate, 
Nitrate  or  Chloride  of  Zinc,  see  H.  Sainte-Claire  Deville  {Covift.  rend,  Ixx.  20,  650  ; 
Jahresb.f.  Chem.  1870,  20). 

On  the  action  of  Zinc  on  Sulphurous  acid,  see  Sulphto- Acids  (p.  1134). 

Estimation  of  Zinc. — J.  H.  Talbutt  (Chem.  News,  sxii.  229)  precipitates  the  zinc 
from  a  hot  neutral  or  nearly  neutral  solution  with  sulphide  of  sodium  or  ammoniuyn, 
avoiding  the  use  of  a  great  excess.  The  precipitate  tlien  becomes  very  dense,  espe- 
cially after  further  boiling,  and  settles  down  quickly.  After  washing  and  drying  it 
is  ignited  witli  free  access  of  air,  in  a  porcelain  crucible,  first  gently,  and  afterwards 
very  strongly,  whereby,  especially  on  addition  of  a  few  lumps  of  ammonium  carbonate, 
pure  zinc  oxide  is  obtained. 

In  the  volumetric  estimation  of  zinc  by  solution  of  sodium  sulphide,  A.  Deus 
{Zcitschr.  anal.  Chem,  ix.  357;  Jahresb.f.  Chem.  1870,  1002)  irecommends,  as  a  deli- 
cate indicator  of  the  termination  of  the  reaction,  paper  saturated  with  cobalt  chloride. 
On  moistening  this  paper  with  the  zinc  solution,  before  the  titration  is  complete,  a 
white  circle  is  formed,  pale  blue  on  the  circumference;  but  if  the  slightest  excess  of 
sodium  sulphide  is  present,  a  dark  sharply  defined  colour  is  produced  in  the  middle  of 
the  ring,  as  soon  as  the  paper  has  absorbed  the  drop.  The  test-papers  are  prepared 
by  saturating  strips  of  filter-paper  2.\  inches  broad,  and  10  to  12  inches  long,  with  a 
solution  of  cobalt  chloride  containing  0'35  grm.  CoO  in  100  c.c. 

Hugo  Tamm  (Chem.  News,  xxiv.  148)  estimates  zinc  by  treating  the  solution  with 
ammonia  till  the  precipitate  first  formed  is  redissolved,  then  adding  hydrochloric  acid 
to  acid  reaction,  and  precipitating  with  ordinary  sodium  phosphate.  A  bulky  pre- 
cipitate of  zinc  phospliate  is  thereby  produced,  which  quickly  settles  down  after  boil- 
ing for  a  short  time,  and  may  be  easily  filtered  and  washed.  After  drying  at  100°  it 
has  the  formula  Zn(NH*)PO'.  At  a  red  heat  it  is  converted  into  pyrophosphate, 
Zn'^P-0',  but  as  the  ignition  is  attended  with  some  loss  of  zinc,  it  is  better  to  calculate 
the  zinc  from  the  weight  of  the  precipitate  dried  at  100°.  The  precipitation  of  the 
zinc  is  complete  when  the  supernatant  liquid  is  no  longer  clouded  on  addition  of 
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sodium  phosphate,  bub  it  is  best  to  add  at  once  a  quantity  of  tlie  reagent  sufficient  to 
produce  a  slight  alkaline  reaction,  and  then  to  leave  the  liquid  in  a  warm  place  for 
10-12  hours.  It  must  also  be  observed  that  the  precipitated  zinc  phosphide  is  not 
quite  insoluble  in  v/ater,  and  is  apt  to  stick  to  the  sides  of  the  vessel.  In  estimating 
zinc  by  this  method,  it  is  necessary  to  ensure  the  absence  of  cobalt,  nickel,  manganese, 
calcium,  and  magnesium,  and  it  is  advisable  to  test  the  purity  of  the  precipitate  by  a 
qualitative  examination. 

On  the  Estimation  of  Zinc  in  Blende,  see  A.  Julien  {Ghem.  News.  sxv.  16  ;  Jahresb. 
f.  Chem.  1872,  911). 

On  the  Separation  of  Zinc  from  Lead,  see  p.  726  of  this  volume  ;  from  Nickel,  p. 
849. 

Zinc  Xodide,  ZnP.  Compounds  of  this  iodide  with  aniline  and  toluidine  are 
obtained  by  mixing  the  two  bodies  in  alcoholic  solution.  The  compounds, 
2C"H'N.ZnF  and  2C'H^N.ZnI=,  are  both  soluble  in  alcohol  and  crystallise  in  needles 
(H.  Vohl,  Arch.  PJiarm.  [2],  cxlviii.  201). 

@3tiae,  ZnO.  On  the  effect  of  Calcination  on  the  Heat  evolved  in  the  solution  of 
this  oxide  in  acids,  see  Heat  (p.  617). 

On  the  Change  of  Colour  produced  in  Zinc  Oxide  by  Heat,  see  Light  (p.  74-7). 

Pliospliide.  A  zinc  phosphide,  probably  having  the  composition  ZnHP,  is  formed 
by  passing  phosphine  gas  into  a  well-cooled  ethereal  solution  of  zinc-etliyl  (Drechsel 
a.  Finkelstein,  Zeitsohr.f.  Chem.  [2],  vii.  375).  On  the  Formation  of  Organic  Phos- 
phines  by  the  action  of  this  compound  on  Iodide  of  Ethyl,  &c.,  see  Phosphines  (p. 
951). 

Sulpbide,  ZuS.  According  to  A.  "Wagner  {Bingl.  fol.  J.  cxcvii.  334)  the  forma- 
tion of  this  compound  by  passing  hydrogen  sulphide  over  air-dried  zinc  hydrate  takes 
place  very  slowly.  When  the  sulphide  thus  formed  is  exposed  to  the  air,  it  continues 
to  give  off  hydrogen  sulphide,  and  reproduces  zinc  oxide  even  after  three  months,  this 
result  being  due,  not  to  the  action  of  carbonic  oxide,  which,  according  to  Wagner,  does 
not  decompose  sulphide  of  zinc,  but  to  a  reaction  of  the  zinc  sulphide  with  water. 

On  the  crystalline  form  of  native  Zinc  Sulphide  (blende),  see  Sadebeck  {Jahrb.  f. 
Mineraloqie,  1870,  224;  1872,  644;  Jahresb.  f.  Chem.  1869,  1194;  1872,  1093);  and 
Klein  (Jahresb.  1871,  1126;  1872,  1093). 

Zinc  blende  is  decomposed  by  iodine  only  at  high  temperatures,  best  at  200° ;  in 
presence  of  water  a  small  quantity  of  sulphate  is  formed  (Filhol  a.  Melhies,  Ann, 
Chim.  Phi/s.  [4],  xxii.  58);  also  v.  Lasaulx  (Jahresb./.  Chem.  1870,  1272). 

On  the  Eoasting  of  Argentiferous  Blendes,  see  Simonet  {An?i.  Min,  [6],  xvii.  27 ; 
Jahresb.  1870,  1085). 

ZISJC-G'JSS.ESM'.  Green  pigments  are  obtained  by  mixing  zinc  oxide  with  cobalt 
sulphate,  boiling  with  water,  drying,  and  heating  the  residue  to  redness.  6  pts.  zinc 
oxide  and  1  pt.  cobalt  sulphate  yield  a  dark  green  ;  10  pts.  zinc  oxide  and  1  pt. 
cobalt  sulphate  a  grass-green,  the  colour  becoming  still  lighter  when  the  quantity  of 
zinc  oxide  is  again  doubled.  The  latter  colour  may  be  used  as  a  substitute  for 
Schweinfurt  green,  and  as  a  coating  for  plaster. 

ZIBTC-SPAR.  A  massive  zinc-spar  from  Eaibl  in  Carinthia  was  found  by  E. 
Ludwig  {Min.  Mitth,  1871,  65)  to  contain : 

C0=  SiO=         ZnO         re=0'  H"-0 

31-32       0-27       59-59       7^42       1-44    =  1000-04 

Iron-Zinc-sjoar. — A  greyish  indistinctly  schistose  mass  from  Ain  Safra,  province  of 
Constantine,  Algeria,  is  regarded  by  Flajolot  {Ann.  Min.  [6],  sx.  SO)  as  an  argil- 
laceous variety  of  iron-zino-spar.    Analysis  gave : 

ZnCO^        PeCO'      MnCO=      CaCO^      MgCO=  Clay 

43-05       28-50       5-10       2-05       2-10       10-20    =  100. 

SSS€;©2a".  This  mineral  is  found  in  the  hypersthenite  of  the  Eadaii  valley  near 
Harzburg,  in  very  small  crystals  of  the  combination  c»P.P.3P3,  of  a  white  to  reddish- 
white  colour,  and  strong  adamantine  lustre.  The  zircon,  which  is  imbedded  for  the 
most  part  in  labradorite,  resembles  in  every  respect  that  which  is  found  in  such 
abundance  in  the  gold  sand  of  Columbia,  and  sparsely  in  the  gold  sand  of  the  Urals, 
and  renders  it  highly  probable  that  both  these  zircons  are  from  a  matrix  similar  to 
the  Hartz  rock  (Gustav  Kose,  Jahrb.  f.  Min.  1871,  77). 

The  following  analyses  of  zircons  are  by  H.  Cochrane  {Chem.  News,  xxv.  305). 

1.  Ceylon,  colourless ;  2.  Ceylon,  yellowish ;  3.  Norway,  dark  yellow-brown ; 
4  and  5.  Ceylon,  coloiirless ;  6.  Norway,  dark  yellow-brown  ;  7.  Ceylon,  transparent : 


ZIRCONIA-ZIRLITE. 


1215 


ZrO- 


33-90 

G4-80 


32-87 
64-25 
2-04 


33-05 
66-71 

traeo 


33-86 
64-25 
1-08 


33-61 
64-40 
0-90 


33-81 
66-32 

trace 


98-70 


90-16 


99-43 


99-76 


99-19 


98-91 


100-13 


A.  H.  Clnu-ch  {C'ltem.  News,  xxiii.  78)  describes  zircons  (hyacinths)  from  Mudjeo  in 
New  South  Wales.  Sp.  gr.  =  4-704 ;  after  ignition,  attended  -with  decoloration, 
i-699. 

The  remarkaLle  black  bands  in  the  spectra  of  certain  zircons,  now  known  to  be  duo 
to  the  presence  of  certain  compounds  of  zirconia  -with  uranic  oxide  {1st  Stqjpl.  1135), 
were  first  observed  by  Church  in  1866  {Chem.  News,  xix.  121). 

ZISacOKTIA,  ZrO'.  B.  Franz  {Deut.  Chem.  Ges.  Ber.  iii.  58)  prepares  this  earth 
by  fusing  zircon  with  acid  potassium  sulphate,  and  lixiviating  the  pulverised  melt  with 
lioiliiig  water  acidulated  with  sulphuric  acid,  whereby  the  basic  sulphate,  3ZrO-.SO-', 
is  I  lilt;  lined  as  insoluble  residue.  This  salt  is  added  by  small  portions  to  melting 
Kii  iiiini  hydrate  ;  the  melt  is  lixiviated  with  cold  water ;  and  the  undissolved  zirconiii, 
•^l  ill  contaminated  with  soda,  is  dissolved  in  hot  strong  sulphuric  acid,  filtered  and 
precipitated  by  ammonia. 

Zirconia  crystallises  from  fused  phosphorus  salt  in  combinations  of  the  quadratic 
system,  coP.oP,  very  much  like  cubes.  From  fused  borax,  zirconia  crystallises  in 
rather  large  well-defined,  transparent,  colourless,  many-faced  crystals,  formed  of  a 
primary  prism,  a  pinacoi'd  parallel  to  the  principal  axis,  and  two  domes.  The  dome 
normal  to  the  vertical  pinacoi'd  forms  an  angle  of  90°.  A  brilliant  coloured  polarisa- 
tion is  seen  in  the  direction  normal  to  the  pinaco'id.  Sp.  gr.  =  6-42  (Knop,  Ann.  Ch. 
Fharm.  clvii.  363;  Jahrcsh.  1871,  322  ;  Chem.  Sac.  J.  [2],  ix.  804). 

SIjECOEJI^TM.  Metallic  zirconium  prepared  by  Troost's  process  from  the  pure 
zirconia  above  described,  exhibited  tlie  properties  mentioned  in  vol.  v.  p.  1080. 

On  the  Detection  and  Estimation  of  Zirconium  in  Tantalatcs  and  Niobates,  see 
Eammelsberg  {Chem.  Soo.  J.  [2],  x.  195). 

Zirconium  Sromide,  ZrBr',  may  be  prepared  by  mixing  zirconia  -with  excess  of 
pure  sugar-charcoal,  forming  the  mixture  into  balls  with  starch-paste,  drying  them, 
.■md  heating  them  to  bright  redness  in  a  current  of  carbon  dioxide  and  bromine- 
vapour.  It  is  a  white  powder,  which  appears  crystalline  under  the  microscope,  vola- 
tilises easily  at  the  lieat  of  a  gas-burner,  and  is  not  reduced  to  a  lower  bromide  by 
ignition  in  a  stream  of  hydrogen.  In  contact  with  water  (or  moist  air)  it  is  convertoil 
into  the  oxybromide,  ZrBr'-^O,  which  separates  from  aqueous  solution  in  fine  trans- 
parent, needle-shaped  crystals  (Melliss,  Zeiischr.f.  Chem.  [2],  vi.  19fi). 

Zirconium  Chloride,  ZrC!',  is  formed  by  the  action  of  silicium  chloride  in  the 
form  of  vapour  on  zirconia  (Troosta.  Hautefeuille,  Compt.  rend.  Ixxv.  1819). 

The  oxyohloride,  ZrOCF,  obtained  by  Hermann  (v.  1080),  crystallises,  according  to 
Melliss,  not  with  9H=0,  but  with  ^IVO. 

Compounds  of  Zirconium  -with  Aluminium  and  Silicon.  1.  When  1  pt. 
of  pulverised  zircon  is  heated  to  whiteness  with  5  pts.  of  cryolite  powder,  1  pt.  of 
aluminium,  and  10  pts.  of  a  mixture  of  the  chlorides  of  potassium  and  sodium,  an 
aluminium  rogulus  is  obtained,  whicli,  when  treated  with  dilute  hydrochloric  acid, 
yields,  together  with  finely-divided  crystalline  and  darker-coloured  silicon,  laminar 
and  proportionally  large  crystals,  -which  may  bo  separated  from  the  silicon  by  elutria- 
tion.  These  crystals  have  the  composition  ZrAP,  or,  if  the  silicon  (6-72  p.c.)  found 
in  their  hydrocliloric  acid  solution  be  regarded  as  a  third  constituent,  they  may  be  re- 
presented by  the  formula  Zr-Al^Si. 

"When  zircon  is  fused  with  sodium  carbonate,  and  the  fused  mass  is  exhausted  -with 
liot  water,  a  residue  is  obtained  consisting  of  the  compound  8ZrO=.SiO-.Na-0 -f  UH-O. 
Potassium  carbonate  yields  in  like  manner  the  compound  ZrO-.K-0.2SiO-,  or 
ZrSiO'.K=Si03  (Melliss,  Zej7se7«r. /.  Chem.  [2],  vi.  296). 


ZXI5S.STB.  A  hydrate  of  alumina  from  Zirl  in  the  Tyrol  (Pichlor,  Jahrh.j.  Min. 
1871,  57). 


END  OF  THE  SECOND  SUPPLEMENT. 
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Hospital.    With  about  400  large  Woodcuts  ;  those  in  the  First  Edition  i 
after  Original  Drawings  by  Dr.  Carter,  from  Dissections  made  by  the 
Author  and  Dr.  Carter  ;  the  additional  Drawings  in  the  Second  and 
subsequent  Editions  by  Dr.  Westmacott. 

Sixth  Edition,  by  T.  Holmes,  M.A.,  Surgeon  to  St.  George's  Hospital  ; 
with  an  Introduction  on  General  Anatomy  and  Development  by  the 
Editor.    Royal  8vo,  28.r. 


(ROOFER'S  DICTIONARY  OF  SURGERY  AND 

ENCYCLOPEDIA  OF  SURGICAL  SCIENCE. 
New  Edition,  brought  down  to  the  present  time.    By  Samuel  A.  Lane, 
Surgeon  to  St.  Mary's  Hospital ;  assisted  by  various  Eminent  Surgeons. 
2  vols.  8vo,  price  50,1'. 


'-pABLETS  OF  ANATOMY  AND  PHYSIOLOGY. 

liy  Thomas  Cooke,  F.R.C.S.,  Senior  Assistant- Surgeon  to,  and  Demon- 
strator of  Anatomy  at,  the  Westminster  Hospital.    Crown  8vo. 
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OUTLINES  OF  PHYSIOLOGY,  HUMAN  AND 

COMPARATIVE. 

By  John    Maeshall,    F.R.S.,    Professor   of  Surgery  in  University  j 
College,  London  ;   Surgeon  to  the  University  College  Hospital.  With 
122  Woodcut  Illustrations.    2  vols,  crown  8vo,  32.?.  \ 

^ODD    AND    BOWMAN'S  PHYSIOLOGICAL 

ANATOMY  AND  'PHYSIOLOGY  OF  MAN. 

Vol.  I.  New  Edition  by  Dr.  L.  S.  Beale,  F.R.S.,  in  course  of  publication, 
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(COMPARATIVE   ANATOMY   AND  PHYSIO- 
LOGY OF  THE  VERTEBRATE  ANIMALS. 
By  Richard  Owen,  F.R.S.,  Superintendent  of  the  Nat.  Hist.  Depart- 
ments, Britisli  Museum.     3  vols.  8vo,  witli  1,472  AVoodculs,  73.r.  dd. 
Vol.  I.  Fishes  and  Reptiles,  witli  452  Woodcuts,  2Ij. 
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T  ECTURES    ON    THE    PRINCIPLES  AND 

PRACTICE  OF  PHYSIC, 

Delivered  at  King's  College,  London,  by  Sir  Thomas  Watson,  Bart., 
M.D.,  F.R.S.,  Hon.  LL.B.  Cantab.,  Hon.  D.C.L.  Oxon.,  &c.,  Physician - 
in-Ordinary  to  the  Queen.  Fifth  Edition,  revised  and  enlarged,  with  two 
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QLINICAL  LECTURES  AND  ESSAYS. 

By  Sir  James  Paget,  Bart.  Edited  by  F.  Howard  Marsh,  As 
sistant-Surgeon  to  St.  Bartholomew's  Hospital.    I  vol.  8vo. 
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QN   HOSPITALISM   AND  THE  CAUSES  OF 

DEATH  AFTER  OPERATIONS. 

By  John  Eric  Erichsen,  Senior  Surgeon  to  University  College 
Hospital,  and  HOLME  Professor  of  Clinical  Surgery  in  University  College. 
Crown  8vo,  price  ^s.  6d. 
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dictionary  of  medicine. 

Edited  by  Richard  Quain,  M.D.,  F.R.S.,  Fellow  of  the  Royal 
College  of  Physicians,  and  Physician  to  the  Hospital  for  Diseases  of  the 
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Volume,  8vo.  \Preparii,o  for  publication. 


(COPLAND'S   DICTIONARY    OF  PRACTICAL 

MEDICINE  : 

Comprising  Special  Pathology,  the  Principles  of  Therapeutics,  the  Nature 
and  Treatment  of  Diseases,  Morbid  Structures,  and  the  Disorders  especi- 
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THE  HUMAN  MIND. 

By  James  Mill.  A  New  Edition,  with  Notes  Illustrative  and  Critical,  by 
Alexander  Bain,  Andrew  Findlater,  and  George  Grote.  Edited, 
with  additional  Notes,  by  John  Stuart  Mill.    2  vols.  8vo,  2Ss. 

^HE   SENSES  AND   THE  INTELLECT. 

By  Alexander  Bain,  LL.D.,  Professor  of  Logic  in  the  University  of 
Aberdeen.  Third  Edition,  with  numerous  Emendations,  and  a  Review  of 
Darwin  on  Expression  as  a  Postscript.    8vo,  15.C 

]y[ENTAL  AND  MORAL  SCIENCE: 

A  Compendium  of  Psychology  and  Ethics.    By  the  same  Author.  Third 
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Part  I.,  Mental  Science,  price  6s.  6J.  ;  Part  II.,  Moral  Science,  price  4.1'.  6d. 

^HE    HISTORY   OF    PHILOSOPHY  FROM 

THALES  TO  COMTE. 

By  George  Henry  Lewes,  Fourth  Editi<)n,  corrected  and  partly  re- 
written.   2  vols.  8vo,  price  32j-. 

^^HE  SECRET  OF  HEGEL : 

being  the  Hegelian  System  in  Origin,  Principle,  Form,  and  Matter.  By 
James  Hutchison  Stirling,  F.R.C.S.  &  LL.D.  Edin.  2  vols.,  8vo,  28..-. 

gIR  WILLIAM  HAMILTON  ; 

being  the  Philosophy  of  Perception  :  an  Analysis.  By  James  HUTCHI- 
SON Stirling,  F.R.C.S.  &  LL.D.  Edin.    8vo,  5^. 

^N  EXAMINATION  OF  SIR  W.  HAMILTON'S 

PHILOSOPHY, 
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By  John  Stuart  Mill.    Fourth  Edition.  8vo,  i6j-. 

A    SYSTEM   OF  LOGIC,   RATIOCINATIVE  AND 

INDUCTIVE; 

Being  a  Connected  View  of  the  Principles  of  Evidence  and  the  Methods  of 
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J^OGIC,  DEDUCTIVE  AND  INDUCTIVE. 

By  Alexander  Bain,  LL.D.,  Professor  of  Logic  in  the  University  ot 
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LECTURES  ON  SURGICAL  PATHOLOGY. 

Delivered  at  tlie  Royal  College  of  Surgeons  of  England.  By  Sir  James 
Paget,  Bart,  F.R.S.,  D.C.L.,  &c.,  Serjeant- Surgeon  to  the  Queen, 
Surgeon  in  Ordinary  to  the  Prince  of  Wales,  Surgeon  to  St.  Bartho- 
lomew's Hospital.  The  Third  Edition,  revised  and  re-edited  by  the 
Author  and  W.  Turner,  M.B.,  Professor  of  Anatomy  in  the  University 
of  Edinburgh.    8vo,  with  131  Woodcuts,  price  2\s. 

PULMONARY  CONSUMPTION;  ITS  NATURE, 

VARIETIES,  AND  TREATMENT: 

With  an  Analysis  of  One  Thousand  Cases  to  exemplify  its  Duration.  By 
C.  J.  B.  Williams,  M.D.,  F.R.S.,  Fellow  of  the  Royal  College  of  Phy- 
sicians; Senior  Consulting  Physician  to  the  Hospital  for  Consumption, 
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CONSUMPTION, 

Its  Proximate  Causes  and  Specific  Treatment  by  the  I  lypophosphites,  upon 
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THEORETICAL  AND  PRACTICAL; 

And  its  Use  in  the  Treatment  of  Paralysis,  Neuralgia,  and  other  Diseases. 
By  Julius  Althaus,  M.D.,  Member  of  the  Royal  College  of  Physicians  ; 
Fellow  of  the  Royal  Medical  and  Chirurgical  Society ;  Senior  Physician  to 
the  Infirmary  for  Epilepsy  and  Paralysis.  Third  Edition,  enlarged  and 
revised  ;  with  147  Illustrations  engraved  on  Wood.    8vo,  price  iSx. 
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DISEASES. 

By  Robert  Liveing,  M.A.  .and  M.D.  Cantab.,  F.R.C.P.  Lond.,  Physi- 
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ELEPHANTIASIS     GR^CORUM,   or  True 

Leprosy  ;  being  the  Goiilstonian  Lectures  for  1873,  revised  and 
enlarged.  By  Robert  Liveing,  M.A.  and  M.D.  Cantab.,  F.R.C.P. 
London,  Physician  to  the  Middlesex  Hospital.    Crown  8vo,  price  4,1-.  6</. 
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QN  CHRONIC  BRONCHITIS, 
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DISEASES  of  the  HEART. 

ByE.  Headlam  Greenhow,  M.D.,  F.R.C.P.,  &c.,  Consulting-Physician 
to  the  Western  General  Dispensary,  Physician  to,  and  Lecturer  on  the 
Principles  and  Practice  of  Medicine  at,  the  Middlesex  Hospital.  8vo,  7J-.  6i/.  1 

^  TREATISE  ON  THE  CONTINUED  FEVERS 

OF  GREAT  BRITAIN.  By  Charges  Murchison,  M.D., 
LL.D.,  F.R.S.,  o-c,  Fellow  of  the  Royal  College  of  Physicians;  Phy- 
sician and  Lecturer  on  the  Principles  and  Practice  of  Medicine,  St. 
Thomas's  Hospital.  Second  Edition,  thoroughly  revised  and  enlarged  ; 
with  5  Chromolithographs,  19  Diagrams  in  Lithography,  and  22  Illustra- 
tions engraved  on  Wood.    8vo,  price  24s. 


^YPHOID  FEVER  ; 

Its  Nature,  Mode  of  Spreading,  and  Prevention.  By  William  Budu> 
M.D.,  F.R.S.    With  Four  Plates  (one  coloured).    Royal  8vo,  price  i6s. 


LECTURES  ON  FEVER 

Delivered  in  the  Theatre  of  the  Meath  Hospital  and  County  of  Dublin 
Infirmary.  By  William  Stokes,  M.D.,  D.C.L.  Oxon.,  F.R.S.,  Regius 
Professor  of  Physic  in  the  University  of  Dublin  and  Physician-in-Ordinary 
to  the  Queen  in  Ireland.  Edited  by  J.  W.  Moore,  M.D.,  F.K.Q.C.P., 
Assistant-Physician  to  the  Cork-Street  Fever  Hospital,  Dublin.  8vo, 
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^  TREATISE  ON  GOUT  AND  RHEUMATIC 

GOUT.  By  Alfred  B.  Garrod,  M.D.,  F.R.S.,  &c.,  Physician 
to  King's  College  Ilospit.al.  A  New  Edition,  thoroughly  revised,  with 
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CLINICAL   RESEARCHES   ON   DISEASE  IN 

INDIA. 

By  Charles  Morehead,  M.D.,  Surgeon  to  the  Jamsetjee  Jeejeebhoy 
Hospital.     Second  Edition,  thoroughly  revised.    8vo,  21^. 


QN  CANCER:  ITS  ALLIES  AND  COUNTER- 
FEITS. 

By  Weeden  Cooke,  Surgeon  to  the  Cancer  Hospital  and  to  the  Royal 
Free  Hospital.    With  12  Coloured  Plates.    8vo,  I2f.  bd. 
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DERANGEMENTS. 

By  W.  HowsHip  Dickinson,  M.D.  Cantab.  F.R.C.P.,  &c..  Physician 
and  Lecturer  on  Pathology,  St.  George's  Hospital  ;  Physician  to  the 
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BETES  AND  BRIGHT'S  DISEASE  ; 

With  Clinical  Observations  on  the  Symptoms  m\\  ratliology  of  these 
Affections.  By  Authi'r  Scott  Don'k/n,  M.D.  Edin.,  :\1.1).  Durham,  &c. 
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QN   THE    SURGICAL    DISEASES    OF  THE 

TEETH  AND  CONTIGUOUS  STRUCTURES.  With  their 
Treatment.  By  S.  James  A.  Salter,  M.B.,  F.R.S.,  Dental  Surgeon  to 
Guy's  Hospital.    8vo,  with  numerous  Illustrations.  [A'carly  ready. 

INJURIES  OF  THE  EYE,  ORBIT,  AND  EYE- 
LIDS ; 

Their  Immediate  and  Remote  Effects.    By  GeuRue  Lawsun,  F.R.C.S., 
Surgeon  to  the  Royal  London  Ophthalmic  Hospital,  Moorhelds.    8vo,  j 
with  92  Woodcuts,  price  \2s.  6d, 


IITebiral  Morhs. 
^HE    DIAGNOSIS    AND    TREATMENT  OF 

DISEASES  OF  WOMEN,  INCLUDING  THE  DIAGNOSIS 
OF  PREGNANCY. 

By  Graily  Hewh'T,  jNI.L).  ,  I'rofesbor  of  Midwifery  and  Diseases  of 
Women,  University  College,  and  Obstetric  Physician  to  the  Hospital ; 
Examiner  in  Obstetric  Medicine  to  the  University  of  London.  Third 
Edition,  revised,  and  for  the  most  part  re-written  ;  with  several  additional 
Illustrations.    8vo,  with  132  Engravings  on  Wood,  price  244-. 

'pHE  DUBLIN  PRACTICE  OF  MIDWIFERY. 

By  Henry  IMai  nsI'T,!,,  M.D.,  formerly  I'rofessor  of  Midwifery  in  the 
Royal  College  of  Surgeons  in  Ireland.  New  Edition,  enlarged  and  revised. 
Edited  by  T.  M.  Madden,  M.R.I.  A.,  iSic,  Senior  AssistantT^hysiciau  to 
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JOINTS  TO  MOTHERS  FOR  THE  MANAGE-  | 

MENT  OF  THEIR  HEALTH  DURING  PREGNANCY  j 
AND  IN  THE  LYING-IN   ROOM  :  j 

With  Hints  on  Nursing,  &c.    By  Thomas  Bull,  M.D.    New  Edition, 
revised  and  enlarged.    Fcap.  ^s. 

THE  MATERNAL  MANAGEMENT  OF  CHILDREN  ! 

IN  HEALTH  AND  DISEASE. 

By  the  same  Author.    New  Edition,  revised  and  enlarged.     Fcap.  5^-. 
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QN     THE    SURGICAL    TREATMENT  OF 

CHILDREN'S  DISEASES. 

By  Timothy  Hoi.mes,  Surgeon  to  St.  George's  Hospital,  and  Surgeoii- 
in-Chief  to  the  Metropolitan  Police.  Second  Edition,  thoroughly  revised  ; 
with  Additional  Chapters  on  Orthopcedic  Surgery  and  Paracentesis  Thoracis. 
With  9  Chromolithographic  Plates  and  112  Woodcut  Illustrations  from 
Original  Drawings.    8vo,  21s. 


LECTURES  ON  THE  DISEASES  OF  INFANCY 

AND  CHILDHOOD. 

By  Charles  West,  M.D.,   &c.,   Physician  to  the  Iloipital  for  Sick 

Children  ;  Fellow  of  the  Royal  College  of  Physicians.  Sixth  P^dition, 
revised  and  enlarged.    8vo,  price  iSs. 


"J^HE   HANDBOOK   FOR  MIDWIVES. 

By  Henry  Fly  Smith,  M.B.  Oxon.,  M.R.C.S.,  late  Assistant-Surgeon 
at  the  Hospital  for  Sick  Women,  Soho  Square.  With  41  Woodcuts. 
Crown  8vo,  price  5^. 


"THOMSON'S    CONSPECTUS    ADAPTED  TO 

THE  BRITISH  PHARMACOPCEIA. 

By  Edmund  Lloyd  Birkett,  M.D.,  &c.,  Physician  to  the  City  of 
London  Hospital  for  Diseases  of  the  Chest.  New  Edition,  with  Supple- 
ment containing  Notices  of  the  New  Medicines  and  Preparations  added  in 
1874  to  the  British  Pharmacopoeia.    iSmo,  6s. 


"THE   ESSENTIALS   OF   MATERIA  MEDICA 

AND  THERAPEUTICS. 

By  Alfred  Baring  Garrod,  M.D.,  F.R.S.,  Fellow  of  the  Royal  College 
of  Physicians ;  Professor  of  Materia  Medica  and  Therapeutics,  King's 
College,  London.  Fourth  Edition,  revised  and  edited,  under  the  super- 
vision of  the  Author,  by  E.  B.  Baxter,  M.D.,  Med.  Tutor  King's  Coll. 
and  Physician  to  the  Evelinor  Hospital  for  Sick  Children.  Crown  Svo, 
price  I2s.  6d. 


iR.   PEREIRA'S    MATERIA    MEDICA  AND 

THERAPEUTICS, 

Abridged,  and  adapted  for  the  use  of  Medical  and  Pharmaceutical  Prac- 
titioners and  Students.  Edited  by  Professor  R.  Bentley,  M.R.C.S., 
F.L.S.,  and  by  Professor  T.  Redwood,  Ph.D.,  F.C.S.  With  an  Ap- 
pendix containing  the  New  Medicines  included  in  1874  by  the  Medical 
Council  in  the  British  Pharmacopceia,  and  Commentaries  thereon  by  the 
Editors.    Svo,  with  126  Woodcuts,  price  25^-. 
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r)ICTIONARY   OF   CHEMISTRY   AND  THE 

^    ALLIP:D  branches  of  other  SCIExXCES. 

By  Henry  Watts,  F.R.S.,  Editor  of  the  Journal  of  the  Chemical  Societ)-, 
assisted  by  eminent  Scientific  and  I'ractical  Chemists.  6  vols.  8vo, 
/8  14^.  6c/. 

CECOND  SUPPLl^MENT,  bringing-  the  Record  of  Che- 

mical  Discovery  down  to  llie  end  of  1S74,  ///  ///t'  />/■,  <<. 

ELEMENTS  OF  CHEMISTRY, 

Theoretical  and  Practical.    V,y  WnxiAM  Allen  Miller,  M.D.,  F.R.S., 
late  Professor  of  Chemistry,  King's  College,  London.     Revised,  with 
Additions,  by  Herbert  Macleod,  F.C.S.,  Professor  of  Experimental 
Science,  Indian  Civil  Engineering  College,  Cooper's  Hill.    3  vols.  8vo, 
price  3/.    May  be  had  separately  : — 
Part  E— CHEMICAL  PHYSICS.    Svo,  price  is,f. 
Part  IE— INORGANIC  CHEMISTRY,  price  21s. 
Part  HI.— ORGANIC  CHEMISTRY,  price  24s. 

INTRODUCTION  TO  THE  STUDY  OF  INORGANIC 
CHEMESTRY. 

By  the  same  Author.  (Forming  one  of  the  Series  of  Text-Books  of 
Science,  Physical  and  Mechanical,  in  course  of  publication,  edited  by 
T.  M.  GooDEVE,  M.A.,  and  C.  W.  Merrifiei.d,  F.R.S.)  With  71 
Figures  on  Wood.    Small  Svo,  price  3^'.  6(/. 
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UANTITATIVE  CHEMICAL  ANALYSIS. 

By  T.  E.  THORrE,  Ph.D.,  F.R.S.E.,  Professor  of  Chemistry  in  the 
Andersoniau  University,  Glasgow.  (Forming  one  of  the  Series  of  Text- 
Books  of  Science,  I'hysical  and  Mechanical,  in  course  of  publication, 
edited  by  T.  M.  Goodeve,  M.A.,  and  C.  W.  Merrifield,  F.R.  S.) 
With  88  Woodcuts.    Small  Svo,  iiricc  4-c  6,/. 


QUALITATIVE  CHEMICAL  ANALYSIS  AND 

^    LABORATORY  PRACTICE.    By  T.  E.  Thorpk,  Ph.U., 

F.  R.  S.  E.,  Professor  of  Chemistry  in  the  Andersonian  University,  Glasgow  ; 
and  M.  M.  Pattison  Muir.  (Forming  one  of  the  Series  of  Text-Books 
of  Science.  Physical  and  Mechanical,  in  course  of  publication,  edited  by 
T.  M.  Goodeve,  M.A.,  and  C.  W.  Merrifield,  F.R.S.)  With  Plate 
and  57  Woodcuts.    Small  Svo,  price  3^.  6d. 


NTRODUCTION  TO  THE  STUDY  OF  OR- 
GANIC CHEMISTRY; 

The  Chemistry  of  Carbon  and  its  Compounds.  By  II.  E.  Armstrong, 
Ph.D.,  Professor  of  Chemistry  in  the  London  Institution.  (Forming  one 
of  the  Series  of  Text-Books  of  Science,  Physical  and  Mechanical,  in  course 
of  publication,  edited  by  T.  M.  Goodeve,  M.A.,  and  C.  W.  Merri- 
field, F.R.S.)    With  8  Woodcuts.    Small  Svo,  price  3.^.  6d. 
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^  MANUAL  OF  CHEMICAL  PHYSIOLOGY, 

Including  its  Points  of  Contact  with  Pathology.  By  J.  Louis  W. 
Thudichum,  M.D.    With  lo  Woodcuts.    8vo,  price  "]$.  6d. 
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By  W.  Crookes,  F.R.S.,  F.C.S.,  &c.  With  11  Page  Plates,  49  Speci- 
mens of  Dyed  and  Printed  Fabrics,  and  36  Woodcuts.    8vo,  price  24.1-. 
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PHYSICS,  THEORETICAL  AND  PRACTICAL  ;  including 
Directions  for  Constructing  Physical  Apparatus  and  for  Making  Experi- 
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pressed in  the  language  of  daily  life.  Translated  from  Ganot's  Coitrs  de 
Physique,  with  the  Author's  sanction,  by  E.  Atkin.S(_)N,  Ph.D.,  F.C.S. 
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and  Caroline  Lassei.l;  edited,  with  Notes,  by  W.  Hugoins,  LL.D., 
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Photographs  by  Rutherfurd,  of  New  York.    Crown  8vo.    Price  151-. 


H 


WORKS  OAT  MEDICINE,  SURGERY, 


"THE  SUN:  RULER,  LIGHT,  FIRE,  and  LIFE  OF 

THE  PLANETARY  SYSTEM. 

By  Richard  A.  Proctor,  B.A.  Second  Edition,  revised  ;  witli  lo  Plates 
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wood.    Svo,  price  3l.f.  6d. 
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Vol.  II.    Copper  and  Iron,  with  273  Woodcuts,  price  36^. 

Vol.  III.  Steel,  Fuel,  and  Supplement,  with  145  Woodcuts,  3  i.e.  ()J. 
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Synopsis  of  the  Orders,  by  J.  D.  Hooker,  C.B.,  F.R.S.,  &c.,  Director 
of  the  Royal  Botanic  Gardens,  Kew.    With  5,500  Woodcuts  from  Designs 
by  L.  Stenheil  and  A.  Riocreux.    Imperial  Svo,  price  52^.  ()d. 
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